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ABSTRACT 
 
Objective: The aim of this study is to evaluate growth in Egyptian children with chronic Kidney disease (CKD) 
on haemodialysis and investigate its relation to the degree of anemia and metabolic acidosis. Methods: The 
study included 70 Egyptian children from 7.3 to13.1 years old on regular haemodialysis at the haemodialysis 
unit of AL-Zahraa hospital, AL-Azhar University and the Hemodialysis Unit of the Centre of Pediatric 
Nephrology and Transplantation of Cairo University. Body weight, height, mid upper arm circumference, and 
skinfolds thickness were measured. All measurements were expressed as standard deviation score (SDS). 
Tanner-Whitehouse (TW) method was used for the assessment of bone age. Complete blood picture count, 
arterial blood gases (predialysis), serum calcium, phosphorus and alkaline phosphatase were measured. Results: 
The present study shows that 77.1% of patients had short stature and 28.57 % had delayed bone age. The ratio of 
bone age to height age was 1.46. Growth retardation was significantly related with the degree of anemia and 
degree of metabolic acidosis. Conclusions:  The study emphasizes that bone age is less affected than height age. 
Thus, the possibility of catch-up growth can be suggested. The study recommends correction of anemia and 
metabolic acidosis to improve growth and should be targeted prior to consideration of growth hormone therapy. 
 
Key words: Skeletal maturation, anthropometry, anemia, chronic renal failure, Egyptian children. 
 
Introduction  
 

Chronic kidney diseases in children exhibit a range of potentially serious medical and psychological 
complications, as well as increased mortality (Furth et al., 2002; Orejas et al., 1995). Growth retardation is one 
of these major complications. The North American Pediatric Renal Trials and Collaborative Studies annual 
report height of 7037 pediatric patients with CRF showed that 35% of patients being less than the third 
percentile for height (NAPRTCS, 2008). 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 (Norman et al., 2000; 
Stefanidis and Klaus, 2007). Growth impairment in CRF is of multifactorial origin, age at onset of the disease, 
hormonal resistance, anemia, malnutrition, metabolic acidosis, renal osteodystrophy, and inadequate dialysis are 
all implicated (Mahan and Warady, 2006; Rees and Mak 2011). Skeletal maturity or bone age (BA) assessment 
is a routine procedure in all pediatric radiology departments. Pediatricians and endocrinologists recognize that 
the assessment of BA by means of a hand and wrist radiograph reflects the child’s biological age. The aim of 
this study is to evaluate growth in Egyptian children with chronic Kidney disease (CKD) on haemodialysis and 
investigate its relation to the degree of anemia and metabolic acidosis. 
 
Materials and Methods 

 
The study population comprised 70 Egyptian children with end-stage renal disease on regular 

haemodialysis. Their age ranged from 7.3-13.1 years with a mean of 10.2 years. They were attending the 
haemodialysis unit c outpatient clinic of AL-Zahraa hospital, AL-Azhar University and the Haemodialysis Unit 
of the Centre of Pediatric Nephrology and Transplantation of Cairo University. 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 
Ethics Committee of both hospitals. Primary causes of CRF were chronic glomerulonephritis, posterior urethral 
valve and interstitial nephritis. Clinical examination was done for all cases. All children were subjected to full 
history taking. The anthropometric measurements and instruments used followed the International Biological 
Programme (IBP) (Hiernaux andTanner 1969). Measurements included: weight, height, mid upper arm 
circumference, triceps and subscapular skinfolds. Body mass index (BMI) was calculated as weight divided by 
height squared (kg/m2).  To avoid the effect of oedema on expression of the weight, weight measurements were 
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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. Anthropometry are expressed as standard deviation scores (SDS) for age and sex 
specific values, using the general formula, SDS = (X – Xi)/ Sdi, where X is the individual patient value; Xi is 
the mean value for the normal reference Egyptian population; and Sdi  is the standard deviation from normal 
value (Ghalli et al.,2002). Records were revised for the past year and the arithmetic mean of 4 values for the 
following laboratory data was considered: complete blood picture, arterial blood gases (predialysis), serum 
calcium, phosphorus and alkaline phosphatase. Children with CRF were subdivided into groups according to 
levels of haematocrite, bicarbonate and calcium and their height SDS were compared.  

Bone age (BA) was assessed by the same observer using Tanner-Whitehouse (TW) method (Tanner et al., 
1975). This method is based on applying scores to the maturity indicators observable on the individual bones of 
the hand and wrist after which a derived BA can be calculated from the sum of the scores. The bone age was 
considered delayed if it was below the 3rd centile.  

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. Quantitative variables 
are given as mean ± SD. ANOVA test was used to compare between groups. All post hoc comparisons were 
performed using t tests with Bonferroni adjustment. Pearson correlation coefficient analysis assessed 
correlations between continuous variables. Categorical variables were compared by the Fisher exact test or the χ 
2 test. Significance was assumed for P values of less than 0.05 
 
Results:  

 
Table 1 shows the laboratory variables in the entire study sample. The mean values of Hb and Hct in this 

study were decreased than normal ranges. The mean value of Hb was 9.50 g/dl (range 7.1-11.9 g/dl) whereas the 
mean value of Hct was 28.45% (range 20.9-36%). The mean serum bicarbonate in the current study was low. It 
was 17.40 mmol/L (range 11.9-22.9 mmol/L). Serum calcium levels were lower than the normal values. It was 
7.70 mg/dl (range 6.1-9.3 mg/dl). Whereas; serum phosphorus  and alkaline phosphatase activity were elevated. 
Their mean values were 5.95 mg/dl and 995 U/L respectively. Their range was 3- 8.9 mg/dl and 428-1562 U/L 
respectively. 

Table 2 shows the comparison of mean height SDS between patients according to the degree of anemia (Hct 
%), degree of metabolic acidosis (serum bicarbonate level) and Ca level. Results revealed that 85.7 % of 
patients had haematocrite less than 33 % (target level), 91.43 % of patients had serum bicarbonate level below 
normal level (22 mmol/L), and 45.7 % of patients had serum Ca level below normal level (8.8 mg/dl). Statistical 
analysis revealed that the height was statistically decreased in patients with Hct % less than target level (< 30) 
than those with Hct % (30 - < 33) and those with Hct % (  ≥ 33). Moreover, children with decreased bicarbonate 
level (<18 mmol/L) had significant decreased height SDS values than those with serum bicarbonate level (18 - < 
22 mmol/L) and serum bicarbonate level (   ≥ 22 mmol/L). Results show that height was more deficient with the 
increase of the degree of anemia and metabolic acidosis. Also, height SDS was significantly decreased in 
children with low calcium level than children with normal calcium level. 

Table 3 and 4 show that height was deficient in 77.1% of patients with a mean of -3.77 ± 1.45 SDS, ranged 
between -0.64 and -6.9 SDS, weight was decreased in 45.7% of patients and other anthropometric measurements 
showed lower frequencies. It was found that 28.57 % of patients had delayed bone age(bone age < 3rd centile ) 
and the mean delayed bone age was 1.2 year.  The bone age delay is less than stature growth delay as the mean 
bone age / height age ratio was 1.38 (Table 4). Table 5 shows correlations between anthropometric 
measurements and laboratory data of the study group. Height SDS showed significant positive correlation with 
Hb level, Hct %, serum bicarbonate . And it showed significant negative (inverse) with serum predialysis blood 
urea nitrogen BUN and serum alkaline phosphatase. Weight SDS showed significant positive correlation with 
Hb, Hct% and serum bicarbonate level. And it showed significant negative correlation with BUN and serum 
alkaline phosphatase. Subscapular skin fold thickness showed positive correlation with BUN. 
 
Table 1: Laboratory data of children with CKD. 

 Laboratory  variables Mean Std. Deviation Minimum Maximum 
Haemoglobin (g/dl) 9.5 1.18 7.1 11.9 
Haematocrite ( %) 28.45 3.98 20.9 36 
PH 7.36 0.03 7.27 7.46 
Serum bicarbonate (mmol/L) 17.40 2.33 11.9 22.9 
Serum Ca (mg/dl) 7.70 0.78 6.1 9.3 
Serum phosphorus (mg/dl) 5.95 1.63 3 8.9 
Serum alkaline phosphatase (U/L) 995 250.25 428 1562 
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Table 2: Comparison between mean height SDS of the studied groups according to Haematocrite ,serum Bicarbonate , and Ca  levels. 
Haematocrite % No (%) Mean height SDS Std. Deviation ANOVA 

(P) 
Group 1 (< 30) 30(42.85%) -4.79* 1.01  

<0.001 Group 2  (30 -<33)  30(42.85%) -3.1• 1.10 
Group 3 (≥ 33) 10(14.30%) -1.7 0.57 
Bicarbonate level (mmol/L)     

 
<0.001 
 

  Group 1 (< 18) 42(60.0%) -4.8* 0.98 
Group 2  (18 - < 22) 22(31.428%) -2.4• 0.96 
Group 3 (≥22) 6(8.572%) -1.8 0.28 
Calcium (mg/dl)     

< .05 low level  (< -8.8) 32(45.7%) -5.2* -3.23 
Normal level (≥ 8.8) 38(54.3%) -3.2 -3.21 

* P < .05 vs. groups 2 and 3 
 • P < .05 vs. group 3 
 
Table 3: Frequency of cases with anthropometric measurements below -2 SDS and delayed bone age  

Variables SDS below -2 Percent 
Height 54 77.1 
Weight 32 45.7 
Body mass index 32 45.7 
Mid upper arm circumference 6 8.6 
Triceps skin fold thickness 8 11.4 
Subscapular skin fold thickness 10 14.3 
Delayed bone age 20 28.57 

 (Total n=70)                SDS, Standard Deviation Score 
 

Table 4: Height SDS, bone age and height age in the studied patients  

  Mean Std. Deviation 

95% 
Confidence 
Interval  
  

Minimum Maximum Lower Upper 
Height SDS -3.77 1.45 -3.18 -4.37 -0.64 -6.9 
Chronological age – bone age (years) 1.2 1.32 0.46 1.69 -0.3 3.89 
Bone age / Height age ratio 1.38 0.51 1.25 1.78 0.6 2.4 

 
Table 5: Correlations between anthropometric measurements SDS and laboratory data of the study group 
   Hb Hct PH Bicarboate BUN P AlP 

Ht.SDS 
r value .901(**) .801(**) 0.247 .698(**) -.699(**) -0.199 -.811(**) 
p value <0.001 <0.001 0.196 <0.001 <0.001 0.299 <0.001 

Wt. SDS 
r value .637(**) .548(**) 0.075 .565(**) -.626(**) -0.194 -.593(**) 
p value <0.001 0.002 0.690 <0.001 <0.001 0.319 <0.001 

BMI SDS 
r value -0.181 -0.061 -0.28 -0.104 0.144 <0.001 0.181 
p value 0.346 0.831 0.11 0.591 0.435 0.989 0.334 

MUAC SDS 
r value 0.314 .381(*) -0.13 0.315 -0.072 -0.13 -0.252 
p value 0.089 0.039 0.458 0.088 0.710 0.590 0.176 

TSFT SDS 
r value -0.036 0.028 -0.13 -0.022 0.279 0.015 -0.065 
p value 0.844 0.877 0.474 0.914 0.145 0.934 0.724 

SSFT SDS 
r value -0.287 -0.161 -0.18 -0.116 .408(*) 0.069 0.174 
p value 0.126 0.391 0.318 0.535 0.024 0.727 0.365 

SDS, standard deviation Score; Ht, height; Wt, weight; BMI, body mass index; MUAC, mid upper arm circumference; TSFT, triceps skin 
fold thickness; SSFT. subscapular skin fold thickness 

 
Discussion: 

 
Severe growth retardation is seen in up to one-third children with chronic kidney disease. There are 

multifactorial factors have been implicated in the pathogenesis of growth failure in children with chronic kidney 
disease such as anemia and metabolic acidosis (Gupta and  Lee, 2012).  

Regarding anemia, the mean Hb in this study was 9.50 g/dl (range 7.1-11.9 g/dl) and the mean Hct was 
28.40 (range 20.8-36). The study shows that 85.7 % of patients had Hct less than 33 %, target level needed to 
improve a variety of clinical parameters, including exercise tolerance and quality of life (Van Damme-
Lombaerts and Herman, 1999). Anemia is an almost invariable feature of CKD and usually becomes manifest at 
a GFR less than 35 ml/min/1.73 m2 [Sedman et al., 1996). Anemia in patients with CRF is primarily the result 
of inadequate erythropoietin production by the failing kidneys (Tarng et al., 1998). Other possible contributory 
factors include iron deficiency, folic acid or vitamin B12 deficiency, and decreased erythrocyte survival (Vogt 
and Avner, 2004). Moreover, the present study shows significant positive correlation between degree of 
shortness and decrease of Hb level and Hct % levels. This is in accordance with other studied reported that 
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anemia was associated with poor anthropometric measures in children, and correction of anemia improves 
utilization of ingested protein, quality of life, and cardiac function (Rees and Shaw, 2007- Seikaly et al.,2006). 
Anemia may interfere with growth via various mechanisms, including poor appetite and frequent inter-current 
infections that can compromise tissue metabolism, also poor oxygenation may inhibit normal cell proliferation 
in the growth cartilage (Franz and Otto, 1994). 

      The mean serum bicarbonate in the current study was 17.40 mmol/L(range 11.9-22.9) and 91.43 % of 
patients had low serum bicarbonate (below 22 mmo/L). This is in agreement with Boirie et al., (2000) who 
stated that 88% of CKD children with growth retardation are acidemic. Thus, metabolic acidosis develops in 
almost all children with CRF owing to decreased net acid excretion by the failing kidney, decreased ammonia 
synthesis, and impaired bicarbonate reabsorption. Metabolic acidosis is always present in patients with CKD 
due to retention of acid metabolites such as sulfate, phosphate and other organic acid anions that are retained 
due to decreased GFR. Metabolic acidosis is almost inevitable once the reduction of GFR exceeds 50%. Height 
SDS was significantly different in patients with serum bicarbonate level above 22 mmol/L than patients with 
lower level, indicting retarded body height in patients with lower bicarbonate level. Table 5 demonstrated a 
significant positive correlation between reduction of height and low serum bicarbonate level. Green and Maor( 
2000) studied the effect of chronic metabolic acidosis on the GH/IGF-1 axis in a skeletal growth centre and 
found marked reduction in the size of young chondrocytic population even after only 48 hrs of incubation in 
acidic condition.  Also, Challa et al., (1993) stated that the growth retardation of acidosis is related to the 
primary effect of acidosis on the Growth Hormone/Insulin like Growth Factor (GH/IGF) axis, primarily by 
altering the pattern of GH secretion. Metabolic acidosis not only reduces pulsatile pituitary secretion of GH, but 
also decreases hepatic GH-receptor mRNA and IGF-I mRNA. In addition, acidosis directly reduces IGF-I 
expression in chondrocytes of the growth plate of the long bone in experimental animals (Maniar et al., 1996; 
Santos et al.2010). Former studies reported that metabolic acidosis can affect growth by inducing resistance to 
the anabolic action of recombinant Human Growth Hormone (rhGH), calcium efflux from bone, suppression of 
albumin synthesis, and degradation of muscle proteins (Swartz, 1999; Boirie et al., 2000). Metabolic acidosis is 
a common complication of chronic kidney disease (CKD), usually appearing when glomerular filtration rate 
(GFR) falls below 25 ml/min/1.73 m2. It is usually mild to moderate in degree (serum bicarbonate− 
concentration [HCO3−] 12–23 mEq/l). However, despite its lack of severity, it can have an adverse impact on 
cellular function and contribute to increased morbidity and mortality. 

Metabolic acidosis can result from an increase in endogenous net acid production, an increase in urinary or 
gastrointestinal HCO3− excretion, or a decrease in renal synthesis of HCO3− manifesting as reduced urinary 
ammonium and net-acid excretion. Endogenous net acid production in patients with CKD is equal to or even 
slightly lower than that in individuals with normal renal function, excluding this as a factor in the genesis of 
metabolic acidosis. In a minority of patients, there is sufficient urinary bicarbonate loss to contribute to the 
prevailing hypobicarbonatemia. However, in most patients, urinary bicarbonate loss is minimal, and the 
metabolic acidosis develops because new bicarbonate synthesis is less than endogenous net acid production. 
This limitation in bicarbonate synthesis renders the patient with CKD more vulnerable to developing 
hypobicarbonatemia than normal individuals, both in the presence or absence of an increase in endogenous net 
acid or an increase in gastrointestinal HCO3− excretion. 

Regarding skeletal maturation, 28.57 % of patients of the present study had delayed bone age with a mean 
bone age delay of 1.2 years.  This is in agreement with Hodson et al., (1983) who confirmed that much of the 
observed growth retardation in CRF is associated with delayed skeletal maturation. On the other hand, the 
current study shows that bone age is less affected than height age as the mean bone age / height age (BA/HA) 
ratio was (1.38), indicting a moderate loss of growth potential. This agrees with Claris et al., (1989) and Abitol 
et al., (1990) who reported that BA/HA ratio is a predictor of growth potential in normal children. BA/HA ratio 
is near one in healthy children. In CRF the high BA /HA ratio indicate that bone maturation appeared to precede 
independent of stature growth during progressive renal insufficiency leading to loss of adult height potential, 
and that various mechanisms of growth retardation other than hormonal factor predominate among these 
patients. It is reported that the GH-induced stimulation of growth was associated with no undesirable effects on 
bone maturation, renal failure progression, or metabolic control among infants with CRF (Claris et al., 1989; 
Santos et al., 2010). Most studies have established the relative safety of GH therapy with physical and 
psychological benefits (Gupta and  Lee, 2012). Delay in skeletal maturity is a common feature in children with 
chronic renal failure. Betts and Magrath (1974]) demonstrated that bone age was delayed by more than one year 
in 15 out of 31 children, and that the delay was not correlated with the chronologic age or the degree of renal 
failure. Other studies show that most of the children had a bone age delay that remained more or less stable 
during follow-up; this fact indicates that the retardation occurred mostly at an early age when growth potential 
was lost, and that it was not necessarily progressive. Skeletal maturation is usually delayed commensurate with 
the growth deficit. 2002 North American Pediatric Renal Transplant Cooperative Study Annual Report, growth 
growth status is described in over 5,000 children and adolescents with CKD Stages 2-4. Use of age- and gender-
specific standard deviation (SD) scores revealed that more than one-third of patients had a height SD score of 
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less than −1.88 (3rd percentile). Height deficits were observed across all ages, from infants through adolescents; 
however, the SD score deficits were greatest among the children with early-onset and long-standing CKD. 
Nevertheless, significant height deficits were also observed in children with mild to moderate CKD. Among 
children with an estimated glomerular filtration rate (GFR) of 50-75 mL/min/1.73 m2 (Stages 2-3), 22% had a 
height SD score of less than −1.88; among children with an estimated GFR of 25-50 mL/min/1.73 m2 (Stages 3-
4), 38% had a height SD score of less than −1.88. The growth retardation and delayed maturation in children 
with CKD is multifactorial. Potential contributing factors include prior steroid therapy, chronic metabolic 
acidosis, anorexia, inadequate nutrient (vitamins, trace minerals) and caloric intake, hyposthenuria and sodium 
depletion, inadequate insulin-like growth factor I (IGF-I) availability due to increased serum levels of IGF-
binding protein 3 (IGFBP-3), inadequate testosterone and estrogen production during puberty, and bone disease, 
including severe rachitic-like lesions. The contribution of renal bone disease to growth failure is unclear; 
however, treatment with 25 (OH) vitamin D3 therapies in children with CKD resulted in improved growth 
(Langman et al., 1982; Seikaly et al., 2009).  

Finally, the present work shows that the height retardation is associated with the delayed skeletal 
maturation. In addition, the study shows that bone age is less affected than height age, indicting the possibility 
of growth promotion. Growth retardation of height was significantly correlated to the degree of anemia and the 
degree of metabolic acidosis. The presence of metabolic acidosis may additionally affect growth through a 
reduction of GH and IGF-1secretion as well as by GH resistance. Thus, correction of anemia and metabolic 
acidosis is recommended to improve body height and for restoration of the growth potential in this group of 
patients and bone age must always be taken into account. Correction of anemia and metabolic acidosis should be 
targeted prior to consideration of growth hormone therapy. 
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