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Abstract: Cardiovascular disease (CVD) is a significant cause of mortality and morbidity among
children with chronic kidney disease (CKD). The causes of pediatric CKD differ from those in
adults, as congenital anomalies in the kidney and urinary tract (CAKUT) are the leading causes in
childhood. Identifying ideal markers of CVD risk early is crucial for CKD children to improve their
care. Previously, we screened differentially expressed proteins in CKD children with or without
blood pressure (BP) abnormalities and identified pregnancy zone protein (PZP). In 106 children
and adolescents with CKD stages G1–G4, we analyzed plasma PZP concentration. The associations
between PZP and ambulatory BP monitoring (ABPM) profile, parameters of cardiac and carotid
ultrasounds, indices of arterial stiffness, and nitric oxide (NO) parameters were determined. We
observed that PZP positively correlated with arterial stiffness indices, beta index, and pulse wave
velocity in CAKUT. CKD children with abnormalities in ABPM and night dipping displayed a higher
PZP concentration than those without. Additionally, the PZP level was positively correlated with NO
bioavailability. In conclusion, our results suggest PZP has differential influences on cardiovascular
risk in CAKUT and non-CAKUT children. Identification of this relationship is novel in the pediatric
CKD literature.

Keywords: pregnancy zone protein; cardiovascular disease; chronic kidney disease; ambulatory
blood pressure monitoring; children; congenital anomalies in the kidney and urinary tract (CAKUT);
hypertension

1. Introduction

Despite substantial advances in the care of pediatric chronic kidney disease (CKD),
the mortality rates remain high for children with CKD [1]. Cardiovascular diseases (CVD)
are the most frequent cause of morbidity and mortality in childhood CKD [2]. Similar to
adults, children with CKD have a high prevalence of traditional and uremia-related CVD
risk factors [2,3]. Unlike in adults, congenital anomalies in the kidney and urinary tract
(CAKUT) are the most common etiologies in pediatric CKD [4]. Several risk factors for
CAKUT are interconnected with adulthood hypertension and CVD [4,5]. Recent evidence
supports the notion that identifying childhood CVD risk factors early may aid pediatri-
cians in making early diagnoses, initiating preventive interventions, and monitoring for
complications in pediatric CKD.

Hypertension is a well-established risk factor linked to CVD as well as CKD [6]. Am-
bulatory blood pressure monitoring (ABPM) is the gold standard for diagnosing pediatric
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hypertension. We and others have shown that up to 50% of CKD children displayed
abnormalities in ABPM [7,8]. Additionally, several noninvasive structural and functional
assessments have been utilized to better define the presence of early CVD, covering left
ventricular (LV) mass, LV mass index (LVMI), carotid intimal and medial thickness (cIMT),
augmentation index, beta index, and pulse wave velocity (PWV), [9,10]. As CAKUT devel-
ops early in life and may progress to end-stage kidney disease (ESKD) in early adulthood,
early detection of the above-mentioned surrogate markers may help reduce cardiovascular
mortality and morbidity in CKD.

Also, biomarkers are perceived as surrogates for CV outcomes [5,11]. Although many
biomarkers have been identified in CKD, merely a few of them have been examined in
childhood CKD, particularly focusing on CVD risk [5,12,13].

A broad panel of biomarkers has shed light on the diagnosis, risk, and prognosis
of cardiorenal syndrome characterized by the complex interaction between kidney and
cardiovascular pathogenesis [14]. Accordingly, the identification of accurate biomarkers
can be helpful in various aspects of CKD treatment, including the prevention of CVD
events. Our prior work indicated that nitric oxide (NO)-related parameters participate in
BP abnormalities in ABPM in CKD children [8]. Currently, proteomics research has been
broadly employed to identify protein biomarkers in many diseases [15]. Our previous study
using a proteomic approach identified 20 differentially expressed proteins between CKD
children with CAKUT or non-CAKUT and with or without ABPM abnormalities [16]. Our
findings identified pregnancy zone protein (PZP), which will be validated in the current
study to elucidate its association with CV risk in CKD children.

PZP, a gene located on chromosome 12p13.31, is an α2 glycoprotein with a molec-
ular weight of 360 kDa [17]. The amino acid composition of PZP is similar to that of
α2-macroglobulin [18]. PZP is a broad-spectrum immunosuppressant [19] with antipro-
teinase activity. During pregnancy, the plasma levels of PZP increase rapidly in the first
trimester and may reach concentrations of around 1000 µg/L in the third trimester [20].
The upregulation of PZP represents a major maternal adaptation and the low placental
expression of PZP is related to preeclampsia [21]. Currently, there is scanty information
on the utility of PZP as a biomarker in the pediatric population [22]. Although prior work
revealed that PZP is a potential biomarker for early-onset myocardial infarction [23], it has
never previously been studied in the context of CVD in CKD. Our primary objective was to
assess the association between PZP and ABPM abnormalities, parameters of cardiac and
carotid ultrasounds, and indices of arterial stiffness in children with CKD. The secondary
objective was to find a relation between the PZP and NO pathway in these patients.

2. Materials and Methods
2.1. The Study Group

In this cross-sectional study, we analyzed data from 106 children and adolescents with
CKD who received the measurement of PZP. Our data were obtained from a prospective
cohort study (Precision Medicine Project) approved by the ethics committee of Chang
Gung Medical Foundation, Taoyuan, Taiwan (201701735A3C501 and 202001973A3C601).
The enrollment took place between November 2018 and April 2022. Patients between
6 and 18 years of age with CKD stages 1–4 attending the Pediatric Nephrology Clinic at
Kaohsiung Chang Gung Memorial Hospital were enrolled. All participants and parents
gave their informed consent in writing before being included in the investigation. CKD
is defined according to KDIGO [24]. The estimated glomerular filtration rate (eGFR) was
calculated based on the Schwartz formula [25]. CKD was classified according to the GFR
G1–G5 category as G1 ≥ 90, G2 60–89, G3 30–59, G4 15–29, and G5 < 15 mL/min/1.73 m2.
The etiologies of CKD were classified based on the presence or absence of CAKUT. CAKUT
covered renal agenesis, kidney hypo-/dysplasia, multi-cystic kidney dysplasia, duplex
collecting system, posterior urethral valves, horseshoe kidney, and ureter abnormalities [4].
The exclusion criteria consist of CKD stage G5, pregnancy, congenital heart disease, dialysis
or kidney transplant, and uncooperative patients.
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Venous peripheral blood was collected after overnight fasting and refrigerated im-
mediately before being stored at −80 ◦C freezer. Blood urea nitrogen, creatinine, total
cholesterol, low-density lipoprotein, triglyceride, hemoglobin, hematocrit, sodium, potas-
sium, glucose, calcium, phosphate, and uric acid were analyzed by the hospital central
laboratory as described before [8]. The total protein-to-creatinine ratio was evaluated in
on-the-spot urine samples.

2.2. BP Measurement and Cardiovascular Assessment

BP was measured using an oscillometric device at the clinic visit. Hypertension is
defined according to the 2017 American Academy of Pediatrics (AAP) guidelines [26]. A
subgroup of 62 participants who were aged 6 years or over received CV assessment and
ABPM analysis.

ABPM with Oscar II monitoring device (SunTech Medical, Morrisville, NC, USA)
and cuff of appropriate size were performed as described previously [8]. Abnormalities
in ABPM included (1) awake, asleep, systolic, or diastolic BP loads ≥ 95th percentile for
height and sex; (2) awake, asleep, systolic, or diastolic BP load ≥ 25%; and (3) non-dipping
systolic and diastolic BP patterns were defined as a percentage dipping < 10% [27].

A cardiac ultrasound study was carried out using a Philips IE33 ultrasound (Bothell,
WA, USA) to assess LV mass. The LVMI was calculated by indexing LV mass to height2.7 [28].
Carotid ultrasound was performed by an ALOKA ProSound α7 ultrasound (Aloka Co.,
Tokyo, Japan) to detect cIMT. PWV, augmentation index, and beta index were analyzed by
means of echo-tracking methods (e-TRACKING system; Aloka Co., Tokyo, Japan).

2.3. Measurement of PZP and NO Parameters

The PZP concentrations in plasma were determined in duplicates using an enzyme-
linked immunosorbent assay (CSB-EL019131HU, Cusabio, Houston, TX, USA). The optical
density was determined at 450 nm. The coefficient of variation was <15%. Assays were
performed according to the manufacturer’s instructions.

An ancillary study was conducted on a subgroup of 42 subjects who had concur-
rent laboratory tests of PZP and NO-related parameters. L-arginine is the substrate of
NO synthase (NOS), while methylated arginine derivatives, asymmetric and symmetric
dimethylarginine (ADMA, SDMA), are endogenous NOS inhibitors. Plasma L-arginine,
ADMA, and SDMA concentrations were quantified using high-performance liquid chro-
matography (HPLC) using homoarginine as an internal standard [8]. These NO-related
parameters were derivatized with o-phthaldialdehyde containing 3-mercaptopropionic,
separated by means of reverse-phase chromatography, and analyzed with fluorescence
detection. The ratio of L-arginine to ADMA was calculated as it has been considered an
index of NO bioavailability [29].

2.4. Statistical Analysis

Statistical elaboration was performed using Statistical Package for the Social Sciences
(SPSS) software 14.0 (Chicago, IL, USA). Descriptive statistics are reported as median and
interquartile ranges (or ranges) for continuous variables, while categorical variables are
described as numbers and percentages. The following tests were used (depending on
data distribution): Mann–Whitney U test, Spearman rank correlation, Chi-square test,
and Fisher’s exact test. Multiple regression analysis revealed independent risk factors. A
p-value < 0.05 was considered statistically significant.

3. Results
3.1. Cohort Characteristics

The characteristics of the study participants are illuminated in Table 1. In total, there
were 106 children and adolescents with CKD stages G1–G4. Our study population had a
median age of 9.8 years, 56.2% male, and 67.9% with CAKUT. The majority (76/106, 71.7%)
of our study population was in CKD stage G1 and the minority was in G4 (2/106, 1.9%).
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Most subjects recruited in the current study fall into the early stages of CKD. The diagnosis
of hypertension accounting for 42.5% of CKD children and adolescents was made by office
BP readings. Compared with CAKUT, children in the non-CAKUT group displayed heavier
proteinuria and had higher plasma concentrations of total cholesterol and low-density
lipoprotein, but lower calcium concentrations.

Table 1. Cohort characteristics of the study population (n = 88).

Characteristics Overall CAKUT Non-CAKUT

N = 106 N = 72 N = 34

Age, years 9.8 (6.3–13.1) 9.05 (5.72–13) 10.7 (7.4–13.8)
Male 59 (56.2%) 43 (59.7%) 16 (47.1%)

CKD stage
Stage G1 76 (71.7%) 49 (68.1%) 27 (79.4%)
Stage G2 20 (18.9%) 17 (23.6%) 3 (8.8%)
Stage G3 8 (7.5%) 5 (6.9%) 3 (8.8%)
Stage G4 2 (1.9%) 1 (1.4%) 1 (2.9%)

Body height, percentile 50 (15–85) 50 (15–82.5) 50 (25–85)
Body weight, percentile 50 (25–85) 50 (15–85) 50 (25–88)

Body mass index (kg·m−2) 17.5 (15.3–20.5) 16.5 (14.9–20.1) 18.7 (15.7–21.7)
Systolic blood pressure (mmHg) 112 (102–123) 112 (102–125) 110 (101–120)
Diastolic blood pressure (mmHg) 72 (66–78) 71 (66–78) 72 (67–79)

Hypertension (by means of office BP) 45 (42.5%) 31 (43.1%) 14 (41.2%)
BUN (mg/dL) 13 (11–16) 13 (11–16) 12 (10.5–16.5)

Creatinine (mg/dL) 0.55 (0.45–0.68) 0.56 (0.46–0.7) 0.53 (0.43–0.67)
eGFR (mL/min/1.73 m2) 100.7 (88.2–114.6) 96.7 (84.3–107.1) 110.1 (90.4–124.8)

UTCR (mg/g) 67.8 (39.9–182.7) 61.6 (37–99.6) 141.2 (52.3–818.6) *
Hemoglobin (g/dL) 13.5 (13–14.1) 13.6 (13.1–14.3) 13.2 (12.4–13.9)

Hematocrit (%) 40 (38.6–41.8) 40.4 (38.5–42.3) 39.4 (37.3–41.2)
Fasting glucose (mg/dL) 88 (83–92) 88 (83–91) 87 (83–93)
Total cholesterol (mg/dL) 175 (149–207) 167 (146–194) 191 (151–216) *

Low-density lipoprotein (mg/dL) 95 (78–119) 90 (77–113) 109 (81–133) *
Triglyceride (mg/dL) 67 (45–94) 65 (45–92) 70 (46–112)

Uric acid (mg/dL) 5.15 (4.4–6.25) 5.1 (4.53–6.08) 5.2 (4.1–6.4)
Sodium (mEq/L) 140 (139–141) 140 (139–142) 140 (139–141)

Potassium (mEq/L) 4.4 (4.2–4.6) 4.4 (4.2–4.6) 4.4 (4.1–4.6)
Calcium (mg/dL) 9.9 (9.7–10.2) 10 (9.8–10.3) 9.7 (9.4–10) *

Phosphate (mg/dL) 4.9 (4.6–5.2) 4.9 (4.6–5.2) 4.8 (4.6–5.2)

Data presented as medians (IQR) or n (%). BUN = blood urea nitrogen; eGFR = estimated glomerular filtration
rate; UTCR = urine total protein-to-creatinine ratio; CAKUT = Congenital anomalies in the kidneys and urinary
tract. * p < 0.05 by the Mann–Whitney U test.

3.2. Plasma Pregnancy Zone Protein Concentration

We analyzed the plasma concentrations of pregnancy zone protein in children with
CKD. Circulating PZP concentration was compared with etiologies of CKD and different
stages of CKD. Figure 1A illustrates that there is no difference in the plasma concentration
of PZP between the CAKUT and non-CAKUT groups (p = 0.288). Additionally, differences
in the PZP concentration according to the G1-G4 stages of CKD did not exist (Figure 1B,
p = 0.167). We did not find any significance between PZP with plasma Cr concentration
(p = 0.136) and eGFR (p = 0.808). An association was revealed between PZP with systolic BP
(r = 0.198, p = 0.047). The correlation between PZP and systolic BP becomes more significant
in the CAKUT group (r = 0.344, p = 0.004), while it shows no significance in the non-CAKUT
group (r = −0.124, p = 0.485).
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Figure 1. Comparison of plasma pregnancy zone protein concentrations between (A) the CAKUT
and non-CAKUT group and between (B) the CKD stages G1-G4 group.

3.3. Cardiovascular Assessment

In a subgroup of 62 pediatric patients with CKD who had concurrently received a
comprehensive CV assessment, we found that the LV mass and LVMI did not differ between
the two different groups in the presence or absence of CAKUT. Likewise, the cIMT in the
CAKUT group is comparable to that in the non-CAKUT group. We also utilized several
indices to evaluate arterial stiffness, including the beta index, augmentation index, and
PWV. No differences in these indices between the two groups were revealed (Table 2).

Table 2. Cardiovascular assessments of the study population.

CV Markers CAKUT Non-CAKUT

n = 39 n = 23
Left ventricular mass (g) 80.1 (58.6–98.5) 85.9 (61.5–101)

LVMI (g/m2.7) 25.3 (22.5–31.9) 30.1 (23.1–38.8)
cIMT 0.38 (0.34–0.42) 0.34 (0.31–0.42)

Beta index 3.5 (2.6–4.3) 3.4 (3.1–3.8)
Augmentation index −1.8 (−10.5–6) 0.9 (−5–5.9)

PWV 4 (3.4–4.6) 4 (3.7–4.2)
Data are medians (IQR). LVMI = left ventricular mass index. cIMT = carotid artery intima-media thickness.
LVMI = left ventricular mass index. PWV = pulse wave velocity.

Table 3 illustrates correlations between plasma PZP concentrations with CV markers.
Spearman’s rank correlation analysis shows that PZP is positively correlated with left ven-
tricular mass (r = 0.335, p = 0.008), irrespective of the CKD etiologies. In the CAKUT group,
PZP is correlated with beta index (r = 0.326, p = 0.043) and PWV (r = 0.384, p = 0.016). PZP
is correlated with left ventricular mass (r = 0.476, p = 0.022) in children with non-CAKUT.
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In multiple regression analysis for PWV, PZP was demonstrated to be an independent risk
factor (p = 0.042), controlling for age, sex, and eGFR.

Table 3. Correlation between plasma pregnancy zone protein concentrations and cardiovascular markers.

Cardiovascular Markers
Overall
(n = 62)

CAKUT
(n = 39)

Non-CAKUT
(n = 23)

r p r p r p

Left ventricular mass 0.335 0.008 * 0.262 0.107 0.476 0.022 *
LVMI 0.063 0.631 0.048 0.774 0.108 0.625
cIMT −0.145 0.259 −0.308 0.056 −0.033 0.88

Beta index 0.157 0.222 0.326 0.043 * −0.211 0.333
Augmentation index −0.143 0.267 −0.099 0.548 −0.071 0.749

PWV 0.218 0.089 0.384 0.016 * −0.167 0.446

* p < 0.05 by Spearman’s correlation coefficient.

3.4. Plasma PZP Concentration vs. ABPM Profile

Table 4 demonstrates that a total of 35 pediatric patients with CKD received an ABPM
study. We observed that 71.4% of them (25/35) had at least one ABPM abnormality,
including 6 participants (17.1%) with 24 h BP ≥ 95th percentile, 4 participants (11.4%) with
daytime BP ≥ 95th percentile, 9 participants (25.7%) with nighttime BP ≥ 95th percentile,
17 participants (48.6%) with BP load ≥ 25th percentile, and 19 participants (54.3%) with a
nocturnal decrease in BP load < 10%.

Table 4. Plasma PZP concentrations vs. ABPM profile.

ABPM Profile n CAKUT n Non-CAKUT

21 14
24 h BP

Normal 18 1.83 (0.27–33.2) 11 0.78 (0.31–3.79)
Abnormal 3 2.15 (1.77–3.58) 3 0.87 (0.71–1.87)

Daytime BP
Normal 20 2.09 (0.27–33.2) 11 0.78 (0.31–3.79)
Abnormal 1 1.77 3 0.87 (0.71–1.87)

Nighttime BP
Normal 15 2.03 (0.27–18.2) 11 0.78 (0.31–3.79)
Abnormal 6 1.96 (1.14–33.2) 3 0.87 (0.71–1.87)

BP load
Normal 12 1.64 (0.27–18.2) 6 0.92 (0.32–3.08)
Abnormal 9 2.15 (1.14–33.2) 8 0.79 (0.31–3.79)

Night dipping
Normal 8 1.19 (0.38–3.58) 8 0.92 (0.32–3.08)

Abnormal 13 2.52 (0.27–33.2) * 6 0.79 (0.31–3.79)
Total ABPM
profile

Normal 5 0.86 (0.38–2.03) 5 1.06 (0.32–3.08)
Abnormal 16 2.42 (0.27–33.2) * 9 0.71 (0.31–3.79)

Data are medians (range). * p < 0.05 by the Mann–Whitney U test.

In the CAKUT group, plasma PZP concentration was significantly higher in children
with CKD accompanied by a nocturnal non-dipping status and ABPM profile above the
goal. Analysis of children with non-CAKUT CKD did not show any significant difference
in plasma PZP concentration between normal and abnormal ABPM profiles (Table 4).
Additionally, PZP was associated with an abnormal ABPM profile (p = 0.034) in the adjusted
model controlling for age, sex, and eGFR.

Next, we analyzed the associations between PZP concentrations and NO-related
parameters. The plasma PZP level was negatively associated with ADMA (r = −0.474,
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p = 0.035), but positively associated with AAR (r = 0.445, p = 0.049). No associations exist
between plasma PZP concentration and L-arginine as well as SDMA. Furthermore, the
patients were divided into two groups based on the PZP concentration (Table 5). Patients
with high PZP levels had significantly lower ADMA (p = 0.026) and higher AAR (p = 0.036).
Our data suggest a link between PZP and NO bioavailability.

Table 5. Plasma PZP Concentrations vs. NO-related Parameters.

NO-Related Parameters PZP (<Median) PZP (>Median)

n = 21 n = 21
L-arginine (µM) 116 (77–103.6) 122.7 (83.6–166.8)

ADMA (µM) 0.66 (0.35–1.49) 0.58 (0.34–1) *
SDMA (µM) 0.32 (0.24–0.45) 0.3 (0.23–0.66)

AAR (µM/µM) 168.9 (94–298.1) 204.5 (83.4–357.5) *
Data are medians (range). * p < 0.05 by the Mann–Whitney U test.

4. Discussion

This is, to our knowledge, the first study comparing PZP as a protein biomarker with
CVD structural and functional markers, ABPM profile, and NO parameters in pediatric
CKD. Our major findings are as follows: (1) PZP concentration was not influenced by the
etiologies or severity of CKD; (2) up to 70% of CKD children had an abnormal ABPM profile;
(3) PZP was positively correlated with beta index and PWV in CAKUT; (4) CKD children
with a night dipping and ABPM profile above the goal had a higher PZP concentration
than those without; and (5) CKD children with high PZP levels displayed low ADMA and
high AAR.

This is in line with prior work revealing that certain CVD risk markers already appear
in children with early stages of CKD, for example, abnormalities in ABPM [6,8,10,11,16].
Although the severity of CKD was reported to be associated with high PWV and LV mass [8],
we observed that these CV markers were not different between the two groups classified by
the presence or absence of CAKUT. Compared with 42.5% of CKD children diagnosed with
hypertension by means of office BP, more than 70% of them had BP abnormalities in ABPM.
The high prevalence of abnormalities in ABPM agrees with the idea that ABPM may detect
hypertension and predict CV risk better than office BP, especially in CKD children [30].

Using a proteomic approach, we screened potential protein biomarkers between the
groups of CKD children for the presence or absence of abnormalities in ABPM [16]. In
agreement with our former research, we identified PZP-linking CVD risk markers and
found that they might have a differential impact on the two different CKD groups with or
without CAKUT. Our results revealed that PZP concentration was positively correlated
with systolic BP, beta index, PWV, and BP abnormalities in ABPM only becoming significant
in the CAKUT group, instead of the non-CAKUT group. It is highly uncertain whether
elevations in PZP are helpful or detrimental to CV health. So far, most PZP studies
have been focused on pregnant women [18,21,31]. It has been proposed that low PZP
levels during gestation may raise the risk of placental dysfunction [32]. In the pediatric
population, only one study reported that PZP levels were elevated in growth hormone
deficiency patients [22].

Previous research suggests that CAKUT is associated with longer survival owing to
lower CV mortality [32]. Hence, elevations in PZP might be a compensatory mechanism
to avert CKD children with CAKUT from subclinical CVD and BP abnormalities. NO is a
well-known vasodilator. High AAR and low ADMA represent increased NO bioactivity
in favor of vasodilation. Considering that high PZP correlates to high AAR and low
ADMA, PZP may mediate the NO pathway to induce a compensatory response in pediatric
patients with early stages of CKD following the rise in BP. Animal data showing that
elevations in PZP levels in developing kidneys coincide with those with hypertension
also add credence to some of these observations [33]. In a maternal NO deficiency rat
model, the renal abundance of PZP increased 11.13 fold in neonatal rats. As adult offspring
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developed hypertension and renal hypertrophy in response to deficient NO in early life,
the increases in PZP might be a link between NO deficiency and hypertension later in life.
On the other hand, PZP concentration was only positively associated with LV mass, but
not other markers in the non-CAKUT group. Together, whether PZP may have differential
impacts on the development of CVD in CKD children with vs. without CAKUT awaits
further elucidation.

Proteomics-based approaches have given valuable information about protein contents
and discovered several disease-specific biomarkers in CKD [34]. However, most studies
have been conducted on adults, and proteomics research in CKD has not been extensively
transferred to the pediatric population [5]. This is the first study using PZP from pro-
teomic profiling data to describe the upregulation of PZP in association with CVD markers,
which supports the possibility that protein biomarkers may have clinical usefulness for
discriminating CV risk in pediatric CKD [35,36].

We acknowledge that our study has the following limitations: First, the number of
participants recruited in our study is small, which might not provide sufficient power to
determine slight differences and represent an entire population. More studies with larger
cohorts are required to confirm our observations. Second, we examined the associations
between PZP and CVD markers at different stages of CKD without recruiting normal or
hypertensive controls. Although the plasma level of PZP in the current study is comparable
to that earlier reported in children [22], whether the level differs between children with
and without CKD or between hypertensive children with and without CKD remains to be
elucidated. Last, this is a cross-sectional study. It is not possible to determine the cause
and effect, but it is possible to describe the associations of these findings in children with
CKD. Additional studies are required to elucidate the role of PZP in CVD as well as the
NO signaling pathway.

5. Conclusions

In conclusion, we described that in CKD children with CAKUT, PZP concentration
positively correlated with systolic BP, beta index, PWV, and BP abnormalities in ABPM.
Although the mechanism underlying how PZP affects CV outcomes in pediatric patients
with CKD has not yet been elucidated, our results offer new insights into the links between
PZP, CVD markers, and NO in children with early stages of CKD. Better insight into the
impact of PZP on CV risk in childhood CKD would help us to initiate early treatment to
help CKD children who are at risk of CVD.
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