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Introduction: Alterations in oxalate homeostasis are associated with kidney stone disease and progres-

sion of chronic kidney disease (CKD). However, accurate measurement of plasma oxalate (POx) concen-

trations in large patient cohorts is challenging as prompt acidification of samples has been deemed

necessary. In the present study, we investigated the effects of variations in sample handling on POx results

and examined an alternative strategy to the established preanalytical procedures.

Methods: The effect of storage time at room temperature (RT) and maintenance of samples at �80�C was

tested. POx was measured in 1826 patients enrolled in the German Chronic Kidney Disease (GCKD) study,

an ongoing multicenter, prospective, observational cohort study.

Results: We demonstrate that POx concentrations increased rapidly when samples were maintained at RT.

This was most relevant for POx <10 mM, as concentrations more than doubled within a few hours. Im-

mediate freezing on dry ice and storage at �80�C provided stable results and allowed postponement of

acidification for >1 year. In the patients of the lowest estimated glomerular filtration rate (eGFR) quartile,

median POx was 2.7 mM (interquartile range [IQR] <2.0–4.2) with a median eGFR of 25.1 ml/min per 1.73 m2

(IQR 20.3–28.1).

Conclusion: We conclude that immediate freezing and maintenance of plasma samples at -80�C facilitates

the sample collection process and allows accurate POx assessment in large cohorts. The present study may

serve as a reference for sample handling to assess POx in clinical trials and to determine its role in CKD

progression.
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D
uring the past decade, there has been growing
evidence suggesting a role for oxalate in systemic

inflammation,1,2 renal allograft failure,3 and cardio-
vascular complications.4–6 Moreover, a recent study
demonstrated an association between urinary oxalate
excretion and progression of CKD.7 In advanced stages
of CKD, urinary oxalate declines and POx concentra-
tions start to rise.8–10 Whereas in healthy adults and
children POx concentrations have been reported to be
in the range of 1–5 mM,11–13 an increase of POx is
generally described in CKD.9,14,15 However, a system-
atic assessment of POx as a function of eGFR is lacking.
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Therefore, evaluation of POx concentrations in a large
representative cohort of patients with CKD is needed.

It is widely accepted that measurement of POx con-
centration is challenging due to the conversion of
ascorbate to oxalate. Ex vivo in blood samples during
processing, only a small percentage of oxalate is pre-
sumed to be generated from sources other than ascor-
bate.16 As ascorbate converts nonenzymatically to
oxalate at pH >4, it is recommended that samples are
immediately cooled and acidified to lower pH to halt
this biochemical process.12,16,17 Samples are also
deproteinized to prevent production of denatured
proteins, which otherwise might lead to turbidity of
the samples and a distortion of the photometric
measurement.17

When blood samples are obtained for POx measure-
ments in larger patient cohorts as part of prospective
clinical trials, variations in the sample collection pro-
cess might occur. Specifically, adherence to complex
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handling instructions, including acidification of sam-
ples with high-molarity HCl is difficult in outpatient
settings.17 Therefore, the present study aimed to
examine the effect of preanalytical conditions on POx
results and investigate whether immediate freezing of
samples may be sufficient to facilitate the sample
collection process. Based on our findings, we developed
a new standardized procedure of sample handling and
processing that allowed us to perform systematic
measurement of POx concentrations in 1826 patients
with CKD enrolled in the GCKD study.18

METHODS

Study Populations

For determining the effect of variations in preanalytical
conditions on POx and serum oxalate (SOx) results,
blood samples were obtained from 40 healthy volun-
teers and patients with CKD stages 1 to 5D at Charité,
Berlin, Germany. Thus, eGFR levels from <15 to >120
ml/min per 1.73 m2 and associated oxalate concentra-
tions were evaluated in our experiments. All partici-
pants provided written informed consent. Study
protocols were approved by the local authorities (local
Ethics Committee of Charité, Berlin Study No. EA2/242/
17 and EA2/176/19).

For systematic measurement of POx concentrations in
patients with CKD, we measured POx in 1826 patients
from the GCKD study. The GCKD study is a multi-
center, prospective, observational cohort study to
identify risk factors and markers for CKD progression
and to improve the understanding of the underlying
pathophysiology. A detailed description of the GCKD
study design has been published previously.18 The
GCKD study protocol was approved by the leading
ethical review committee of the medical faculty of the
University of Erlangen-Nürnberg and all local institu-
tional review boards of the regional centers. All par-
ticipants provided written informed consent. All data
were pseudonymized. All clinical experimentation for
the current study occurred in adherence to the Decla-
ration of Helsinki of 1975, as revised in 2013. Of the
1826 patients included in our analysis, there was no
patient who had an established diagnosis of primary
hyperoxaluria.

Sample Collection and Handling

Blood samples were collected via a venous blood draw
or, in dialysis patients, from the arterial line into
Vacuette EDTA plasma tubes or serum tubes (Greiner
Bio-One GmbH, Kremsmünster, Austria), immediately
put on wet ice, and centrifuged in a precooled Centri-
fuge 5810R (Eppendorf, Wesseling-Berzdorf, Germany)
at 2000g for 10 minutes at 4 �C. Subsequently, 400 ml of
the separated supernatant plasma/serum is
2014
deproteinized by filtration through Vivaspin 500
30,000 MWCO PES filter units (Sartorius, Goettingen,
Germany) and acidified with 16 ml 1N hydrochloric
acid. The eluate and remaining plasma/serum were
aliquoted and stored at �80�C within 2 hours.

The separated supernatant was frozen on dry ice and
shipped to our laboratory where samples were stored
at �80�C. Samples were commonly sent in groups of 5.
Within a maximum of 2 weeks after the initial blood
draw, the plasma was deproteinized, acidified, and
measured. For assessment of the variability of oxalate
results, preanalytical conditions were adjusted as fol-
lows: (i) storage of plasma and serum at RT for 6 to 8
hours, (ii) storage of plasma on dry ice for 6 hours, and
(iii) storage of plasma and eluate at �80 �C for 16.5 to
21.0 months before deproteinization and acidification.

Measurement of POx and SOx Concentrations

For measurement of POx/SOx, frozen acidified plasma/
serum eluates were slowly thawed on ice. Subse-
quently, 6 ml of 5 NaNO2 solution was added per 100 ml
plasma/serum. For measurement of oxalate, an enzy-
matic method with oxalate oxidase has been conducted
based on a publication of Ladwig et al.17 using a
commercial assay from Trinity Biotech (Bray, Co.,
Wicklow, Ireland). The protocol has been adapted by
Litholink Corp. (Chicago, IL). The samples were
measured in a 1:2 dilution in 96-well plates in an
Ultrospec 1000 Spectrophotometer (Pharmacia Biotech
Inc., Piscataway, NJ) at 590 nm wavelength (no back-
ground wavelength). A 0.5-mM oxalate standard
(Trinity Biotech) was used to obtain a new standard
curve for every set of measurements and an indepen-
dent 10 mM and 50 mM sodium oxalate solution was
used as a quality control standard. Each sample was
measured twice (in 2 wells), and the mean value was
calculated from both results. Usage of a 96-well plate
for measurement of oxalate oxidase activity led to
lower values for intra- and interassay variability than
previously described.19 The mean coefficient of varia-
tion (CV) was 2% for within-run variation and 4%
(high oxalate concentrations w50 mM), respectively,
8% (low oxalate concentrations w10 mM) for between-
run variation. Our assay was validated by cross-
checking results with those obtained via ion chroma-
tography. The lower limit of detection was determined
at 2 mM and validated by the accuracy of both ion
chromatography and the oxalate oxidase assay.19 All
measurements less than 2 mM were set to 1.9 mM.

Statistical Analysis

For analyzing the effect of preanalytical conditions on
POx and SOx results, statistical analyses were conducted
using IBM SPSS Statistics, Version 25 (IBM Corp,
Kidney International Reports (2020) 5, 2013–2020



Figure 1. Measurement of oxalate concentrations in plasma versus serum. Oxalate concentrations were measured in plasma (POx) and serum
(SOx). For each patient, an EDTA tube and a serum tube were drawn at the same time, immediately put on ice and processed. (a) SOx con-
centrations tend to be slightly higher than POx concentrations (n ¼ 10, P ¼ 0.10, mean coefficient of variation 0.10). The red line indicates the
mean values of all POx/SOx concentrations. (b) SOx/POx ratio depending on the POx concentration.
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Armonk, NY). Values were compared using paired t-
test. Mean CV and mean � SD were used to compare
degrees of variations between different series of POx
and SOx results. All statistical tests were 2-sided and a P
value less than 0.05 was considered statistically
significant.
Data Transformation and Statistical Analysis in

the GCKD Cohort

Due to skewed nature of POx values, we divided all
patients of the GCKD cohort into 4 groups based on their
POx concentrations as follows: group 1 (reference): <2.0
mM; group 2: 2.0 to 3.0 mM; group 3: > 3.0 to 4.2 mM;
and group 4: >4.2 mM. For each POx concentration,
corresponding eGFR was estimated using the CKD-
Epidemiology Collaboration formula as follows:
GFR ¼ 141 � minðScr =k; 1Þba � maxðScr =k; 1Þb � 1:209 � 0:993bAge � 1:018 ½if female� � 1:159 ½if black�;
where Scr is serum creatinine (mg/dl), k is 0.7 for women
and 0.9 for men, a is �0.329 for women and �0.411 for
men, min indicates the minimum of Scr/k or 1, and max
indicates the maximum of Scr/k or 1.

Clinical data are presented as median (IQR) for
continuous variables and as frequency and percentage
for categorical variables. Due to skewed nature of POx
values, we divided all patients of the GCKD cohort into
4 groups based on their POx concentrations as follows:
group 1 (reference): <2.0 mM; group 2: 2.0 – 3.0 mM;
group 3: >3.0 – 4.2 mM; and group 4: >4.2 mM. We
Kidney International Reports (2020) 5, 2013–2020
compared the baseline characteristics of the cohort
stratified by POx concentrations using the Kruskal-
Wallis nonparametric, Pearson c2, and Fisher exact
tests, as appropriate. All statistical tests were 2-sided
and a P value less than 0.05 was considered statisti-
cally significant. SAS statistical software version 9.4
(Statistical Analyses System Inc, Cary, NC) was used for
analyses.
RESULTS

POx and SOx Concentrations Rapidly Rise When

Samples Are Maintained at RT

In a first series of experiments, we compared oxalate
concentrations in plasma and serum. Following the
blood draw, samples were both immediately processed
and measured. As shown in Figure 1, oxalate concen-
trations tended to be slightly higher in serum as
compared with plasma, but this trend did not reach
significance.

We next examined the effect of storage at RT on POx
and SOx concentrations. As shown in Figure 2a–c, POx
concentrations increased rapidly when samples were
maintained at RT. This increase was most relevant for
POx concentrations <10 mM, as the mean POx more than
doubled from 2.5 � 1.0 mM to 5.5 � 2.2 mM within 6
hours. For POx concentrations >10 mM, POx concen-
trations increased yet the effect was smaller in relation
to total oxalate concentration.
2015



Figure 2. Plasma (POx) and serum (SOx) oxalate concentrations following storage at room temperature (RT). Oxalate concentrations were
measured in plasma (a–c) and serum (d–f) samples with a concentration range of POx/SOx < 10 mM (aþd), POx/SOx 10–25 mM (bþe), and POx/SOx
>25 mM (cþf). For each patient, 4 to 5 EDTA or serum tubes were drawn. Each tube was processed at a different timepoint following storage at
RT as indicated. Each black line represents POx/SOx results of one patient. The red line indicates the mean values of all POx/SOx concentrations.
(a–c) The P value compares POx concentrations at 0 h versus 6 h (a: n ¼ 5, P ¼ 0.006; b: n ¼ 6, P ¼ 0.07, mean coefficient of variation [CV] 0.08;
c: n ¼ 6, P ¼ 0.051, mean CV 0.04). (d–f) The P value compares SOx concentrations at 0 h versus 6 h (d: n ¼ 3, P ¼ 0.02; e: n ¼ 6, P ¼ 0.12, mean
CV 0.06; f: n ¼ 6, P ¼ 0.35, mean CV 0.03).
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As demonstrated in Figure 2d–f, the effect of storage
at RT on SOx concentration was similar as observed for
plasma. For SOx <10 mM, mean SOx concentration
increased continuously from 2.4 � 0.8 mM to 6.3 � 3.6
mM after 6 hours, and up to 8.4 � 4.2 mM after 8 hours.
For SOx concentrations >10 mM, the increase in relation
to total SOx concentration was again less pronounced
(Figure 2e and f).

POx Concentrations Are Stable Following

Freezing on Dry Ice and Storage at �80 �C
In a next series of experiments, we tested if storage on
dry ice can prevent the increase of POx concentrations.
POx concentrations were immediately measured
following a blood draw. In addition, aliquots of un-
processed plasma were stored on dry ice and at RT. As
shown in Figure 3a, POx concentrations remained stable
over 6 hours when maintained on dry ice with the
mean POx being almost unchanged after 6 hours (3.4 vs.
2016
3.8 mM). In contrast, POx rapidly increased in the
samples stored at RT. To further investigate stability of
oxalate in blood samples, we examined POx concen-
trations after a minimum of 1 year of storage at �80�C
of plasma or the eluate remaining after immediate
protein separation and acidification. As illustrated in
Figure 3b, POx concentrations obtained from the stored
plasma samples remained relatively stable as compared
with immediate measurement with D mean POx being
2.5 mM for all samples and only 1 mM for the suscep-
tible POx range <10 mM. Accordingly, the mean CV
was 0.10, which is around interassay variability. When
measurement was repeated in the acidified and depro-
teinized eluate that had been stored at �80 �C for >1
year, the least increase of POx concentration could be
detected (Figure 3c). Hence, both plasma and eluate can
be safely stored at �80 �C for >1 year before acidifi-
cation and deproteinization and/or final measurement.
Based on these findings, we suggest a simplification of
Kidney International Reports (2020) 5, 2013–2020



Figure 3. Plasma oxalate (POx) measurement following freezing on dry ice and storage at �80 �C. (a) POx concentrations were measured
immediately after blood draw. Aliquots of unprocessed plasma were stored on dry ice and at RT. After 6 hours, POx concentrations were
measured and compared with POx concentrations obtained at 0 h. The blue lines indicate POx concentrations after storage on dry ice (n ¼ 5, P ¼
0.06), the black lines indicate POx results after storage at RT (n ¼ 5, P ¼ 0.002). The red lines indicate the mean values of POx concentrations
maintained on dry ice (lower line) versus at room temperature (RT) (upper line). (b,c) POx concentrations were measured immediately after blood
draw and following storage at �80 �C and compared via P value. Each blue line represents POx results of 1 patient after storage at �80 �C. The
red line indicates the mean value of all POx concentrations. (b) Unprocessed plasma was compared (n ¼ 12, P ¼ 0.04, mean coefficient of
variation [CV] 0.10) with (c) eluate obtained following protein separation and acidification (n ¼ 12, P ¼ 0.13, mean CV 0.08).
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the standard preanalytical protocol for POx measure-
ment, as schematically summarized in Figure 4.

Measurement of POx Concentrations in the

GCKD Cohort

Following our observations regarding sample handling,
we next applied our method of rapid sample freezing to
systematically examine POx concentrations in 1826 pa-
tients of the GCKD cohort: after centrifugation, the
supernatant plasma was immediately put on dry ice,
strictly maintained at �80�C, and shipped to our
Figure 4. Schematic of standard and simplified test protocol for measurem
processing of blood samples to determine POx concentration are shown. (a
centrifuged and the supernatant acidified within a total of 2 hours. In con
placement of plasma on dry ice followed by storage at �80 �C. This prev
collection of large amounts of samples for efficient processing with low

Kidney International Reports (2020) 5, 2013–2020
laboratory for further acidification/deproteinization
and measurement. Table 1 presents the baseline char-
acteristics of these patients stratified by POx. Mean (SD)
eGFR was 44.0 (17.9) ml/min per 1.73 m2 at the time the
blood was drawn for POx measurement. As expected,
POx correlated inversely with eGFR (median in group 1:
50.3, IQR 40.7–60.9 vs. median in group 4: 40.6, IQR
32.1–52.8, P < 0.0001). As illustrated in Figure 5, POx
concentrations less than 2.0 mM were observed in more
than 50% of the whole GCKD cohort and in more than
30% of patients with an eGFR below 30 ml/min per
ent of plasma oxalate (POx) concentration. The preanalytical steps for
) According to the standard test protocol, blood samples need to be
trast, we demonstrate that (b) the test protocol can be simplified by
ents addition of high-molarity HCl in outpatient settings, and allows
intra-and interassay variability.
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Table 1. POx concentrations and baseline characteristics in 1826 patients with CKD stages 1–5 (GCKD study cohort)a

Clinical characteristics Oxalate <2.0 Oxalate 2.0 to 3.0 Oxalate >3.0 to 4.2 Oxalate >4.2 P value

Total 953 378 261 234

Creatinine mg/dl 1.4 (1.1–1.6) 1.4 (1.2–1.7) 1.5 (1.3–1.8) 1.6 (1.3–2.0) <0.0001

eGFR, median (IQR) 50.3 (40.7–60.9) 47.2 (37.2–58.2) 44.4 (36.6 –54.4) 40.6 (32.1– 52.8) <0.0001

Age, median (IQR) 63 (53–69) 63.5 (54–70) 63 (55–69) 62 (51–69) 0.8

Gender 0.6

Male 565 (59.3) 219 (57.9) 152 (58.2) 148 (63.3)

Female 388 (40.7) 159 (42.1) 109 (41.8) 86 (36.8)

Albumin to creatinine ratio in mg albumin (urine)/g creatinine (urine) 30.4 (8.0–249.9) 43.5 (9.0–222.7) 55.1 (9.8–333.7) 101.2 (14.7–611.2) 0.0001

Systolic BP, median (IQR) 137 (125–151) 138 (127–154) 139 (127–152) 136 (126–152) 0.4

Diastolic BP, median (IQR) 79 (71–86) 79 (72–87) 78 (70–87) 79 (72–87) 0.4

BMI, median (IQR) 29.0 (26.1–33.2) 28.5 (25.6–32.7) 28.2 (24.8–31.5) 28.6 (25.4–33.0) 0.2

Comorbidities

Diabetes 326 (34.2) 110 (29.1) 85 (32.6) 77 (32.9) 0.4

Hypertension 907 (95.2) 364 (96.3) 254 (97.3) 223 (95.3) 0.4

CHD 186 (19.5) 63 (16.7) 53 (20.3) 32 (13.7) 0.1

Diabetic nephropathy 245 (25.7) 97 (25.7) 67 (25.7) 56 (23.9) 1

Vascular nephropathy 412 (43.2) 165 (43.7) 121 (46.4) 89 (38.0) 0.3

Systemic diseases 92 (9.7) 44 (11.6) 33 (12.6) 33 (14.1) 0.2

Primary glomerular nephropathy 204 (21.4) 81 (21.4) 62 (23.8) 63 (26.9) 0.3

Interstitial nephropathy 91 (9.6) 29 (7.7) 18 (6.9) 21 (9.0) 0.5

Acute kidney failure 42 (4.4) 17 (4.5) 12 (4.6) 14 (6.0) 0.8

Nephrectomy (single kidney) 69 (7.2) 21 (5.6) 19 (7.3) 8 (3.4) 0.1

Hereditary diseases 29 (3.0) 17 (4.5) 11 (4.2) 20 (8.6) 0.003

Post renal diseases 84 (8.8) 30 (7.9) 23 (8.8) 16 (6.8) 0.8

Other diseases 39 (4.1) 31 (8.2) 18 (6.9) 11 (4.7) 0.02

Unkown diseases 78 (8.2) 28 (7.4) 9 (3.5) 11 (4.7) 0.03

Medications

ACE-Inhibitors or ARB 705 (74.0) 280 (74.1) 186 (71.3) 171 (73.1) 0.8

Antihypertensives 886 (93.0) 355 (93.9) 246 (94.3) 220 (94.0) 0.8

Diuretics 535 (56.1) 210 (55.6) 144 (55.2) 147 (62.8) 0.2

Beta blockers 493 (51.7) 204 (54.0) 143 (54.8) 117 (50.0) 0.6

HbA1c, mmol/mol 41.7 (38.5–47.8) 42.2 (38.5–46.9) 41.7 (38.3–48.0) 40.7 (37.9–47.8) 0.3

Uric acid, mg/dl 7.0 (5.8–8.2) 6.8 (5.7–8.0) 7.0 (6.1–8.2) 7.0 (6.1–8.4) 0.7

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration
rate; GCKD, German Chronic Kidney Disease; POx, plasma oxalate.
aContinuous variables are presented as median [interquartile range (IQR)] and categorical variables as frequency and percentage. P values <0.05 were considered statistically
significant.
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1.73 m2. When comparing POx concentrations in pa-
tients with lowest versus highest eGFR, median POx
was 2.7 mM (IQR <2–4.2) in the lowest eGFR quartile
with a median eGFR of 25.1 ml/min per 1.73 m2 (IQR
20.3–28.1) versus median POx being <2 mM (IQR <2.0–
2.8) in the highest eGFR quartile with a median eGFR of
60.6 ml/min per 1.73 m2 (IQR 55.7–71.4).
DISCUSSION

In the present study, we demonstrated that prolonged
storage at RT caused most relevant changes for POx
concentrations <10 mM. Therefore, assessing accurate
POx concentrations is most challenging in study cohorts
with expectedly low POx concentrations (<10 mM) as in
patients with CKD. Previous reports concluded that
prompt acidification is mandatory to prevent sponta-
neous generation of oxalate.16 However, acidification
2018
requiring 12 mol/l HCl17 is not feasible in outpatient
settings. Our results suggest that immediate freezing on
dry ice and storage at �80�C likely halts nonenzymatic
conversion from ascorbate to oxalate, allows post-
ponement of acidification to a more suitable timepoint,
and thus enables valid and highly efficient assessment
of POx concentrations. We could further demonstrate
that both plasma and serum can be used for assessment
of oxalate concentrations, depending on study material
available.

To date, only a few studies have investigated POx in
the general CKD population,14–16 which may be due to
the complex preanalytical sample preparation. Based on
our findings, we established a simplified standardized
procedure for sample handling and applied it to POx
measurement in 1826 patients with common forms of
CKD. Performing the oxalate assay in 96-well plates
allowed efficient measurement of a large number of
Kidney International Reports (2020) 5, 2013–2020



Figure 5. Plasma oxalate (POx) concentrations and corresponding
estimated glomerular filtration rate (eGFR) levels in 1826 patients with
chronic kidney disease (CKD) (German Chronic Kidney Disease [GCKD]
study population). POx concentrations were measured in 1826 patients
of the GCKD study and plotted against the corresponding calculated
eGFR. Values below the validated lower limit of detection of 2 mM (red
dashed line) were set to 1.9 mM. The y-axis is log-scaled.
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samples with low intra-and interassay variability (see
the Methods section). The accuracy of our oxalate ox-
idase assay was cross-checked by comparing our test
results with concentrations measured via ion chroma-
tography; 2 mM was determined as the lower limit of
detection of both assays.19 We could demonstrate that
in patients with a mean eGFR of 44.0 ml/min per 1.73
m2, more than half had a POx below 2 mM. This is in
accordance with previous studies describing POx values
of 1 to 3 mM in healthy adults11,12,17 and an increase of
POx when eGFR falls below 20 to 30 ml/min per 1.73
m2.14,15 However, previous studies examining POx in
CKD comprised only small cohorts (<80 patients) with
the mean GFR being at least 14 ml/min per 1.73 m2

higher than in our study.14,15 By assessing POx in a
large representative cohort (>1800 participants), we
noted POx concentrations below 2 mM were not limited
to CKD stages 1 to 3, but could also be found in a
notable proportion of patients with an eGFR <30 ml/
min per 1.73 m2. In contrast to a recent study,15 we
could further demonstrate that POx concentrations >5
mM were not limited to eGFR levels < 30 ml/min per
1.73 m2, but also could be detected in some individuals
with an eGFR of approximately 50 ml/min per 1.73 m2.
Such variations in POx results within a heterogeneous
CKD cohort may have several reasons. We measured
POx only once and did not perform repeated measure-
ments. Intraindividual fluctuations in POx concentra-
tions could therefore not be taken into account.
Moreover, POx concentration is not only determined by
elimination via the kidney, but also by the rate of
production resulting from dietary intake, relative
gastrointestinal absorption, and endogenous produc-
tion of oxalate. However, we did not examine urinary
oxalate excretion or dietary contribution in our
Kidney International Reports (2020) 5, 2013–2020
analysis. Additional underlying conditions that might
lead to increased oxalate absorption or increased oxa-
late generation have not been assessed. Genetic testing
for primary hyperoxaluria in patients with elevated
POx concentrations in relation to well-preserved eGFR
has not been performed to date. Therefore, further
studies are needed to identify the various determinants
of POx concentration in CKD.

In conclusion, our study demonstrated that imme-
diate freezing on dry ice and maintenance at �80�C
provide stable POx results. By establishing a simple and
feasible protocol for rapid standardized sample pro-
cessing, we were able to perform the first systematic
survey of POx concentrations in a large, general CKD
cohort. The present study may serve as a reference for
sample handling to assess POx in clinical trials and to
determine its role in CKD progression.
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