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+ Plasma oxalic acid (POx) potentially contributes to atherogenesis, inflammation and CVD risk in ESRD patients.
+ POx concentration > 62.9 pmol/L could be considered as a useful marker for predicting cardiovascular disease
events in dialysis patients.
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Background/Aims: It was hypothesized that oxalate might be strongly involved in atherogenesis and the inflammatory
pathway that could result in an increased risk of cardiovascular disease (CVD) in end-stage renal disease (ESRD) patients.
Therefore, this study aimed to address two primary research questions: to characterize the lipid profile and the pattern of
pro-inflammatory cytokines according to plasma oxalic acid (POx) concentration in ESRD patients; to evaluate the potential
role of elevated POx concentration in the development of CVD risk.

Methods: A total of 73 participants were enrolled in this prospective, observational cohort pilot study. Among them, there
were 50 ESRD patients and 23 healthy volunteers. The lipid profile and the pro-inflammatory cytokines were analyzed ac-
cording to the distribution of POx concentration into tertiles. After the clinical examination, 29 hemodialysis patients and
21 peritoneal dialysis patients without prevalent CVD were observed for CVD events for 2 years. The Cox regression analysis
and a set of different types of sensitivity analyses were used to determine whether elevated POx was associated with an in-
creased risk of CVD.

Results: An increasing trend in the atherogenic lipoprotein fractions and the pro-inflammatory markers as well as a lin-
ear decrease in high-density lipoprotein was significantly associated with elevated POx. POx concentration > 62.9 umol/L
was significantly associated with CVD events independently of other examined CVD risk factors.

Conclusions: This pilot study firstly demonstrated a potential contribution of POx to atherogenesis, inflammation and CVD

risk in ESRD patients.

Keywords: Oxalic acid; End-stage kidney disease; Dyslipidemia; Atherosclerosis

INTRODUCTION

Cardiovascular disease (CVD) has consistently remained the
leading cause of morbidity and mortality in end-stage re-
nal disease (ESRD) patients [1-3]. Although many tradition-
al and non-traditional risk factors have been identified [2],
CVD prevalence still continues to be 20 times higher in ESRD
patients than in the general population [1].

Atherogenic dyslipidemia and chronic inflammation
have been considered major risk factors for cardiovascular
(CV) morbidity and mortality in ESRD patients [1,4,5]. In
turn, changes in the balance of oxalate have been report-
ed to be associated with dyslipidemia [6], systemic inflam-
mation [7-9], and thus a high risk of CVD independent of
its cause [10,11]. It has been demonstrated that plasma
oxalic acid (POx) concentration increases according to the
progression of chronic kidney disease (CKD) and reaches
its highest level in ESRD patients [12,13].

Moreover, recently, it has been speculated that oxalate is
a uremic toxin originating from the colonic microbial metab-
olism, which indirectly suggests its contribution to system-
ic inflammation associated with CKD [14]. In addition, in a
series of early in vitro studies, Levin et al. [15] and Recht et
al. [16] have provided the first evidence that oxalate may be
an atherogenic toxin in uremic conditions. Although hyper-
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oxalemia is a well-known occurrence in ESRD patients, the
clinical data on the association between POx and CV out-
comes in the dialysis population has never been analysed.
Considering the above, we therefore hypothesized that ox-
alate might be strongly involved in atherogenesis and the
inflammatory pathway and could result in an increased risk
of CVD in ESRD patients.

To address this issue, this prospective, observational, sin-
gle-centre pilot study was primarily designed to characterize
the lipid profile and the pattern of pro-inflammatory cyto-
kines according to POx concentration and to evaluate the
potential role of elevated POx in the development of CVD
risk. We also aimed to test the feasibility of the study for
future large-scale research.

METHODS

Study design

This prospective, observational cohort pilot study was part
of an ongoing institute project titled “Effect of oxalate
and urate metabolism on the evolution of kidney disease”
(ClinicalTrials.gov Identifier: NCT04399915, Domestic Trial
Registration Number 0119U000002). The study was car-
ried out in accordance with the Declaration of Helsinki and
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was conducted between January 2018 and May 2020. The
study protocol was confirmed by the Ethics Committee of
the Institute (Protocol Number: 8/2017 from September 19,
2017). Written informed consent was obtained from all par-
ticipants before enrolling in the study.

Sample size

Due to the exploratory nature of this study with several
different aims and the fact that an association between
POx concentration and CV events in ESRD patients has nev-
er been studied before, the estimation of the appropriate
sample size was based only on some of the issues being ex-
plored. Previous studies on assessing the differences in POx
concentration between ESRD patients and healthy controls
and on the association between POx concentration and
pro-inflammatory mediators in peritoneal dialysis effluent
have reported effect sizes of 0.73 to 2.52 and correlation ef-
fect sizes of 0.7 to 0.83 based on sample sizes ranging from
11 to 30 [9,14,17]. Therefore, the required sample size was
estimated based on the previously mentioned studies using
MedCalc Statistical Software (MedCalc Software Ltd., Os-
tend, Belgium). A minimum sample size of 21 participants
in each group would be required to achieve power of 0.80
and an alpha of 0.05 to detect the differences between
the groups using the Student’s t test or the nonparametric
Mann-Whitney test. Similarly, a minimum sample size of 23
participants would be required to achieve power of 0.80
and an alpha of 0.05 in the correlation analysis. Taking into
account the recommended sample size of at least 50 par-
ticipants for a pilot study [18], we decided to enroll 50 ESRD
patients and 23 healthy volunteers in the study.

Participants

A total of 73 participants were enrolled in the study, includ-
ing 50 ESRD patients without prevalent CVD and 23 healthy
volunteers on a free-choice diet who served as a control ref-
erence group to evaluate POx concentration. Among the
ESRD patients were 29 hemodialysis (HD) patients and 21
peritoneal dialysis (PD) patients.

Inclusion criteria

The criteria for enrollment in the study were age > 18 years,
dialysis treatment for at least 3 months, being in a clinically
stable condition and having adequately functioning arte-
riovenous fistula or peritoneal access. In addition, the tar-
get level of Kt/VV was > 1.4 for the HD patients and weekly
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KtV > 1.7 for the PD patients. Moreover, the enrolled pa-
tients did not take antibiotics and/or probiotics for at least 3
months before enrolling in the study.

Exclusion criteria

The exclusion criteria were hospitalization for any reason in
the preceding 3 months, prevalent CVD (myocardial infarc-
tion, stroke, heart failure or left ventricular ejection fraction
< 40%), kidney stones, actual peritonitis, systemic and ma-
lignant diseases, acute inflammation processes and immu-
nosuppressive treatment.

Dialysis prescription

All participants underwent their routine prescribed dialysis
treatment. The HD patients were routinely dialyzed with bi-
carbonate-based dialysate, volumetric ultrafiltration control,
single-use synthetic (polysulphone) dialyzers at a median
blood flow rate of 300 mL/min and a dialysate flow rate
of 500 mL/min for 4 hours per session three times a week.
Heparin was used as a standard anticoagulant. HD thera-
py was performed, setting the target single-pool Kt/Vurea
> 1.4 in accordance with the National Kidney Foundation
Kidney Disease Outcomes Quality Initiative Clinical Practice
Guidelines for Hemodialysis Adequacy.

The PD patients were treated with continuous ambulatory
PD with usual dwell time (4 to 5 hours during the daytime
and 8 to 10 hours at night). All patients received commer-
cially available glucose-based Dianeal PD solution (Bax-
ter Healthcare SA, Castlebar, Ireland) of various strengths
(1.36%, 2.27%) and Icodextrine. Dialysis prescription was
guided by the target to achieve a value of weekly KtV > 1.7
in accordance with the National Kidney Foundation Kidney
Disease Outcomes Quiality Initiative Clinical Practice Guide-
lines for Peritoneal Dialysis Adequacy.

Clinical and routine laboratory measurements
Demographics and clinical and laboratory data were ob-
tained during routine clinical practice immediately after en-
rolling the participants in the study. All blood samples were
collected after an overnight fast during the longest dialytic
interval for the HD patients and at the time of the routine
outpatient visit for the PD patients. The blood samples were
processed immediately after sampling.

Routine biochemical parameters, including blood urea
nitrogen and creatinine, serum albumin, C-reactive protein
(CRP), glucose, electrolytes and the lipid profile parameters,
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were determined using an automatic Flexor Junior analyser
(Vital Scientific, Spankeren, the Netherlands). Hematologi-
cal parameters of blood were determined using an ABX Mi-
cros-60 (Horiba Medical, Montpellier, France).

The lipid profile parameters included triglyceride (TG),
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and
very-low-density lipoprotein cholesterol (VLDL-C). The ath-
erogenic index of plasma (AIP) was calculated from plasma
TG and HDL-C (log [TG/HDL-C]). Atherogenic dyslipidemia
was defined as a combination of low plasma levels of LDL-C
>2.59 mmol/L and elevated TG > 2.26 mmol/L according to
Kidney Disease Outcomes Quality Initiative (KDOQI) Clinical
Practice Guidelines for Managing Dyslipidemias in Chronic
Kidney Disease [19]. Parathyroid hormone (PTH) was mea-
sured using an immunoradiometric assay, and electrolytes
were measured using standard autoanalyzer techniques.
Body mass index (BMI) was calculated as weight in kilo-
grams divided by the square of the height in meters.

Measurement of POx concentration

POx concentration was measured spectrophotometrically
using a commercially available kit (MAK315, Sigma, Barce-
lona, Spain). The plasma samples were immediately frozen
and stored at —20°C in the freezer until further analysis, ac-
cording to the manufacturers’ protocols. Predialysis plasma
samples were collected from the HD patients.

Measurements of immune mediators
Interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a) and
monocyte chemoattractant protein-1 (MCP-1) concentra-
tions were detected in serum using STAT FAX-303 PLUS and
commercially available enzyme-linked immunosorbent assay
(ELISA) test kits (Diaclon, Besancon, France; DRG, Marburg,
Germany; Ukr medservice, Kyiv, Ukraine), according to the
manufacturers’ protocols.

Endpoint and definition of CV events

After routine clinical laboratory testing and the collection of
blood samples, the patients were monitored and assessed
for CV events for 2 years (until May 2020). The average
duration of dialysis therapy at study entry (at the time of
baseline data) was 30 months (20 to 78 months). CV events
were defined as newly diagnosed angina, myocardial infarc-
tion, stroke, heart failure or peripheral artery diseases requir-
ing hospitalization.
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Statistical analysis

The statistical analysis and all graphs were done using
MedCalc and the XLSTAT software (Addinsoft, New York,
NY, USA). The average mean =+ standard deviations or the
median (interquartile range) were calculated according to
the standard normal distribution. For the statistical analy-
sis, we used the Student'’s t test and nonparametric (U test)
Mann-Whitney or Kruskal-Wallis tests. Categorical variables
were expressed as proportions. Chi-square tests were used
to compare two groups. A Spearman correlation test and
the partial correlation coefficient adjusted for age, sex, dia-
betic status and BMI were used to evaluate the association
between POx concentration, the lipid profile parameters
and the pro-inflammatory biomarkers.

A Kaplan-Meier analysis was used to evaluate the differ-
ences in CV event rates according to POx concentration;
the curves were compared using a log-rank test. In addi-
tion, Cox proportional hazard regression models were used
to adjust for the confounding effects of numerous factors
associated with CVD. The analysis was initially performed
without adjustment and then performed again after adjust-
ing for several covariates. The detailed justification of the
covariates selected for the models is provided in Supplemen-
tary methods (Justification of the covariates selected for the
Cox proportional hazard regression models) and Supple-
mentary Table 1. Finally, two adjusted models were repre-
sented: (1) Model 1 adjusted for age, sex and dialysis modal-
ity and (2) Model 2 adjusted for CVD risk factors, including
diabetic status, systolic blood pressure, BMI, serum uric acid,
hemoglobin (Hb), TG, and IL-6 in addition to the covariates
of Model 1. The models were censored at CV events, death
or the end of the follow-up period. The covariates included
in this data set had no missing data. Hazard ratios (HRs) and
95% confidence intervals (Cls) were obtained using the Cox
proportional hazards regression models.

Different types of sensitivity analyses were performed to
evaluate the validity of our findings due to the small sample
size of the entire cohort (Supplementary methods, Sensitivi-
ty analysis). The authors confirm that all data underlying the
findings are fully available without restriction from Mende-
ley Dataset at http://dx.doi.org/10.17632/d2fg9cpts3.1.
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RESULTS

Baseline characteristics of the study partici-
pants

A total of 50 ESRD patients (29 HD and 21 PD patients)
and 23 healthy volunteers were enrolled in the study at our
centre. The participants comprised 39 (53.4%) males and
34 (46.6 %) females. The mean age of all participants was
48.4 + 13.6 years. The baseline characteristics of the study
participants are shown in Table 1.

As presented in Table 1, no significant differences in age
or sex distribution were observed between the control and
the dialysis groups. However, as expected, significantly
higher levels of all examined pro-inflammatory markers, TG
and the atherogenic lipoprotein fractions were observed in
the dialysis patients compared with the healthy volunteers.
In particular, the blood concentration of IL-6 was undetect-
able in the healthy volunteers.

Association between POx concentration, the
lipid profile and the pro-inflammatory mark-
ers

POx concentration ranged from 15.7 to 116.2 pmol/L and
was significantly higher in the ESRD patients compared with
the control group at the time of entering the study (Fig. 1).
POx tended to be higher in the PD patients compared with
the HD patients. However, there was no statistically signifi-
cant difference between the groups (41.5 pmol/L [28.2 to
53.6] vs. 46.5 pmol/L [26.0 to 65.4], respectively; p = 0.73)
(Supplementary Fig. 1). Moreover, POx concentration was
directly associated with the serum calcium level (r = 0.28, p
= 0.04) and had an inverse correlation with the residual re-
nal function in the patients (r = —0.43, p = 0.004). However,
no difference was found in POx between the anuric patients
and the ESRD patients with preserved diuresis (44.6 pmol/L
[32.1t0 73.9] vs. 42.8 ymol/L [26.8 to 52.2]; p = 0.48).

To assess the clinical significance of POx in atherogenesis
and inflammation, we analysed the lipid profile parameters
and the pro-inflammatory markers in the dialysis patients
according to the distribution of POx into tertiles, as pre-
sented in Fig. 1.

The analysis demonstrated a gradually increasing trend in
the majority of the examined parameters according to the
tertiles of POx. The dialysis patients in the upper tertile of
POx concentration had higher levels of TC, TG, VLDL-C, AIP,
IL-6, TNF-a and MCP-1 with a corresponding decreasing
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trend in HDL-C compared with those in the middle and
the tertiles of POx (Table 2).

The Spearman correlation analysis indicated a direct asso-
ciation between POx concentration and blood TG (r = 0.56,
p <0.0001), AIP (r = 0.34, p < 0.0001), IL-6 (r = 0.49, p
< 0.0001), and MCP-1 levels (r = 0.55, p < 0.0001). The
Spearman correlation matrix is shown in Supplementary
Table 2. Roughly similar results to those observed for the
Spearman correlation analysis were obtained from the par-
tial correlation analysis adjusted for age, sex, diabetic status
and BMI; POx concentration remained directly associated
with TG (r = 0.54, p = 0.0001), IL-6 (r = 0.51, p = 0.0003),
and MCP-1 (r=0.47, p = 0.0009). However, no association
was observed between POx and AIP (r=0.2, p=0.19) in the
partial correlation test.

POx concentration and CV events

A total of eight (16%) ESRD patients experienced a CV
event during the 2-year follow-up period. Of these, seven
(14 %) patients had a non-fatal CV event and one (2%)
patient died due to a stroke. Non-fatal CV events included
newly diagnosed angina (three cases, 42.8%), heart failure
(two cases, 28.6%), acute coronary syndrome (one case,
14.3%) and cardiac arrhythmia (one case, 14.3%).

The comparison of the proportions of CV events across
the tertiles of POx indicated that POx encompassed the
highest number of CV events in the upper tertile compared
with the middle and the low tertiles. The event rates across
the tertiles of POx were six cases (50%) in the patients in
tertile 3 and two cases (8%) in the patients in tertile 2. There
were no cases of CV events in the patients in tertile 1 (x* =
13.9, p < 0.001).

In order to explore the association between POx and
CV events, we further determined the average POx con-
centration levels depending on experienced CV events and
plotted the Kaplan-Meier curves according to the tertiles
of POx. POx concentration was significantly higher in the
group with CV events compared with the group without
CV events (74.9 pmol/L [59.5 to 78.4] vs. 40.9 pmol/L [26.2
to 50.7]; p = 0.007). POx stratified according to CV events
in the ESRD patients during the 2-year follow-up period and
the cumulative frequency distribution of POx are detailed in
Supplementary Figs. 2 and 3.

Fig. 2 illustrates a significantly higher CV risk in the dialysis
patients with POx concentration > 63 pmol/L (tertile 3) com-
pared with the patients in tertile 1 and tertile 2 (log-rank test
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Table 1. Demographic and clinical characteristics of the healthy volunteers and the ESRD patients

Parameter Healthy volunteers A total of dialysis patients Bl
(n=23) (n =50)

Clinical parameters
Male sex 9(39.1) 30 (60) 0.092
Age, yr 459+ 109 484 +136 0.181
Dialysis vintage at this study entry, mo - 30 (20-78.5) -
Diabetics - 10 (20) -
Body mass index, kg/m? 271 +4.0 259+ 4.4 0.672
Anuria - 17 (34) -
RRF, mL/min/1.73 m? 72.0 (63.0-77.8) 5.0 (4.0-6.0) < 0.001
Serum albumin, g/L 43.4 (41.1-45.1) 40.0(36.6-40.9) <0.001
Total blood protein, g/L 69.6 +4.7 63.7 £7.53 < 0.001
Systolic blood pressure, mmHg 115 (100-125) 140 (134-145) <0.001
Diastolic blood pressure, mmHg 79.0 (66.2-82.0) 90 (85-90) < 0.001
Hemoglobin, g/L 126.3 £ 115 110.2 + 16.9 < 0.001
Glucose, mmol/L 5.3 (4.9-5.5) 5.2 (4.2-5.7) 0.377
Calcium, mmol/L 2.4(2.3-2.5) 2.3(2.22-2.46) 0.022
Phosphorus, mmol/L 1.1+£0.1 19+0.7 < 0.001
iPTH, ng/L - 294.5 (184.0-437.0)
Uric acid, mmol/L 266 (162.8-375.6) 326.5(278.8-387.7) 0.008

Lipid profile parameters
Totalcholesterol, mmol/L 49 +0.96 56+ 1.6 0.083
Triglyceride, mmol/L 1.1 (0.8-1.6) 1.6 (1.16-2.5) 0.015
LDL-C, mmol/L 25+1.0 3.18 +0.38 0.013
VLDL-C, mmol/L 0.55 (0.3-0.86) 0.7 (0.45-1.2) 0.021
HDL-C, mmol/L 1.55 (1.3-1.68) 1.2 (1.03-1.4) 0.001
AIP 26+0.8 38+14 < 0.001

Pro-inflammatory markers
CRP, mg/L 4.9(3.7-9.9) 11.6 (7.6-15.5) 0.001
Interleukin 6, pg/mL 0 2.17 (0.2-5.1) -
TNF-a, pg/mL 0.1 (0-2.1) 1.2(0.3-2.3) 0.011
MCP-1, pg/mL 188 (114.5-215.5) 318.7 (278-378.1) < 0.001

Values are presented as number (%), mean + standard deviation, or median (interquartile range). The values are compared between the
groups using the chi-square tests, the Student’s t test and the Mann-Whitney U test as appropriate.

ESRD, end-stage renal disease; RRF, renal residual function; iPTH, intact parathyroid hormone; LDL-C, low-density lipoprotein cholester-
ol; VLDL-C, very-low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; AIP, atherogenic index of plasma; CRP,
C-reactive protein; TNF-a, tumor necrosis factor-alpha; MCP-1, monocyte chemoattractant protein-1.

p =0.0005). The Cox proportional hazard regression model
was used to control the confounding effects of the factors
associated with CVD. After adjusting the model for the
effects of the potential confounding factors previously de-
scribed, POx remained a significant risk factor for CV events
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in the ESRD patients (Table 3). Subgroup analysis was not
performed due to the small sample size of the entire cohort.

The receiver operating characteristic (ROC) analysis in-
dicated that the most appropriate cut-off point for POx
concentration as a predictor for CV events in the dialysis
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patients was 62.9 pmol/L with sensitivity of 75% and speci-
ficity of 88.1% (Fig. 3).

The area under the ROC curve (AUROC) was 0.80 (95%
Cl, 0.86 to 0.90; p < 0.0001) (Supplementary Table 3). The

KJIM™

AUROC for CV endpoint events was 0.94 (95% Cl, 0.84
to 0.99; p = 0.0001) and 0.93 (95% Cl, 0.83 10 0.98; p =
0.0007) in Model 1 and Model 2, respectively. The sensitivity
analysis with a focus on the cumulative incidence function

demonstrated that Gray's test correctly detected the differ-
ence in the cumulative incidence of CV events according to
POx concentration in the ESRD patients (= 62.9 pmol/L vs.
< 62.9 ymol/L; Gray's x? = 11.2; p = 0.001) (Supplementary
Fig. 4). We examined the change in HR in the newly creat-
ed dyslipidemia-adjusted model and found that the results
were similar to those of our main analysis (Table 3). We also
found a significant association between POx concentration
and CV events (HR, 1.094; 95% Cl, 1.04to 1.15; p=0.001).
The sensitivity analysis excluding the diabetics produced HR
1 of 1.09 (95% Cl, 1.02 to 1.17; Wald y? = 6.8 + 0.03; p =
2 1 % 0.009); this remained qualitatively unchanged from the re-
] sults obtained from Model 2 in the primary analysis.
0 Finally, the effect size analysis for the Cox regression re-
sult demonstrated the risk of committing a type Il error of
19.1% and power of 80.9% with an alpha of 0.05 and the
sample size of 50 observations. However, a minimum of 41

p=0.004
120 —
o
8
&

100 4
80

60 -

POX (umol/L)

Control group Dialysis group

Figure 1. Plasma oxalic acid (POx) concentration in the end-stage
renal disease patients and the control group.

Table 2. Baseline blood lipid profile and the pro-inflammatory markers data according to the tertiles of POx in the ESRD
patients

POx concentration in the ESRD patients

Variable Tertile 1 Tertile 2 Tertile 3 p value
(£ 27.7 pmol/L) (27.8-62.9 pmol/L) (> 63 umol/L)
(n=13) (n=25) n=12)

Lipid profile parameters
Total cholesterol, mmol/L 2 (4.2-5.7) 5.07 (4.4-5.5) 6(5.9-6.9) 0.052
Triglycerides, mmol/L 1.28 (0.87-2.02)° 1.42 (1.08-1.84) 8 (1. 9—3.1)5"b 0.002
LDL-C, mmol/L 1(1.7-3.8) 7(2.2-3.3) 5(2.4-3.7) 0.196
VLDL-C, mmol/L 0.51 (0.35-0.69)° 0.64 (0.43-0.88)° 0.94 (0.63-1.2)*° 0.022
HDL-C, mmol/L 1.44 (1.12-1.66)° 1.31 (1.2-1.61)¢ 1.01 (0.97-1.14)*° 0.007
AIP 9(21-3.3¢ 1Q2.2-4.0) 1 (3.7-4.47° 0.026

Pro-inflammatory markers
CRP, mg/L 6 (4.1-11.4) 11.6 (4.8-15.1) 11.7 (8.4-14.9) 0.355
Interleukin 6, pg/mL 1.1 (0-5.8) 9(0.5-4.7) 15.9 (8.8-21.1)*° 0.006
TNF-a, pg/mL 1 (1.1—4.3)b 0.16 (0-0.8)*¢ .8 (0. 5—2.8)b < 0.001
MCP-1, pg/mL 254 (219.6-300)>¢ 331.2 (289.5-361.5)*¢ 402 (300-503.8)*" 0.001

Values are presented as median (interquartile range) and compared between the groups using the Kruskal-Wallis test.

POx, plasma oxalic acid; ESRD, end-stage renal disease; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; AIP, atherogenic index of plasma; CRP, C-reactive protein; TNF-a, tumor necrosis
factor-alpha; MCP-1, monocyte chemoattractant protein-1.

b The groups of POX tertiles in the ESRD patients with the statistical difference p < 0.05.

https://doi.org/10.3904/kjim.2020.561 www.kjim.org 173


www.kjim.org

KJIM™

100 4 POx tertiles Log-rank test
...... 1 (< 27.7 pmol/L) X?=15.1, p< 0.001
T 2(27.8-629 pmol/l)
80 3 (> 63 umol/L)
Z 60
=
Z
A
40
20
P

Follow-up period (mo)

Figure 2. The 2-year cumulative cardiovascular event rates strat-
ified according to the tertiles of plasma oxalic acid (POx) concen-
tration in the end-stage renal disease patients.
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Figure 3. Receiver operating characteristic curve for the cut-off
value of plasma oxalic acid concentration to predict cardiovascular
events in the end-stage renal disease patients. AUC, area under
the curve.

Table 3. Association between POx concentration and CV events in the ESRD patients

Variable Value SD Wald x? p value HR (95% Cl)
Unadjusted 0.028 0.012 5.808 0.016 1.03 (1.005-1.05)
Model 1 0.074 0.023 10732 0.001 1.1 (1.46-1.15)
Model 2 0.131 0.037 12.642 <0.001 114 (1.07-1.22)

Model 1 was adjusted for age, sex, and dialysis modality; Model 2 was additionally adjusted for cardiovascular disease risk factors, includ-
ing diabetic status, systolic blood pressure, body mass index, serum uric acid, and variables that were statistically significant in the univari-

ate analysis (hemoglobin, triglycerides, interleukin-6).

POx, plasma oxalic acid; CV, cardiovascular; ESRD, end-stage renal disease; SD, standard error; HR, hazard ratio; Cl, confidence interval.

CVD cases would be required for the analysis to achieve
power of 0.90 and alpha of 0.05.

DISCUSSION

Oxalate is an ionic form of a potentially toxic oxalic acid that
is primarily eliminated by the kidneys [8,13]. Loss of kidney
function leads to a decrease in renal oxalate clearance and
hyperoxalemia in ESRD patients [11]. The accumulation of
oxalate is associated with inflammation [8,9,13], high risk
factors for CVD [20,21] and an increased mortality rate
[8,10] in kidney stone disease patients. However, oxalate
has never been investigated as a potential contributor to
atherosclerosis, systemic inflammation and CVD risk in ESRD
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patients. To our knowledge, this is the first study to pro-
spectively evaluate the association between POx concentra-
tion and CVD events in the dialysis cohort during a 2-year
follow-up period using multivariable Cox regression analysis
and a set of sensitivity analyses. Nevertheless, atherogen-
ic dyslipidemia and systemic inflammation are proven risk
factors for CVD incidence in ESRD patients and can be im-
portant independent confounders. Therefore, in the present
study we separately characterized the association between
both the lipid profile and the pro-inflammatory markers and
POx concentration, which has never been reported before.
Our study resulted in a number of new findings. First, an
increasing trend in the atherogenic lipoprotein fractions
and the pro-inflammatory markers and a linear decrease in
HDL-C was significantly associated with elevated POx con-
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centration. Second, POx concentration was directly associ-
ated with blood TG, AIP, IL-6, and MCP-1 levels. Third, POx
concentration > 62.9 umol/L was significantly associated
with experienced CVD events independent of other exam-
ined CVD risk factors and can be considered a useful marker
for predicting CVD events in dialysis patients.

Numerous studies have demonstrated increased CVD
morbidity in kidneys stone formers [10,20,21]. Recently,
several hypotheses have been proposed to explain the asso-
ciation between kidney stones and CVD: (1) urinary stones
and CVD have similar traditional atherosclerotic risk factors,
including diabetes, hypertension, metabolic syndrome and
obesity; (2) a common origin of both diseases is based on
the response-to-injury mechanism, including oxidative stress
and inflammation; and (3) kidney stone disease leads to re-
nal function decline, which in turn could increase CV mor-
bidity and mortality [6,8,11,20,22]. In our opinion, all hy-
potheses mentioned above could doubtless be extrapolated
to indicate an association between elevated POx and CVD
in ESRD patients.

A wide variety of scientific data indicate that there are
common risk factors for calcium oxalate (CaOx) stone dis-
eases and CVD. It has been demonstrated that both dis-
eases are significantly associated with older age, diabetic
status, smoking habits, hypertension, hypercholesterolemia,
hyperlipidemia, and obesity in these patients compared with
controls, and this association remains significant after ad-
justing for multiple potential confounders [10,23,24].

Apart from the traditional factors mentioned above, there
are a number of other uremia-related CVD risk factors in
ESRD patients, such as anemia, mineral and bone disorders,
malnutrition, overhydration and electrolyte imbalance, that
in turn aggravate the prognosis [1,25,26]. We did not focus
on well-known risk factors of CVD in our study. However,
except for POx concentration, roughly similar confounders
for the risk of CVD events (age, diabetes, Hb, TG, BMI, iPTH,
and IL-6) were found among baseline parameters in our
sample (Supplementary Table 1).

In the present study, we focused on POx concentration
and its potential role in dyslipidemia and systemic inflam-
mation associated with CVD risk in ESRD patients. It is
somewhat surprising that notwithstanding the fact that the
comparative analysis clearly identified a gradually increas-
ing trend in the atherogenic lipoprotein fractions associated
with elevated POx, the partial correlation analysis indicated
that POx was significantly associated only with TG. It should
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be emphasized that it was difficult to compare the results of
our study with the results of previous findings, as most stud-
ies in this field investigated only the association between
dyslipidemia and the presence of nephrolithiasis [24,27]. It is
unfortunate that the authors did not take into account POx
concentration. To the best of our knowledge, in contrast to
our findings, a negative association between POx concen-
tration and LDL-C in HD patients was reported in only one
study [28].

The available data indicate that oxidative stress and in-
flammation are the major risk factors for accelerated ath-
erosclerosis [6,29]. Reactive oxygen species oxidize LDL-C to
minimally modified LDL-C (mm-LDL-C), which induces the
secretion of various cytokines, including MCP-1 [6,30]. In
turn, MCP-1 is directly involved in monocyte recruitment,
resulting in transformation into foam cells due to modified
lipoprotein. Therefore, MCP-1 is one of the earliest events
in the pathogenesis of atherosclerosis [30]. In addition to
MCP-1, oxidatively modified LDL-C induces the synthesis of
pro-inflammatory cytokines, such as IL-6 and TNF-a [30,31].
On the other hand, these mediators are strongly involved
in oxalate-induced inflammation [32-34]. A crucial role of
MCP-1, IL-6, and TNF-a in the oxalate-induced inflammato-
ry response of the kidneys has been demonstrated in early
in vitro and experimental studies [33-35]. In a recent in vi-
tro study, Dominguez-Gutierrez et al. [7] found that CaOx
could activate human monocytes, which promoted M1
macrophage development and produced the inflammato-
ry response. Monocytes or neutrophils exposed to oxalate
crystals produce TNF-q, IL-6, and MCP-1. As a result, these
identical inflammatory pathways in atherosclerosis and hy-
peroxalemia became the main reason for the initial selection
of this cytokine panel in our study. It is unfortunate that
clinical studies on the association between POx and cytokine
concentrations in ESRD patients have never been performed.
Therefore, the results obtained from our study could not
be directly compared with the results of previous reports.
Nevertheless, in support of the previously mentioned stud-
ies, our findings have provided preliminary clinical evidence
that elevated POx concentration is associated with increased
levels of IL-6, TNF-a, and MCP-1 in ESRD patients. Howev-
er, it should be noted that the correlation analysis did not
confirm the association between POx and serum TNF-q,
while the univariate Cox regression analysis substantiated
the association between POx and the only pro-inflammatory
marker, IL-6. Moreover, we did not observe an association
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between POx and CRP. The obtained results contradict the
existing data, including that for patients with nephrolithi-
asis [8], and require further clarification. Possible explana-
tions for the contradictory results may be the clinically stable
condition of the patients during the entire 2-year follow-up
period and the small sample size.

Several studies have found that kidney stone disease is
strongly associated with CKD progression and ESRD and
that both diseases can lead to CVD [36,37]. POx has been
defined as a significant predictor of kidney function decline
not only in nephrolithiasis but also in primary hyperoxaluria
and enteric hyperoxaluria [12,13]. Moreover, Mulay et al.
[38] have identified numerous clinically important CKD com-
plications, including hyperphosphatemia, hyperparathyroid-
ism, hypertension and cardiac fibrosis, in the proposed ex-
perimental oxalate diet-induced model of CKD. Thus, both
POx and uremia-related complications could lead to CVD
and accelerate the process in ESRD patients. A statistically
significant association between POx and CVD events during
the 2-year follow-up period was demonstrated in the pres-
ent study. It is important to note that this association re-
mained significant after adjusting the model for the effects
of the potential confounding factors previously described.

According to our results, POx concentration > 62.9
umol/L can predict CVD risk independent of CKD-related
factors in dialysis patients. Our data are consistent with
the findings of the following two studies. In a very early
study, Tomson et al. [39] demonstrated a significant asso-
ciation between POx and vascular calcification in HD pa-
tients. More recently, Gulhan et al. [28] found that aortic
pulse wave velocity was independently predicted by POx,
glucose and TG. This finding undoubtedly confirms a sig-
nificant role of POx in the pathogenesis of adverse CV out-
comes in dialysis patients. However, notwithstanding the
statistical significance and sufficient power of our findings
in the Cox regression analysis, the sample size was relative-
ly small, and a causal association between POx and CVD
events could not be established, although the post hoc
analysis showed that a minimum of 41 CVD cases would
be required for the analysis to achieve power of 0.90 and
alpha of 0.05 in further investigations.

There are several important limitations that should be
acknowledged. First, this was an observational study, and
the examined parameters (POx concentration and cytokines)
were measured at only one time point. Therefore, causali-
ty could not be established. Second, the study sample size
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was relatively small, and the study cohort represented a se-
lect group of patients with a clinically stable condition with
the target level of Kt/V. This selection criterion could lead
to greatly exaggerated findings in our research. In addition,
due to the sample size it was not possible to perform sub-
group analysis, and we could not rule out the effects of oth-
er potential confounding variables (age, sex, dialysis modali-
ty, etc.) on the results. Third, we did not evaluate the effects
of other factors that could be associated with elevated POx
concentration (changes in Ca homeostasis or the adminis-
tration of phosphate binders and other medications).

Notwithstanding these limitations, our study is the first to
report a direct association between elevated POx concen-
tration, atherogenesis, inflammation and CVD risk in ESRD
patients. The results of our study have brought to light many
questions that require further investigation. More research
with a larger cohort is needed to confirm this preliminary
evidence and to validate POx as a proposed biomarker for
CVD risk in clinical practice. However, we believe our find-
ings can be useful in determining sample size considerations
and can serve as the basis for future research projects.

KEY MESSAGE

1. Plasma oxalic acid (POx) concentration was signifi-
cantly associated with an increasing trend in the
atherogenic lipoprotein fractions as well as a linear
decreased high-density lipoprotein cholesterol in
end-stage renal disease patients.

2. POx concentration was directly associated with
interleukin-6 and monocyte chemoattractant pro-
tein-1 levels.

3. POx concentration > 62.9 pmol/L could be consid-
ered as a useful marker for predicting cardiovascu-
lar disease events in dialysis patients.
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SUPPLEMENTARY METHODS

Justification of the covariates selected for the
Cox proportional hazard regression models
The Cox regression analysis was initially performed without ad-
justment and then performed again after adjusting for several
covariates. Since a large number of covariates of interest could
affect the result and the relatively small sample size with low
cardiovascular (CV) event rates in each tertile, a continuous vari-
able of plasma oxalic acid (POx) concentration was entered into
the models. Moreover, considering the fact that CV event rates
were relatively low, we avoided overfitting the model by selecting
well-established CV disease predictors or variables with p values <
0.3 obtained in the univariate analysis for adjusting for the covari-
ates in the multivariate Cox Regression analysis (Supplementary
Table 1). Then, we evaluated potential collinearity effects among
the selected variables in the Cox regression model using variance
inflation factors (VIFs). The variables with VIF > 5 were excluded to
avoid bias estimation.

https://doi.org/10.3904/kjim.2020.561

KJIM™

Sensitivity analysis

A set of different types of sensitivity analyses were performed to
evaluate the validity of our findings due to the small sample size of
the entire cohort.

First, the receiver operating characteristic (ROC) analysis was
performed to determine the optimal cut-off point of POx concen-
tration for predicting CV events and assess the discriminative per-
formance of the models obtained in the main analysis. Second, the
cumulative incidence function from Gray's test was used to com-
pare the results obtained from the Kaplan-Meier analysis. Third,
since the lipid profile parameters demonstrated severe multicol-
linearity with CV events and the pro-inflammatory markers that
might affect the result, all lipid profile parameters were recorded as
one categorical variable according to the presence of atherogenic
dyslipidemia. We then repeated the Cox regression analysis using
the Efron method as an alternative approach. For this purpose, the
triglyceride variable was excluded from Model 2 and additionally
adjusted for dyslipidemia. In the end, the new model included: POx
divided at its cut-off point obtained in the ROC analysis, age, sex,
dialysis modality, diabetic and dyslipidemia statuses, systolic blood
pressure, body mass index, serum uric acid, hemoglobin, and in-
terleukin-6. Fourth, we excluded the patients with diabetes (n =
10) and rerun the main analysis in the patients without diabetes.
Finally, the effect size in the post hoc test was computed to deter-
mine the differences between the groups in the Cox regression
analysis and calculate the required sample size for future large-
scale research.
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Supplementary Table 1. HR of baseline parameters for cardiovascular event risk factors according to the analyzed sample

Variable Value Standard error Wald )(Z p value HR (95% Cl)
Age, yr 0.074 0.032 5.394 0.020 1.07 (1.01-1.14)
Systolic blood pressure, mmHg -0.012 0.026 0.217 0.642 0.98 (0.94-1.04)
Diastolic blood pressure, mmHg 0.060 0.050 1.428 0.232 1.06 (0.96-1.17)
Diabetes 2.146 0.736 8.506 0.004 8.55 (2.02-36.2)
Male sex -0.508 0.708 0.515 0.473 0.61(0.15-2.4)
TNF-a, pg/mL -0.171 0.246 0.485 0.486 0.84 (0.52-1.36)
IL-6, pg/mL 0.083 0.038 4.609 0.032 1.08 (1.007-1.17)
MCP-1, pg/mL 0.003 0.003 0.969 0.325 1.003 (0.99-1.008)
Dialysis modality 0.830 0.731 1.287 0.257 .3(0.55-9.6)
Dialysis duration, mo -0.002 0.006 0.060 0.806 0.99 (0.98-1.01)
Anuria -0.152 0.821 0.034 0.854 0.86 (0.17-4.3)
POX, pmol/L 0.028 0.012 5.808 0.016 1.03 (1.005-1.05)
Serum uric acid, mmol/L 0.000 0.004 0.011 0.915 .0(0.99-1.008)
Cholesterol, mmol/L 0.158 0.195 0.651 0.420 117 (0.8-1.7)
Triglycerides, mmol/L 0.330 0.292 1.280 0.037 1.39 (1.09-2.46)
HDL-C, mmol/L -1.063 1.087 0.957 0.328 0.34(0.04-2.9)
LDL-C, mmol/L -0.111 0.286 0.152 0.697 .9 (0.51-1.56)
VLDL-C, mmol/L 0.379 0.620 0.373 0.541 1.46 (0.43-4.9)
AIP 0.216 0.222 0.946 0.331 1.24(0.8-1.92)
RRF, mL/min/1.73 m? —-0.059 0.212 0.077 0.782 0.94 (0.62-1.43)
BMI, kg/m2 0.100 0.048 4.347 0.037 1.1 (1.006-1.21)
Glucose_blood 0.137 0.067 4.166 0.041 1.14 (1.005-1.3)
Proteine_blood 0.095 0.073 1.685 0.194 1(0.95-1.27)
Serum albumin, g/L 0.125 0.109 1.325 0.250 1.13(0.91-1.4)
Hemoglobin, g/L 0.075 0.026 8.357 0.004 1.08 (1.025-1.13)
Ca, mmol/L -0.070 0.327 0.046 0.830 0.93 (0.49-1.77)
P, mmol/L 0.873 0.478 3.327 0.068 4(0.94-6.2)
iPTH, ng/mL 0.004 0.002 4.600 0.032 1.004 (1.0-1.008)
CRP, g/L 0.014 0.035 0.171 0.680 1.02 (0.95-1.08)
K, mmol/L 0.921 0.526 3.063 0.080 2.5 (0.95-7.04)

HR, hazard ratio; Cl, confidence interval; TNF-a, tumor necrosis factor-alpha; IL-6, interleukin-6; MCP-1, monocyte chemoattractant
protein-1; POx, plasma oxalic acid; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C,
very-low-density lipoprotein cholesterol; AIP, atherogenic index of plasma; RRF, renal residual function; BMI, body mass index; iPTH, intact

parathyroid hormone; CRP, C-reactive protein.
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Supplementary Table 2. Correlation matrix (the Spearman correlation test)

Variable TNF-a, IL-6, pg/ MCP-1, POXx, TC, TG, HDL-C, LDL-C, VLDL-C, AlP CRP,
pg/mL mL pg/mL  pmol/L  mmol/L  mmol/L  mmol/L  mmol/L mmol/L g/L
TNF-a, pg/mL - 0.342%  0.150 0.001 -0.105 0155  -0.301*  0.097 0.146 0186  0.126
IL-6, pg/mL 0.342° - 0.258 0.495% 0.290* 0.7697 -0.441°  0.260 0.424° 0.492° 0.336°
MCP-1, pg/mL 0.150 0.258 - 0.550* 0.190 0.299  0.152 0.325° 0.011 0192 -0.133
POX, pmol/L 0.001 0.495%  0.550° - 0.232 0.557% -0.215 0.010 0.21 0.344° -0.040
TC, mmol/L -0.105 0.290* 0.190 0.232 - 0.536° 0.078 0.571° 0.620° 0.700*  0.291°
TG, mmol/L 0.155 0.769*  0.299° 0.557°  0.536° - -0.468* 0.430° 0.580° 0.647*  0.351°
HDL-C, -0.301° -0.4417  0.152 -0.215 0.078 -0.468° - —-0.065 -0.171 -0.272 -0.260
mmol/L
LDL-C, 0.097 0260 0325° 0.010 0571" 0430° -0.065 - 0.197 0.523% 0.228
mmol/L
VLDL-C, 0.146 0.424*  0.011 0.21 0.620*  0.580% -0.171 0.197 - 0.681%  0.342°
mmol/L
AIP 0.186 0.492%  0.192 0.344* 0.700° 0.6477 -0.272 0.523° 0.681° - 0.379°
CRP, g/L 0.126 0336 -0.133  -0.040 0.291° 0.351* -0.260 0.228 0.342° 0.379° -

TNF-a, tumor necrosis factor-alpha; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1; POx, plasma oxalic acid; TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very-low-den-
sity lipoprotein cholesterol; AIP, atherogenic index of plasma; CRP, C-reactive protein.

“The values are different from 0 at a significance level of alpha < 0.05.
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Supplementary Table 3. ROC curve characteristics for the
cut-off value of POx concentration to predict cardiovascu-
lar events in the ESRD patients

Characteristic Value
Area under the ROC curve 0.802
Standard error 0.0732
95% Confidence interval 0.665-0.901
z statistic 4128
Significance level <0.001
Youden index 0.631
Associated criterion > 62.94
Sensitivity, % 75.00
Specificity, % 88.10

ROC, receiver operating characteristic; POx, plasma oxalic acid;
ESRD, end-stage renal disease.
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Supplementary Figure 1. Plasma oxalic acid (POx) concentra-
tion in the healthy subjects and the end-stage renal disease pa-
tients according to dialysis modality. Data is presented as median
(interquartile range). HD, hemodialysis; PD, peritoneal dialysis.
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Supplementary Figure 2. Plasma oxalic acid (POx) concentra-
tion stratified according to cardiovascular (CV) events in the end-
stage renal disease patients during the 2-year follow-up period.
Data is presented as median (interquartile range).
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Supplementary Figure 3. Cumulative frequency distribution of
plasma oxalic acid (POx) concentration. CV, cardiovascular.

https://doi.org/10.3904/kjim.2020.561 www.kjim.org


www.kjim.org

KJ I MW The Korean Journal of Internal Medicine Vol. 37, No. 1, January 2022

0.25

0.2

0.15 -

0.1

0.05 |
-O0—0-

Follow-up period (mo)

Cumulative incidence (%)

—— POx > 62.9 umol/L —— POx < 62.9 pmol/L

Supplementary Figure 4. Cumulative incidence of cardiovas-
cular events according to plasma oxalic acid (POx) concentration
in the end-stage renal disease patients (> 62.9 ymol/L vs. < 62.9
pumol/L).
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