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Abstract
Background Uremic vasculopathy, including vascular calci-
fication, increases the risk for cardiovascular disease and
mortality in chronic kidney disease (CKD) patients. We
have investigated the prevalence and factors associated with
vasculopathy in children undergoing peritoneal dialysis
(PD) or hemodialysis (HD) in a single center.
Methods Common carotid intima media thickness (cIMT)
and its relation with demographics, biochemical parameters
and medication was analyzed in 60 patients (mean age 12.9±
3.4 years; 27 girls) treated with PD (n031) or HD (n029) for
34±34months. Patients were divided into two groups: normal
cIMT and increased cIMT.
Results Mean levels of calcium, phosphate and calcium/phos-
phate product were in the normal range, the but parathyroid
hormone level, 729±670 pg/mL, was higher than the National
Kidney Foundation Kidney Disease Outcome Quality Iniative
(K/DOQI) recommendations. Twenty-nine patients had in-
creased cIMT, which was associated with time on dialysis

of>2 years, hypercalcemia, higher daily dose of calcitriol
and HD (vs. PD). In the multivariate analysis, accounting for
time on dialysis, HD persisted as a risk for increased cIMT.
Conclusions The prevalence of increased cIMT in children
on dialysis is similar to that reported in adults with CKD and
increased with time on dialysis. HD was associated with
increased cIMT, independently of time on dialysis; however,
the results should be interpreted with caution due to the
possible impact of confounding factors. These results un-
derline the need to monitor and, if possible, prevent and treat
increased cIMT in children on dialysis.
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Introduction

Several studies in children with chronic kidney disease
(CKD) have shown a considerable and consistent associa-
tion between mineral and bone metabolism disorders, in-
cluding abnormal levels of calcium (Ca), phosphorous
(PO4), vitamin D and parathyroid hormone (PTH), and
deteriorating measures of vascular function [1–8]. These
alterations occur early in the course of CKD, and some
therapies designed to treat these disorders can further affect
the progression of vascular pathology [9–11]. These condi-
tions are important risk factors for the development of
vascular calcification (VC) and cardiovascular disease
(CVD). CVD is the leading cause of morbidity and mortality
in both adults and children with CKD [12–16].

Among the factors contributing to CVD in CKD are the
traditional risk factors, especially hypertension which is
present in 50–75 % of pediatric patients with CKD [17].
In this group of patients, other traditional risk factors, such

L. A. Chavarria :A. Aguilar-Kitsu : P. Rosas :A. Fajardo :
L. Mendoza-Guevara : L. Sanchez :C. Zepeda : P. Ibarra :A. Luna
Departamento de Nefrologia, Hospital de Pediatria,
Centro Medico Nacional “Siglo XXI”,
Instituto Mexicano del Seguro Social (IMSS),
Mexico City, Mexico

B. Lindholm : E. García-López
Divisions of Renal Medicine and Baxter Novum, CLINTEC,
Karolinska Institutet,
Stockholm, Sweden

A. Aguilar-Kitsu (*)
Servicio de Nefrologia, UMAE Hospital de Pediatría,
Centro Médico Nacional Siglo XXI,
Av Cuauhtemoc 330, Col Doctores,
Mexico City 06725, Mexico
e-mail: maria.aguilark@imss.gob.mx

Pediatr Nephrol (2012) 27:1557–1564
DOI 10.1007/s00467-012-2173-1



as dyslipidemia, insulin resistance, obesity and malnutrition,
are less frequent [18]. However, uremia-related factors, such
as dysregulation of the Ca–PO4–PTH and vitamin D axis are
common and thought to increase carotid intima-media thick-
ness (cIMT) [1–6], vascular stiffness [6, 7, 19], coronary
calcification [2, 3, 5, 6] and left ventricular mass [20]. CKD
patients have a net positive Ca balance as a result of iatro-
genic Ca loading from Ca-based phosphate binders, vitamin
D therapy and, in dialysis patients, Ca absorbed from the
dialysate. Vascular calcification has been found to be asso-
ciated with the use of calcium-containing phosphate binders
and calcitriol [1,25-dihydroxycholecalciferol, 1,25(OH)2D]
[1, 2, 6, 21], as well as with longer time on dialysis, older
age, and high Ca × PO4 product [2, 3, 5]. In addition to its
systemic effects on Ca and PO4 homeostasis, PTH has a
direct action on vascular smooth muscle cells and cardiac
fibroblasts, causing arteriolar thickening and myocardial
fibrosis, respectively [18, 22]. The use of vitamin D analogs
to treat secondary hyperparathyroidism can result in high
circulating levels of 1,25(OH)2D, and pediatric studies have
consistently shown that a high vitamin D dose adversely
affects cIMT and calcification [23–25]. Fibroblast growth
factor 23 is a potent phosphaturic hormone that increases the
rate of urinary excretion of phosphate and inhibits renal
production of 1,25(OH)2D and helps to mitigate hyperphos-
phatemia in CKD patients; high levels of FGF-23 have been
found in children with CKD stage 3 and 4 [26]. Inflamma-
tion and oxidative stress are common findings in CKD
patients and are associated with increased atherosclerosis
and cardiovascular morbidity and mortality [27, 28].

New drugs, such as non-calcium-based phosphate bind-
ers, other vitamin D analogues and calcimimetics may be
better choices for the treatment of mineral disorders present
in CKD patients and may possibly attenuate the progression
of the vascular complications [9, 29]; however, in Mexico
these drugs are not generally available. The aim of this study
was to investigate the prevalence and factors associated with
vasculopathy, as measured by cIMT, in children with CKD
treated with peritoneal dialysis (PD) or hemodialysis (HD).

Material and methods

A cross-sectional study of prevalence and factors associated
with uremic vasculopathy in children was performed in a
single center and included all patients under the age of
17 years who had been treated with PD or HD for at least
6 months between February 2008 to October 2008. From the
files of these patients we collected information on demo-
graphics, previous and current renal replacement therapy
(RRT), serum values for albumin, Ca, PO4, hemoglobin,
alkaline phosphatase and intact PTH (iPTH; measured by
radioimmunoanalysis; Diagnostic Systems, Webster, TX),

as well as daily doses of calcium carbonate and calcitriol
(1,25(OH)2D). The corrected calcium level was calculated
using the following formula: [(4 − albumin) (0.8)+serum
Ca]; the Ca × PO4 product was also calculated. The average
laboratory values from the last 6 or 12 months for those
patients who were on dialysis for more than 1 year were
taken into account.

The patients were investigated using anM-mode ultrasound
(US) with a 7.5-MHz linear transductor (Aloka SSD-1700
DynaView instrument; Hitachi Aloka Medical Ltd, Tokyo,
Japan). A single well-trained person performed the US scan-
ning. After at least 10 min of rest, with the patients in a supine
position and the neck hyper-extended and rotated, the cIMT
was explored at 10mm from the bifurcation in the right and left
common carotid arteries; intima-media thickness was also
explored in both abdominal aorta (10 cm) and in iliac arteries
after their bifurcation until the inguinal ligament. All of the
arteries were explored longitudinally and transversally to iden-
tify the presence of plaques. cIMTwas classified as normal or
increased according to the normative values for cIMT in pedi-
atric populations suggested by Jourdan et al. [30].

Statistical analysis

For the descriptive statistics, the frequencies and percen-
tages of the variables were calculated. Patients were divided
into two groups: normal cIMT and increased cIMT, and the
percentage and the means were compared with chi-square
and Student´s t-test respectively. For the factors associated
with vascular calcification, an odds ratio (OR) was calculat-
ed. Patients were stratified according to the total time on
RRT and on current therapy (PD or HD) respectively. A
multivariate post-hoc analysis was performed to identify if
modality was an independent factor for increased cIMT, i.e.
not related to time on RRT.

Results

Demographics

Among the 88 patients on dialysis eligible for enrollment in
the study, all the measurements required for participation
were available for only 60 patients, who were then included
in the study. Of these 60 patients, 27 (45 %) were girls, the
age range was 2–16 years; 42 (70 %) of the patients were
between 13 and 16 years old. The etiology of CKD was:
chronic glomerulonephritis (52 %), obstructive uropathy
(25 %), renal hypoplasia/dysplasia (10 %), familial nephritis
(7%), and others (6%). Eleven patients had undergone kidney
transplantation before being included in the study. Thirty-one
patients were on PD and 29 on HD at the time of the inves-
tigation, with a median of 22 months of PD/HD treatment
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(range 6–156 months, mean 34±34 months) dialysis. Twenty-
six patients had been only on PD and six only on HD.

Laboratory parameters

Among the 60 patients, hypoalbuminemia was present in 18%,
anemia with hemoglobin below the National Kidney Founda-
tion Kidney Disease Outcome Quality Initiative (K/DOQI)
recommendation in 93 % (Table 1), hypertriglyceridemia in
82 % and hypercholesterolemia in 23 %. Ca–PO4 metabolism
was evaluated by obtaining the average of Ca and PO4 and
calculating the Ca × PO4 product during the 6 months (for
incident) or 12months (for prevalent patients) prior to the study.
The mean corrected Ca for all patients was 9.1±0.7 mg/dL;
however, when dividing the results according to the K/DOQI
guideline recommendation [31] we found that 50 % of the
patients were in normal range (9.5–10.2 mg/dL), 42 % had
low levels and 8 % had high levels (Table 1). PO4 was 5.6±
1.0 mg/dL and the Ca × PO4 product 50.3±10.3 mg2/dL2.
Levels of PO4 and Ca × PO4 product were higher than the
recommended values in 80 and 31 % of the patients, respec-
tively [31]. Intact PTH (n056) was 729±670 pg/mL; 70 % of
the patients had secondary hyperparathyroidism
(iPTH≥300 pg/mL [31]) and 54 % had severe hyperparathy-
roidism (iPTH≥500 pg/mL).

The average dose of calcium carbonate was 5.4±3. 0 g/day,
and the dose was higher than the recommended dose
(<2.5 g/day) in 65 % of the patients (Table 1). The
average dose of calcitriol was 0.33±0.31 μg/day.

There were no significant differences in the levels of Ca,
PO4, iPTH, Ca × PO4 product or the intake of calcium car-
bonate and calcitriol between PD and HD patients (Table 2).

Intima-media thickness

Thirty-one patients (52 %) had normal cIMT, and 29 (48 %)
patients had an increased cIMT. Among the 11 children with
a previous kidney transplant, seven had increased cIMT.
IMT in the aorta was increased only in two patients with
increased cIMT. Iliac artery IMT was normal in all patients.
(Note: the results of IMT were reported as categorical var-
iables; i.e. as normal cIMT or increased cIMT; therefore, we
are unable to report them as continuous variables).

Factors associated with increased cIMT

Patients were divided into two groups: normal cIMT and
increased cIMT (Table 3). There were no statistically signif-
icant differences in age, gender or etiology of CKD between
the two groups. Of the patients with increased cIMT, 80 %

Table 1 Classification of biochemical parameters in 60 children on
dialysis in relation to target values recommended by the K/DOQI

Biochemical parameters n (%)

Albumin

>3.5 g/dL 49 (82)

<3.5 g/dL 11 (18)

Hemoglobin

>11 g/dL 4 (7)

<11 g/dL 56 (93)

Corrected calcium

Low 25 (42)

Normal range 30 (50)

High 5 (8)

PO4

Normal range 12 (20)

High 48 (80)

Ca × PO4 product

Normal range 41 (68)

High 19 (31)

Intact PTH (>300 pg/mL) 40 (70)

CaC (g/day >recommended dose)a 20 (33.33)

K/DOQI, National Kidney Foundation Kidney Disease Outcome Qual-
ity Initiative; PTH, parathyroid hormone
a CaC,Calcium carbonate >2.5 g /day

Table 2 Laboratory results and medication by type of therapy and
deviations from target values recommended by the National Kidney
Foundation Kidney Disease Outcome Quality Initiative (K/DOQI)

Biochemical parameters PD (n031) HD (n029) p value

Calcium (corrected) (mg/dL) 8.9±0.6 9.1±0.7 0.44

PO4 (mg/dL) 5.8±0.8 5.4±1.1 0.20

Ca × PO4 (mg2/dL2) 50.9±9.0 49.7±11.4 0.16

Intact PTH 721±463 724±809 0.26

Calcium

Low 13 (42) 13 (45)
Normal range 18 (58) 12 (41)

High 0 (0) 4 (14)

PO4

Low 0 0
Normal 7 /23) 5 (17)

High 24 (77) 24 (83)

Ca × PO4 product

Low 0 0
Normal 22 (71) 19 (66)

High 9 (29) 10 (34)

CaC (g/day >recommended)a 10 (32) 10 (34)

Data are presented as the mean ± standard deviation (SD), or as the
number (of patients) with the percentage in parenthesis. PTH, parathy-
roid hormone
a CaC, Calcium carbonate >2.5 g/day
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were on HD and 20 % were on PD (p<0.001). The total time
on RRTwas significantly higher in the group with increased
cIMT [42 vs. 26 months (normal cIMT); p00.027]. The
prevalence of increased cIMT in patients who had been on
dialysis for 1 year was 46 %, and increased to 60 % in the
second year of dialysis, 57 % the third year, and 66 % after
the fourth year. Chi-square analysis for trends showed that
the risk for changes to cIMT increased over time [odds ratio
(OR) 4.47; p00.03].

Increased cIMT was not associated with albumin values,
PO4 >6 mg/dL, Ca × PO4 >57.4 mg2/dL2, PTH >500 pg/mL
or daily calcium carbonate intake (Table 5).

Of the patients with increased cIMT, 72 % had abnormal
Ca compared and 39 % had normal cIMT [OR 4.1, 95 %
confidence interval (CI) 1.3–12.3, p00.009] (Table 4). In-
creased cIMT was associated with higher doses of calcitriol
(OR 2.1, 95 % CI 1.6–2.9; p00.06).

Patients with hemoglobin of <9.2 g/dL had a higher risk for
increased cIMT (OR 4.7, 95 % CI 1.56–14.13; p00.009)
(Table 5).

Patients on HD had a higher risk for increased cIMT than
those on PD (OR 15.97, 95 % CI 4.5–56.6; p<0.0001)
(Table 5). Considering that in our unit, as in most pediatric
units, the first therapy of choice is PD, and that patients on HD
in general had been transferred to this therapy after experienc-
ing some problems with PD, one can assume that the total time
on dialysis was higher among the HD patients. To account for

this confounding factor as well as other confounding factors
which could be linked to time on dialysis and dialysis modality,
we performed three additional sub-analyses. However, due to
the low number of patients in the different subgroups, the
results below should be interpreted with caution.

First, we calculated the risk for increased cIMT in patients
who had been on dialysis for <2 years (HD, n010; PD, n03).
This analysis showed that HD was associated with increased
risk (OR 15, 95 % CI 2.7–80.6). We then compared patients
who had been on dialysis for >2 years (HD, n 013; PD, n 03);
the risk associated with HD versus that with PD was similar to
that in the first subanalysis (OR 15.1, 95 % CI 2.0–113.3).
Whereas the number of patients on PD was much smaller than
those onHD, these findings suggest an association of HDwith
an increased risk for increased cIMT, both in patients with <2
years or >2 years of dialysis treatment.

The analysis above did not take into consideration whether
the patients had been on a different therapy before the current
one; therefore, in the second sub-analysis, we included patients
who had been on the same therapy all the time. This group
comprised 32 patients, 26 on PD and six on HD. Increased
cIMT was present in four (15 %) patients on PD and in five
(83 %) patients on HD (p00.001). Again, there was an in-
creased risk in the HD group (OR 27.5, 95 % CI 2.5–302).

Finally, in a multivariate analysis including both hyper-
calcemia and total time on RRT, the risk for increased cIMT
in patients treated with HD remained at the same high level

Table 3 Clinical characteristics
and laboratory values in patients
with increased and normal com-
mon carotid intima-media
thickness

↑cIMT, n-cIMT, Increased and
normal common carotid intima-
media thickness, respectively;
PD, peritoneal dialysis; HD, he-
modialysis; PTH, parathyroid
hormone

Data are presented as the mean ±
SD, or as the number (of patients)
with the percentage in parenthesis
aAccording to criteria estab-
lished by Jourdan et al [30]

Clinical characteristics/laboratory values ↑cIMTa (n029) n-cIMT (n031) p value

Age (years) 13.0±2.8a 12.7±3.9a 0.17

Female/male 13 (45)/16 (55) 14 (45)/17 (55) 0.97

Etiology

Chronic glomerulonephritis 13 (45) 18 (58) 0.38

Obstructive uropathy 10 (34) 5 (16)

Hypoplasia/dysplasia 2 (7) 4 (13)

Other 4 (14) 4 (15)

Total time on dialysis (months) 42.5±38.5a 25.8±29.3a 0.027

Time on the current modality (months) 15.8±15.3a 15.3±10.8a 0.28

PD 6 (20) 25 (80) <0.001

HD 23 (80) 6 (20) 0.002

Albumin (g/dL) 3.6±0.3 3.4±0.4 0.36

Cholesterol (mg/dL) 171.5±44.2a 181.0±36.1a 0.98

Triglycerides (mg/dL) 187.2±75.3a 202.4±76.9a 0.43

Hemoglobin (g/dL) 9.1±1.0a 9.8±1.0a 0.94

Intact PTH (pg/mL) 645±634a 790±713a 0.98

PO4 (mg/dL) 5.48±1.18a 5.80±0.86a 0.14

Ca (corrected) (mg/dL) 9.1±0.8a 9.0±0.6a 0.23

Ca × PO4 (mg2/dL2) 49.6±11.6a 51.0±9.0a 0.15

CaC (g/day) 5.1±2.8a 5.7±3.2a 0.84

Calcitriol (μg/day) 0.39±0.39a 0.28±0.20a 0.028
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(OR 14.9, 95 % CI 1.3–164.1) (Table 5). For hypercalcemia,
we used the Haldane method because there were no patients
on PD with hypercalcemia; the four patients who had hy-
percalcemia were all on HD and had a higher risk for
increased cIMT than those patients with normal Ca for age
(OR 20.6 Haldane method, p00.016, Fisher’s exact test).

Discussion

In the general population, the prevalence of vascular calcifi-
cation (VC) is determined by age and comorbidities and may
also vary depending on exploration method and the explored
site. Whereas VC has not been described in healthy subjects
under the age of 20 years, it is present in up to 5 % of young
adults (20–30 years old) [3], and in up to 11 % of subjects

aged 30–40 years [32]. In CKD patients, the prevalence of VC
has been reported to be 15–64 % in teenagers [2, 3, 33], 87 %
in adults between 20 and 30 years [3], and 50–66% in patients
older than 30 years [32, 34]. In our study, increased cIMTwas
present in 48% of the childrenwho had been on dialysis for an
average 34 of months, and the prevalence was as high as 66%
in the patients who had been on dialysis for more than 4 years.

Key factors in preventing mineral dysregulation include the
prevention of hyperphosphatemia and maintenance of ade-
quate levels of vitamin D so that the normal control mecha-
nisms of the parathyroid glands are maintained and
hyperparathyroidism does not develop [35]. Administration
of phosphate binder and vitamin D supplementation are rec-
ommended if levels of 25-hydroxyvitamin D are low or hypo-
calcemia develops. Unfortunately, in our unit, we do not have
access tomeasurements of vitamin D levels, and sometimes we
cannot measure iPTH regularly; therefore, it is not easy to
adjust doses of calcium-based phosphate binder or calcitriol.

The time on dialysis has been identified as the principal
risk factor for vascular dysfunction. The presence of VC in
children with CKD, which in different reports varies from
15 to 87 %, has a strong association with the duration of
dialysis treatment [1–6]. In our study, patients with in-
creased cIMT had been on dialysis for >2 years (OR 3;
95 % CI 1.03–8.73), and the risk was even higher in patients
after 48 months on dialysis (OR 4.51; 95 % CI 1.01–20.1).

Thickening and stiffness of the vessel wall have both been
associated with abnormal levels of calcium, phosphorus [1–5,

Table 4 Biochemical variables in relation to target values recommended
by the National Kidney Foundation Kidney Disease Outcome Quality
Initiative (K/DOQI) in 60 dialyzed children with increased or normal
common carotid intima-media thickness

Biochemical
variables

↑cIMT
(n029)

n-cIMT
(n031)

p value/OR (95 % CI)

Albumin

Normal 26 (90) 23 (74) 0.11
Low 3 (10) 8 (26)

Cholesterol

Normal 23 (79) 23 (74) 0.63

Low 6 (21) 8 (26)

Triglycerides

Normal 5 (17) 6 (20) 0.83
Low 24 (83) 25 (80)

Hemoglobin

Normal 1 (3) 3 (10) 0.32
Low 28 (97) 28 (90)

PO4

Normal 7 (24) 5 (16) 0.44
Low 22 (76) 26 (84)

High 0 0

Recommended PO4

Normal 11 (38) 9 (29) 0.46
Low 18 (62) 22 (91)

Ca × PO4

Normal 18 (62) 23 (74) 0.31
Low 11 (38) 8 (26)

Ca (corrected)

Normal 8 (28) 19 (61)

Abnormal 21 (72) 12 (39) OR 4.15 (95 % CI 1.39–12.34)

High 4 2 OR 3.37 (95 % CI 1.88–6.03)

Low 14 10 OR 3.37 (95 % CI 1.04–10.5)

OR, Odds ratio; CI, confidence interval

Data are presented as the number (of patients) with the percentage in
parenthesis, unless otherwise indicated

Table 5 Factors associated with increased and normal common carotid
intima-media thickness in 60 children on dialysis

Factors ↑ cIMTa

(n029)
n-cIMT
(n031)

OR (95 % CI)

Albumin <4 g/dL 25 29 0.43 (0.07–2.25)

PO4>6 mg/dL 9 14 0.54 (0.19-1.57)

Ca × PO4 7 8 0.91 (0.28–1.67)

Intact PTH >500 pg/mL 16 21 0.58 (0.20–1.67)

Ca carbonate >6 g/day 10 10 1.10(0.38–3.23)

Time on dialysis >14 months 20 20 1.22 (0.41–3.58)

HD 23 6 15.97 (4.5–56.6)b

PD 6 25

>2 year on RRT 16 9 3.0 (1.03–8.73)

Hemoglobin <9.2 g/dL 18 8 4.7 (1.56–14.13)

Hypercalcemia 4 0 20.6c

RRT, Renal replacement therapy; PTH, parathyroid hormone; HD,
hemodialysis; PD, peritoneal dialysis

Data are presented as the number of patients, except when indicated
otherwise
a According to criteria established by Jourdan et al [30]
b OR adjusted by hypercalcemia and time in RRT014.9 (1.3–164.1)
c p00.016 , Haldane (exact Fisher test)
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7, 23, 25, 36], and PTH [1, 2, 5, 6], as have therapeutic
dosages of calcium-based phosphate binders and vitamin D
compounds [2, 3, 6, 7, 11, 23, 33].

Dialysis patients may have a positive Ca balance as a
result of several factors, including the uptake of Ca from the
dialysate, oral intake of Ca with the diet, use of Ca-based
phosphate binders, and vitamin D therapy [1, 29, 31, 37]
and reduced or absent Ca removal via the kidneys [18]. In
this study, Ca levels higher than the recommended levels
(>10.2 mg/dL)[31] were associated with increased cIMT
(Table 5).

Hyperphosphatemia was present in 67 % of the patients;
however, this was not associated with increased cIMT. One
explanation could be that the serum PO4 level was, on
average, not higher than values reported by other groups
[2, 11, 32, 38].

Secondary hyperparathyroidism (sHPT) is a frequent
complication in children with CKD [39]. In our study, sHPT
was present in 70 % of the patients, and 54 % of these
patients had severe sHTP, i.e. iPTH>500 pg/mL. There
was, however, no linear association between sHTP and the
presence of increased cIMT, which is in agreement with
previously reported results [3, 33, 34, 40].

In general, our patients received daily doses of calcium
carbonate that were higher than the recommended doses
[31], but Ca intake was not associated with increased cIMT.
There are several reports [2, 11, 33] of children who re-
ceived higher doses of calcitriol having a higher risk for
increased cIMT; the results of our study are in agreement
with these earlier studies (OR 2.19; 95 % CI 1.65–2.91). In
pediatric patients with CKD, several studies have noted an
association between the cumulative doses of calcium-based
phosphate binders and calcitriol with the presence of vas-
culopathy [3, 4, 6, 36]. Unfortunately, we do not have this
information in our patients, who usually come to us at a late
stage, when dialysis is needed, after previously receiving
calcium-based phosphate binders and calcitriol for different
time periods.

The modality of RRT has previously been reported to be
associated to VC. A recent publication showed that pediatric
PD patients had fewer cardiovascular abnormalities, either
functional or morphologic, than pediatric HD patients [41].
Civilbal et al. reported that the presence of coronary artery
calcification in 15 % of children on PD/HD and following a
kidney transplant was strongly associated with time on
dialysis and tended to be higher in patients on HD than in
those treated with PD or having had a renal transplant, but
this difference was not statistically significant [2].

In our study, patients on HD had a higher risk of in-
creased cIMT (OR 15.97; 95 % CI 4.5–56.6). Children on
HD are generally those who for various reasons require
discontinuation of PD. As this latter group of patients could
have had CKD, or had been on dialysis therapy for a longer

period time, and were probably sicker, the association be-
tween cIMT and HD found in our study could have been
confounded by these conditions. Therefore, we also ana-
lyzed patients who had been on the same dialysis modality
all the time separately (see Results section). The prevalence
of a Ca level higher than that recommended was significant-
ly higher in those children who were on HD and had
increased cIMT (OR 27.5, 95 % CI 2.5–302). When we
adjusted both for hypercalcemia and time on RRT, the risk
of HD still remained higher (OR 14.9, 95 % CI 1.3–164.1)
compared to the risk with PD. To the best of our knowledge,
this is the first report of the modality of dialysis appearing to
be closely associated with increased cIMT.

Possible reasons why HD is associated with increased
cIMT could be: (1) exposure to hemodynamic changes
during the treatment and (2) induction of inflammatory
substances by the dialysis procedure, i.e. high levels of C-
reactive protein [9, 34] and homocysteine [9, 34]. Elevated
levels of homocysteine have also been associated with en-
dothelial dysfunction, increased intima media thickness and
left ventricular hypertrophy in children [23, 28]. Chronic
inflammation is common in CKD patients and may cause
malnutrition and progressive CVD by several pathological
mechanisms [28, 42, 43]. Finally, the residual renal function
is better preserved in PD and can help to maintain elimina-
tion of β2 microglobulin and homocysteine, among other
molecules.

Several limitations of the study should be noted. This is a
cross-sectional study of patients who had been dialyzed for
relatively short time periods prior to the study and the time
of appearance of changes in the cIMT is not known. More-
over, the results of IMT were reported as a categorical
variable and, therefore, we could not present them as a
continuous variable. Due to the cross-sectional design, caus-
al relationships cannot be established. We were not able to
retrieve information on the cumulative doses of calcium-
containing oral phosphate binders and calcitriol, and we did
not measure several other relevant molecules, such as in-
flammatory markers and promoters and inhibitors of VC.
Finally, the US method used to measure cIMT is not the best
method for assessing vascular calcification and, therefore,
conclusions regarding vascular calcification cannot be
made. Nevertheless, we believe that this report provides
valuable new information about the high prevalence of
uremic vasculopathy in the pediatric dialysis population that
will hopefully stimulate the design of new studies and
possibly new regimens for follow-up, treatment and preven-
tion of factors linked to vasculopathy in pediatric dialysis
patients.

In summary, the prevalence of uremic vasculopathy
among this group of dialyzed Mexican children was found
to be very high: 48–66 % depending on the time on dialysis
therapy. The identified factors associated to increased cIMT
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were time on dialysis >2 years, high daily dose of calcitriol
and exposure to HD treatment. Whereas the method used to
measure IMT, namely, M-mode US, has limitations, it is not
expensive, does not require exposure to contrast, radiation
or sedation and it is available in most hospitals. Based on
these results, it seems prudent to recommend that carotid
artery investigation, or other types of investigations which
could reveal vasculopathy, should be performed in children
at the start of dialysis with annual or bi-annual follow-up
thereafter.
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