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a  b s t r  a  c t

Background and Objective: Cardiovascular disease (CVD) is the  main cause of death in children

with chronic kidney disease (CKD). Inflammation and endothelial dysfunction (ED) are found

in  the  majority of these patients and are factors associated to CVD. Flow mediated dilatation

(FMD) is a  surrogate marker validated for evaluating ED. Our objective was to identify risk

factors associated to ED in children with CKD.

Materials and Methods: Children 2–16 years of age were studied. Clinical information and

biochemical variables were gathered, including intact parathyroid hormone (iPTH), inter-

leukins 6 and 1b, high sensitivity C reactive protein (hsCRP), reduced glutathione, nitric

oxide,  malondialdehyde and homocysteine. FMD was measured, and considered altered if

<7%.

Results: Included were 129 patients aged 13.1 ± 2.6 years. FMD < 7% was found in 69  (52.7%).

Patients with altered FMD had higher levels of triglycerides and hsCRP than those with nor-

mal FMD (145.5 mg/dl vs. 120.0 mg/dl, P = .042, y  1.24 U/L vs. 0.55 U/L, P  = .007, respectively),

as  well as higher frequency of low  iPTH (19.1% vs. 4.9%, P = .036). Levels of hsCRP corre-

lated  significantly with FMD (Rho = −0.28, P  = .003). Patients with low iPTH (OR = 4.41, 95%CI

1.13–17.27, P = .033) and increased hsCRP (OR = 2.89, 95%CI 1.16–7.17, P = .022) had higher

adjusted  risk of having FMD < 7%.
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Conclusions: Hypertriglyceridemia, inflammation and low iPTH associated significantly with

altered FMD. They are frequent, treatable risk factors for CVD.

©  2021 Published by Elsevier España, S.L.U. on behalf of Sociedad Española de  Nefrologı́a.

This  is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Disfunción  endotelial  en  niños  con  enfermedad  renal  crónica
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r e s u m e n

Antecedentes y  Objetivo: La enfermedad cardiovascular (ECV) es la principal causa de muerte

en niños con Enfermedad Renal Crónica (ERC). La inflamación y  la disfunción endotelial (DE)

se presenta en la mayoría de estos pacientes y son factores asociados a  ECV. La dilatación

mediada por  flujo (DMF) <7% es un marcador subrogado validado en la evaluación de la DE.

Nuestro objetivo fue identificar los factores de riesgo asociados a DE en niños con ERC.

Materiales y Métodos: Se estudió a niños  de 2–16 años de  edad. Se recopiló su  información

clínica  y  variables bioquímicas, incluidos Hormona Paratiroidea Intacta (iPTH), interleucinas

6 y  1b, Proteína C  Reactiva de  alta sensibilidad (hsCRP), Glutatión reducido, óxido nítrico,

malondialdehído, y  homocisteína. Se consideró DMF alterada <7%.

Resultados: Se incluyó a 129 pacientes con edad de 13.1 ± 2.6 años. Tuvieron DMF < 7% 69

(52.7%). Los pacientes con DMF < 7% tuvieron niveles más altos de triglicéridos y  de  hsCRP

que aquellos con DMF ≥  7% (145.5 mg/dl vs. 120.0 mg/dl, P  = .042, y  1.24 U/L vs. 0.55 U/L,

P  = .007, respectivamente), así como una mayor frecuencia de  iPTH baja (19.1% vs. 4.9%,

P  = .036). Los niveles de  hsCRP se correlacionaron significativamente con la DMF (Rho = −0.28,

P  = .003). Los  pacientes con iPTH baja (OR = 4.41, 95% CI  1.13–17.27, P = .033) y con hsCRP

incrementada (OR = 2.89, 95%CI 1.16–7.17, P = .022) tuvieron un riesgo ajustado mayor de

DMF  < 7%.

Conclusiones: La hipertrigliceridemia, la inflamación e iPTH baja se asociaron significativa-

mente  a  una  DMF alterada. Son factores de riesgo de  ECV frecuentes y  tratables.

© 2021 Publicado por Elsevier España, S.L.U. en nombre de  Sociedad Española de

Nefrologı́a.  Este es un artı́culo Open Access bajo la licencia CC BY-NC-ND (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

According to data from the  United States Renal Data System,

the exact prevalence of chronic kidney disease (CKD) in chil-

dren and adolescents was 9721 (99.1 per million inhabitants)

as of 31 December 2016.1 During the period 2011–2015, the

adjusted mortality for all causes was  39  per 1000 patients

per year. The most frequently reported cause of death on the

Death Report Form was  attributed to cardiac causes. During

this period, the  adjusted mortality for cardiovascular disease

(CVD) was 8  per  1000 patients per year. The rate of hospitali-

sation for CVD in the  first year for incident patients under 22

years of age with terminal CKD was 55 per 1000 patients-year

from 2006 to 2010, and 41 for the period 2011−2015. The high-

est rates of hospitalisation in  incident patients were observed

in children aged five to nine and young adults 18–21 years and

in children treated with dialysis.1

Children with CKD have a  high cardiovascular risk that may

not become apparent until early adulthood. There is growing

evidence that children with CKD have, in turn, a high fre-

quency of cardiovascular risk factors and develop, from the

early stages of their disease, cardiac and vascular alterations

that  are surrogate markers of early CVD, including left ventric-

ular hypertrophy, left ventricular dysfunction, atherosclerosis,

calcifications with aortic stiffness, carotid artery intimal thick-

ening and endothelial dysfunction (ED).2

ED represents an  early and persistent manifestation of CVD

in CKD and has been shown to be an early change in  the

atherosclerosis process. The physiology and biochemistry of

ED have been studied previously in children with CKD. Numer-

ous factors can contribute to  the presence of ED in CKD, such

as dyslipidaemia, the  drugs used to treat the disease itself

and its complications, the increase in  oxidative stress and

other metabolic consequences such as  alterations in calcium-

phosphorus and parathyroid hormone metabolism.

ED in CKD involves abnormalities in the production and

metabolism of nitric oxide (NO). A  decrease in its synthe-

sis may  be due to  the  presence of high levels of l-arginine

analogues, such as  asymmetric dimethylarginine and sym-

metric dimethylarginine, which increase proportionally to

the severity of CKD and competitively antagonise with NO

synthetase.3–5 In addition, these have been shown to increase

vascular tone and promote atherogenesis.6 Additionally, l-

arginine levels are reduced. An increased inactivation of NO

may also be due to oxidative stress and an increase in  the

concentration of free radicals.5

In CKD patients, as  in  other high-risk groups for CVD, such

as  patients with type 1  diabetes mellitus, lipid levels even at

high normal limits may  have an impact on endothelial func-
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tion. Furthermore, the habitually high levels of triglycerides in

CKD patients receiving peritoneal dialysis may  play a  role  in

ED, although their influence on the development of atheroge-

nesis is still controversial.7–9

Alterations in  calcium-phosphorus metabolism are also

universal in these patients and are important determinants

of CVD in CKD. Flow-mediated dilation (FMD), a  validated sur-

rogate marker of ED, has been correlated positively with blood

calcium concentrations and negatively with alkaline phos-

phatase in children with stage 4 CKD.10 In contrast, a study

of 80 predialysis patients did not find a significant association

between clinical variables (age, gender, arterial hypertension,

body mass index [BMI] z-score) and biochemical variables

(haemoglobin, calcium-phosphorus product [Ca x P] and pro-

file lipids) with carotid intima media thickness (cIMT) or with

FMD.11

In patients undergoing haemodialysis (HD) replacement

therapy, a study that compared 10  patients with this treatment

modality versus 10  healthy controls demonstrated a  decrease

in FMD  in children treated with HD.12

There are very few studies regarding the role of both tra-

ditional and non-traditional cardiovascular risk factors on

endothelial function in children with CKD and none, as far

as we know, that have included a complete analysis of them

in children with CKD stages 2–5. Our objective was to  iden-

tify the risk factors associated with ED in children with CKD

both predialysis and on replacement therapy with automated

peritoneal dialysis (APD) or with HD.

Material  and methods

With prior authorisation by the Research Ethics Commit-

tee and the National Scientific Research Committee of the

Instituto Mexicano del Seguro Social [Mexican Social Secu-

rity Institute], children from two to 16  years of age with a

diagnosis of  CKD stages two to five who were treated in

the Paediatric Nephrology departments of the two tertiary

care hospitals of the Instituto Mexicano del Seguro Social

in Mexico City were invited to participate: the Hospital de

Pediatría del Centro Médico Nacional Siglo XXI [Paediatric

Hospital of the XXI Century National Medical Centre] and Hos-

pital General del Centro Médico Nacional La Raza [La Raza

National Medical Centre General Hospital]. Patients included

were those with an established diagnosis of CKD at least

one month prior and, in the case of stage five patients, who

had remained in  current replacement treatment: APD or HD,

at least for the previous three months, and whose parents

gave their informed consent for them to  participate, as  well

as the children themselves giving their informed consent if

they were over eight years old and in a position to do so.

Patients suffering from CKD as  a consequence of a  rheumatic

disease predetermining vasculitis, such as generalised lupus

erythematosus, polyarteritis nodosa, acute vascular purpura,

granulomatosis with polyangiitis, etc., were not included; nor

were those who  presented with clinical evidence, at the dis-

cretion of the researchers, of a source of infection at the  time

of the study or in the week prior to taking the laboratory

samples and/or vascular ultrasound, carriers of known famil-

ial hyperlipidaemia, those taking immunosuppressants, and

those patients who were expected not to cooperate with the

requirements of the studies.

The day before the measurement of the FMD,  the fol-

lowing were collected from the clinical history: age, weight,

height (the BMI was calculated as  the quotient of the kilo-

grams of weight between the square of the height in  metres,

as well as  its z-score), blood pressure, complete blood count

and blood chemistry with lipid profile, liver function tests

and electrolytes. Total cholesterol, high-density lipoprotein

cholesterol, triglycerides, albumin, calcium, and phosphorus

were measured with a Synchron CX® analyser (Beckman

Systems, Fullerton, CA, USA) in accordance with the manu-

facturer’s instructions. The coefficient of variation for total

cholesterol and high-density lipoprotein cholesterol was 3.3%

and 2.5%, respectively.

Measurement of FMD was performed in all patients by the

same cardiologist specialising in  imaging, with high resolu-

tion ultrasound (MicroMaxx® Fuji Film Sonosite Inc., Tokyo,

Japan) with B-mode (real time), colour Doppler and spectral

duplex Doppler equipped with a  7−12 MHz linear transducer.

The patients treated with HD underwent the study during

the day, between sessions. Before the study, patients had

abstained from exercising (≥12 h), ingesting caffeine (≥12 h),

and taking medications (≥4 half-lives of the drug), includ-

ing anti-inflammatory drugs (non-steroidal for one day and

acetylsalicylic acid for three days), and they were fasting

(≥12 h). The study was carried out in  supine position, with

the patient resting in  a  quiet room, and with a controlled

temperature (between 22  and 24 ◦C) for at least the  previ-

ous 20  min.13 The basal diameter of the brachial artery was

measured in  the non-dominant arm, or  on the opposite side

if the former had an arteriovenous fistula. Reactive hyper-

aemia was obtained by insufflating the blood pressure cuff

above the  patient’s systolic blood pressure for at least five

minutes. Then, the  pressure was  suddenly released and the

arterial diameter was measured again. The FMD  was the

product of (post-ischaemic reactive diameter—pre-ischaemic

reactive diameter)/pre-ischaemic reactive diameter × 100, and

was expressed as  a percentage. If this percentage was equal

to  or  greater than 7% it was considered normal, and if it  was

less than 7% it was considered altered, indicating ED.

On the same day  as  the FMD measurement, after fasting

for 12  h, a  sample was  taken to  determine the concentra-

tions of high-sensitivity C-reactive protein (hsCRP) in blood

and the cytokine profile. Interleukins 6  and 1�, as well as

tumour necrosis factor alpha, were measured by enzyme-

linked immunosorbent assay (ELISA; Quantikine® HS Human

Immunoassay Kits, R&D Systems, Minneapolis, MN, USA).

The hsCRP was also measured using an  ELISA kit for hsCRP

(Alpha Diagnostic, San Antonio, TX, USA ), and the  results

were read by the ELISA Sunrise® reader (Tecan US, Inc.,

Durham, NC, USA). Reduced glutathione was measured with

a Lambda 25 spectrophotometer® (Perkin Elmer, Waltham,

MA, USA). NO was measured with ELISA KontroLab EliRead

(RT-2100C®) using the Griess method. Homocysteine was

measured through chemiluminescence in  Immulite 1000®

equipment (Siemens, Munich, Germany).

The time of evolution of the disease referred to the time

from the diagnosis of CKD to the measurement of FMD.

In relation to nutritional status, patients were considered



n e  f r  o  l  o g i  a.  2  0 2 1;4  1(4):436–445 439

malnourished when their height z-score was  <2,14 and over-

weight or obese according to International Obesity Task Force

criteria.15 Patients who had at least two units above the 95th

percentile for their height, gender and age in their personal

record book in the last week were considered hypertensive,

according to the Clinical Practice Guidelines for the search and

management of hypertension in children and adolescents, from the

American Academy of Pediatrics.16 Patients had anaemia if

their haemoglobin levels were below the lower limit of those

recommended by the World Health Organization according to

their age and gender.17 To define whether intact parathyroid

hormone (iPTH) levels were normal, low or high for the  age

and stage of CKD, the Guidelines from the Kidney Disease

Outcomes Quality Initiative18 and Kidney Disease: Improving

Global Outcomes19 were followed.

For descriptive statistics, simple frequencies and propor-

tions were  used, as  well as means with standard deviation

or medians and interquartile ranges. For the  univariate infer-

ential analysis, Student t-test or Mann-Whitney U  test and

the Chi test2 or  Fisher’s exact test were used, as well as

the Pearson’s r test or Spearman’s Rho  test, and ANOVA and

Kruskal-Wallis tests, as  necessary. For the multivariate anal-

ysis, the logistic regression model was used to identify the

risk factors associated with altered FMD,  all with the statis-

tical package SPSS® v20.0 and considering P  values <.05 as

significant.

Results

In total, 129 patients were included: 63 girls (48.8%) and 66

boys (51.2%). The mean age was 13.1 ± 2.6  years, with a  median

time from CKD diagnosis of 25 months (interquartile range

12−55). 36 patients (27.9%) had adequate nutritional status, 12

(9.3%) were obese or overweight, and 81  (62.8%) were under-

nourished. 63  (48.8%) had hypertension, 78 (60.5%) anaemia,

36 (27.9%) albumin <4 g/dl, 63 (48.8%) hypercholesterolaemia,

97 (75.2%) hypertriglyceridaemia, 57 (44.2%) decreased high-

density lipoprotein cholesterol, 12 (9.3%) elevated Ca x P

product, 51 (39.5%) normal iPTH levels for CKD stage and age,

62 (48.1%) high iPTH and 16 (12.4%) low iPTH. Table 1 sum-

marises the studied patients’ biochemical characteristics.

Thirty-nine patients had CKD stage 2–4 of and 90  CKD stage

5, of which 51 were on APD and 39 on HD. Patients in stages 2–4

had higher concentrations of haemoglobin and reduced glu-

tathione, and lower concentrations of iPTH, as well as a  lower

frequency of anaemia and reduced glutathione below the first

quartile. Patients on peritoneal dialysis had lower concentra-

tions of albumin and higher cholesterol and triglycerides; they

were the ones who  most frequently presented with hypoalbu-

minaemia and hypertriglyceridaemia. Patients on HD had a

longer evolution time since the diagnosis of the disease, as

well  as lower BMI  z-scores, Ca x P  products and NO concentra-

tions; they had a higher frequency of arterial hypertension and

NO below the first quartile. Median FMD  was higher in  stage

two  to four patients and lower in HD-treated patients, while

the proportion of patients who had decreased FMD  (<7%) was

higher in HD-treated stage 5 patients and lower in patients in

stages 2–4. However, these differences were not statistically

significant (Tables 2 and 3).

Sixty-eight patients (52.7%) had FMD < 7% and 61  (47.3%)

had FMD ≥ 7%. In patients with FMD  < 7%, triglyceride and

hsCRP concentrations were significantly higher than in

patients with FMD ≥ 7%. Similarly, the proportion of patients

with hypertriglyceridaemia, with low iPTH concentrations and

who had hsCRP above the third quartile were significantly

higher in  the first group. There were no significant differences

in any of the other variables compared (Tables 4 and 5).

In the correlation analysis, only the blood concentrations

of hsCRP were significantly (negatively) correlated with FMD

(Rho = −0.25, P = .003), as  shown in Table 6.

In the logistic regression model, which included the  vari-

ables that demonstrated a significant association with FMD in

the univariate analysis, as  well as the stage of CKD and the

form of treatment (stages 2–4  vs. stage 5 on PD vs. stage 5 on

HD), it was found that patients with low iPTH for their age

and CKD stage (OR 4.41, 95% CI 1.13–17.27, P  = .033) and with

hsCRP levels above the third quartile (OR 2.89, 95% CI 1.16–7.17,

P = .022) had a  greater probability of having FMD  < 7%, regard-

less of the  other variables included (Table 7).

Discussion

CVD is  the leading cause of death in children with CKD and is

the product of a  lethal combination of several traditional and

non-traditional risk factors, and their effects on cardiac and

vascular structure and function. ED is  an  early and persistent

manifestation of CVD and its risk factors have previously been

extensively studied in adults in various diseases characterised

by their high cardiovascular risk. However, there are very few

studies in  children with CKD and we have not identified, to

date, any that included patients in stages 2–4 together with

patients in stage 5 on peritoneal dialysis and HD, and even

fewer in  a  multivariate approach that considers both tradi-

tional and non-traditional risk factors.

FMD  has proven to  be a reliable surrogate marker for ED.

In this study, just over half of the patients had decreased FMD

(<7%) and the patients on HD had lower FMD than those on

APD, and in these, in  turn, it was  lower than in predialysis

patients. Like other authors, we found that ED was more  fre-

quent in children on HD and APD, although it was present

even in children from predialysis stages.11,20 Recent studies

have shown ED even in children with nephrotic syndrome.21

Attempts to  demonstrate the association found between

hypertriglyceridaemia and altered FMD had been made before,

although in studies with other designs and in more  limited

populations. Khandelwal et al. evaluated, in 80  predialysis

children, the effect of clinical variables (age, gender, hyper-

tension, BMI) and biochemical variables (haemoglobin, Ca x P

product and lipid profile) on cIMT and on FMD, finding a  sig-

nificant association between cholesterol linked to low-density

lipoproteins and cIMT, but no association of these variables

with FMD.11 Similarly, a recent study by Kosmeri et al. also

demonstrated a  significant association between blood lipid

alterations with cIMT, but not with FMD.22 Hussein et al.

demonstrated, in 34 children with stage 4 CKD, a  positive

correlation between FMD and blood calcium. However, they

did not find any association with the duration of the disease,

estimated glomerular filtration rate or  blood pressure.10 Lilien
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Table 1 – Clinical and laboratory characteristics of patients.

[0,1–2]Variable Total, N = 129

[0,1–2]Girls, n (%) 63  (48.8)

[0,1–2]Age (years), mean (SD) 13.1 (2.6)

[0,1–2]Time since CKD diagnosis (months), median (IQR) 25  (12−55)

[2,0]Form of treatment, n (%) Predialysis 39  (30.2)

APD 51  (39.5)

HD 39  (30.2)

[0,1–2]BMI z-score, median (IQR) −0.73 (−1.68; 0.00)

[0,1–2]Haemoglobin (g/dl), mean (SD) 11.1 (2.4)

[0,1–2]Albumin (g/dl), mean (SD) 4.3 (0.5)

[0,1–2]Total cholesterol (mg/dl), mean (SD) 169.8 (42.8)

[0,1–2]Triglycerides (mg/dl), median (IQR) 134.0 (109.5−195.5)

[0,1–2]HDL-C (mg/dl), mean (SD) 41.5 (13.9)

[0,1–2]Ca x  P  Product, mean (SD) 44.3 (11.1)

[0,1–2]iPTH (pg/mL), median (IQR) 519.0 (136.5−1,341.0)

[0,1–2]hsCRP (U/l), median (IQR) 0.79 (0.34−3.07)

[0,1–2]IL-6 (pg/mL), median (IQR) 0.00 (0.00−10.10)

[0,1–2]IL-1� (pg/mL), median (IQR) 1.58 (0.00−14.76)

[0,1–2]TNF-� (pg/mL), median (IQR)  0.00 (0.00−53.96)

[0,1–2]MDA (nM), median (IQR)  1.72 (1.21−2.39)

[0,1–2]Homocysteine (�mol/l), median (IQR)  14.12 (10.80−17.15)

[0,1–2]NO (�M), median (IQR) 34.94 (27.02–53.75)

[0,1–2]GSH (�M), median (IQR) 463.65 (363.75−563.75)

[0,1–2]SOD (UI/protein g),  median  (IQR)  5.11 (0.00−17.44)

APD: automated peritoneal dialysis; BMI: body mass index; CKD: chronic kidney disease; GSH: reduced glutathione; HD: haemodialysis; HDL-

C: high-density lipoprotein cholesterol; hsCRP: high-sensitivity C-reactive protein; IL:  interleukin; iPTH: intact parathyroid hormone; IQR:

interquartile range; MDA: malondialdehyde; NO: nitric oxide; SD: standard deviation; SOD: superoxide dismutase; TNF-�: tumour necrosis

factor alpha.

Table 2 – Clinical and biochemical characteristics of the patients according to the stage of chronic kidney disease.

Variable CKD stages 2−4,  n = 39  CKD  stage 5 APD, n = 51 CKD stage 5  HD,  n = 39  P

Girls, n (%) 19  (48.7) 25  (49.0) 19  (48.7) .999

Age (years), mean (SD) 12.5 (3.4) 13.28 (2.08) 13.35 (2.28) .322

Time since CKD diagnosis (months), median (IQR) 25.00 (13.00−83.00) 16.00 (7.00−38.00) 39.00 (21.00−82.00) .002

BMI z-score, median (IQR) −0.25 (−1.31; 0.65)  −0.50 (−1.44; −0.05) −1.13 (−2.27; −0.49) .004

Haemoglobin, (g/dl), mean (SD) 12.73 (1.75)a,b,c 10.49 (2.48)a,b 10.51 (2.33)a,c <.001

Albumin (g/dl), mean (SD) 4.40 (0.44)a 3.97  (0.44)a,b 4.43 (0.40)b <.001

Total cholesterol (mg/dl), mean (SD) 169.59 (54.09) 179.71 (33.25)a 157.23 (38.89)a .047

Triglycerides (mg/dl), median (IQR) 119.00 (88.00−189.00) 160.39 (129.00−214.00) 122.00 (102.00−169.00) .001

HDL-C (mg/dl), mean (SD) 44.40 (15.23) 38.93 (13.65) 42.26 (12.67) .172

Ca x P  product, mean (SD) 45.13 (8.32) 47.17 (10.92)a 39.91 (12.65)a .007

iPTH (pg/mL), median (IQR)  121.00 (61.70−359.00) 896.00 (370.00−1,692.00) 694.00 (238.00−1,604.00) <.001

hsCRP (U/l), median (IQR) 0.53 (0.28−3.07)  0.88 (0.29−2.95) 1.26 (0.50−5.47) .083

IL-6 (pg/mL), median (IQR) 0.00 (0.00−3.57)  0.00 (0.00−16.08) 0.00 (0.00−13.24) .241

IL-1� (pg/mL), median (IQR) 2.66 (0.00−22.03) 2.93 (0.00−23.65) 0.23 (0.00−6.15) .269

TNF-� (pg/mL), median (IQR) 0.00 (0.00−59.37) 10.09 (0.00−66.59) 0.00 (0.00−28.12) .304

MDA (nM), median (IQR)  1.80 (1.10−2.86)  1.71 (1.03−2.33) 1.72 (1.28−2.36) .600

Homocysteine (�mol/l), median (IQR) 13.10 (9.91−16.50) 14.12 (10.40−16.50) 14.12 (12.30−18.70) .093

NO (�M), median (IQR) 32.07 (26.14−50.18) 47.27 (30.65−61.40) 31.15 (25.02−43.92) .012

GSH (�M), median (IQR) 506.25 (392.50−670.00) 390.00 (324.90−491.76) 492.50 (363.75−577.50) .001

SOD (UI/protein g),  median (IQR) 3.28 (0.00−11.93) 7.57 (1.43−23.37) 3.80 (0.00−17.61) .032

FMD, median (IQR) 8.00 (0.00−17.00) 6.00 (0.00−17.00) 3.00 (0.00−8.00) .134

APD: automated peritoneal dialysis; BMI: body mass index; CKD: chronic kidney disease; FMD: flow-mediated dilation; GSH:  reduced glutathione;

HD: haemodialysis; HDL-C: high-density lipoprotein cholesterol; hsCRP: high-sensitivity C-reactive protein; IL: interleukin; iPTH: intact parathy-

roid hormone; IQR: interquartile range; MDA: malondialdehyde; NO:  nitric oxide; SD: standard deviation; SOD: superoxide dismutase; TNF-�:

tumour necrosis factor alpha.

For frequencies and proportions, Chi2 was used  for comparisons.

For means with standard deviations, the one-way ANOVA test was used.

For medians with interquartile intervals, the  Kruskal-Wallis test  was used. Data in bold show p-values that were significant.
a,b,c They show the  differences between the  groups obtained with the  Bonferroni post hoc test in  ANOVA.
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Table 3 – Clinical and biochemical characteristics of the patients according to the stage of chronic kidney disease.

Variable CKD stages 2−4, n  = 39  CKD stage 5 APD, n = 51  CKD  stage 5 HD, n =  39 P

Nutritional condition

Well nourished 10  (25.6) 16  (31.4) 10  (25.6) .080

Overweight-obese 7 (17.9) 5  (9.8) 0  (0.0)

Malnourished 22  (56.4) 30  (58.8) 29  (74.4)

Hypertension 11  (28.2) 28  (54.9) 24  (61.5) .007a

Anaemia 14  (35.9) 36  (70.6) 28  (71.8) .001a

Albumin <  4 g/dl  7 (17.9) 25  (49.0) 4 (10.3) <.001

Hypercholesterolaemia 20  (51.3) 29  (56.9) 14  (35.9) .134

Hypertriglyceridaemia 22  (56.4) 47  (92.2) 28  (71.8) <.001

Low HDL-C 17  (43.6) 27  (52.9) 13  (33.3) .178

Increased Ca  x  P product 2 (5.1) 6  (11.8) 4 (10.3) .545

iPTH

High 22  (56.4) 24  (47.1) 16  (41.0) .185

Normal 16  (41.0) 20  (39.2) 15  (38.5)

Low 1 (2.6) 7  (13.7) 8 (20.5)

hsCRP > 3Q 8 (20.5) 11  (21.6) 12  (30.8) .496

IL-6 > 3Q 5 (12.8) 15  (29.4) 11  (28.2) .145

IL-1ˇ >  3Q  11  (28.2) 14  (27.5) 6 (15.4) .317

TNF-� >  3Q 10  (25.6) 13  (25.5) 7 (17.9) .643

MDA >  3Q 13  (33.3) 10  (19.6) 8 (20.5) .265

Homocysteine > 3Q 7  (17.9) 12  (23.5) 11  (28.2) .562

NO < 1Q 31  (79.5) 30  (58.8) 35  (89.7) .003

GSH <  1Q 23  (59.0) 46  (90.2) 29  (74.4) .003

SOD <  1Q 35  (89.7) 33  (64.7) 29  (74.4) .024

FMD < 7 17  (43.6) 27  (52.9) 24  (61.5) .283

APD: automated peritoneal dialysis; CKD: chronic kidney disease; FMD: flow-mediated dilation; GSH: reduced glutathione; HD: haemodialysis;

HDL-C: high-density lipoprotein cholesterol; hsCRP: high-sensitivity C-reactive protein; IL: interleukin; iPTH: intact parathyroid hormone; MDA:

malondialdehyde; NO: nitric oxide; SOD: superoxide dismutase; TNF-�:  tumour  necrosis factor alpha; 1Q first quartile; 3Q third quartile.

Frequencies and  percentages are reported; the Chi2 test was used.

Data in bold show p-values that were significant.
a There is  a  linear by linear relationship.

et al. studied, in  kidney transplanted children, the association

of FMD  with age, gender, BMI, blood pressure, lipid profile,

glomerular filtration rate and the use of cyclosporine and

antihypertensive drugs, only finding a  significant association

between the need to  use antihypertensives and baseline vas-

cular diameter.23 The frequency of hypertriglyceridaemia was

greater in CKD patients treated with peritoneal dialysis, which

is expected given the high glycaemic load they receive at each

dialysis change and the secondary hyperinsulinism that this

causes. However, hypertriglyceridaemia was not exclusive to

this group of patients and is also a risk factor that deserves

particular attention, regardless of the form of treatment.

Another relevant finding of the study was the association

between FMD  and low concentrations of iPTH. The adverse

effects of CKD adynamic bone disease on the cardiovascu-

lar system include vascular damage, usually manifested as

vascular calcifications (VC). Through the use of bone biop-

sies, Tomiyama et  al. found a  significant association between

the presence of VC and a  decreased trabecular bone volume,

as well as with a low rate of bone formation in predialysis

patients.24 London et al. reported a significant association

between the dose of calcium-based phosphorus binders, bone

activity, VC and aortic stiffness. Calcium load has been shown

to have a significant impact on VC  and aortic stiffness in

patients with adynamic-type bone disease when compared

to patients with more  active bone metabolism.25 Barreto

et al. reported, in a  prospective study, a  negative correlation

between coronary calcifications and bone volume; and a state

of low bone exchange was the only independent risk factor

predictor of progression of coronary calcifications in  patients

treated with HD.26 We  have previously reported that high iPTH

concentrations were independently associated as a  risk fac-

tor  for aortic stiffness, but so were low iPTH concentrations.27

To our knowledge, this is  the first study that demonstrates

an  association between low iPTH and alterations in FMD  and

that may contribute to confirming that adynamic bone dis-

ease (ABD) can be associated with vascular damage even in

early stages of CKD, and even before VCs become obvious.

An area of opportunity for  further studies exists regarding

the search for an association between levels of vitamin D,

fibroblast growth factor 23  (FGF-23) and klotho with alterations

in FMD  in  children with CKD, since they are closely related

to renal control of phosphorus. Increasing FGF-23 has  pre-

viously been shown to reduce blood calcium concentrations

increasing iPTH. CKD decreases the expression of �-klotho,

the co-receptor for FGF-23. Reduced klotho activity can lead

to resistance to FGF-23.28 Klotho has been shown to affect

endothelial function by increasing smooth muscle cells and by

generating NO.29 Endothelial function can also be enhanced

by vitamin D and vitamin D receptor agonists.30–32 FGF-23

has various effects, including those on the renin-angiotensin-

aldosterone system, mediators of inflammation, and as  a

vitamin D agonist.33 A recent study has associated FGF-23 with

iPTH and mineral metabolism disorders in CKD.34
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Table 4 – Clinical and laboratory characteristics of patients according to  flow-mediated dilation.

Variable FMD <  7%, n  = 68 FMD ≥ 7%, n = 61  P

Girls, n (%) 31  (45.6) 32 (52.5) .436

Age (years), mean (SD) 13.1  (2.5) 13.1 (2.7) .659

Time since CKD diagnosis (months), median (IQR) 24  (11−47) 29  (12−58) .436

Form of treatment, n  (%)

Predialysis 17  (25.0) 22 (36.1) .283

APD 27  (39.7) 24 (39.3)

HD 24  (35.3) 15 (24.6)

BMI z-score, median (IQR) −0.50 (−1.31; −0.02) −1.03 (−2.09; 0.05) .207

Haemoglobin, (g/dl), mean (SD) 11.4 (2.2) 10.9 (2.6) .312

Albumin (g/dl), mean (SD) 4.2 (0.4) 4.2 (0.5) .615

Total cholesterol (mg/dl), mean (SD) 169.1 (38.4) 170.7 (47.6) .779

Triglycerides (mg/dl), median (IQR) 145.5 (115.7−214.0) 120.0 (101.0−181.0) .042

HDL-C (mg/dl), mean (SD) 40.2 (13.2) 43.1 (14.6) .280

Ca x P product, mean (SD) 43.7 (11.4) 44.9 (10.8) .847

iPTH (pg/mL), median (IQR) 495.5 (130.0−1,088.2) 519.0 (137.5−1,648.0) .266

hsCRP (U/l), median (IQR) 1.24 (0.49−5.41) 0.55 (0.28−2.14) .007

IL-6 (pg/mL), median (IQR) 0.00 (0.00−14.08) 0.00 (0.00−5.55) .820

IL-1  ̌ (pg/mL), median (IQR) 1.17  (0.00−18.80) 2.11 (0.00−7.90) .895

TNF-  ̨ (pg/mL), median (IQR) 0.00  (0.00−41.34) 5.28 (0.00−62.98) .230

MDA (nM), median (IQR) 1.72 (1.08−2.36) 1.72 (1.27−2.56) .512

Homocysteine (�mol/l), median (IQR) 13.96 (10.10−17.40) 14.12 (11.30−16.50) .639

NO (�M), median (IQR) 35.19 (26.41−53.29) 34.94 (27.74−54.33) .976

GSH (�M), median (IQR) 461.7 (353.7−557.4) 491.7 (370.0−578.3) .583

SOD (UI/protein g), median (IQR) 6.28 (0.00−17.80) 2.47 (0.00−17.19) .457

APD: automated peritoneal dialysis; BMI: body mass index; FMD: flow-mediated dilation; GSH: reduced glutathione; HD: haemodialysis; HDL-C:

high-density lipoprotein cholesterol; hsCRP: high-sensitivity C-reactive protein; IL: interleukin; iPTH: intact parathyroid hormone; IQR: interquar-

tile range; MDA: malondialdehyde; NO: nitric oxide; SD: standard deviation; SOD: superoxide dismutase; TNF-�:  tumour necrosis factor alpha.

For frequencies and proportions, Chi2 was used  for comparisons.

For means with standard deviations, Student’s t-test was used  for comparisons.

For medians with interquartile ranges, the Mann-Whitney U test was used for comparisons.

Data in bold show p-values that were significant.

Table 5 – Clinical and laboratory characteristics of patients according to  flow-mediated dilation.

Variable FMD < 7%, n  = 68 FMD ≥ 7%, n = 61  P

Nutritional condition

Well nourished 21  (30.9) 15 (24.6) .728

Overweight-obese 6 (8.8) 6 (9.8)

Malnourished 41  (60.3) 40 (65.6)

Hypertension 30  (44.1) 33 (54.1) .258

Anaemia 40  (58.8) 38 (62.3) .687

Albumin < 4 g/dl  15  (22.1) 21 (34.4) .118

Hypercholesterolaemia 32  (47.1) 31 (50.8) .670

Hypertriglyceridaemia 56  (82.4) 41 (67.2) .047

Low HDL-C 31  (45.6) 26 (42.6) .735

Increased Ca  x  P product 9 (13.2) 3 (4.9) .104

iPTH

High 28  (41.2) 34 (55.7) .036

Normal 27  (39.7) 24 (39.3)

Low 13  (19.1) 3 (4.9)

hsCRP > 3Q 22  (32.4) 9 (14.8) .020

IL-6 >  3Q 19  (27.9) 12 (19.7) .272

IL-1  ̌ > 3Q 18  (26.5) 13 (21.3) .494

TNF-� >  3Q 14  (20.6) 16 (26.2) .449

MDA > 3Q 15  (22.1) 16 (26.2) .580

Homocysteine > 3Q 18  (26.5) 12 (19.7) .361

NO <  1Q 52  (76.5) 44 (72.1) .573

GSH < 1Q 53  (77.9) 45 (73.8) .580

SOD < 1Q 50  (73.5) 47 (77.0) .644

FMD: flow-mediated dilation; GSH:  reduced glutathione; HDL-C: high-density lipoprotein cholesterol; hsCRP: high-sensitivity C-reactive protein;

IL: interleukin; iPTH: intact parathyroid hormone; MDA: malondialdehyde; NO: nitric oxide; SOD: superoxide dismutase; TNF-�: tumour necrosis

factor alpha; 1Q first quartile; 3Q third quartile.

Frequencies and percentages are  reported; the Chi2 test was used.

Data in bold show p-values that were significant.
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Table 6 – Analysis of correlation of flow-mediated dilation with clinical and biochemical variables.

Variable Correlation (P)a Variable Correlation (P)a

Age 0.008  (.932) Homocysteine 0.052 (.557)

Time since CKD diagnosis 0.013 (.882) hsCRP log  −0.257  (.003)

BMI z-score −0.020 (.824) IL-6 log −0.210  (.139)

Haemoglobin −0.008 (.927) IL-1� log −0.025  (.826)

Albumin 0.012 (.893) TNF� log  0.057 (.656)

Cholesterol 0.037 (.677) NO −0.089  (.314)

Triglycerides −0.101 (.254) GSH −0.060  (.497)

HDL-C 0.115 (.196) MDA 0.037 (.681)

Ca x  P product 0.027 (.766) SOD −0.091  (.302)

iPTH 0.058 (.513)

BMI: body mass index; GSH: reduced glutathione; HDL-C: high-density lipoprotein cholesterol; hsCRP: high-sensitivity C-reactive protein; IL:

interleukin; iPTH: intact parathyroid hormone; MDA: malondialdehyde; NO: nitric oxide; SOD: superoxide dismutase; TNF-�: tumour necrosis

factor alpha.

Data in bold show p-values that were significant.
a Pearson’s r  was used.

Table 7 – Logistic regression model for the probability of having flow-mediated dilation <7%.

Variable B  P OR [0,5–6]95% CI

Lower Higher

CKD stage 5  in APD −0.082 .863 0.921 0.361 2.353

CKD stage 5  on  HD 0.328 .511 1.388 0.521 3.696

Hypertriglyceridaemia 0.919 .051 2.508 0.997 6.308

Low iPTH 1.484 .033 4.409 1.126 17.267

hsCRP > 3Q 1.060 .022 2.888 1.163 7.171

APD: automated peritoneal dialysis; CKD: chronic kidney disease; HD: haemodialysis; hsCRP: high-sensitivity C-reactive protein; iPTH: intact

parathyroid hormone; 3Q: third  quartile.

Variables included in the  model: stage  of  CKD  and  form of treatment (CKD stage 2−4 is  the  baseline category), hypertriglyceridaemia, low iPTH,

hsCRP > 3Q.

In this study, we found a consistent association in both

univariate and multivariate analyses between blood hsCRP

concentrations and FMD.  To our knowledge, this associa-

tion had not been previously described in children with

CKD, despite the fact that inflammation is practically con-

stant in patients with this disease. Inflammation is a  central

mechanism of ED and there is  abundant evidence of the

association between inflammation and oxidative stress. The

dysfunctional endothelium promotes the generation of reac-

tive oxygen species that aggravate vascular inflammation.

Oxidative stress can amplify vascular inflammation, and the

increase in inflammatory cells increases, in turn, the pro-

duction of superoxides.35 A close relationship between ED,

assessed by FMD,  and vascular inflammation has been demon-

strated in subjects with even low cardiovascular risk factors.36

HsCRP contributes to atherosclerosis in  early stages of CVD,

increasing its deposit in the vascular intima even before the

appearance of monocytes.37 This affects the bioavailability of

NO and leads to intimal hyperplasia of the vessels. It appears

that hsCRP acts on oxidised low-density lipoprotein, which

plays a central role in ED induced by oxidised low-density

lipoprotein in  endothelial cells.38 This pro-inflammatory

environment is also exacerbated by the  overexpression of

tumour necrosis factor alpha and interleukin 1�,  which pro-

mote leukocyte migration and adhesion.39 These chemokines

induce endothelial cells and leukocytes to express vascular

cell adhesion molecules and intercellular adhesion molecules,

monocyte chemotactic protein 1, E-selectin and P-selectin,

which in turn contribute to  the worsening of the ED.40

ED is  a multifactorial, early and permanent manifestation

of CVD. In children with CKD, the association of the  different

risk factors, both traditional and non-traditional, in  patients in

stages 2–5 undergoing medical treatment as well as APD or HD,

and with a  multivariate analysis approach, had not been stud-

ied previously. Our results confirm the detrimental effect of

inflammation and hypertriglyceridaemia on endothelial func-

tion and point to  the  need to pay more  attention to ABD, which

can be the consequence of a sometimes excessive treatment

of metabolic bone disease, as a cause of ED.

A limitation of our study, but an  area of opportunity for

further studies, was the incomplete study of the patients’ bone

metabolism.

Conclusions

Hypertriglyceridaemia, increased hsCRP and low iPTH con-

centrations were significantly associated with altered FMD in

children with stages  two to five CKD included in our study.

These are common and potentially preventable and treatable

CVD risk factors.

Funding

This work has been funded by the Fondo para Investigacion

en Salud, Mexico (grant number FIS/IMSS/PROT/G11/932).



444  n e f r o l o g i a. 2 0  2 1;4 1(4):436–445

Conflicts  of  interest

The authors declare that they have no conflicts of interest.

Acknowledgements

The authors would like  to thank Susan Drier-Jonas for her

assistance with the manuscript.

r e  f  e r  e  n  c  e  s

1. United States Renal Data System [Accessed 30  May 2020].
Available from: https://www.usrds.org/media/2283/2018
volume 2 esrd in the  us.pdf, 2018.

2.  Sethna CB, Merchant K, Reyes A. Cardiovascular disease risk
in children with kidney disease. Semin Nephrol.
2018;38:298–313,
http://dx.doi.org/10.1016/j.semnephrol.2018.02.009.

3.  Wang F, Xiong R, Feng S,  Lu X, Li  H, Wang S.  Association of
circulating levels of ADMA with carotid intima-media
thickness in patients with CKD: a  systematic review and
meta-analysis. Kidney Blood Press Res. 2018;43:25–33,
http://dx.doi.org/10.1159/000486743.

4.  Hsu CN, Lu PC, Lo  MH, Lin IC, Tain YL. The association
between nitric oxide pathway, blood pressure abnormalities,
and  cardiovascular risk profile in pediatric chronic kidney
disease. Int J Mol Sci. 2019;20:5301,
http://dx.doi.org/10.3390/ijms20215301.

5.  Heo KS, Fujiwara K, Abe J. Disturbed-flow-mediated vascular
reactive oxygen species induce endothelial dysfunction. Circ
J.  2011;75:2722–30, http://dx.doi.org/10.1253/circj.cj-11-1124.

6.  Jourde-Chiche N, Fakhouri F,  Dou L, Bellien J, Burtey S, Frimat
M, et al. Endothelium structure and function in kidney health
and disease. Nat Rev Nephrol. 2019;15:87–108,
http://dx.doi.org/10.1038/s41581-018-0098-z.

7.  Zhang Y, Zhang H, Li  P. Cardiovascular risk factors in children
with type 1 diabetes mellitus. J  Pediatr Endocrinol Metab.
2019;32:699–705, http://dx.doi.org/10.1515/jpem-2018-0382.

8.  Querfeld U, Schaefer F. Cardiovascular risk factors in children
on dialysis: an  update. Pediatr Nephrol. 2020;35:41–57,
http://dx.doi.org/10.1007/s00467-018-4125-x.

9.  Sarnak MJ,  Amann K, Bangalore S,  Cavalcante JL, Charytan
DM,  Craig JC, et al. Conference participants. Chronic kidney
disease and coronary artery disease: JACC state-of-the-art
review. J Am Coll Cardiol. 2019;74:1823–38,
http://dx.doi.org/10.1016/j.jacc.2019.08.1017.

10.  Hussein G, Bughdady Y, Kandil ME, Bazaraa HM, Taher H.
Doppler assessment of brachial artery flow as  a  measure of
endothelial dysfunction in pediatric chronic renal failure.
Pediatr Nephrol. 2008;23:2025–30,
http://dx.doi.org/10.1007/s00467-008-0874-2.

11. Khandelwal P, Murugan V, Hari S, Lakshmy R, Sinha A, Hari P,
et  al. Dyslipidemia, carotid intima-media thickness and
endothelial dysfunction in children with chronic kidney
disease. Pediatr Nephrol. 2016;31:1313–20,
http://dx.doi.org/10.1007/s00467-016-3350-4.

12. Lilien MR, Koomans HA, Schröder CH. Hemodialysis acutely
impairs endothelial function in children. Pediatr Nephrol.
2005;20:200–4, http://dx.doi.org/10.1007/s00467-004-1718-3.

13.  Rodriguez-Miguelez P, Seigler N, Harris RA. Ultrasound
assessment of endothelial function: a  technical guideline of
the flow-mediated dilation test. J Vis Exp. 2016;110:1–10,
http://dx.doi.org/10.3791/54011.

14. Becker P, Carney LN, Corkins MR, Monczka J, Smith E, Smith
SE, et al. Academy of Nutrition and Dietetics; American
Society for Parenteral and Enteral Nutrition. Consensus
statement of the Academy of Nutrition and
Dietetics/American Society for Parenteral and Enteral
Nutrition: indicators recommended for the identification and
documentation of pediatric malnutrition (undernutrition).
Nutr Clin Pract. 2015;30:147–61,
http://dx.doi.org/10.1177/0884533614557642.

15. Cole T, Bellizzi M. Establishing a  standard definition for child
overweight and obesity worldwide: international survey. BMJ.
2000;320:1240, http://dx.doi.org/10.1136/bmj.320.7244.1240.

16. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE,
Daniels SR, et al. Clinical practice guideline for screening and
management of high blood pressure in children and
adolescents. Pediatrics. 2017;140:e20171904,
http://dx.doi.org/10.1542/peds.2017-1904.

17. World Health Organization [Accessed 30  May 2020]. Available
from: https://apps.who.int/iris/bitstream/handle/
10665/85839/WHO NMH NHD MNM 11.1 eng.pdf?ua=1, 2011.

18.  Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA,
et al. KDOQI US commentary on the 2012 KDIGO clinical
practice guideline for the evaluation and management of
CKD.  Am J Kidney Dis. 2014;63:713–35,
http://dx.doi.org/10.1053/j.ajkd.2014.01.416.

19. Kidney Disease: Improving Global Outcomes (KDIGO)
CKD-MBD Update Work Group. KDIGO 2017 clinical practice
guideline update for the diagnosis, evaluation, prevention,
and treatment of chronic kidney disease–mineral and bone
disorder (CKD-MBD). Kidney Int. 2017;7:1–59,
http://dx.doi.org/10.1016/j.kisu.2017.04.001.

20. Poulikakos D, Ross L, Recio-Mayoral A,  Cole D, Andoh J,
Chitalia N,  et al. Left ventricular hypertrophy and endothelial
dysfunction in chronic kidney disease. Eur Heart J Cardiovasc
Imaging. 2014;15:56–61, http://dx.doi.org/10.1093/ehjci/jet120.

21. Youssef DM, Gomaa MA, El-Akhras A, Tolba SAR, Abd Allah
GM, Daoud O, et al. Brachial artery flow-mediated dilatation
and carotid intima-media thickness in children with
idiopathic nephrotic syndrome. Iran J  Kidney Dis.
2018;12:331–40.

22. Kosmeri C, Siomou E, Vlahos AP,  Milionis H. Review shows
that lipid disorders are associated with endothelial but not
renal dysfunction in children. Acta Paediatr. 2019;108:19–27,
http://dx.doi.org/10.1111/apa.14529.

23. Lilien MR, Stroes ES, Roodt JO, de  Jongh S,  Schroder CH,
Koomans HA. Vascular function in children after renal
transplantation. Am J Kidney Dis. 2003;41:68491,
http://dx.doi.org/10.1053/ajkd.2003.50131.

24. Tomiyama C, Carvalho AB, Higa A, Jorgetti V, Draibe SA,
Canziani ME. Coronary calcification is associated with lower
bone formation rate in ERC patients not yet in dialysis
treatment. J Bone Miner Res. 2010;25:499–504,
http://dx.doi.org/10.1359/jbmr.090735.

25. London GM, Marchais SJ, Guerin AP, Boutouyrie P, Metivier F,
de  Vernejoul MC. Association of bone activity, calcium load,
aortic stiffness, and calcifications in ESRD. J Am  Soc Nephrol.
2008;19:1827–35, http://dx.doi.org/10.1681/ASN.2007050622.

26.  Barreto DV, Barreto FC, Carvalho AB, Cuppari L, Draibe SA,
Dalboni MA, et al. Association of changes in bone remodeling
and coronary calcification in hemodialysis patients: a
prospective study. Am  J Kidney Dis. 2008;52:1139–50,
http://dx.doi.org/10.1053/j.ajkd.2008.06.024.

27. García-Bello JA, Gómez-Díaz RA, Contreras-Domínguez A,
Talavera JO, Mondragón-González R, Sanchez-Barbosa L,  et al.
Carotid intima media thickness, oxidative stress, and
inflammation in children with chronic kidney disease. Pediatr
Nephrol. 2014;29:273–81,
http://dx.doi.org/10.1007/s00467-013-2626-1.

https://www.usrds.org/media/2283/2018_volume_2_esrd_in_the_us.pdf
https://www.usrds.org/media/2283/2018_volume_2_esrd_in_the_us.pdf
dx.doi.org/10.1016/j.semnephrol.2018.02.009
dx.doi.org/10.1159/000486743
dx.doi.org/10.3390/ijms20215301
dx.doi.org/10.1253/circj.cj-11-1124
dx.doi.org/10.1038/s41581-018-0098-z
dx.doi.org/10.1515/jpem-2018-0382
dx.doi.org/10.1007/s00467-018-4125-x
dx.doi.org/10.1016/j.jacc.2019.08.1017
dx.doi.org/10.1007/s00467-008-0874-2
dx.doi.org/10.1007/s00467-016-3350-4
dx.doi.org/10.1007/s00467-004-1718-3
dx.doi.org/10.3791/54011
dx.doi.org/10.1177/0884533614557642
dx.doi.org/10.1136/bmj.320.7244.1240
dx.doi.org/10.1542/peds.2017-1904
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf?ua=1
dx.doi.org/10.1053/j.ajkd.2014.01.416
dx.doi.org/10.1016/j.kisu.2017.04.001
dx.doi.org/10.1093/ehjci/jet120
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
http://refhub.elsevier.com/S2013-2514(21)00083-3/sbref0105
dx.doi.org/10.1111/apa.14529
dx.doi.org/10.1053/ajkd.2003.50131
dx.doi.org/10.1359/jbmr.090735
dx.doi.org/10.1681/ASN.2007050622
dx.doi.org/10.1053/j.ajkd.2008.06.024
dx.doi.org/10.1007/s00467-013-2626-1


n e  f r  o  l  o g i  a.  2  0 2 1;4  1(4):436–445 445

28. Lunyera J, Scialla JJ. Update on chronic kidney disease mineral
and bone disorder in cardiovascular disease. Semin Nephrol.
2018;38:542–58,
http://dx.doi.org/10.1016/j.semnephrol.2018.08.001.

29. Maltese G, Psefteli PM, Rizzo B, Srivastava S,  Gnudi L,  Mann
GE, et al. The anti-ageing hormone klotho induces
Nrf2-medi-ated anti-oxidant defenses in human aortic
smooth muscle cells. J  Cell Mol Med. 2017;21:621–7,
http://dx.doi.org/10.1111/jcmm.12996.

30. Chitalia N, Ismail T, Tooth L, Boa F,  Hampson G,  Goldsmith D,
et al. Impact of vitamin D supplementation on arterial
vasomotion, stiffness and endothelial biomarkers in chronic
kidney disease patients. PLoS One. 2014;9:e91363,
http://dx.doi.org/10.1371/journal.pone.0091363.

31.  Levin A,  Tang M, Perry T, Zalunardo N, Beaulieu M, Dubland
JA,  et al. Randomized controlled trial for the effect of vitamin
D  supplementation on vascular stiffness in CKD. Clin J Am
Soc Nephrol. 2017;12:1447–60,
http://dx.doi.org/10.2215/CJN.10791016.

32.  Kumar V, Yadav AK, Lal A,  Kumar V, Singhal M,  Billot L, et al.
A  randomized trial of vitamin D supplementation on vascular
function in CKD. J  Am Soc Nephrol. 2017;28:31008,
http://dx.doi.org/10.1681/ASN.2017010003.

33.  Singh S, Grabner A,  Yanucil C, Schramm K, Czaya B, Krick S,
et al. Fibroblast growth factor 23 directly targets hepatocytes
to promote inflammation in chronic kidney disease. Kidney
Int. 2016;90:985–96,
http://dx.doi.org/10.1016/j.kint.2016.05.019.

34.  Kritmetapak K, Pongchaiyakul C.  Parathyroid hormone
measurement in chronic kidney disease: from basics to
clinical implications. Int J  Nephrol. 2019;2019:5496710,
http://dx.doi.org/10.1155/2019/5496710.

35. Karbach S,  Wenzel P, Waisman A, Munzel T, Daiber A. eNOS
uncoupling in cardiovascular diseases—the role of oxidative
stress and inflammation. Curr Pharm Des. 2014;20:3579–94,
http://dx.doi.org/10.2174/13816128113196660748.

36. Honda A, Tahara N, Nitta Y, Tahara A, Igata S, Bekki M, et al.
Vascular inflammation evaluated by
[18F]-fluorodeoxyglucose-positron emission
tomography/computed tomography is associated with
endothelial dysfunction. Arterioscler Thromb Vasc Biol.
2016;36:1980–8,
http://dx.doi.org/10.1161/ATVBAHA.116.307293.

37.  Han KH, Hong KH, Park JH, Ko J, Kang DH, Choi KJ, et al.
C-reactive protein promotes monocyte chemoattractant
protein-1–mediated chemotaxis through upregulating CC
chemokine receptor 2 expression in human monocytes.
Circulation. 2004;109:2566–71,
http://dx.doi.org/10.1161/01.CIR.0000131160.94926.6E.

38.  Obradovic MM, Trpkovic A, Bajic V, Soskic S, Jovanovic A,
Stanimirovic J, et al. Interrelatedness between C-reactive
protein and oxidized low-density lipoprotein. Clin Chem Lab
Med. 2015;53:29–34, http://dx.doi.org/10.1515/cclm-2014-0590.

39.  Barton M. Prevention and endothelial therapy of coronary
artery disease. Curr Opin Pharmacol. 2013;13:226–41,
http://dx.doi.org/10.1016/j.coph.2013.05.005.

40.  Batko K, Krzanowski M, Gajda M, Dumnicka P, Fedak D,
Woziwodzka K, et al. Endothelial injury is closely related to
osteopontin and TNF receptor-mediated inflammation in
end-stage renal disease. Cytokine. 2019;121:154729,
http://dx.doi.org/10.1016/j.cyto.2019.05.016.

dx.doi.org/10.1016/j.semnephrol.2018.08.001
dx.doi.org/10.1111/jcmm.12996
dx.doi.org/10.1371/journal.pone.0091363
dx.doi.org/10.2215/CJN.10791016
dx.doi.org/10.1681/ASN.2017010003
dx.doi.org/10.1016/j.kint.2016.05.019
dx.doi.org/10.1155/2019/5496710
dx.doi.org/10.2174/13816128113196660748
dx.doi.org/10.1161/ATVBAHA.116.307293
dx.doi.org/10.1161/01.CIR.0000131160.94926.6E
dx.doi.org/10.1515/cclm-2014-0590
dx.doi.org/10.1016/j.coph.2013.05.005
dx.doi.org/10.1016/j.cyto.2019.05.016

	Endothelial dysfunction in children with chronic kidney disease
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Funding
	Conflicts of interest
	Acknowledgements
	References


