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Abstract

Stone formation and nephrocalcinosis are both very common features of primary hyperoxaluria, 

yet the extent of each disease varies markedly between patients. Here we studied whether kidney 

damage from nephrocalcinosis and/or stone related events contributed to end stage kidney disease 

(ESKD). Clinical information was analyzed from 348 patients enrolled in the Rare Kidney Stone 

Consortium Primary Hyperoxaluria registry and included demographic, laboratory and imaging 

features. Among all patients there were 277 with type 1, 37 with type 2, and 34 with type 3 

primary hyperoxaluria. Overall, 58% passed a stone (mean 0.3/year) and one or more urologic 

procedures were required by 70% of patients (mean 0.15/year). Nephrocalcinosis was found in 

34% of patients, including 41% with type 1 primary hyperoxaluria. High urine oxalate was 

associated with increased risk for both nephrocalcinosis and stone number, while low urine citrate 

was a risk factor for stone events and stone number. After adjustment for the type of primary 

hyperoxaluria, diagnosis by family screening and age at first image, the overall adjusted hazard 

ratio for ESKD among those with a history of nephrocalcinosis was 1.7 [95% CI 1.0–3.0], while 

the risk was 4.0 [1.9–8.5] for new onset nephrocalcinosis during follow-up. In contrast, the 

number of stones and stone events were not significantly associated with ESKD risk. Thus, 

nephrolithiasis and nephrocalcinosis appear to be pathophysiologically distinct entities. The 

presence of nephrocalcinosis implies increased risk for ESKD.
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INTRODUCTION

The primary hyperoxalurias (PHs) are autosomal recessive inherited diseases caused by 

defects in glyoxylate metabolism, resulting in overproduction of oxalate1, 2. Three types of 

PH have been described to date, each involving a different enzyme within the oxalate 

metabolic pathways. PH type 1 (PH1) is caused by low or absent activity of liver-specific 

peroxisomal alanine: glyoxylate aminotransferase (AGT), which results in increased urinary 

excretion of both oxalate and glycoalate3. In PH type 2 (PH2), deficiency or absence of 

glyoxylate reductase/hydroxy-pyruvate reductase (GRHPR) leads to elevated urinary 

excretion of both oxalate and L-glyceric acid4. A third type of PH (PH3) was recently found 

to be due to abnormality of enzyme 4-hydroxy-2-oxaloglutarate aldolase (HOGA1)2. The 

exact mechanism of oxalate overproduction in PH3 remains to be determined.

Humans cannot degrade oxalate which is primarily eliminated through the kidneys as an end 

product of metabolism. Thus PH is characterized by very high urinary oxalate excretion, 

typically >1 mmol/1.73m2/day. Consequently, tubular fluid becomes supersaturated for 

calcium oxalate, which can result in the formation of crystals within the lumen. Once 

formed, crystals can attach to the surface of renal tubular cells. In the medullary collecting 

duct this can result in tubular plugging and a nidus for stone formation, while in more 

proximal nephron segments adherent crystals can be endocytosed and/or transcytosed into 

the renal interstitium leading to nephrocalcinosis (NC). If the glomerular filtration rate 

(GFR) decreases due to progressive renal damage, oxalate accumulates in the blood stream 

and crystal deposition in the parenchyma of most solid organs, bones, joints and retina can 

occur once supersaturation is exceeded (~30µM/L)5.

PH often leads to end-stage kidney disease (ESKD) and the death of many patients if 

untreated. Stone formation and NC are both very common features of PH, yet the numbers 

and extent vary markedly between individuals. Thus, we investigated whether NC and/or 

stone related events contributed to ESKD.

RESULTS

Population characteristics and image finding

A total of 379 PH patients were enrolled in the Rare Kidney Stone Consortium (RKSC) 

registry through April 2013. After excluding 31 unclassified PH patients (25 in whom PH1, 

PH2, or PH3 were all negative by genetic analysis and 6 historical patients with PH of 

unknown type), 348 patients were left for further analysis, with 151 (43%) patients known to 

have ESKD at the time of this analysis. There were 277 (79.6%) PH1, 37 (10.6%) PH2, and 

34 (9.8%) PH3 in the registry. Among them 322 (256 PH1, 32 PH2 and 34 PH3) were 

diagnosed or confirmed by genetic testing or liver biopsy. Marked hyperoxaluria in the 

absence of identifiable secondary cause and in combination with hyperglycolic aciduria 
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provided PH1 diagnosis (n=21) and hyperoxaluria in combination with hyperglyceric 

aciduria provided PH2 diagnosis (n=5). Family screening identified 29 patients, including 21 

with PH1, 7 with PH2 and 1 with PH3. As expected, those identified by family screening 

were diagnosed at a younger age (4.0 vs. 7.2 yrs, P=0.01), but had a similar risk of NC 

before ESKD (31.0 vs. 34.0%, P=0.75). Median age at first symptoms and at diagnosis of all 

patients was 4.9 (1.6–13.3) and 10.4 (4.0–27.9) years old, respectively. Median age at last 

follow up was 22.5 (10.0–40.7) years old. Stone burden and imaging results are shown in 

Table 1. Altogether, 58.4 % of patients passed a stone, with a mean of 0.3 passed/yr, 

translating to about 1 stone every 3.3 years. One or more urologic procedures were required 

by 70.2 % of patients ever (mean 0.15 procedures/yr). Clinical features by PH type are in 

Supplemental Table S1.

Kidney imaging was documented in 303 (87%) patients, with a median of 2 tests per patient 

(1,324 images total); 25.2% were computed tomography (CT) scans, 52.6% ultrasounds 

(US) and 22.2% kidney/ureter/bladder (KUB) X-rays. NC was defined as a pattern of 

calcification occurring in the renal parenchyma, most prominent at the corticomedullary 

juncture, while stones were discrete structures ≥ 1 mm in size in the renal papillae or 

collecting system 6. Figure 1A depicts a patient with diffuse NC at the corticomedullary 

juncture and medulla as well as a few discrete papillary tip stones, while Figures 1B and 1C 

show the typical appearance of NC by ultrasound, with increased pyramidal and cortical 

density. Kidney stone and NC were documented in 61% (185/303) and 37% (112/303) of 

those with imaging. NC was noted more commonly on US (20%) as opposed to KUB (12%) 

or CT (11%) (P<0.001). The distribution of imaging method (US/CT/KUB) varied slightly 

by PH type being 55/26/20% for PH1, 44/18/38% for PH2, and 48/28/24% for PH3 

(P<0.001).

Determinants of nephrocalcinosis and stone burdens

Among the 303 patients with imaging, 68 had ESKD before first image, leaving 235 with a 

first image prior to ESKD. In these subjects, 24% (56/235) patients had both NC and kidney 

stone, 10% (23/235) had NC only and 47% (111/235) had kidney stone only. NC (prior to 

ESKD) was found in 69 (40.6%) PH1, 8 (25%) PH2 and 2 (6.1%) PH3 patients, 

respectively. Table 2 lists a comparison of clinical and laboratory features of patients with 

and without NC before ESKD for all PH patients and also the PH1 subgroup. Patients with 

NC did not differ significantly by gender but were diagnosed at a younger age (median 4.4) 

compared to those without NC (median 9.3). Urinary oxalate was significantly higher in 

patients with NC, while the 24h urine calcium was significantly lower. NC and kidney 

stones were not significantly associated. Kidney stones were found in 70.9% of those with 

NC compared to 71.2% of those without NC (P=0.93). However, those patients with NC had 

more stones per image than those without (3.0 versus 2.0, P=0.02). NC was more common 

both at presentation (prevalent) and during follow up (incident) in PH1 compared to PH2 

and PH3 (P<0.001). Trends for NC and stones were similar for PH 2 (Supplemental Table 

S2). The number of PH3 NC cases was too small to allow for meaningful subanalysis. (As 

shown in Figure 2, NC was prevalent in 30% of PH1 patients on first image, while the 

cumulative proportion with NC increased to 48% at 10 years and 57% at 20 years of follow 
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up. In contrast, 32% of PH2 and 7.1% of PH3 patients had NC at 5 years follow-up, and the 

percentages did not increase further.

There was less evidence that stone-related events associated with laboratory characteristics 

(Table 3). Urine citrate was inversely correlated with stone passage (Spearman correlation 

coefficient (r) = −0.22, P=0.004), while the average stone number per image positively 

associated with plasma and urinary oxalate, and negatively with urine citrate and urine 

calcium at last follow-up. No plasma or urine measurements correlated with the number of 

surgical interventions. In the PH1 subgroup, correlations between laboratory characteristics 

and kidney stone events were similar, although the correlation coefficients of urinary citrate 

with stone number (r =−0.19, P=0.07) and stone passage (r =−0.18, P=0.06) were of 

borderline significance in this smaller subset of the total group. Trends for correlation 

between urine chemistries and stone events were similar when analyzed by PH subtype, 

although most findings no longer achieved statistical significance in these smaller sample 

sizes (Supplemental Table S3).

Relationships of imaging findings to renal outcome

The impact of NC and other factors on renal outcome was studied in the 235 subjects 

without ESKD prior to their first image. Altogether, 57 (56 PH1, 1 PH2, 0 PH3) of 235 

patients developed ESKD after the first image. Table 4 summarizes the effect of NC on 

ESKD for all PH patients and the PH1 subgroup separately. The ESKD hazard ratio (HR) 

among all PH patients with NC-ever was 2.1 [95% confidence interval (CI) 1.2–3.6]. After 

adjustment for PH type, PH diagnosis by family screening, and age at first image, the overall 

adjusted HR of ESKD among those with NC ever was 1.7 [1.0–3.0]. The effect on ESKD 

risk was larger for new onset NC during follow-up (HR 4.0 [1.9–8.5]) as opposed to NC at 

first image (HR 1.2 [0.6–2.3]). The effect of NC on ESKD risk in the PH1 subgroup was 

similar with a HR of 1.5 [0.9–2.5] and 3.6 [1.7–7.7] for NC-ever and new onset NC, 

respectively. After adjustment for baseline urinary oxalate, new onset NC remained a 

significant risk factor for ESKD in all PH patients (HR 4.3 [1.6–12]) and in PH1 (HR 3.4 

[1.2, 10]).

When PH patients were subdivided into three groups according to the presence (prevalent) 

or absence of NC on the baseline and follow-up images, the decline in eGFR was more 

significant in those with incident NC on the follow-up images (Table 5). The trend and 

magnitude of kidney function loss in relation to the presence of NC were similar in the PH1 

subgroup, with a median eGFR decline rate among those without NC, with prevalent NC, 

and with incident NC of −0.25, −0.15 and −1.46 ml/min/1.73m2/yr, respectively (P=0.16). 

Figure 3 graphically illustrates the cumulative ESKD incidence for all PH patients and the 

PH1 subgroup divided into the three groups (without NC, prevalent NC, incident NC).

Among 170 PH1 subjects with imaging prior to ESKD, 133 had genetic testing for G170R 

which appears to confer complete or partial response to pyridoxine responsiveness 7 Of 

these, 69 had at least one copy of the G170R AGXT genetic change and 64 did not. The rate 

of NC was not significantly (P=0.29) different between patients with (32% NC) or without 

(41% NC) a G170R change. Among the 133 PH1 subjects with imaging prior to ESKD, the 

effect of a G170R change on ESKD was somewhat protective (HR 0.6[0.3–1.0]), when 
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adjusted for NC. Furthermore, incident NC remained significant in this model (HR 3.7[1.6–

8.9]) when adjusted for G170R status.

Conversely, the number of stones per image was not significantly associated with ESKD 

risk (HR 1.07 [0.98–1.17]). Neither the number of stone events nor stones on imaging was 

associated with the eGFR decline rate (Table 3). Furthermore, the risk of ESKD among PH 

patients with NC remained increased (HR 3.9 [1.7–8.9]) after adjustment for stone numbers.

DISCUSSION

NC refers to the deposition of radiologically dense calcium salts in the kidney parenchyma 

(Figure 1A), and is different from crystal deposition in the collecting ducts or collecting 

system, which typically leads to kidney stones (nephrolithiasis). It is generally accepted that 

kidney stones and NC are early and common clinical manifestations of PH8, and our study 

confirmed that impression in a large cohort with good longitudinal follow up. Results 

demonstrate that 61% of patients had kidney stones by imaging and 58% passed a stone 

during follow-up, averaging about 1 stone every 3.3 years. NC was slightly less common, 

being present in 37% of patients ever. Although stones were more common than NC, the 

latter portended an increased risk of ESKD, while the number of stones did not correlate 

with kidney function over time. Notably, the percentage of PH patients affected by NC 

and/or stones could have been underestimated, since we assumed that they were not present 

if not specifically included in the radiologic reports entered into the registry. It is also 

possible that the incidence of NC could have been underestimated because of a low 

sensitivity of radiological imaging techniques9. Recent research has demonstrated that 

ultrasound is a more accurate technique for evaluation of mild to moderate NC in patients 

with hypoparathyroidism10. However, CT remains a superior technique for evaluation of 

renal stone disease11. Therefore, while the most accurate imaging to evaluate PH patients 

remains unknown, the lower cost and lack of radiation suggests ultrasound can be useful.

PH patients often present with kidney stones, hence the diagnosis can be confused with the 

far more common idiopathic calcium oxalate stones. Previous studies report the diagnosis of 

PH was made 1–4 years after the first manifestation, and a high percentage of patients were 

only diagnosed in ESKD8, 12, 13. Our data also reveal a 5 year delay in the diagnosis, while 

43% of patients reached ESKD by the last follow-up. Therefore, more effort is needed to 

shorten the interval between first symptom and diagnosis in order to improve renal survival.

Our study suggests that increased urinary oxalate excretion is crucial for the development of 

both NC and the number of kidney stones on imaging, although no evident interaction was 

found between urine parameters and clinical stone events (stone passage and stone 

procedures). This finding was consistent with observations in hyperoxaluric animal models 

in which NC is associated with increased urinary supersaturation 14. Furthermore, in rodent 

models large crystals can plug terminal collecting ducts and anchor larger stones. It is less 

clear if collecting duct plugs can anchor stones in humans. Nevertheless, our results stress 

the importance of an aggressive treatment program to decrease urine calcium oxalate 

supersaturation and crystallization, with a goal to prevent NC, kidney stones, and possibly 

ESKD.
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Citrate supplements are thought to reduce calcium oxalate stone formation in patients with 

PH15. Several studies also demonstrate that hypocitraturia is a risk factor for NC in preterm 

neonates, the post transplanted kidney of children, and Dent disease16–18. However, in the 

current study we did not detect an effect of urinary citrate levels on NC risk in PH. 

Hypocitraturia did associate with an increased number of stones on imaging and clinical 

stone events. One potential explanation could lie in the presumed site of action of citrate. 

The formation of calcium-citrate complexes may be more important to prevent calcium 

oxalate crystallization and tubular plugging in the distal tubule, a presumed precursor of 

stone formation. Conversely, nephrocalcinosis may involve other processes within proximal 

tubular cells or the renal interstitium. Indeed, the fact that clinical features associated with 

NC and stones appear to differ supports the hypothesis that these are two distinct 

pathophysiological entities.

NC correlated with increased risk of subsequent ESKD, while stone events and stone 

numbers did not, indicating that the ultimate renal consequences of NC and stones are 

different in PH patients. The role of NC in the destruction of renal parenchyma is still 

uncertain. Cell culture and animal models have provided evidence that oxalate and calcium 

oxalate (CaOx) crystals may be injurious to renal tubular cells by both direct and indirect 

mechanisms, inducing proliferation and/or cell death19–21. Cell culture studies suggest that 

the response of renal tubular cells is nephron segment-specific, since CaOx crystals are 

relatively non-toxic to cells obtained from segments of the nephron where their presence is 

common (collecting ducts), whereas they cause proliferation in low amounts and cell death 

in high amounts when proximal tubular cells are exposed 20. In markedly hyperoxaluric 

animals CaOx crystals deposit mainly inside tubules and lead to a lesion mimicking NC in 

the proximal tubule, associating with cellular injury, inflammation and regeneration 14. 

Besides a direct effect on tubular cells, CaOx crystals can also promote inflammation. A 

recent animal study demonstrated that CaOx crystals crystal activated the NLPR3 

inflammsome, thus triggering intrarenal secretion of a variety of inflammatory cytokines and 

chemokines including IL-1β and IL-18 and perpetuating further kidney damage and eventual 

kidney failure22. Observations among PH1 patients in the Netherlands and Japan also 

suggested that progression to CKD was associated with the presence of NC13, 23. Therefore, 

based on the current study demonstrating that in a cohort of PH patients NC rather than 

kidney stones correlates with renal function decline, we hypothesize that diffuse deposition 

of CaOx in the proximal tubule and surrounding cortex, visible on imaging as NC, is an 

important process during the progression to ESKD.

Patients with PH1 have a more severe long-term clinical course than those with PH2 and 

PH324. Previous data from the RKSC PH registry demonstrated that renal function was 

preserved in 100% of PH2 and PH3 patients at 20 years of age, while the renal survival of 

PH1 patients was only 89% at 10 years of age and 75% at 20 years of age 15. Another study 

of 155 PH1 patients in France found that renal survival was only 81% and 59% at 10 and 20 

years old, respectively25. In our study, NC increased the risk of ESKD regardless of PH 

type. After adjustment for PH type, the ESKD risk remained significant. Since PH1 patients 

had far more NC than PH2 and PH3, it is logical to hypothesize that increased NC risk could 

influence their poorer renal prognosis and increase ESKD risk.
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Our study has several limitations. Firstly, the voluntary nature of the registry may generate a 

potentially biased sampling of patients, and has missing data and variable follow-up. 

Secondly, there might be a selection bias in the ESKD Cox model. While we found new 

onset NC to be a stronger risk factor for ESKD than existing NC at first image, this could 

represent a prevalent bias. Those with existing NC and prior ESKD were deleted as they had 

already had the endpoint of interest. Those with NC on first image without ESKD at that 

date were included and perhaps had a lower overall risk of ESKD going forward, due to 

some as yet to be understood factor(s). Thus, new onset NC that occurred during follow-up 

was a stronger risk factor for ESKD than prevalent NC. Finally, different imaging 

techniques were used in different patients and across time and may underestimate NC9, and 

the original images were not available to confirm the presence or lack of stones and NC.

In conclusion, kidney stones and NC are major manifestations of PH. Although NC does not 

cause pain and suffering, or the need for surgical procedures, it appears to be a 

pathophysiologically more severe manifestation. Urinary oxalate level correlated with both 

NC and the stone number, but the presence of NC imparts a much higher ESKD risk than 

kidney stones. Our observations suggest that greater attention to the mechanisms that 

underlie NC might lead to strategies to improve outcomes in PH.

MATERIALS AND METHODS

Patients and data collections

Clinical and laboratory information were collected from PH patients enrolled in the RKSC 

PH registry which was founded in 200426. General information and clinical manifestations 

such as age, gender, time of first symptom, time of diagnosis, diagnosis (PH1, PH2, PH3) 

and stone-related events (passed stones, urological procedures) were abstracted from 

Registry data. 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 by 

demonstrated mutations of HOGA1.

NC and number of stones were assessed and collected according to KUB, US, or CT scan 

reports. If stones and/or NC were not mentioned on the report, they were assumed to be 

absent. NC present on the first kidney image was considered prevalent. Incident NC was 

new NC that developed during follow-up. Laboratory results including serum creatinine, 

plasma oxalate, 24-hour urine calcium, citrate and oxalate, and calcium oxalate 

supersaturation (calculated by EQUIL227) were extracted from registry data. All urine 

samples included in the analysis were timed samples judged complete based on urine 

creatinine excretion. All results of plasma oxalate and 24-hour urine collections during the 

follow-up were averaged with a median of 2–3 samples per patient. Renal function was 

assessed via serum creatinine values in the registry to estimate GFR using the Schwartz 

formula in children <18 years old and the MDRD formula in adults. ESKD or renal failure 

was defined as an eGFR <20 ml/min/1.73m2 or start of dialysis or renal transplantation.
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Statistical analysis

Results were expressed as median and interquartile range (IQR) for continuous variables, 

and as percentage for categorical variables. Statistical analysis was performed by rank sum 

test for continuous variables and by chi-square for nominal variables. Lifetime stone burden 

was estimated for each subject as number of stone events divided by age at last follow-up. 

Patients with prevalent ESKD before the first image were excluded from the analysis of 

ESKD risk factors. Laboratory values and stone number on imaging were based on lifetime 

averages and were censored at the onset of ESKD. The Kaplan-Meier method was used to 

compare the number of patients progressing to NC or ESKD. Data were censored at the time 

of ESKD or last image recorded. The association of NC or kidney stone with ESKD was 

assessed using hazard ratios from a Cox’s proportional hazard model with and without 

adjustments. NC was analyzed as both a fixed (present on first image) and as time dependent 

covariate (seen on follow-up image). Correlations with stone burdens and laboratory results 

were assessed by Spearman correlation. To confirm the veracity of our conclusions, analyses 

were performed in all PH patients and those with different type of PH separately. P values < 

0.05 were considered to be statistically significant. Analyses were completed using SAS 9.3.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Nephrocalcinosis and kidney stones by renal imaging
Panel A: High attenuation within the kidneys due to nephrocalcinosis is present at the 

corticomedullary juncture and medulla (arrowhead), while discrete stones are present at the 

collecting system (arrow). Panels B and C: Nephrocalcinosis by renal ultrasound evidenced 

by increased pyramidal density (arrowheads) associated with acoustic shadowing. Changes 

in Panel C are more marked than in Panel B.
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Figure 2. Time to Nephrocalcinosis by PH type
Follow-up starts at the time of first image and ends at the last image or ESKD. NC risk was 

highest in PH1 and least in PH3 (P< 0.001).
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Figure 3. Renal outcome by nephrocalcinosis on imaging
Panel A: Among all PH patients the cumulative incidence of ESKD is significantly higher 

for patients with incident (after first image) NC (dotted line) when compared to those 

without NC (solid line) (HR [95% CI]) from a time-dependent Cox model (HR=5.1[2.4–

11]). Those with prevalent (on first image) NC (dashed line) also trended towards increased 

risk of ESKD (HR 1.5 [0.8–2.8]). Panel B: In the PH1 subgroup the effect of NC on ESKD 
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risk was similar to the entire PH population. Those with incident NC had a HR of 3.6 [1.7–

7.7] and those with prevalent NC a HR of 1.1 [0.6–2.0].
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Table 1

Clinical stone events and imaging findings for all PH patients.

Mean/Median (25th, 75th) No. of patients (%)

clinical stone events (n=348)

  Stones passed /yr 0.30 / 0.04 (0.00–0.26) 121/291 (58.4%)

  Stone procedures /yr 0.15 / 0.06 (0.00–0.17) 172/245 (70.2%)

  Stone eventsa, /yr 0.42 / 0.13 (0.00–0.43) 212/300 (70.7%)

Image findings (n=303)

  stones per image before ESKD 3.5 / 2.0 (1.0–4.3) 185/303 (61.1%b)

  NC ever NA 112/303 (37.0%)

  NC before ESKD NA 79/235 (33.6%)

Abbreviations: NC, nephrocalcinosis; ESKD, end stage kidney disease; NA: not applicable

a
Stone event is defined as any clinical event associated with kidney stones, including stone passage or stone procedure.

b
Percent of imaged subjects (n=303) who ever had a stone on imaging.
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Table 2

Characteristics of all PH patients and the PH1 subgroup with or without nephrocalcinosis.

PH PH1

Without NC
(N=156)

With NC
(N=79)

Without NC
(N=101)

With NC
(N=69)

Gender

  Male/Female 86/70 45/34 54/47 39/30

Age, yrs

  at diagnosis 9.3 (4.5, 24.7) 4.4 (1.8, 10.0)* 11.5 (5.6, 30.7) 4.2 (1.9, 9.4)*

  at last follow up 22.7 (10.1, 44.7) 15.4 (5.8, 23.9)* 25.7 (13.2, 44.8) 15.1 (5.8, 22.6)*

Stone events, /yr 0.18 (0.06, 0.47) 0.27 (0.00, 0.52) 0.16 (0.05, 0.45) 0.28 (0.00, 0.59)

Stones per image 2.0 (0.8, 4.0) 3.0 (1.5, 6.1)# 2.6 (1.0, 4.0) 3.8 (1.7, 6.8)#

P[ox], µmol/L 4.6 (2.7, 12.0) 8.7 (3.7, 17.5)# 6.6 (3.0, 15.6) 8.8 (4.1, 17.6)

U[ox], mmol/24ha 1.3 (0.9, 1.9) 2.0 (1.3, 2.6) * 1.3 (0.9, 2.1) 2.0 (1.3, 2.6) *

U[Ca], mg/24ha 90.2 (59.2, 149.2) 63.0 (43.4, 90.9) * 79.2 (51.5, 112.7) 55.6 (39.9, 85.7) *

 U[citrate], mg/24ha 445 (264, 750) 346 (190, 608) 336 (210, 643) 294 (183, 490)

 U[volume], L/24ha 2.4 (1.9, 3.1) 2.8 (2.2, 3.6) 2.4 (1.8, 3.2) 2.8 (2.3, 3.6)

Patients who had ESKD before first image were excluded in the analysis. All plasma and urinary results were the average of all values prior to 
ESKD. Gender is expressed as number and statistical analysis was made by Chi-Square. The rest are expressed as median (interquartile range) and 
statistical analysis was made by rank sum test.

a
adjusted by body surface area;

*
P<0.01;

#
P<0.05
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Table 4

Risk of ESKD among PH patients with and without NC.

Group of PH patients
Hazard ratio (95% CI)

Total NC Prevalent NC Incident NCb

All PH types (N=235, 57 ESKD)

  No adjustment 2.1 (1.2–3.6) 1.5(0.8–2.8) 5.1(2.4–11.0)

  Adjusting PH1, patients by family screening and age on 1st image 1.7 (1.0–3.0) 1.2 (0.6–2.3) 4.0 (1.9–8.5)

  Adjusting PH1 and stone numbers on 1st imagea 3.9 (1.7–8.9) 1.6 (0.4–5.7) 8.2 (3.2–21.3)

PH1 subgroup (N=170, 56 ESKD)

  No adjustment 1.5 (0.9–2.5) 1.1 (0.6–2.0) 3.6(1.7–7.7)

  Adjusting patients by family screening and age on 1st image 1.6 (0.9–2.9) 1.2 (0.6–2.3) 3.6 (1.6–7.8)

  Adjusting stone numbers on 1st imagea 3.5 (1.5–8.3) 1.6 (0.4–5.7) 6.9 (2.6–19.0)

Patients who had ESKD before first image were excluded in the analysis.

a
Stone number is available for 140 PH patients with 25 ESKD events overall, and for 94 PH1 patients with 24 ESKD events.

b
patients with prevalent NC are those who found NC on first image. Patients with incident NC are those who had new NC during follow-up.
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Table 5

Kidney function among PH patients without NC, with NC on first image and with NC during follow-up.

Without NC Prevalent NC Incident NC P value

All PH type 156 57 22

 eGFR at diagnosis 74.0 (57.6, 97.5) 68.2 (50.0, 87.4) 69.8 (56.7, 91.7) 0.24

 eGFR at last follow-upa 79.8 (55.6, 104.4) 69.1 (48.7, 91.9) 62.6 (30.4, 89.5) 0.03

 eGFR decline rate,/yr −0.4 (−1.9, 3.0) −0.4 (−2.3, 1.9) −1.2 (−3.8, 0.02) 0.08

 ESKD 21.2% 24.6% 45.5% 0.04

PH1 subgroup 101 51 18

 eGFR at diagnosis 68.9 (51.8, 89.0) 64.2 (46.8, 85.3) 69.8 (56.7, 90.2) 0.56

 eGFR at last follow-upa 67.3 (44.2, 86.9) 64.2 (34.5, 91.7) 54.9 (28.5, 85.3) 0.33

 eGFR decline rata,/yr −0.3 (−2.5, 1.8) −0.2 (−2.1, 2.8) −1.5 (−3.8, −0.1) 0.16

 ESKD 32.7% 27.5% 50.0% 0.21

Patients who had ESKD before first image were excluded in the analysis. All eGFR values were expressed as median (interquartile range).

a
Data were cut at eGFR of 20 ml/min/1.73m2
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