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Abstract
Objective We evaluated the association between inflamma-
tion and oxidative stress with carotid intima media thickness
(cIMT) and elasticity increment module (Einc) in pediatric
patients with chronic kidney disease (CKD).
Methods This analytical, cross-sectional study assessed 134
children aged 6–17 years with CKD. Anthropometric measure-
ments and biochemistry of intact parathyroid hormone (iPTH),
high-sensitivity C-reactive protein (CRP), interleukin (IL)-6,

IL-1β, reduced glutathione (GSH), malondialdehyde, nitric
oxide, and homocysteine were recorded. Bilateral carotid ultra-
sound (US) was taken. Patients were compared with controls
for cIMT and Einc using≥75 percentile (PC).
Results Mean cIMT was 0.528±0.089 mm; Einc was 0.174±
0.121 kPa × 103; cIMT negatively correlated with phosphorus
(r −0.19, p =0.028) and the calcium × phosphorus (Ca × P)
product (r −0.26, p =0.002), and positively with iPTH
(r 0.19,p =0.024). After adjusting for potential confounders,
hemodialysis (HD) (β=0.111, p =<0.001), automated perito-
neal dialysis (APD) (β=0.064, p =0.026), and Ca x P product
(β=−0.002, p =0.015) predicted cIMT (R2=0.296). In pa-
tients on dialysis, HD (β=0.068, p =0.010), low-density lipo-
protein cholesterol (LDL-C) (β=0.001, p =0.048), and GSH
(β=−0.0001, p =0.041) independently predicted cIMT
(R 2=0.204); HD, hypoalbuminemia, and high iPTH increased
the risk of increased cIMT. In dialysis, Einc was inversely asso-
ciated with GSH, and in predialysis, Ca × P correlated with/
predicted Einc (β=0.001, p=0.009).
Conclusions cIMT and Einc strongly associate with several
biochemical parameters and GSH but not with other oxidative
stress or inflammation markers.

Keywords Intact PTH . Carotid intimamedia . Elasticity
increment module . Pediatric CKD . Dialysis . Predialysis

Introduction

Patients with chronic kidney disease (CKD) are more suscep-
tible to atherosclerosis than the general population of the same
age and gender. In addition to the traditional cardiovascular risk
(CVR) factors, there is growing interest in knowing the effects
of nontraditional risk factors, such as inflammation, oxidative
stress, and hyperhomocysteinemia. Traditional CVR factors
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include age, male sex, hypertension (HTA), diabetes mellitus
(DM), dyslipidemia, and physical inactivity. Other risk factors
in CKD are anemia, hypervolemia, hyperparathyroidism,
among others, as well as factors from dialysis modality [1, 2].
Nontraditional risk factors include oxidative stress and inflam-
mation [3, 4]. Vascular Doppler ultrasound (US) is a noninva-
sive tool that is relatively inexpensive and has the potential to
identify populations at high risk for CVD, including in the
early stages, through the measurement of intima media thick-
ness of the carotid arteries and different measurements of
arterial stiffness [5–7]. It is noteworthy that, given the com-
mon state of malnutrition presented by CKD patients as a
consequence of both the imbalance between anabolism and
catabolism imposed by the disease, and dietary restrictions
that are part of the treatment, weight and body mass index
(BMI) are quite different in patients compared with healthy
children. One of the gaps in current knowledge is to establish
precisely the correlation between size, growth, and race in
carotid intima media thickness (cIMT).

A more global evaluation of the physical properties of the
arterial system can be obtained by measuring arterial stiffness
derived from the complex interactions between ventricular
output, physical properties of the system, and hematological
characteristics of the blood [8]. Arterial stiffness is a dynamic
property and is dependent of vascular structure and function
and systolic (SBP) and diastolic (DBP) blood pressure. Re-
gardless of the technique used to measure arterial stiffness,
experience in children is limited. Arterial distension measured
by US is altered in children with a family history of myocar-
dial infarction, in children with high levels of low-density-
lipoprotein cholesterol (LDL-C), with obesity, with hyperten-
sion, with hyperinsulinemia, and with type 1 DM [5, 7].

There are various ways to evaluate vascular elasticity. Pulse
wave velocity (PWV) is defined by the equation by Moens-
Korteweg, where PWV=√(Eh/2pR), where E is the Young
module of the arterial wall, h is wall thickening, R is the
arterial radius at end diastole, and p is blood density [9]. In
order to measure other parameters of arterial stiffness, the
formulas originally described by Isnard et al. are usually ap-
plied [10]. Although PWV is the most convenient method for
epidemiological studies, local measurements of arterial stiff-
ness, such as elasticity increment module (Einc), are the most
convenient for analyzing physiopathological, pharmacological,
and therapeutic bases [11].

The scarcity of data on vascular damage in the early stages
of CKD, measured with high-resolution US, is a concern for
nephrologists who care for such children [12–15]. In one
study, Chavarría et al. evaluated 60 pediatric patients on any
dialysis modality and found that 29 had increased cIMT,
which was associated with time on dialysis of >2 years, hy-
percalcemia, greater intake of calcitriol (CTR), and being on
HD [16]. To our knowledge, no study to date has evaluated
both traditional and nontraditional CVR factors on cIMT and

included patients from both dialysis modalities and those in
the early stages of the disease (stages 2–4). The object of our
study was to measure the magnitude of association between
concentrations of mediators of inflammation, oxidative stress,
and antioxidation with cIMTand Einc in pediatric patients with
CKD, where a timely, adequate intervention might contribute
to delaying the appearance of CVD.

Methods

Consecutive cases of children ages 2 years to 16 years, 11 months
of agewith a diagnosis of CKD in stages 2–5were obtained from a
reference center (Pediatric Nephrology Services of UMAE Hospi-
tal, General Centro Médico La Raza; and UMAE Pediatric Hospi-
tal, CMNSXXI del IMSS) andwere invited to participate, with the
following inclusion criteria: eitherwithout treatment (predialysis) or
with at least 1 month of treatment on automated peritoneal dialysis
(APD) or hemodialysis (HD). In addition, parents and children
>8 years gave written consent to participate in the study, which
was approved by the National Ethics and Research Committee.
Excluded were patients with CKD as a consequence of a
rheumatic disease with vasculitis, such as lupus erythematosus,
acute vascular purpura, or Wegner’s granulomatosis; with clin-
ical evidence of some infection either at the time of taking
laboratory samples and/or US or in the week prior, as evaluated
by the authors, or who had undergone surgery during the
previous month; those with a family history of dyslipidemia
or who did not cooperate in the US; and patients taking treat-
ment with corticosteroids or any other immunosuppressor.

Medical history, anthropometric measurements (age,
weight, height, systolic and diastolic BP and biochemistry were
recorded. Total cholesterol (TC), high-density-lipoprotein cho-
lesterol (HDL-C), triglycerides (TG), albumin (Alb), calcium
(Ca), and phosphorus (P) were measured using the Synchron
CX analyzer (Beckman Systems, Fullerton, CA, USA),
according to standard protocols. Coefficients of variation for
TC and HDL-C were 3.3 % and 2.5 %, respectively. Plasma
interleukin (IL)-6, IL1-b, and tumor necrosis factor (TNF)-α
concentrations were determined using the enzyme-linked
immunosorbent assay (ELISA) (Quantike HS Human Immu-
noassay Kits, R&D Systems, Minneapolis, MN, USA), plasma
C-reactive protein (CRP) was measured using a highly sensi-
tive human CRP (hsCRP) ELISA kit (Alpha Diagnostic, San
Antonio, TX, USA ) according to the manufacturer’s instruc-
tions, and results were read by an ELISA reader (Sunrise, Tecan
USA, Durham, NC, USA). Reduced glutathione (GSH) was
measured by lambda 25 spectrophotometry (Perkins Elmer,
USA). Nitric oxide (NO) was measured with ELISA
KontrolLab Eliread (RT-2100C) using the Greiss method.
Homocysteine was measured by chemoluminescence on
Immulite 1000 equipment (Siemens, Germany). BMI was
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calculated as kilograms per square meter of body surface,
and the z -score was calculated.

All studies were performed by a single, trained radiologist
with a high-resolution US scanner (Sonosite Micromaxx Fuji
FilmTM, Japan), with imaging on B mode (real time),
Doppler color, and Doppler duplex spectral equipped with
a 7–12-MHz linear array transducer. Doppler and real-
time US studies were performed after patients underwent
an overnight fast. Patients were placed in the supine
position with the neck in hyperextension. The cIMT was
defined by the border between the echolucent vessel lumen
and the echogenic intima and the border between the
echolucent media and echogenic adventitia. The measurement
was done during diastole, according to American Heart
Association (AHA) 2009 recommendations [7]. All scans
were digitally photographed and stored in the US hard disk
and via Ethernet. Images were subsequently analyzed by the
same radiologist using QLAB 4.2.1 Advanced Ultrasound
Quantification software developed for automatic analysis of
US images, with the computerized standardized intima media
measurement. Mean value of cIMT for the right and left
carotid arteries were calculated.

The formulas originally described by Isnard et al. were used
to measure arterial stiffness: Distensibility (DC)=2(ΔD/D)/
(SBP−DBP), whereD is diastolic diameter andΔD the change
in artery diameter during systole. Rigidity, defined by the
module Einc. Einc, is a marker of intrinsic properties of arterial
wall material independent of its geometry and is calculated
using the light cut section area (LCSA)=π(D/2)2 and the wall
cut section area (WCSA)=π(D/2+cIMT)2−π(D/2)2; therefore,
Einc=3(1+[LCSA/WCSA])/DC) [10].

Analysis was done using Student’s t , Mann–WhitneyU , χ2,
or Fisher exact test and multiple logistic regressions. Among
the variables, BP >95 percentile according to sex, age, and
height was considered hypertension [17]; malnutrition was
considered as height <2 z-scores [18]; anemia was based on
hemoglobin levels, as indicated by the World Health Organiza-
tion, and adjusted by age and sex [19]. Kidney Disease Out-
comes Quality Initiative (KDOQI) and Kidney Disease/
Improving Global Outcomes (KDIGO) guidelines, adjusted
for age and CKD stage, were used to determine normal, high,
and low levels of intact parathyroid hormone (iPTH) and P.
cIMT in the patient group was compared with a normal control
group, as presented by Rabago et al. [5], and Einc≤or>75
percentile (PC). Avalue of p <0.05 was considered significant.
Analysis was done with software package SPSS 16.0.

Results

Of the 134 children who participated in the study, 66 (49.3 %)
were girls; 39 (29.1 %) were in stages 2–4 CKD and receiving
only medical treatment (predialysis patients), 42 (31.3 %)

were on HD, and 53 (39.6 %) were on APD. The median time
from diagnosis was 26 (range 1–205) months. Mean patient
cIMTwas 0.528±0.089 mm and Einc 0.174±0.121 kPa × 103.
Table 1 shows the differences among the values for each
variable in the three groups (predialysis, APD, HD). Signifi-
cant differences were observed regarding months in therapy;
BMI z-score (zs), mean BP in mmHg, hemoglobin, and serum
Alb (sAlb). In regards to lipid profile, there were significant
differences in values for triglycerides, although not so
for HDL-C (mg/dl). There were significant differences in
corrected values for Ca, P, Ca x P product, and iPTH; how-
ever, patients on APD had greater concentrations than those
on HD, with an effect size of 0.35.

Regarding inflammation markers, oxidative stress, and
antioxidation, there were significant differences among treat-
ment groups in GSH and NO levels, as well as in homocys-
teine concentrations. Likewise, average values of cIMT
among treatment groups were significantly higher in patients
on HD than on APD and, in turn, greater in patients on APD
than in predialysis, although the same was not true for Einc

(Table 1).
In the patient group, malnourishment was 64.2 %, over-

weight or obese 9 %, hypertension 48.5 %, anemia 60.4 %,
Alb<4 g/dl 27.6 %, hypertriglyceridemia 75 %, reduced
HDL-C 44 %, high LDL-C 29.1 %, hypocalcemia 49.3 %,
hypercalcemia 14.2 %, hypophosphatemia 62.7 %,
hyperphosphatemia 29.1 %, elevated Ca x P product 9.7 %,
low iPTH 12.7 %, and high iPTH 47 %. In the analysis of
predialysis patients by stage, malnutrition was more frequent
in stage 4 patients than the other stages (data not shown).
According to treatment modality, there were statistically sig-
nificant differences in the proportion of adolescents, there
being more patients on HD (p =0.005); likewise regarding
replacement therapy time and proportion of patients over-
weight or obese, which was greater in predialysis patients
(p =0.036); the proportion of hypertensives was lower in
predialysis patients (p =0.010). Proportion of patients with
anemia was lower in APD patients. A greater proportion in
the APD group had hypertriglyceridemia and hypoalbumin-
emia whereas a greater proportion in the HD group had
hypocalcemia. There was a greater proportion of patients with
normal GSH in the APD than the HD group, and in the HD
than the predialysis group (p =0.002). A greater proportion of
patients in HD and APD groups had abnormal cIMT than in
predialysis patients, with significant difference between HD
and APD patients (data not shown). There were significant
differences in some mediators of inflammation but not IL-6,
IL-1β, TNF-α, hsCRP, and oxidative stress [malondialdehyde
(MDA)] (Table 1).

To evaluate the association of cIMT (mm) with study
variables, we performed an analysis of correlations and found
an inverse significant association with concentrations of
P (r −0.19, p =0.028), Ca × P product (r −0.26, p =0.002),
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and positive for iPTH (r 0.19, p=0.024). There was no signif-
icant correlation of cIMTwith any of the other variables, includ-
ing levels of inflammation markers, oxidative stress,
antioxidation, and homocysteine (data not shown). However, in
patients on either dialysis modality, there was a negative corre-
lation of cIMTwith P and Ca × P product (r −0.28, p=0.006).

Given that no normal values have been established for
cIMT in children with CKD, patients were evaluated
according to the values established as normal by Rabago
et al. [5]. Patients with abnormal cIMT had significantly
higher concentrations of iPTH [1,150 (33–2,419) vs 405
(3.7–5,572); p =0.016)], and lower Ca × P product (40.96±
10.95 vs 45.31±10.97; p =0.050) and GSH (432.37±130.17
vs 509.29±211.65; p =0.015) than those with abnormal cIMT.
Patients with abnormal cIMTalso had a lower BMIzs (−1.35±
1.37 vs −0.79±1.59; p =0.069). For patients on either dialysis
modality, no significant difference was found in concentra-
tions of variables between those with normal or abnormal

cIMT. However, patients on dialysis with abnormal cIMT
had lower GSH concentrations (p =0.167); effect size was
0.33 (data not shown). The proportion of patients in stage 5
CKD and on HD was higher in those with abnormal cIMT
compared with those in any other stage, whereas in pa-
tients in stage 5 and on APD, this relation was inverse
with those in stages 2, 3, and 4 (data not shown). Given that
the clinical characteristics of our patients are complex—and
inflammation markers, oxidative stress, and antioxidation
with cIMT may be influenced by factors such as time of
disease evolution, nutritional status, hypertension, anemia,
hypoalbuminemia, blood lipids, and Ca-P metabolic status—
logistic regression was performed to adjust for the effect of
potentially confounding variables on the associations sought.
As shown in Table 2, when the total group of patients was
analyzed adjusting for potentially confounding variables, stage
5 CKD in both APD and HD and Ca × P product were
independent predictors of cIMT.

Table 1 Characteristics of patients with chronic kidney disease

Variable Total group (n=134) Predialysis (n=39) Peritoneal dialysis (n=53) Hemodialysis (n=42) P value

Age (years) 13.07±2.65 12.55±3.43 13.13±2.26 13.48±2.24 0.287

Gender (F/M) 66/68 19/20 26/27 21/21 0.993

Time in Replacement Therapy (months) – – 16 (1–120)b 40.5 (4–180)c <0.001

BMIzs −0.93±1.56 −0.61±2.02b −0.74±1.28 −1.46±1.26a 0.026

Mean BP (mmHg) 89.21±14.71 84.03±11.31c 92.22±16.14a 90.22±14.65 0.026

Hb (g/dl) 11.14±2.42 12.72±1.75bc 10.42±2.51a 10.57±0.10a <0.001

Albumin (g/dl) 4.24±0.49 4.39±0.43c 3.94±0.45a,b 4.46±0.39c <0.001

Triglycerides (mg/dl) 134 (46–554) 119 (50–485) 160 (95–554) 122 (46–276) 0.001

HDL-cholesterol (mg/dl) 41.62±13.81 44.39±15.22 38.83±13.41 42.57±12.56 0.140

LDL-cholesterol (mg/dl) 97.02±35.62 98.05±42.04 104.64±31.83b 86.45±31.69c 0.045

Calcium (mg/dl) 8.84±1.12 9.11±0.50b 9.04±1.16a,c 8.36±1.32b 0.002

Phosphorus (mg/dl) 5.00±1.13 4.94±0.86 5.24±1.20 4.76±1.21 0.112

Ca x P product 44.24±11.09 45.13±8.31b 46.85±10.88b 40.12±12.55a,c 0.010

iPTH (pg/ml) 516.50 (3.7-2936) 121 (3.7-2621) 821 (7.31-2622) 665 (33–2936) <0.001

hsCRP (mg/L) 0.83 (0.07-186.94) 0.53 (0.11-88.24) 0.94 (0.07-33.84) 1.18 (0.23-186.94) 0.212

IL-6 (pg/ml) 0.00 (0.00-596.27) 0.00 (0.00-596.27) 0.00 (0.00-167.95) 0.00 (0.00-273.18) 0.221

IL-1β (pg/ml) 0.00 (0.00-709.77) 2.65 (0.00-709.77) 2.92 (0.00-364.69) 0.00 (0.00-663.21) 0.116

TNF-α (pg/ml) 0.00 (0.00-3330.53) 0.00 (0.00-2544.30) 11.28 (0.00-1590.96) 0.00 (0.00-3330.53) 0.260

GSH (μm) 490.34±197.14 557.20±211.43c 414.08±130.12a,b 524.50±224.05c 0.001

MDA (nm) 1.72 (0.17-34.97) 1.79 (0.31-31.58) 1.71 (0.17-34.97) 1.72 (0.34-5.46) 0.522

NO (μm) 34.94 (12.53-115.86) 32.07(12.53-103.18) 47.27 (14.29-115.86) 31.00 (14.40-107.96) 0.003

Homocysteine (μm/L) 14.12±5.15 12.97±4.18b 13.66±5.79 15.75±4.80a 0.036

cIMT (mm) 0.528±0.089* 0.474±0.072bc 0.533±0.079a,b 0.571±0.092a,c <0.001

Einc (kPa × 103) 0.174±0.121 0.173±0.115 0.176±0.131 0.171±0.115 0.980

BMIzs body mass index z-score, BP blood pressure, Hb hemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein, Ca × P calcium ×
phosphorus product iPTH intact parathyroid hormone, hsCRP high-sensitivity C-reactive protein, IL interleukin, TNF tumor necrosis factor, GSH
reduced glutathione, MDA malondialdehyde, NO nitric oxide, cIMT carotid intima media thickness, Einc elasticity increment model

Comparison analysis means±standard deviation and ranges with one-way analysis of variance (ANOVA) or Kruskal–Wallis test. Bonferroni post hoc
test was used to determine different groups: a Different from predialysis patients, b different from hemodialysis patients, c different from APD patients

*Compared with controls [5] 0.441±0.04, p <0.001
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For patients on dialysis, those on HD, those with hypoal-
buminemia, and those with high iPTH had greater probability
of having abnormal cIMT (Tables 3 and 4).

Comparing predialysis patients according to CKD stage,
we found no significant differences in cIMT values (0.474±
0.072 mm) or in Einc (0.173±0.115 kPa × 103) (data not
shown); however, P and Ca × P product showed a significant
correlation with Einc (r =0.44, p =0.005). Of the 134 patients,
the proportion with low concentrations of iPTH was signifi-
cantly greater in those with Einc ≥75 PC (21.2 % vs 9.9 %, p =
0.023). On the other hand, in patents on dialysis, a greater
proportion in those with Einc ≥75 PC (50.0 %, p =0.036) had
lower GSH (Tables 5 and 6).

Logistic regression showed that both high and low iPTH
represent greater probability of having Einc ≥75 PC. In patients
on dialysis, logistic regression showed that none of the
variables was associated with a greater probability of
having Einc ≥75 PC.

Discussion

Primary findings of this study were that the average cIMT of
all patients was 0.528±0.089 and that 70.9 % had cIMT
>0.470mm, the value reported as normal in a group of healthy
Mexican children [5]. Patients in predialysis already presented
high cIMT. Chavarría et al. [16] reported a prevalence of high
cIMT of 48 %, but these authors took as the cutoff value the
normal values reported by Jourdan et al. in German patients
that only included individuals 10–20 years old [20]. Our study
includes children from 6 years of age, so it was necessary to
take a cutoff of 0.470 mm. Canpolat et al. [21] reported a
prevalence of increased cIMT of 15 % in predialysis patients
and of 74 % in HD patients. Most studies did not use a cutoff
point to consider high or normal cIMT but analyzed it as a
continuous variable. Ethnic differences could be a reason for
such varied findings, which suggests future efforts to create
tables for children with CKD in various populations. In our
study, we found an association of cIMT with the following
risk factors:

1. Levels of blood P and Ca × P: Other studies have dem-
onstrated significant positive correlation of cIMT with P
[22–25], Ca × P product [21, 24, 25], and historic Ca × P
products [15], as well as the dose of P chelates based on
Ca [15, 24], and CTR dosage [14, 15, 25]. It is possible
that we are indicating especially high doses of P chelates
based on Ca, which could explain both the low prevalence
of hyperphosphatemia and, indirectly, its negative corre-
lation (and consequently that of Ca × P product) with
cIMT. The study by Mitsnefes et al. [24] is particularly
interesting in this regard, as they found that whereas in
patients in predialysis cIMT correlated with Ca × P prod-
uct, in patients on dialysis it associated more so with the
dose of P chelates based on Ca and CTR dose, rather than
Ca × P product. In our predialysis patients, there was a
positive association between cIMT and Ca × P product,
which might reflect the less strict and longer treatment
regime with P chelates for bone metabolism disease.

On the other hand, the high prevalence of under-
nourished patients is noteworthy because, added to the
high prevalence of patients with low and normal blood
P, it may reflect the association between malnutrition,
secondary hypophosphatemia and CVD risk. This merits
further study.

2. Hypoalbuminemia: Our findings agree with those report-
ed by other authors [15, 21, 26, 27]. The mechanism of
vascular damage in hypoalbuminemia is not completely
known, but it is known that low levels of albumin, one of
the main determinants of malnutrition–inflammation–
atherosclerosis (MIA) syndrome, is a strong predictor of
mortality in patients on dialysis [28, 29]. A longitudinal
study in adults demonstrated that hsCRP, cIMT, and

Table 2 Logistic regression of the probability of having abnormal carot-
id intimamedia thickening (cIMT) in patients with chronic kidney disease
(CKD)

Variable B value P value OR 95% CI

Stage 4 0.119 0.945 1.12 0.038 - 33.16

Stage 5 with APD 1.943 0.154 6.98 0.484 - 100.76

Stage 5 with HD 4.044 0.006 57.06 3.12 - 104.06

Albumin <4 g/dl 1.411 0.046 4.10 1.02 - 16.43

High iPTH 1.449 0.023 4.25 1.22 - 14.81

Variables included in the model: gender, age, time in renal replacement
therapy, CKD stage, nutritional status, hypertension, anemia, hypoalbu-
minemia, hypertriglyceridemia, low high-density-lipoprotein cholesterol,
high low-density-lipoprotein cholesterol, calcium × phosphorus product,
intact parathyroid hormone (iPTH), highly sensitive C-reactive protein,
nitric oxide, reduced glutathione, malondialdehyde, homocysteine

OR odds ratio,CI confidence interval, APD automated peritoneal dialysis,
HD hemodialysis

Table 3 Logistic regression of probability of having abnormal carotid
intima media thickening (cIMT) in patients on automated peritoneal
dialysis (APD) and hemodialysis (HD), n =95

Variable B value Standardized B value P value

Stage 5 on HD 0.068 0.389 0.010

LDL-C 0.001 0.256 0.048

GSH −0.0001 −0.239 0.041

Variables included in the model: gender, age, time on renal replacement
therapy, chronic kidney disease stage, body mass index, hypertension,
hemoglobin, albumin, log triglycerides, high-density-lipoprotein cholester-
ol, low-density-lipoprotein cholesterol (LDL-C), calcium × phosphorus
product, log intact parathyroid hormone, log highly sensitive C-reactive
protein, log nitric oxide, reduced glutathione (GSH), log malondialdehyde,
homocysteine with R2 =0.204
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albumin were predictors of mortality in patients with
CKD over the long term [29]. Interestingly, in our
overall patient group and in patients on dialysis,
BMIzs was lower among patients with abnormal
cIMT, and although the p value was >0.05, the sizes
of effect were 0.37 and 0.30, respectively. Therefore,
taking into account that having albuminemia repre-
sented a greater probability of abnormal cIMT, it is
probable that the negative correlation of cIMT with P
and Ca × P product translates into an association
between cIMT and a deteriorated nutritional status.

3. High blood levels of iPTH: Positive association of cIMT
with iPTH is consistent with that reported previously [21,
25, 30]. PTH can, in itself, contribute to vascular damage
through different mechanisms, through alterations to CA-P
metabolism, allowing thickening of the vascular wall [31]
or favoring a chronic increase in BP.

4. Low blood concentrations of GSH: Characteristics of
patients with CKD, such as hypertension and a restricted
diet of fresh fruits and vegetables to avoid hyperkalemia,
with the corresponding reduction in vitamin C levels,
predispose them to greater levels of oxidative stress
than healthy people [29]. Every HD session induces
oxidative stress, with the generation of reactive oxygen
species (ROS) on the surface of the dialysate membrane
through the activation of polymorphonuclear neutrophiles
due to bioincompatibility, whereas a concomitant loss of
antioxidant vitamins is produced through the process of
dialysis itself.

5. LDL-C: Briese et al. [32] found a positive correlation
between LDL-C and cIMT. Oxidized LDL-C is
transported to the subendothelial space of the vessels,
where it provides phagocytes for macrophages, giving
way to the formation of foamy cells that liberate cytokines
(IL-β, TNF-α), matrix metalloproteinase-9 (MMP-9),
ROS, and other tissue factors into the interior of the intima
and media layers of the vessel, which leads to thickening
and later atherosclerosis [33].

6 HD treatment: Chavarría et al. [16] found similar results to
those found in our study. Higher cIMT in patients on HD
compared with those on APD has not been completely
analyzed, although it has been reported previously [26,
34]. Patients on HD may have a greater risk of cardiovas-
cular damage for various reasons, the most feasible being
contact of blood cells with the complementary systems of
a foreign surface (the membrane), which would lead to
increased liberation by leukocytes of ROS, IL-1β, IL-6,
IL-8, IL-12, IL-13, TNF-α, tactile chemical peptide of
type 1 monocytes, and interferon (IFN). This contact
between blood and the membrane also activates the
complement through alternate means, and the subsequent
inflammatory process may be the cause of greater vascular
damage [35].

We found no difference in Einc among different stages of
CKD, which coincides with the results by Rinat et al. [36] but
contrasts with Mitsnefes et al. [24], who found that patients on
dialysis have significantly higher Einc than predialysis pa-
tients. In our study, analysis in predialysis patients of Ca × P
product showed significant positive correlation with Einc, an
association not found previously. As with the association with
cIMT, in analysis of patients in either dialysis modality, the
proportion of patients with concentrations of GSH<75 PC
was greater in those with Einc ≥75 PC; however, this relation-
ship became inverted when analyzing the total group. We
attribute this to the fact that, as explained previously, patients
on dialysis—particularly those on HD—have a greater risk of
reduced antioxidant mechanisms, leading to greater vascular
damage. On the other hand, the proportion of patients with
low iPTH was greater in patients with Einc≥75 PC, and in
logistic regression of all patients, those with low and high
iPTH showed greater probability of Einc ≥75 PC. Nonetheless,
only 17 patients had iPTH below recommended values, and
the lower limits of 95 % confidence intervals (CI) in both
cases were very close to 1 (1.01 for hypoparathyroidism and
1.04 for hyperparathyroidism). Mitsnefes et al. [24] found
correlation between Einc and iPTH, and this turned out to be

Table 4 Logistic regression of probability of having abnormal carotid
intima media thickness (cIMT) in patients on automated peritoneal dialysis
(APD) and hemodialysis (HD), n=95)

Variable B value P value OR 95% CI

Stage 5 on HD 1.888 0.015 6.60 1.44 - 30.15

Albumin <4 g/dl 1.582 0.050 4.86 1.00 - 23.58

High iPTH 1.607 0.021 4.98 1.87 - 28.34

Variables included in the model: gender, age, time on renal replacement
therapy, chronic kidney disease stage, nutritional status, hypertension,
anemia, hypoalbuminemia, hypertriglyceridemia, low high-density -lipo-
protein cholesterol, high low-density-lipoprotein cholesterol,, calcium ×
phosphorus product, intact parathyroid hormone (iPTH), highly sensitive
C-reactive protein, nitric oxide, reduced glutathione (GSH),malondialdehyde,
homocysteine

OR odds ratio, CI confidence interval

Table 5 Characteristics of patients with chronic kidney disease
according to elasticity increment module (Einc)<or ≥75 PC distribution

Variable Category Einc <75 PC
n=101(%)

Einc ≥75 PC
n=33 (%)

P value

iPTH Normal iPTH 47 (46.5) 7 (21.2) 0.023
Decreased iPTH 10 (9.9) 7 (21.2)

Increased iPTH 44 (43.6) 19 (57.6)

Glutathione GSH≤75 PC 80 (79.2) 21 (63.6) 0.071

Comparison analysis with χ2 test

iPTH intact parathyroid hormone, percentile (PC)
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an independent predictor of the same. Likewise, with the use
of high dosage of Ca-based P chelates and aggressive
treatment with vitamin D analogs for hyperparathyroid-
ism, hypoparathyroidism is another possible complication
of bone metabolism disease in the CKD patient. As a
consequence of hypoparathyroidism, adynamic bone cannot
properly deposit calcium in its interior, which leads to poor
regulation of the same in the blood. In this context, Ca load, be
it in dialysis or P chelates, leads to hypercalcemia, which
causes other tissues aside from bone, such as blood vessels,
to deposit calcium in their walls. An increase in the probability
of vascular calcifications in patients with hypoparathyroidism
has been demonstrated by previous authors [37]. Galassi et al.
[38], in an analysis of 109 adult patients on HD, of whom 64
had DM, found that patients treated with Ca-based P chelates
had a greater probability of developing hypoparathyroidism
and greater values of coronary arterial calcium (measured by
computed electron-beam tomography) than patients treated
with Sevelamer. Likewise, Toussaint et al. [39], in a longitu-
dinal study of 48 patients with glomerular filtration rate be-
tween 17 and 55 ml/min, found that the values of vascular
calcifications correlated positively with PWV values and that
Ca × P product correlated positively with PWV. Although we
did not measure the presence of calcifications in our patients,
it is possible that this is the mechanism by which patients with
either hypoparathyroidism or hyperparathyroidism have a
greater risk of having Einc ≥75 PC. Adding the presence of
vascular calcifications would be useful in future studies.

In summary, the prevalence of cIMT above normal ranges
in healthy Mexican children reported previously [5] was high
among the patients we studied, including those with CKD in
predialysis stages of the disease. According to our results and
the findings of various authors, the reason may be associated
patients’ with reduced antioxidant capacity, especially those
who have begun some dialysis modality, as a consequence of
lower levels of GSH. This reduction in antioxidant mecha-
nisms favors circulating particles of LDL-C undergoing oxi-
dation and, by being transported to the subendothelial spaces
of the vessels, they become phagocytes for macrophages,

giving way to the formation of foamy cells that liberate
cytokines (IL-β, TNF-α), MMP-9, ROS, and other tissue
factors into the interior of the intima and media layers of the
vessel, which leads to thickening and later atherosclerosis
[33]. If we add to this a precarious nutritional status, particu-
larly in patients on dialysis, and an environment of Ca-P
imbalance due to using high doses of Ca-based P chelates
and vitamin D analogs—that provoked in our cross-sectional
study hypophosphatemia with lowered values of Ca × P
product—vascular calcification could be favored and with it
an increase in vascular stiffness.

We recognize the limitations of our study, among them
being its cross-sectional design, which does not allow associ-
ations that intend to demonstrate causality, only association.
We only once measured the variables of interest, which are
changing and dynamic. The number of patients by group
might not be sufficient to demonstrate real associations within
each one. We could not precisely measure adherence to treat-
ments with P chelates and CTR. Also, despite intending to
evaluate patients without fluid overload, evaluation of nutri-
tional status was not exact due to the use of weight, height,
BMIzs, and height for age, and not of other, more precise,
methods (dual-energyX-ray absorptiometry).We did not have
an automatedmethod to validate the methodology for later use
as a substitute marker. In addition, it was not possible to
evaluate adherence to treatment. Given that in practice in
Mexico few pediatric patients enter replacement therapy di-
rectly with HD instead of PD, it is probable that patients in HD
had an unevaluated previous time on APD.

In conclusion, in our pediatric patients with CKD, cIMT,
and Einc as markers of vascular risk were associated not only
with traditional risk factors such as Ca × P product, iPTH,
hypoalbuminemia, and increased LDL-C, but also with reduc-
tion in antioxidant mechanisms (GSH) and HD.
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