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Abstract

Background and Aim: Growth retardation is still an important manifestation of children with chronic
renal failure (CRF). The aim of this study is to evaluate the growth in relation to nutritional status in
Egyptian children with CRF on hemodialysis.

Subjects and Methods: The study included 30 Egyptian children above the age of six years on regular
haemodialysis at the Haemodialysis Unit of the Centre of Pediatric Nephrology and Transplantation of
Cairo University. Anthropometry, biochemical parameters and dietary intake were measured.
Anthropometric measurements were expressed as z - scores.

Results: Data shows that height was the most affected anthropometric parameter. Short stature in CRF
is proportionate and body weight is less affected than height. Dietary analysis showed that 76.7 % of
patients had recommended dietary allowance of calories. Height z-score showed a significant positive
correlation with caloric intake. On the other hand, the protein intake showed a significant positive
correlation with blood urea nitrogen and a significant negative correlation with serum bicarbonate.

Conclusions: Nutritional assessment is essential to the management of children with CRF. Anthropometry
is a sensitive indicator of the nutritional status. The study recommends avoiding excessive protein intake
to prevent metabolic acidosis and accumulation of toxic nitrogen waste products.

Introduction
Chronic kidney disease (CKD) refers to a

condition related to irreversible kidney damage that can
further progress to end stage renal disease (ESRD).
CKD is a major public health problem worldwide. Most of
the existing data on the epidemiology of CKD during
childhood concentrates on the late and more severe
stages of renal impairment and are not population based
in nature [1]. The incidence in of CKD in Europe was
consistent, being around 11– 12 per million of the age-

related population [2]. The epidemiology of end-stage
renal disease (ESRD) in Egypt has never been examined
on a national scale [3].

The incidence rate of severe pre-terminal CKD
in Lorraine (France) has been estimated as 7.5 per year
per million of the age-related population (MARP) in
children younger than 16 years; the prevalence rate
ranged from 29.4 to 54 per MARP [4].  A number of
factors influence incidence and prevalence rate variability
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of childhood. Factors such as racial and ethnic distribution,
type of prevalent renal disease, and quality of medical
care available for preterminal CKD patients have a
significant impact on patient outcome [5]. Malnutrition is
recognized to be a serious and common complication of
chronic kidney disease (CKD) and is associated with
increased morbidity and mortality [6]. Growth failure is a
common and significant clinical problem in children with
chronic renal failure. Affected children exhibit a range of
potentially serious medical and psychological
complications, as well as increased mortality [7]. The
most common causes of hospitalization in these patients
are infections, possibly related to their poor nutritional
status. Therefore, although poor growth is unlikely to be
the cause of this increased morbidity, growth failure may
be a marker of untoward events [8].  The etiology of
growth failure in these children is multifactorial, age at
onset of the disease, primary renal disease, severity of
CRF, hormonal resistance, anemia, metabolic acidosis,
malnutrition, renal osteodystrophy, and inadequate
dialysis are all implicated [9].

The aim of this study is to evaluate the growth in
relation to nutritional status in Egyptian children with
CRF on hemodialysis.

Subjects and Methods
This cross sectional study was carried out at the

Haemodialysis Unit of the Centre of Pediatric Nephrology
and Transplantation  (CPNT) Hospital of Cairo University,
in the period from January till June 2005. The study
included 30 Egyptian children above the age of six years
with end-stage renal disease on regular haemodialysis.
Patients met the following inclusion criteria: GFR ≤ 60
ml/min per 1.73 m2; on regular hemodialysis; their age
ranged from 6 to 13 years, 20% of cases had anuria. The
study excludes patients who were received corticosteroid
or growth hormone treatment. Primary causes of CRF
were chronic interstitial nephritis, posterior urethral valve
and glomerulonephritis . A formal consent letter from the
parents of each child was obtained after explaining to
them the whole procedure. The study was approved by
the Ethical Committee of the Cairo University; (CPNT)
Hospital. Clinical examination was done for all cases.
was  All children were subjected to full history with
special emphasis on age at onset and duration of the
disease.  Dietary assessment of a 3 day dietary diary
was taken [10] All nutrients were computer analysed
(qualitatively/quantitatively) using Food Composition
Tables for Egypt [11]. Protein and calories intakes were

calculated and expressed as a percentage of the
recommended dietary allowance of protein and calories
for CHD as recommended by NKF- K / DOQI [12].  The
RDA of protein for CHD patients was that for children of
the same chronological age, with an additional increment
of 0.4 g/kg per day. Anthropometric measurements were
taken after three months of dietary assessment. The
anthropometric measurements and instruments used
followed the International Biological Programmer (IBP)
[13]. Body weight, height, sitting height, arm span, mid
upper arm circumference, triceps and subscapular skin
folds were measured. To avoid the effect of oedema on
expression of the weight, weight measurements were
obtained in a euvolemic state (dry weight, or euvolemic
weight). Dry weight was estimated by examining the
patient for edema and jugular venous distention and by
considering other factors such as blood pressure and
response to fluid removal. Weight was measured using
a sensitive platform weighing scale, with minimal clothes.
The child was standing in the center of the scale platform,
and then weight was recorded to the nearest 0.1 kg.
Anthropometric are expressed as standard deviation
scores (z-score) for age and sex specific values, using
the general formula, z- score = (X – Xi)/Sdi, where X is
the individual patient value; Xi the mean value for the
normal reference Egyptian population; and Sdi the
standard deviation from normal value. Growth evaluation
was based on the Egyptian Growth Reference Data [14].
All patients were on regular HD for three to four times a
week based on fluid and electrolyte balance.

Dialysis adequacy assessment using fractional
urea clearance expressed as single pool Kt/V was
calculated [15]. Predialysis serum blood urea nitrogen
(BUN) and arterial blood gases were measured.

Data was analyzed by SPSS (Statistical Package
for Social Sciences) under Windows (version 16). The
Kolmogorov-Smirnov test was used to check for normality
in the continuous variables All results were expressed as
mean ± SD. Comparisons between groups were made
using independent t-tests. Pearson correlation coefficient
analysis assessed correlations between continuous
variables. Significance was assumed for p values of less
than 0.05.

Results
The present study included 30 children, 16 boys

(53.3 %) and 14 girls (47.7 %) with chronic renal failure
on regular hemodialysis. Their age ranged from 6.4-13.8
years with a mean of 10.5 years. Table 1 presents mean
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the age at onset of the disease and disease duration, the
period since CRF was diagnosed, caloric and protein
intake, expressed as percentage.

Table 2 shows clinical and laboratory
characteristics of children with CRF. The anthropometric
measurements of the study group were expressed in z-
score. Results revealed that height was the most affected
anthropometric parameter, as 83.3% of the patient were
short (height z- below -2), and the height z- score ranged
between -0.6 and -7.1, with a mean of -3.66. In addition,
the mean upper segment/ lower segment ratio was 1.1,

the urea distribution volume (V). Patients had  Kt/V
ranged between 1.2 and 2, with a mean of 1.49. Mean
predialysis BUN was 57.99 mg/dl, ranged between 36
and 82.9 mg/dl.

Significant positive correlations were found
between protein intake and z-scores of height, weight,

Table 1: The age at onset, duration, caloric and protein intake in
children with CRF.

*Caloric and protein intake expressed as a percentage (%) of the RDA of calories and protein
for     children with CRF on hemodialysis of the same chronological age.

Table 2: Clinical and laboratory characteristics of children with
CRF.

and the mean arm span / height ratio was 1 indicating
that short stature in CRF is proportionate. Body weight
is less affected than height, as body weight z- score of
46.7% of patients were below -2, with a mean of -1.98.
Mean z-scores of mid upper arm circumference, triceps
and subscapular skinfolds thicknesses were slightly
reduced.  Patients had serum bicarbonate level below
the normal level (22 mmol/L). The Kt/V is a measure of
the amount of plasma cleared of urea (K x t) divided by

Table 3: Correlations between duration of disease, dietary intake
and anthropometric measurements in children with CRF.

Figure 1: Correlation between protein intake and BUN in  children  with
CRF on haemodialysis.

BMI and mid upper arm circumference. Moreover,
significant negative correlations were found between
disease duration and z-score of height and weight (Table
3).

Figures 1 and 2 demonstrate the correlations
between protein intake and BUN as well as between
protein intake and serum bicarbonate level, respectively.

Figure 2: Correlation between protein intake and serum bicarbonate in
children with CRF on haemodialysis.
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Protein intake showed significant positive correlation
with BUN and significant negative correlation with serum
bicarbonate level.

Discussion
The present work demonstrates that height is

the most severely affected anthropometric parameter in
children with CRF on dialysis. Our results agrees with
those of another Egyptian study done on 64 Egyptian
children with CRF on conservative treatment with an age
range of 0.5-21 years which reported that the mean
height z- score was -3.7 in the Egyptian children with
CRF [16]. On the other hand, data from developed
countries generally show less severe height affection.
The data on growth of 2,329 children in the North
American Pediatric Renal Transplant Cooperative Study
(NAPRTCS), showed that 36.6%, 47.0%, and 43.0% of
children with chronic renal insufficiency (CRI), dialysis,
and transplantation, respectively, have short stature,
and  the  mean height z- score were -2.54, -1.95, and -
1.67 for children aged 0 to 1 years, 2 to 5 years and 6 to
12 years, respectively [17]. Most of patients were treated
with hemodialysis.

In the present study, the mean upper segment/
lower segment ratio was 1.1, and the mean arm span /
height ratio was 1 indicating that short stature in CRF is
proportionate.  This is in agreement with another study
stated that children with severe growth retardation due
to CRF maintain normal body proportions in spite of their
chronic disease [18]. In contrast with another study
demonstrated low ratio in length of trunk to limb in
patients with CRF, suggesting a disproportionately
greater effect of disease and/or treatment on spinal
growth [19]. The body weight is less affected than height
in the present study. This agrees with other studies
reported that no significant deficit in body weight has
been found in studies of children with CKD [20]. Also, the
mean z-score of mid upper arm circumference triceps
and subscapular skinfold thicknesses were slightly
reduced. Mild-to-moderate deficits in triceps-skinfold
thickness have been reported in children with CKD [21].
The Kidney Disease Outcome Quality Initiative (K/DOQI)
Clinical Practice Guidelines for Nutrition in Chronic Renal
Failure stated that no single measure provides a complete
picture of nutritional status. Consequently, many different
measures are recommended, with the implication that
the treating team will integrate the results into a cogent
assessment of nutritional status [22].

The NKF-K/DOQI (2000) recommended that

initial prescribed energy intake for children treated with
maintenance hemodialysis or peritoneal dialysis should
be at the recommended dietary allowance (RDA) level
for chronological age, since there is no evidence that
children on dialysis require a higher RDA than do healthy
children [12]. Modifications should then be made
depending upon the child’s response. Inadequate food
intake in children with CKD is secondary to multiple
factors including anorexia, altered taste sensation,
nausea, vomiting, emotional distress, intercurrent illness,
unpalatable prescribed diets, and impaired ability to
procure food because of socioeconomic situation. In the
present study, caloric intake of the patients ranged
between 70 and 130 % of the RDA of calories with a
mean of   91.75 %, 23.3 % only of the patients received
adequate energy intake exceeding 100 % RDA; whereas,
the energy intake of the rest (76.7 %) was below the
100% RDA; but still above 70% of RDA. Regarding
protein intake, 96.7% received adequate protein intake
exceeding 100 % RDA; while, the protein intake of the
rest (3.3%) was below the 100% RDA. Thus, the majority
of patients need improvement in the eating patterns, as
compared with healthy children diet reported in the
National Egyptian survey, Diet, Nutrition and Prevention
of Chronic Non-communicable Diseases [23].

In addition, height z-score showed a significant
positive correlation with caloric intake, and the mean
height z-score of patient who had received ≥ 100 % of the
RDA of calories was -2.8 while the height z-score of
patients who had received < 100 % of the RDA of
calories was -3.9. Former studies reported that in CRF
restoration of normal energy requirements to 100% of
the RDA of calories allows for catch-up growth in children
less than 2 years and shows some benefit in older
children. Nevertheless, other studies showed no change
in height z-score after increasing caloric supplementation
to patients above the age of 3 years [24-26]. Infants with
CRF do not always grow well despite good nutrition and
adequate metabolic and clinical control [27]. The present
study showed significant positive correlation between
protein intake and BUN (predialysis), and significant
negative correlation between protein intake and
bicarbonate level. Sodium bicarbonate is effective for
the treatment of metabolic acidosis but it should be
prescribed judiciously, owing to the risk of sodium loading
and consequent volume expansion and hypertension.
Bicarbonate therapy is typical when serum bicarbonate
levels are less than 22 mmol /L. An excessive energy
intake may induce hyperlipidaemia and hyperinsulinism.
It is also associated with high leptin levels, which may
contribute to lack of appetite.  Children on dialysis should
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have their initial dietary protein intake based on the RDA
for chronological age, with an additional increment of 0.4
g/kg per day for patients on haemodialysis, or their
anticipated peritoneal losses for children on peritoneal
dialysis. This recommendation is based on work done in
adults on haemodialysis who failed to maintain nitrogen
balance on 1.1 g protein/kg/ day (NKF-K/DOQI, 2000).
An excessive protein intake should also be avoided in
children on dialysis, to prevent metabolic acidosis,
hyperphosphataemia and the accumulation of toxic
nitrogen waste products [28].

In the present study, Kt/V ranged between 1.2
and 2, with a mean of 1.49. The NKF-DOQI (2006) stated
that dialysis adequacy for both adult and pediatric patients
undergoing HD are achieved with minimum Kt/V
prescription of 1.2 for a thrice weekly hemodialysis
schedule [29]. This study showed no significant
correlation between height z-score and Kt/V. This is in
accordance with studies stated that although adequate
dialysis needs to be achieved in order to ensure good
protein intake, high dialysis doses (< 1.6) are of no
further benefit [30]. This, however, doesn’t exclude the
possibility that a Kt/V less than 1.2 would be associated
with poor growth. On the other hand, height z-score
showed significant negative correlation with the disease
duration. This in agreement with study stated that the
earlier the onset of kidney disease, the more severe the
growth disturbance [31]. Thus, identification of nutrition
and growth abnormalities, followed by fast intervention
with nutritional supplements might allow correction of
deficits.
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