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Abstract
Background This study investigated the impact of body composition in the arterial stiffness of children with chronic kidney
disease (CKD).
Methods Fat mass (FM), fat tissue index (FTI), fat-free mass (FFM), fat-free tissue index (FFTI), and FFTI/FTI weremeasured in
26 patients and 25 healthy controls by bio-impedance analysis. Data on patient’s body mass index (BMI) for height-age, serum
albumin, glomerular filtration rate (GFR), blood pressure status, and pulse wave velocity (PWV) were collected in patients.
Results Patients presented lower levels of FM and FFM compared to healthy controls (p = 0.04 and p = 0.055 respectively). In
patient group, BMI height-age z-score was positively correlated to FTI (r2 = 0.574, p < 0.001) and FFTI (r2 = 0.338, p = 0.001)
and negatively correlated to FFTI/FTI (r2 = 0.263, p = 0.007). Serum albumin was positively correlated only with FFM among
body composition data (r2 = 0.169, p = 0.037). PWV z-score was positively correlated to FFTI (r2 = 0.421, p = 0.006) and
inversely correlated to FFTI/FTI ≥ 2.5 (r2 = 0.317, p = 0.003). Patients with FFTI/FTI ≥ 2.5 presented lower levels of PWV
regardless the need for antihypertensive treatment. Serum albumin ≥ 3.8 mg/dl and FFTI/FTI ≥ 2.5 were independently associ-
ated with a lower risk for high PWV, after adjustment for age, sex, and GFR (OR 0.009, 95%CI 0.000–0.729 and OR 0.039, 95%
CI 0.002–0.680). All underweight [2 (7.7%)] and overweight [4 (15.4%)] patients presented high PWV. Among normal weight
patients, FFTI/FTI ratio ≥ 2.5 was significantly associated with lower PWV z-score (p = 0.013).
Conclusions Both underweight and overweight are associated with arterial stiffness. Targeting FFTI/FTI ≥ 2.5 could be protec-
tive against cardiovascular disease in normal weight children.
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Introduction

Cardiovascular disease represents the main complication of
chronic kidney disease (CKD) and accounts for the majority

of deaths in end-stage renal disease (ESRD) and renal trans-
plant pediatric patients [1]. Large vessel arteriopathy in CKD
leads to arterial stiffness and therefore, loss of vascular com-
pliance and distensibility [2]. Aortic pulse wave velocity
(PWV) measurement is currently the most utilized method
for assessment of arterial stiffness in pediatric population
[3–5]. Apart from uremia, multiple risk factors of high PWV
have been identified in children with CKD, including hyper-
tension, impaired bone and mineral metabolism, dialysis du-
ration, and high body mass index (BMI) [6–10].

Utilization of BMI as a sole anthropometric marker of nu-
tritional status for cardiovascular risk assessment has been
currently put into question. Recent adult studies have empha-
sized the protective role of lean tissue mass and the negative
impact of adipose tissue mass in the CKD related cardiovas-
cular disease [11–13]. However, data concerning body com-
position components in pediatric CKD and their eventual
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impact on arterial stiffness are currently lacking. The purpose
of our study is to detect the impact of body composition indi-
ces, measured by bio-impedance analysis, on PWVin children
with CKD.

Material and methods

We conducted a case control and cross-sectional study includ-
ing 26 pediatric patients with CKD followed up at the
Pediatric Nephrology Unit of the Hippokratio Hospital of
Thessaloniki and 25, stratified by age and sex, healthy con-
trols. The age of participants ranged from 7 to 19 years old.
The inclusion criteria for healthy controls included normal
estimated glomerular filtration rate (eGFR) (> 90 ml/min/
1.73 m2), according to modified Schwartz equation, absence
or proteinuria (urine protein to creatinine ratio < 0.2 g/g), and
consent to participate in the study [14]. All patients presented
eGFR ≤ 80 ml/min/1.73 m2.

Weight and height z-scores were calculated according to
World Health Organization (WHO) reference values of
healthy children with the same age. BMI was calculated as
weight (kg)/height2 (m2). BMI height-age was determined by
the age that corresponds to the child’s height when plotted at
the 50th percentile on the WHO height for age growth chart.
Both BMI and BMI height-age were converted to z-score
using Cole’s lambda-mu-sigma method [15]. Patients were
classified as underweight, normal weight, and overweight
for BMI and BMI height-age if z-score < − 1.65 (5th percentile
(perc)), 1.65 ≤ z-score ≤ 1.65 and z-score > 1.65 (95th perc)
respectively [16].

Body composition was assessed using a portable multi-
frequency bio-impedance analyzer (Bodystat Quadscan
4000, Bodystat, Beaconsfield, UK). The participants were
instructed to refrain from eating and drinking 3 h before mea-
surement. For patients on peritoneal dialysis, body composi-
tion was assessed 3 h post dialysis session. None of the pa-
tients had a day-time dwell that could have affected the accu-
racy of the test. Electrodes were placed on the left hand and
foot of the body with the patient in the supine position. Input
variables included patient’s age, sex, weight, height, and
blood pressure (BP). The body composition was calculated
by analyzing the electrical responses at 4 frequencies between
5 and 200 kHz. Fat-free tissue mass (FFM), including lean
tissue mass and total body water, and fat tissue mass (FM)
were derived from the impedance data, which they were also
expressed as FFTI (fat-free tissue mass/height2) and FTI (fat
tissue mass/height2) respectively. Moreover, a ratio of FFTI to
FTI (FFTI/FTI) was calculated for each participant. For pa-
tients in peritoneal dialysis, bio-impedance analysis was per-
formed at their dry weight, estimated by an experienced ne-
phrologist, based on the percent monthly change in body
weight and BP and clinical evaluation.

Arterial stiffness was evaluated bymeasurement of carotid-
femoral (cf) PWV. The investigation took place in a quiet,
semi-darkened, temperature-controlled room (21 °C). Before
the examination, all participants rested in recumbent position
for about 15 min. The participants were instructed to refrain
from eating, smoking, and drinking beverages containing caf-
feine 3 h and also from drinking alcohol 10 h before measure-
ment. All measurements were performed by the same experi-
enced investigator, within 2 days from bio-impedance analy-
sis. The Complior System (Colson, Les Lilas, France) was
used to assess PWV. The investigator assessing PWV was
blinded to the results of the bio-impedance analysis.
PWV was calculated according to the equation
PWV = (0.8 ×D(m)/t (s), where t denotes the transit time
of the arterial pulse along the distance, and D the dis-
tance assimilated to the surface between the recording
sites [17]. D was measured directly using a centimeter
tape, whereas t was obtained by the Complior System
automatically. The transit time was quantified as the
time delay between the feet of the two waveforms that
were recorded simultaneously at the right common ca-
rotid artery and the right femoral artery (Bfoot-to-foot^
method) using mechano-transducers directly applied on
the skin. PWV levels were expressed as z-scores, using
Cole’s lambda-mu-sigma method, according to age and
height in healthy children; 1.65 z-score was considered
as the cut-off between normal and high levels [18].

Average systolic and diastolic BP were measured by
oscillometry using appropriate-sized cuffs (Ombron
705IT). BP z-scores were calculated according to age
and height. The antihypertensive treatment of each pa-
tient was recorded.

Finally, we collected data of the patients’ serum albumin
(mg/dl), serum calcium (Ca), and serum phosphorus (P). We
took into consideration the average level for each variable of
6 months prior to the vascular and body composition assess-
ment. For serum albumin, a cut-off of 3.8 mg/dl was used as a
marker of adequate nutritional status as already reported in
previous studies [16].

Data were expressed as median values and ranges. All sta-
tistical tests were realized with SPSS Statistics software for
Windows. Linear and quadratic regression analysis was used
to assess the correlations between the on-study parameters.
Mann-Whitney test, Kruskal Wallis, and Fisher’s exact test
were used to define associations between the on-study
parameters. Logistic regression was performed to detect
independent risk factors of high PWV after adjustment
for possible confounders (age, sex, eGFR, and serum
phosphorus). Finally, general linear model multivariate
analysis was used to assess differences between patient
groups according to nutritional parameters after adjust-
ments for Bonferroni multiple comparisons. A p value
of < 0.05 was considered statistically significant.
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Results

Twenty-six patients (16 boys and 10 girls) of Caucasian ori-
gin, with a median age of 14 years (range 7–17 years) and a
median eGFR of 30 ml/min/1.73 m2 (range 7–80) were in-
cluded in this study (Table 1). eGFR was > 60 and ≤ 80 ml/
min/1.73m2 in 7 (26.9%) patients, > 30 and ≤ 60 in 6 (23.1%),
> 15 and ≤ 30 in 4 (15.4%), and ≤ 15 in 9 (34.6%) patients
respectively. Primary kidney disease was congenital abnor-
malities of kidney and urinary tract (CAKUT) in 10
(38.5%), hemolytic uremic syndrome in 4 (15.4%), polycystic
kidney disease in 4 (15.4%), tubulo-interstitial nephritis in 2
(7.7%), Alport syndrome in 1 (3.8%), nephronophthisis in 1
(3.8%), primary glomerulopathy in 1 (3.8%), focal segmental
glomerulosclerosis in 1 (3.8%), and unknown reason in 2
(7.7%) patients. All patients with stage 5 of CKD were on
automated peritoneal dialysis. Antihypertensive treatment

was necessary in 19 (73.1%) patients, monotherapy in 6
(23.1%) and two medications in 13 (50%) patients

Patients’ body composition data are outlined in Table 1.
Distribution of FM, FFM, and FFTI were lower in patients
compared to healthy controls (p = 0.04, p = 0.055, and p =
0.069 respectively) (Supplementary Table 1). After stratifica-
tion of patients according to the stage of CKD, we observed
that patients with stage 5 CKD presented significantly lower
levels of FM and FFM (p = 0.011 and p = 0.045 respectively)
and tended to have lower levels of FTI (p = 0.058) (Table 1).
Of note, distribution of BMI and BMI height-age z-score did
not significantly differ according to CKD stage. In the present
study, BMI and BMI height-age z-score were positively cor-
related to both FTI and FFTI and negatively correlated to
FFTI/FTI ratio (R2 = 0.603, p < 0.001, R2 = 0.378, p = 0.001,
R2 = 0.276, p = 0.006 and R2 = 0.574, p < 0.001, R2 = 0.388,
p = 0.001, R2 = 0.263, p = 0.007 respectively). Underweight

Table 1 Distribution of baseline and body composition data, blood pressure status and serum albumin according to stage of chronic kidney disease
(CKD)

Patients (n = 26) CKD stage 2, 3, 4 (n = 17) CKD stage 5 (n = 9) p (Mann-
Whitney)Median (range) Median (range) Median (range)

Age (years) 14 (7 to 17) 14 (7 to 17) 13 (7 to 16) 0.107

Weight (kg) 41.2 (14 to 89) 48 (18 to 89) 23 (14 to 53) 0.025

Weight z-score − 0.9 (− 6.77 to 1.88) − 0.49 (− 2.66 to 1.88) − 1.65 (− 6.77 to 0.70) 0.107

Height (cm) 151 (103 to 181) 152 (109 to 181) 121 (103 to 160) 0.066

Height z-score − 1.27 (− 6.41 to 1.45) − 1 (− 2.95 to 1.45) − 1.49 (− 6.41 to 0.34) 0.339

BMI (kg/m2) 18.6 (13.2 to 31.9) 20.6 (14.6 to 31.9) 16.5 (13.2 to 22.7) 0.045

BMI z-score − 0.14 (− 3.06 to 2.22) 0.34 (− 2.7 to 2.22) − 0.27 (− 3.06 to 1.52) 0.367

BMI height-age z-score 0.24 (− 2.73 to 3.01) 0.76 (− 2.28 to 2.40) − 0.03 (− 2.73 to 3.01) 0.339

FM (kg) 10.3 (3.1 to 33.5) 14 (4.9 to 33.5) 5.5 (3.1 to 16.8) 0.011

FTI (kg/m2) 5.26 (2.15 to 12.01) 6.14 (2.43 to 12.01) 4.24 (2.15 to 7.27) 0.058

FFM (kg) 31.7 (9.5 to 55) 32.1 (11.4 to 55.5) 18.9 (9.5 to 37.5) 0.045

FFTI (kg/m2) 13.91 (8.95 to 19.9) 14.21 (9.6 to 19.9) 12.91 (8.95 to 15.67) 0.120

FFTI/FTI 2.47 (1.39 to 6.82) 2.06 (1.39 to 6.41) 2.65 (2.11 to 6.82) 0.095

Systolic BP (mmHg) 110.50 (90 to 145) 111 (102 to 145) 110 (90 to 130) 0.241

Systolic BP z-score 0.66 (− 1.30 to 3.42) 1.27 (− 1.30 to 2.92) 0.26 (− 0.5 to 3.42) 0.597

Diastolic BP (mmHg) 71 (55 to 95) 71 (55 to 90) 71 (60 to 95) 0.711

Diastolic BP z-score 0.46 (− 1.08 to 3.37) 0.25 (− 0.86 to 2.67) 1.06 (− 1.08 to 3.37) 0.672

GFR (ml/min/1.73 m2) 30 (7 to 80) 54 (31 to 80) 9 (7 to 10) < 0.001

Ca (mg/dl) 9.67 (8.2 to 11.3) 9.7 (8.75 to 11.3) 9.5 (8.2 to 10) 0.367

P (mg/dl) 4.5 (2.4 to 6) 4.3 (2.4 to 5.6) 5 (4.1 to 6) 0.051

Serum albumin (mg/dl) 4.15 (2.8 to 5) 4.3 (3.6 to 5) 3.5 (2.8 to 4.1) < 0.001

N (%) N (%) N (%) p (Fisher’s
exact test)

Sex (male) 16 (61.5%) 9 (52.9%) 7 (77.8%) 0.399

Antihypertensive treatment 19 (73.1%) 13 (76.5%) 6 (66.7%) 0.662

FFTI/FTI ≥ 2.5 13 (50%) 7 (41.2%) 6 (66.7%) 0.411

Serum albumin ≥ 3.8 mg/dl 18 (69.2%) 15(88.2%) 3 (33.3%) 0.008

BMI, bodymass index;FM, fat mass; FFM, fat-freemass;FTI, fat tissue index;FFTI, fat-free tissue index;BP, blood pressure;GFR, glomerular filtration
rate; Ca, serum calcium; P, serum phosphorus
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and overweight were present in 3 (11.7%) and 3 (11.7%) pa-
tients respectively based on BMI z-score and 2 (7.7%) and 4
(15.4%) patients respectively based on BMI height-age z-
score. There was a positive association of both FTI and
FFTI with BMI status, whereas overweight patients presented
a lower FFTI/FTI when compared to normal weight and un-
derweight patients (Table 2).

As expected, serum albumin was significantly lower in
patients with stage 5 CKD (Table 1). In our study, serum
albumin was positively correlated only with FFM, among
the body composition data (R2 = 0.169, p = 0.037) (data non-
shown). As illustrated in Table 1, serum albumin was ≥ 3.8 in
18 (69.2%) patients. These patients presented significantly
higher levels of FFM when compared to those with serum
albumin < 3.8 mg/dl (p = 0.043) (Fig. 1).

In the present study, PWV was high in 16 (61.5%) patients.
We observed a positive significant linear correlation between FTI
and PWV z-score (R2 = 0.421, p= 0.006) and a tendency toward
the higher the FFTI/FTI ratio, the lower the PWV z-score (R2 =
0.294, p= 0.072), after adjustment for age and sex. In total, FFTI/
FTI ≥ 2.5, adjusted to age and sex, was significantly inversely
correlated to PWV z-score (R2 = 0.317, p = 0.003). Moreover,

patients with FFTI/FTI ≥ 2.5 presented lower levels of PWV
regardless the need for antihypertensive treatment (Fig. 2). In
multiple logistic regression, serum albumin ≥ 3.8 mg/dl and a
FFTI/FTI ratio ≥ 2.5 were significantly associated with a lower
risk for high PWV, regardless the age, sex, and eGFR (OR 0.009,
95% CI 0.000–0.729, p = 0.036, and OR 0.039, 95% CI 0.002–
0.680, p= 0.026, respectively). Of note, when serum phosphorus
levels were added in the multiple regression model, FFTI/FTI
ratio ≥ 2.5 remained negatively associated with high PWV (OR
0.029, 95% CI 0.001–0.686, p= 0.028), whereas serum albumin
≥ 3.8 mg/dl lost its statistical significance as a protective factor
(OR 0.004, 95% CI 0.000–1.457, p = 0.066) (Table 3). We fur-
ther examined the effect of nutritional status on PWV z-score
after Bonferroni corrections for multiple comparisons using mul-
tivariate general linear model analysis. The differences between
patient groups with FFTI/FTI ≥ 2.5 and < 2.5 remained signifi-
cant after adjustment for Bonferroni’s multiple comparisons (es-
timated marginal means of PWV z-score for age, eGFR, and
phosphorus weighted by sex were 2.524, 95% CI 1.612–3.436
in those with FFTI/FTI ≥ 2.5 versus 1.067, 95% CI 0.244–1.889
in those with FFTI/FTI < 2.5, p = 0.020). Differences between
patient groups of albumin < 3.8 and ≥ 3.8 were not significant
(estimated marginal means of PWV z-score for age, eGFR, and
phosphorus weighted by sex were 2.399, 95% CI 1.162–3.636
versus 1.191, 95% CI 0.504–1.879, respectively, p= 0.122).

The correlation of BMI z-score with PWV z-score was statis-
tically more significant as a U-shaped curve (R2 = 0.233, p =
0.047) than as a linear curve (R2 = 0.092, p = 0.132) (Fig. 3).
All underweight and overweight patients, based on either BMI
or BMI height-age z-score, presented high PWV. Among normal
weight patients (based on BMI height-age), 10 (50%) presented
high PWV. In this group, patients with FFTI/FTI ratio ≥ 2.5
presented lower levels of PWV z-score (p = 0.013) (Fig. 4).

Discussion

Pediatric CKD has been associated with divergent nutritional
disorders [19]. On the one hand, poor dietary intake, systemic
inflammation, metabolic acidosis, increased oxidative stress,

Table 2 Distribution of body composition data according to body mass index (BMI) status (underweight: BMI or BMI height-age z-score < − 1.65,
normal weight: − 1.65 ≤BMI or BMI height-age z-score ≤ 1.65, overweight: BMI or BMI height-age z-score > 1.65)

BMI z-score Underweight Normal weight Overweight p (Kruskal Wallis)

FTI 3.02 (2.43 to 4.24) 5.255 (2.15 to 7.67) 10.25 (8.35 to 12.01) 0.009

FFTI 11.8 (9 to 12.2) 13.9 (9.69 to 16.9) 16.1 (14.2 to 19.9) 0.022

FFTI/FTI 3.93 (2.11 to 5.03) 2.645 (1.73 to 6.82) 1.66 (1.39 to 1.93) 0.027

BMI height-age z-score Underweight Normal weight Overweight p (Kruskal Wallis)

FTI 3.335 (2.43 to 4.24) 4.89 (2.15 to 7.67) 9.3 (6.23 to 12.01) 0.015

FFTI 10.6 (9 to 12.2) 13.65 (9.6 to 16.9) 15.15 (14.2 to 19.9) 0.055

FFTI/FTI 3.57 (2.11 to 5.03) 2.66 (1.73 to 6.82) 1.795 (1.39 to 2.29) 0.052

FTI, fat tissue index; FFTI, fat-free tissue index

Fig. 1 Distribution of fat-free mass (kg) according to serum albumin
levels (≥ or < 3.8 mg/dl) (p = 0.043)
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and endocrine imbalance contribute to fat and muscle wasting
[16, 20–23]. On the other hand, lack of physical activity and
universal adoption of a diet high in saturated fat products gives
rise to overweight and obesity rate [19, 24]. In concordance
with these facts, both underweight and overweight patients,
according to either BMI or BMI height-age, were present in
our study. We also observed significantly lower levels of FFM
and FFM according to bio-impedance analysis data, in pa-
tients with advanced stages of CKD, based on modified
Schwartz equation for eGFR. Of note, given the fact that se-
rum creatinine is influenced by the body composition indices,
an eGFR formula based on serum cystatin C could have been
more reliable in the determination of the impact of the CKD
stage on the nutritional status of patients [25].

Both muscle wasting and obesity have been related to ad-
verse clinical outcomes in pediatric CKD, such as poor growth
and life quality, increased mortality rate, and limited access to
kidney transplantation [19, 21, 26–28]. Therefore, precise as-
sessment of fat and muscle mass is important for the optimal
management of these patients. Measurement of triceps

skinfold thickness and mid-arm muscle circumference for es-
timation of fat and muscle mass have been nowadays aban-
doned, mainly due to the lack of precision given the high level
of inter-observer variability and the failure to estimate total
muscle mass [29]. Dual-energy X-ray absorptiometry (DXA)
has been used to evaluate muscle mass in children with CKD
in various studies, indicating mainly leg skeletal mass loss in
patients with late CKD [22, 30]. Nevertheless, the benefits of
application of this expensive technique for monitoring nutri-
tional status in patients with chronic disease have not yet been
proven. In our study, we used bio-impedance analysis for es-
timation of FM and FFM adjusted to patient’s height. This
technique is simple and rapid and has been widely used for
measurement of body composition indices in general pediatric

Fig. 2 Distribution of pulse wave velocity (PWV) z-score according to
fat-free tissue index/fat tissue index (FFTI/FTI) ratio and blood pressure
status

Table 3 Multiple logistic regression for high pulse wave velocity z-
score (> 1.65) according to nutritional parameters

OR (95% CI) p

FFTI/FTI ≥ 2.5 0.029 (0.001 to 0.686) 0.028

Serum albumin ≥ 3.8 mg/dl 0.004 (0.000 to 1.457) 0.066

Sex (male) 0.936 (0.070 to 12.566) 0.960

Age (years) 1.159 (0.728 to 1.845) 0.534

GFR (ml/min/1.73 m2) 1.049 (0.974 to 1.131) 0.206

P (mg/dl) 1.886 (0.245 to 14.506) 0.542

FTI, fat tissue index; FFTI, fat-free tissue index; GFR, glomerular filtra-
tion rate; P, phosphorus

Fig. 3 Quadratic correlation between body mass index (BMI) and pulse
wave velocity (PWV) z-score (r2 = 0.233, p = 0.047)

Fig. 4 Distribution of pulse wave velocity (PWV) z-score according to
fat-free tissue index/fat tissue index (FFTI/FTI) in normal weight patients
(− 1.65 ≤ body mass index adjusted to height-age z-score ≤ 1.65) (p =
0.013)
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population. We observed that BMI and BMI height-age z-score
were strongly correlated to FTI, FFTI, and to FFTI/FTI.
Moreover, all body composition indices were significantly dif-
ferent in overweight and underweight when compared to normal
weight patients. Of note, adjustment of BMI z-score to height-
age led to fall in underweight prevalence from 11.7 to 7.7% and
rise in overweight from 11.7 to 15.4%, implying that the appli-
cation of BMI z-score in children with CKD is probably limited,
due to the high incidence of growth retardation [31]. These find-
ings highlight that BMI adjusted to height-age status embodies
the finest anthropometric marker of nutritional status in children
with CKD, representative of both FM and FFM. Nevertheless,
the large variation of body composition indices in normal weight
patients observed in this study indicates that bio-impedance anal-
ysis may be useful for precise nutritional evaluation in this group
of patients.

In our study, we used arterial stiffness as an intermediate
cardiovascular endpoint. FTI was significantly correlated to
PWVand a ratio of FFTI/FTI ≥ 2.5 was associated with a lower
risk of PWV regardless the need for antihypertensive treatment.
These results show the adverse effects of relatively increased
adiposity on the arterial stiffness in children with CKD.
Nevertheless, we noticed that all overweight children presented
high PWV, suggesting that body composition assessment does
not improve upon BMI in the assessment of arterial stiffness risk
of overweight children with CKD. Our results are supported by
recent studies held in general pediatric population, where body
FM did not seriously affect the strong association between BMI
and metabolic syndrome or cardiovascular risk [32, 33].
However, we demonstrated that a higher FFTI/FTI had a protec-
tive effect against arterial stiffness not only in the total of patients
but also in normal weight patients. The adverse clinical outcomes
of normal weight obesity, defined as increased FM with normal
BMI, have been also reported in adult patients with CKD [34].
Toward the same direction, Sgambat et al. highlighted that a
combination of BMI with waist to height ratio, as a marker of
fat distribution, better predicted cardiovascular risk, assessed by
BP, left ventricular mass, and lipid profile, when compared to
sole BMI in children with CKD [35]. The results of the present
study may suggest that body composition assessment by bio-
impedance analysis may be valuable for assessment of the nutri-
tional impact on the cardiovascular disease in normal weight
children with CKD, but the small size patient group does not
allow safe conclusions.

In general, high levels of adipose tissue boost circulation of
free fatty acids and secretion of cytokines and adipokines, pro-
moting low-grade inflammation, endothelial dysfunction, and
ultimately atherosclerosis [36]. Moreover, lipotoxicity due to lip-
id overload is incriminated for impairment in insulin sensitivity
of muscle and liver [37]. On the other hand, skeletal mass repre-
sents a regulator of glucose homeostasis, since it is the main site
of glucose uptake and disposal, playing a protective role against
insulin resistance andmetabolic syndrome [38, 39]. Besides, loss

of muscle mass has been associated with increased mortality and
cardiovascular events in adult patients with CKD, suggesting that
enhanced muscle mass is also indicative of a fine cardiorespira-
tory fitness [12, 13, 40]. Hence, targeting a higher proportion of
FFTI to FTI seems of critical importance for assuring an optimal
cardiometabolic profile in patients with CKD, who present a
predetermined high risk of cardiovascular disease.

Apart from the cardiovascular impact of obesity, there is
growing evidence that protein energy wasting (or muscle
wasting) has potential adverse cardiovascular effects, mainly
through the stimulation of systemic inflammatory cytokines re-
lease [16]. The presence of malnutrition-inflammation-
atherosclerosis syndrome, although observed in adult CKD, has
not been confirmed yet in pediatric population [41, 42].
Inflammatory biomarkers such as CRP and IL-6 levels would
provide significant insights, but were also not available in the
present study. We used BMI and serum albumin as surrogate
markers of protein energy wasting as proposed by previous stud-
ies [16]. All underweight patients presented high PWV and se-
rum albumin ≥ 3.8 mg/dl was significantly associated with lower
risk of high PWV. These results could support the hypothesis that
enhancedmusclemassmay be protective against arterial stiffness
in children with CKD. However, the fact that the association
between high PWVand serum albumin ≥ 3.8 mg/dl lost signifi-
cance after inclusion of serum phosphorus levels in the multivar-
iate models implies that poorer metabolic control (particularly
CKD-MBD) and other confounding factors may mediate higher
PWV particularly in underweight patients. Of note, serum phos-
phorus levels were not associated with high PWV possibly due
to the fact that all patients, even those with stage 5 CKD, did not
present very high levels of serum phosphorus, because of the
wide use of phosphate binders. In the present study, we also
pointed out that serum albumin was correlated to FFM, and
patients with serum albumin ≥ 3.8 mg/dl presented significantly
higher levels of FFM. Both these results indicate the good corre-
spondence of serum albumin with the FFM, assessed by bio-
impedance analysis. Therefore, bio-impedance analysis could
be a valuable tool for monitoring both FM and FFM in children
with CKD. Prospective cohort studies are necessary to confirm
our results.

Maintenance of muscle reserve and inhibition of fat accumu-
lation in patients with CKD remains a clinical challenge for the
nephrologist. Firstly, correction of metabolic acidosis is valuable
for impeding skeletal muscle catabolism [43]. Adherence to
Mediterranean diet, low in saturated fat products, has been asso-
ciated with prevention of obesity and fat overload [44].
Application of this diet, with a careful monitoring of serum po-
tassium in patients with ESRD, seems to have beneficial effects
on lipid profile in patients with CKD [45]. Exercise has been
demonstrated as a positive impact on the loss of skeletal muscle
mass and strength in adults with CKD [46]. Finally, for patients
on hemodialysis, online hemodiafiltration instead of convention-
al hemodialysis has been associated with prevention of protein
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energy wasting [47]. The potential favorable effects of these
measures in the adipose-dependent cardiovascular risk in chil-
dren with CKD need to be answered in the future.

Our study has several limitations. While bio-impedance
analysis has been recently validated as a reliable method for
assessing total body water in children with CKD, its use for
body composition assessment has been highly controversial
[48]. It seems that this technique is useful for precise assess-
ment of FM, but not lean mass, mainly due to its overestima-
tion in overhydrated patients [49]. To overlap this problem, we
performed this test at the estimated dry weight in patients on
peritoneal dialysis. Nevertheless, the presence of subclinical
overhydration, giving potential bias to our results cannot be
excluded.Moreover, the fact that this is a cross-sectional study
does not allow us to confirm the long-term impact of FFTI/
FTI on the cardiovascular risk in pediatric CKD. Finally, the
limited number of patients included in this study precluded us
to make definite conclusions. Therefore, large-scale cohort
studies are needed to confirm our results.

In conclusion, in this cross-sectional study, both under-
weight and overweight were related to arterial stiffness in
children with CKD. A higher FFTI/FTI was associated to a
lower risk of arterial stiffness not only in the total of patients
but also in normal weight patients. Therefore, normal BMI
coupled with enhanced lean-to-adipose tissue mass ratio
may be protective against vascular damage in these patients.
We may suggest that bio-impedance analysis is a useful tool
for assessment of body composition indices. Further studies
are needed to confirm our results and to provide strategies in
order to improve the nutritional status of children with CKD.
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