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Abstract
Background Pseudoxanthoma elasticum (PXE) is an autosomal recessive disease characterized by diminished inorganic 
plasma pyrophosphate (PPi), a strong calcification inhibitor. In addition to more typical calcification of skin, retina and arte-
rial wall a diminished plasma PPi could lead to other ectopic calcification, such as formation of kidney stones.
Objective To compare the prevalence of kidney stones between PXE patients and hospital controls on computed tomography 
(CT).
Method Low-dose CT images of PXE patients and controls were assessed by one radiologist, who was blinded for the 
diagnosis PXE. The number of kidney stones, and the size of the largest stone was recorded. Odds ratios (ORs) for having 
kidney stone were calculated using multivariable adjusted logistic regression.
Results Our study comprised 273 PXE patients and 125 controls. The mean age of PXE patients was 51.5 ± 15.9 years 
compared to 54.9 ± 14.2 in the control group (p = 0.04) and PXE patients more often were women (63 vs. 50%, p = 0.013). 
The prevalence of kidney stones on CT was similar: 6.9% in PXE patients, compared to 5.6% in controls (p = 0.6). In the 
multivariate analysis adjusting for age and sex, there was no significantly higher odds for PXE patients on having stones, 
compared to controls: OR 1.48 (95% CI 0.62–3.96).
Conclusion There is no significant difference in the prevalence of incidental kidney stones on CT in PXE patients versus 
controls.
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Introduction

Pseudoxanthoma elasticum (PXE) is an autosomal recessive 
disease [1] caused by pathogenic mutations in the ABCC6 
gene. According to the currently accepted hypothesis regard-
ing the pathophysiology, PXE is a metabolic disease where 
a relative lack of inorganic plasma pyrophosphate (PPi) is 
central [2, 3]. PPi is a strong calcification inhibitor [4, 5], 
and diminished circulating PPi levels explains the three main 

PXE symptoms: calcification in the elastic fibers in the skin, 
calcification in Bruch’s membrane of the retina and calcifica-
tion of the medial layer of the arterial wall [1, 6].

It is possible that a systemic diminished plasma PPi in 
PXE would increase the risk of ectopic calcification in other 
organs. In fact, other diseases that are characterized by low 
plasma PPi, such as general arterial calcification of infancy 
(GACI) and arterial calcification due to CD73 deficiency 
(ACDC) also exhibit different symptoms [7]. One of the 
most common and well-known ectopic calcifications are 
kidney stones. Low levels of urinary PPi have been found 
to accelerate urinary crystallization in laboratory settings 
[8, 9]. Therefore, kidney stones have increasingly been 
suggested as a manifestation of PXE. Earlier studies have 
found heterogeneous prevalence’s ranging from 1.7 to 40% 
[10–13]. However, these findings might be biased due to lack 
of an adequate control group, and the use of a questionnaire, 
and need to be substantiated.
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A more unbiased way to identify if kidney stones are a 
hallmark of PXE, is by assessing CT scans that have been 
performed in the regular PXE-workup. Incidental kidney 
stones are found in around 8% of abdominal CT scans in 
unselected populations [14]. We aimed to objectively meas-
ure the prevalence of kidney stones on CT in PXE patients 
and representative hospital controls. We hypothesize that if 
PXE patients have significantly higher risk of kidney stone, 
we will see a higher prevalence of incident kidney stones on 
CT compared with controls.

Methods

Study population

Patients were recruited from the Dutch Expertise Center 
for Pseudoxanthoma elasticum (DECP) in the University 
Medical Center Utrecht. All PXE patients in the study have 
signed their written informed consent to collect and use data. 
For the current study, data from patients were used with a 
confirmed diagnosis according the Plomp criteria [6], and 
if a CT scan was available from regular work-up to assess 
vascular calcification. Controls were consecutive subjects 
that received a fluorodeoxyglucose (FDG) positron emission 
tomography (PET) CT in our hospital between June 2011 
July 2019, patients with suspicion of vasculitis or endo-
carditis were excluded, the main indication was melanoma 
staging. Because of the retrospective nature of this study, 
and the absence of any research interventions in the control 
population, the medical ethics committee Utrecht, waived 
the need for informed consent for the use of this imaging 
(protocol number 19/470).

Imaging protocol

All subjects underwent low-dose (< 3 mSv for a 70 kg adult), 
full-body, non-contrast, CT scans with slice thickness of 1–2 
mm (reconstructed at 5 mm × 4 mm increments) on either 
Siemens Biograph 40 (Erlangen, Germany) or Philips Bril-
liance (Best, The Netherlands). CT scans were made at vari-
able kVp and mAs dependent on the subjects body weight.

Measurements

The thin-slice images were viewed by a trained radiologist 
(WF), who measured the number of stones per kidney, the 
size of the largest stone (in mm) and the HU value of the 

largest kidney stone, blinded for patient status (PXE or con-
trol patient). From all subjects age and sex were available.

Statistical analysis

Continuous data are presented with the mean and standard 
deviation for Gaussian distributed values, and with the 
median and interquartile range for non-Gaussian distrib-
uted values. The differences in cases and controls regard-
ing age and sex were tested with, respectively, T-test and 
Chi-square test. Logistic regression models were used to 
control for potential differences in sex and age between 
cases and controls. A sensitivity analysis was performed 
with inverse probability weighting using propensity 
scores. We calculated propensity scores for having PXE 
based on age and sex, using logistic regression. Statistical 
analysis was performed with R-software version 4.0.3 (R 
foundation for Statistical Computing, Vienna, Austria).

Results

We studied 269 PXE patients and 125 controls. Baseline 
characteristics are reported in Table 1. The mean ± SD 
age of PXE patients was 51.5 ± 14.2 years compared to 
54.9 ± 15.9 years in the control group (p = 0.04). PXE 
patients more often were women (63 vs 50%, p = 0.01).

CT scans were all of sufficient quality and there were 
no missing values in the amount and size of kidney stones. 
There were three PXE patients where the HU value was 
not possible to measure because the kidney stones were 
too small. These subjects were excluded from the mean 
HU value.

There were 19 PXE patients that had at least one stone 
(7% (95% CI 4–10%)), versus 7 patients in the control 
group (6% (95% CI 2–10%), p = 0.7). The distribution 
of number of kidney stones is displayed in Table 1. The 
median [IQR] size of the kidney stones was 5.0 mm 
[3–6.5] for cases as well as controls (5.0 mm [3.5–5.5], 
p = 0.91). The median [IQR] HU value of the largest 
kidney stone was 1024 [560–1068] in controls and 1215 
[980–1660] in PXE patients (p = 0.06).

A logistic regression was performed with the diagno-
sis PXE as a determinant of kidney stones. In the uni-
variate model, the odds ratio for having a kidney stone 
on CT for PXE patients versus controls was 1.28 (95% CI 
0.55–3.36). The age and sex adjusted odds ratio was 1.48 
(95% CI 0.62–3.96) (Table 2).

The balance after inverse probability weighting was 
excellent: standardized mean differences (SMD) between 
PXE and controls were 0.008 and 0.005, respectively, for 
age and sex. The odds ratio from the logistic regression 
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using inverse probability weighting was 1.38 (95% CI 
0.77–2.48).

Discussion

This is the first study to objectively assess the prevalence 
of kidney stones in PXE-patients on CT scan with a repre-
sentative control group. There was no statistically significant 
difference in the prevalence of kidney stones on CT between 
PXE patients and controls.

Strengths of our study include the availability of CT scans 
for a large population of PXE patients and the unbiased man-
ner of assessing incidental kidney stones: with the use of CT 
scans in both cases and controls, viewed by a radiologist 
blinded for the diagnosis PXE. Another strength is that we 
were able to correct at least for imbalances in age and sex 
between cases and controls.

A limitation of this study is that because of the retrospec-
tive nature of this study, and the anonymous data handling 
in the control group, we were not able to collect more infor-
mation from controls because of privacy reasons. We were, 

therefore, unable to collect data on symptoms of kidney 
stone disease at the time of the CT scan. Another limitation 
is that, even though we have a large group of PXE patients 
available, we have limited controls study. Together with the 
low prevalence of kidney stones, this leads to diminished 
power. However, the only previously reported patient-con-
trol comparison showed a very large difference in preva-
lence of kidney stones between PXE-patients and controls 
(25 vs 9%). Our sample size would have been large enough 
to detect a significant difference of this magnitude. PXE-
patients were slightly younger and more often female, both 
increasing age and male sex are a risk factor for kidney stone 
development [15]. Because of this, we have calculated the 
age and sex adjusted odds ratio for PXE on the presence of 
a kidney stone on CT: 1.48 (95% CI 0.62–3.96), pointing 
out that even after adjusting for age and sex there is still no 
statistical significant difference in the prevalence of kidney 
stones on CT images between cases and controls. The sen-
sitivity analysis with probability weighting did not alter this 
conclusion 1.38 (95% CI 0.77–2.48).

Previous literature has reported on the prevalence 
of kidney stones in PXE patients, but the findings are 

Table 1  Baseline characteristics 
of PXE patients and controls

HU houndsfield units

Controls PXE p
n = 125 n = 269

Age (years), mean ± SD 54.86 ± 15.9 51.48 ± 14.2 0.04
Females, n (%) 62 (50) 171 (63) 0.01
Any stone, n persons (%) 7 (6) 19 (7) 0.74
Number of stones, n (%)
 1 5 (4.0) 12 (4.5)
 2 1 (0.8) 1 (0.4)
 3 0 (0.0) 3 (1.1)
 4 0 (0.0) 1 (0.4)
 5 1 (0.8) 1 (0.4)
 11 0 (0.0) 1 (0.4)

Kidney stone size (mm), median [IQR] 5.0 [3.5, 5.5] 5.0 [3.0, 6.5] 0.91
HU kidney stone, mean [IQR] 1024.00 [559.50, 

1068.00]
1214.50 [980.00, 

1660.00]
0.06

Table 2  Multivariate logistic 
regression analysis of presence 
of any stone on CT-imaging

N Bèta St. error p Odds ratio (95% CI interval)

Diagnosis
 Controls 125 Reference
 PXE patients 267 0.39 0.47 0.40 1.48 (0.62–3.96)

Age
 One year increase 0.02 0.02 0.07 1.03 (1.00–1.06)

Sex
 Men 161 Reference
 Women 233 −0.18 0.41 0.66 −1.20 (−0.37 to −1.91)
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heterogeneous [10–13]. Two of these studies have specifi-
cally tried to assess the relationship between PXE and kid-
ney stones, with the use of a questionnaire [11, 16]. Ralph 
et al. reported a kidney stone prevalence of 25% in PXE 
populations, which they compared to the general population 
estimate of 9.1% [11]. Letavernier et al. [13], found that 
39.8% of the 113 respondents had a kidney stone in their 
medical history. Even though they have not included a con-
trol group in this study, the prevalence is much higher than 
the general European and French population: 5–10% [17].

Contrary to these results stand the studies by Legrand 
et al. [12] and Boraldi et al. [10], who report a prevalence 
of kidney stones in PXE patients of, respectively, 12.8 and 
1.7%, more in the range of the expected prevalence in the 
general European population. The studies were both cross-
sectional assessments of the phenotypical features in the 
PXE populations, both authors do not state specifically how 
the prevalence of kidney stone was assessed.

Our results show that there is no significant difference 
between cases and controls in the prevalence of incidental 
kidney stones using visibility of stones on CT images as 
objective measure. The prevalence that was found in both the 
PXE and control group is also comparable with that of the 
prevalence of incidental kidney stones in the general popu-
lation [18]. So, even though life-time prevalence of kidney 
stones and the prevalence of incidental kidney stones are not 
suitable for a direct comparison, our study is most in line 
with Legrand et al. [12] and Boraldi et al. [10].

The question remains why our conclusion does not match 
the conclusions of Ralph et al. [11] and Letavernier et al. 
[13]. The answer is likely found in the different methods of 
assessment: both these studies have used questionnaires to 
assess the prevalence of kidney stones. Questionnaires are 
known to be prone to bias[19]. There are several ways how 
this could lead to bias in these studies: first, PXE patients 
who have had a kidney stone, are more likely to answer such 
a questionnaire, and therefore researchers could have found 
a higher prevalence. Another point is that the questionnaire 
that both studies used, did not specifically ask for any proof 
that a (presumable) renal colic, was in fact caused by a kid-
ney stone. Thirdly, they did not specify if the kidney stone 
was symptomatic, or if it could also have been an incidental 
finding on radiology. Since PXE patients are under the care 
of different medical specialists, and imaging is sometimes 
routinely executed, the chance of finding an incidental kid-
ney stone that maybe would not have led to a renal colic is 
much higher than in control groups.

Especially the prevalence of kidney stones in the study of 
Letavernier et al. was very high. Possibly they have uninten-
tionally identified a very specific subgroup of PXE patients 
that also has a higher risk of kidney stones, in addition 
to PXE, due to a common genetic, dietary or geographic 
predisposition.

It is important to identify if PXE patients exhibit more 
manifestations of their disease than what we have discov-
ered up until now. First of all because we want to give 
the PXE patient the most accurate prognosis of what the 
disease PXE entails, secondly, the type and location of the 
symptom in question might be crucial in the unraveling of 
the pathophysiology of PXE. PXE patients exhibit lower 
PPi levels compared to controls, and these are believed, but 
not yet proven, to be related to the severity of symptoms 
[5, 20, 21]. Moreover, it is not yet clear how the ABCC6 
mutations work in lowering the PPi levels. The current 
hypothesis is that the ABCC6 transporter is involved in the 
transportation of ATP from the hepatocyte to the plasma 
[5], where ATP is then a substrate for ENPP1, the enzyme 
that converts it to PPi and AMP [4, 22]. The reason this 
is emphasized here, is that other (genetic) disease also 
can exhibit low PPi, through other mechanisms (ACDC 
[23], ANKH inorganic pyrophosphate transport regulator 
(ANKH) related disease [24, 25], GACI [26, 27]), and 
there is overlap in some symptoms, but other symptoms 
are unique. This gives us more insight in the regulation 
and metabolism of PPi and the effect on different tissues 
throughout the body. Our results seem to suggest that PXE 
is not inherently related to the formation of kidney stones, 
suggesting that PPi may be regulated by other enzymes in 
and around the kidney [28, 29], and that calcification does 
not solely rely on the presence of functional ABCC6 trans-
porters. Moreover, there are many calcifying inhibitory 
regulations in the kidney, of which PPi is just one [15].

Conclusion

In conclusion, we found no evidence for differences in the 
prevalence of kidney stones on CT images in PXE patients 
versus controls, when corrected for age and sex. This study 
contradicts the conclusions of previous studies that found a 
higher prevalence of kidney stones disease in PXE patients 
through questionnaires.

Authors contributions PJ, WS, JB, WF conceptualized the idea. IH 
analyzed the data and prepared the manuscript. WF viewed all CT-
scans, and measured kidney stones. PJ, MK, WS, JB, WF revised the 
manuscript. All authors read and approved the final version of the 
manuscript.

Funding There was no funding for this research.

Data availability The datasets used and/or analysed during the cur-
rent study are available from the corresponding author on reasonable 
request.



79Clinical and Experimental Nephrology (2024) 28:75–79 

1 3

Declarations 

Conflict of interest The authors declare that they have no competing 
interests.

Ethics All PXE-patients signed informed consent, the study was 
approved by the Institutional Review Board of the UMC Utrecht (num-
ber 16-622/M-X). Because of the retrospective nature of this study, and 
the absence of any research interventions in the control population, the 
medical ethics committee Utrecht waived the need for informed consent 
for the use of this imaging (protocol number 19/470). All research 
procedures were in compliance with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.

Consent for publication Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Germain DP. Pseudoxanthoma elasticum. Orphanet J Rare Dis. 
2017;12(1):85.

 2. Le Saux O, Urban Z, Tschuch C, Csiszar K, Bacchelli B, Quaglino 
D, et al. Mutations in a gene encoding an ABC transporter cause 
pseudoxanthoma elasticum. Nat Genet. 2000;25(2):223–7.

 3. Bergen AA, Plomp AS, Schuurman EJ, Terry S, Breuning M, 
Dauwerse H, et al. Mutations in ABCC6 cause pseudoxanthoma 
elasticum. Nat Genet. 2000;25(2):228–31.

 4. Borst P, Váradi A, van de Wetering K. PXE, a mysterious inborn 
error clarified. Trends Biochem Sci. 2019;44(2):125–40.

 5. Li Q, Kingman J, van de Wetering K, Tannouri S, Sundberg JP, 
Uitto J. Abcc6 knockout rat model highlights the role of liver in 
PPi homeostasis in pseudoxanthoma elasticum. J Invest Dermatol. 
2017;137(5):1025–32.

 6. Plomp AS, Toonstra J, Bergen AA, van Dijk MR, de Jong PT. 
Proposal for updating the pseudoxanthoma elasticum classifica-
tion system and a review of the clinical findings. Am J Med Genet 
A. 2010;152A(4):1049–58.

 7. Ralph D, van de Wetering K, Uitto J, Li Q. Inorganic pyrophos-
phate deficiency syndromes and potential treatments for patho-
logic tissue calcification. Am J Pathol. 2022;192(5):762–70.

 8. Baumann JM, Ackermann D, Affolter B. The influence of 
hydroxyapatite and pyrophosphate on the formation product of 
calcium oxalate at different pHs. Urol Res. 1989;17(3):153–5.

 9. Grases F, Ramis M, Costa-Bauzá A. Effects of phytate and 
pyrophosphate on brushite and hydroxyapatite crystallization. 
Comparison with the action of other polyphosphates. Urol Res. 
2000;28(2):136–40.

 10. Boraldi F, Murro V, Lofaro FD, Mucciolo DP, Costa S, Pavese 
L, et al. Phenotypic features and genetic findings in a cohort of 
Italian pseudoxanthoma elasticum patients and update of the oph-
thalmologic evaluation score. J Clin Med. 2021;10(12):2710.

 11. Ralph D, Allawh R, Terry IF, Terry SF, Uitto J, Li Q-L. Kid-
ney stones are prevalent in individuals with pseudoxanthoma 

elasticum, a genetic ectopic mineralization disorder. Int J Derma-
tol Venereol. 2020;3(4):198–204.

 12. Legrand A, Cornez L, Samkari W, Mazzella JM, Venisse A, Boc-
cio V, et al. Mutation spectrum in the ABCC6 gene and genotype-
phenotype correlations in a French cohort with pseudoxanthoma 
elasticum. Genet Med. 2017;19(8):909–17.

 13. Letavernier E, Kauffenstein G, Huguet L, Navasiolava N, Bouder-
lique E, Tang E, et al. ABCC6 deficiency promotes development 
of randall plaque. J Am Soc Nephrol. 2018;29(9):2337–47.

 14. Meyer HJ, Pfeil A, Schramm D, Bach AG, Surov A. Renal inci-
dental findings on computed tomography: frequency and dis-
tribution in a large non selected cohort. Medicine (Baltimore). 
2017;96(26): e7039.

 15. Moe OW. Kidney stones: pathophysiology and medical manage-
ment. The Lancet. 2006;367(9507):333–44.

 16. Letavernier E, Bouderlique E, Zaworski J, Martin L, Daudon M. 
Pseudoxanthoma elasticum, kidney stones and pyrophosphate: 
from a rare disease to urolithiasis and vascular calcifications. Int 
J Mol Sci. 2019;20(24):6353.

 17. Osther PJS. Epidemiology of Kidney Stones in the European 
Union

 18. Meyer JL. Can biological calcification occur in the presence of 
pyrophosphate? Arch Biochem Biophys. 1984;231(1):1–8.

 19. Choi BC, Pak AW. A catalog of biases in questionnaires. Prev 
Chronic Dis. 2005;2(1):A13.

 20. Jiang Q, Endo M, Dibra F, Wang K, Uitto J. Pseudoxan-
thoma elasticum is a metabolic disease. J Invest Dermatol. 
2009;129(2):348–54.

 21. Leftheriotis G, Navasiolava N, Clotaire L, Duranton C, Le Saux O, 
Bendahhou S, et al. Relationships between plasma pyrophosphate, 
vascular calcification and clinical severity in patients affected by 
pseudoxanthoma elasticum. J Clin Med. 2022;11(9):2588.

 22. Jansen RS, Duijst S, Mahakena S, Sommer D, Szeri F, Váradi A, 
et al. ABCC6-mediated ATP secretion by the liver is the main 
source of the mineralization inhibitor inorganic pyrophosphate in 
the systemic circulation-brief report. Arterioscler Thromb Vasc 
Biol. 2014;34(9):1985–9.

 23. Gutierrez LB, Link T, Chaganti K, Motamedi D. Arterial calcifica-
tion due to CD73 deficiency (ACDC): imaging manifestations of 
ectopic mineralization. Skeletal Radiol. 2016;45(11):1583–7.

 24. Collins MT, Boehm M. It ANKH necessarily so. J Clin Endocrinol 
Metab. 2011;96(1):72–4.

 25. Reichenberger E, Tiziani V, Watanabe S, Park L, Ueki Y, San-
tanna C, et al. Autosomal dominant craniometaphyseal dysplasia 
is caused by mutations in the transmembrane protein ANK. Am J 
Hum Genet. 2001;68(6):1321–6.

 26. Ziegler SG, Gahl WA, Ferreira CR, et al. Generalized arterial 
calcification of infancy. In: Adam MP, Ardinger HH, Pagon RA, 
Wallace SE, Bean LJH, Mirzaa G, et al., editors. GeneReviews. 
Seattle (WA): University of Washington; 1993.

 27. Galletti S, Nitschke Y, Malavolti AM, Aquilano G, Faldella G, 
Corvaglia L, et al. Generalized arterial calcification of infancy: 
fatal clinical course associated with a novel mutation in ENPP1. 
JIMD Rep. 2011;1:23–7.

 28. Moochhala SH. Extracellular pyrophosphate in the kidney: 
how does it get there and what does it do? Nephron Physiol. 
2012;120(4):33–8.

 29. Moochhala SH, Sayer JA, Carr G, Simmons NL. Renal calcium 
stones: insights from the control of bone mineralization. Exp 
Physiol. 2008;93(1):43–9.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/

	Do pseudoxanthoma elasticum patients have higher prevalence of kidney stones on computed tomography compared to hospital controls?
	Abstract
	Background 
	Objective 
	Method 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population
	Imaging protocol
	Measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




