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Abstract:- 

 

 Background 

Sickle cell disease is a group of inherited sickling 

disorders consequent upon abnormalities of 

haemoglobin synthesis. It is one of the common causes of 

retardation in both physical growth and sexual 

maturation in children, as a result of chronic anaemia 

and consequent hypoxia that occur in several organs. 

 

 Objectives 

To determine the anthropometric indices (weight, 

height and Body Mass Index) of children with sickle cell 

anaemia (SCA) and compare them with that of children 

with normal haemoglobin; haemoglobin AA (HbAA) 

 

 Method 

A cross-sectional study carried out in a tertiary 

hospital in South East Nigeria, involving 164 children 

with SCA aged 2 – 17 years who were in steady state. 

The participants in the control group were age- and sex-

matched HbAA children with the study participants. 

Weight was measured using a calibrated digital weighing 

scale (Universal Digital Weight Indicator 7400 series, 

Pennsylvania, USA) to the nearest 100gm, height was 

measured using a calibrated stadiometer 

(SECA®stadiometer, model 217, SECA Corp., 

Hamburg, Germany) with measuring range of 20 – 205 

cm, BMI was calculated using the formula:  

 
𝑾𝒆𝒊𝒈𝒉𝒕(𝒌𝒈)

𝑯𝒆𝒊𝒈𝒉𝒕𝟐(𝒎)
 

 

 They were analysed using the Statistical Package 

for Social Science (SPSS) version 23.  

 

 Result 

A total of 164 SCA children with equal numbers of 

age- and sex-matched HbAA controls, were studied. The 

mean weight of children with SCA was 29.42 kg (SD, 

8.6), which was significantly lower than that of HbAA 

children (32.86 kg (SD, 10.6)) (p < 0.01). Also, the mean 

height of children with SCA of 1.31 m (SD, 0.2) was 

lower than that of HbAA children, 1.36m (SD, 0.2), 

though not significant (p = 0.05). However, the mean 

BMI of children with SCA was 15.85 kg/m2 (SD, 2.6) and 

it was significantly lower than that of HbAA children 

(16.46 kg/m2 (SD, 1.9)) (p < 0.01). 

 

 

 Conclusion 

The anthropometric indices of children with SCA 

were found to be reduced when compared to that of 

HbAA children, with the weight and BMI significantly 

affected.    

 

Keywords:- SCA, Growth, Anthropometry, Ischaemia.    

 

I. INTRODUCTION 

 

Sickle cell disease is a group of inherited sickling 
disorders consequent upon abnormalities of haemoglobin 

synthesis.1 It comprises sickle cell anaemia (HbSS), sickle 

cell trait (HbAS), heterozygous states of haemoglobin S and 

haemoglobins C, D, E and some others with “S” gene in the 

heterozygous state.1 The most severe form of these disorders 

is sickle cell anaemia (SCA).1 Tropical Africa has the 

highest prevalence of SCA and Nigeria has the highest 

burden,2 with approximately 3% of the population having 

SCA and 25-40% of the population having the trait.1 

 

The sickling of the red blood cells results in chronic 

haemolytic anaemia and also, occlusion of blood vessels, 
which affect several systems in the body.3,4 The habitus of 

children with SCA is as a result of the involvement of the 

musculoskeletal system.5 The changes in physique include; 

small for age due to growth retardation, increased antero-

posterior diameter of chest, prognathism and 

arachnodactyly.5 These are due to the effect of the chronic 

anaemia, with resultant chronic hypoxaemia of the bone 

marrow, leading to bone marrow hyperplasia, extension of 

bone marrow into the bone cortex, with consequent 

widening of the diploe spaces and thinning of the cortex of 

the bones.5 Apart from the effects of chronic anaemia on the 
bone, other causes of poor growth include endocrine 

dysfunction and nutritional deficiencies.6,7,8 The chronic 

anaemia and consequent hypoxia of the pituitary gland leads 

to endocrine abnormality, especially reduced growth 

hormone production and hypogonadism, thus, the growth 

failure.6  Children with SCA usually have normal weight and 

height at birth.9,10 However, as they get older, there is a 

consequent retardation of growth velocity, which starts in 

the pre-pubertal period and gets worse during puberty.11  

This growth failure is seen as retardation of one or more of 

the anthropometric indices such as weight, height and body 

mass index (BMI).12,13  The BMI has been found to be a 
good tool for the assessment of the nutritional status of a 

child, as well as an important index for the assessment of 

growth and development.14 Conversely, overweight and 

obesity, with its attendant complications such as 
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hypertension, have also been observed in children with SCA 

in both developed and developing countries.15-18 

 

Thus, the evaluation of the anthropometric indices 

such as weight, height and BMI of children with SCA will 

assist in the assessment and monitoring of their nutritional 

status, growth and development, such that growth failure or 

overweight malnutrition may be detected early and 
subsequent intervention instituted early. 

 

II. METHODOLOGY 

 

 Study Area:  

This study was carried out in the Alex Ekwueme 

Federal University Teaching Hospital Abakaliki (AE-

FUTHA), Ebonyi State. It serves a large proportion of the 

inhabitants of Ebonyi State and beyond. Its Paediatric 

Department has a sickle cell unit which sees all paediatric 

sickle cell anaemia patients. The patients are usually first 
seen at the children emergency room or the children out-

patient clinic, when they first present and are diagnosed to 

have SCA or through referrals from private and government 

health facilities.  

 

 Study Population:  

These were children aged 2 years to 17 years with 

SCA in steady state (Group A) who presented in the sickle 

cell clinic of AE-FUTHA and who fulfilled the criteria for 

inclusion into the study. The controls comprised of  age- and 

sex-matched non-SCA children with genotype HbAA 

(Group B) who presented in children outpatient and well-
child clinic of AE-FUTHA.  

 

 Inclusion and Exclusion Criteria:  

Children aged 2 years to 17 years with SCA in steady 

state. The steady state was defined as absence of crisis or 

blood transfusion in the preceding four weeks before 

recruitment.19,20 The controls comprised of children with 

normal genotype (HbAA). Participants with history of co-

morbidities like congenital heart disease, rheumatic heart 

disease or other chronic diseases were excluded from the 

study. 

 

 Ethical Consideration and Consent:  

Ethical approval was obtained from the Research and 

Ethical committee of the AE-FUTHA before 

commencement of the study. An informed consent was 

obtained from the parents and assent obtained from their 

children who were 7 years of age and above. 

 

 Study Design:  

This was a hospital-based cross-sectional study.  

 

 
 

 

 Sampling Method: 

One hundred and sixty-four children with SCA were 

consecutively recruited from the SCA out-patient clinic until 

the minimum sample was achieved. To avoid double 

recruitment, patients’ folders were coded. Each day after 

recruitment of participants from the sickle cell clinic, equal 

numbers of age- and sex-matched controls were recruited 

from the children outpatient and well-baby clinic. This study 
was carried out over a period of 3 months. 

 

 Data Collection:  

Information such as age and gender were obtained. 

The heights and weights of the participants were measured 

using standard methods and the BMI was computed using 

the height and weight. Height was measured using a 

calibrated stadiometer (SECA®Stadiometer, model 217, 

SECA Corp., Hamburg, Germany). The participant had 

neither footwear nor cap. The heels, buttocks, shoulder and 

occiput were made to be on the same vertical plane, with 
their hands placed on their sides. Their eye-ear planes were 

perpendicular to the wall (Frankfurt plane).21 At this 

position, the horizontal head piece was lowered until it 

touched the top of the head and the height was read off. The 

height was measured to the nearest 0.1 centimetre. The 

weight was measured using a calibrated digital weighing 

scale (Universal 7400) to the nearest 100gm. The children 

were putting on light clothing and were asked to stand erect, 

barefoot and look forward. The BMI was then calculated for 

each participant using the formula22 

 
𝑊𝑒𝑖𝑔ℎ𝑡(𝑘𝑔)

𝐻𝑒𝑖𝑔ℎ𝑡2(𝑚)
 

 

Each BMI value was converted to BMI Z-score 
(standard deviation score) for age and gender using the 

WHO 2007 reference growth charts.23 The participants were 

then categorized as severe thinness if  < -3SD, thinness if  < 

-2SD, normal if the participant fall between -2SD and +1SD, 

overweight if  > +1SD and Obesity if  > +2SD.23 

 

 Data Analysis:  

The data collected were entered and analysed using the 

Statistical Package for Social Science (SPSS) version 23 for 

Microsoft windows 8. The results were presented in tables. 

Descriptive statistics such as frequency and percentages 
were used to describe characteristics of the subjects such as 

gender and number of participants within each age group. 

Continuous variables such as weight and height were 

subjected to test of normality and were found to be normally 

distributed, using Shapiro-Wilks test for normality (p > 

0.05).24 Hence, they were analysed using mean and standard 

deviation, and the results obtained were compared between 

groups using student’s “t” test. At confidence level of 95%, 

any difference observed between the 2 groups was said to be 

significant if the p-value was <0.05.  
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III. RESULTS 

 

 Gender and age distribution:  

A total of 328 children (192 males and 136 females), comprising 164 children with SCA (group A) and 164 age- and sex-

matched HbAA controls (group B), were recruited for this study. The children were within the ages of 2- 17 years, with a mean 

age of 9.7 years (SD, 4.56) for both SCA and HbAA children and a male: female ratio of 1.4:1 in both groups. This is illustrated in 

Table I. 

 

Characteristics Group A Group B Total  

Gender n (%) n (%) n  

Male 96 (58.5) 96 (58.5) 192  

Female 68 (41.5) 68 (41.5) 136  

Total 164 (100) 164 (100) 328  

Age (years) n (%) n (%) n  

2 - 5 38(23.2) 38(23.2) 76  

6 - 12 74(45.1) 74(45.1) 148  

13 - 17 52(31.7) 52(31.7) 104  

TOTAL 164 (100) 164 (100) 328  

Table I: Gender and age distribution of children with SCA and controls 

 

 Anthropometric Indices:  

The overall mean weight, height and BMI of children with SCA were lower than that of HbAA children. However, the 

difference in height between the two groups was not significant. This is shown in Table II. 

 

 Group A (SCA) Group B (HbAA) p- value 

Mean weight, kg (SD) 29.42 (8.6) 32.86 (10.6) <0.01 

Mean height, m (SD) 1.31 (0.2) 1.36 (0.2) 0.05 

Mean BMI, kg/m2 (SD) 15.85 (2.6) 16.46 (1.9) < 0.01 

Table II. Mean anthropometric measurements of sickle cell and HbAA children 
 

Considering the gender of the participants, the mean weight, height and BMI of the female children with SCA were 

significantly higher than their male counterparts. This is in contrast to what was observed in HbAA children, where all the 3 

anthropometric indices were higher among the male participants than the female participants. This is illustrated in Table III.  

 

 Male Female p- value 

SCA children    

Mean weight, kg (SD) 26.13 (11.9) 31.81 (12.8) <0.01 

Mean height, m (SD) 1.27 (2.8) 1.37 (2.2) < 0.01 

Mean BMI, kg/m2 (SD) 15.20 (2.3) 16.06  (2.9) < 0.01 

HbAA children    

Mean weight, kg (SD) 30.36 (12.8) 27.44 (12.4) 0.04 

Mean height, m (SD) 1.35 (2.7) 1.29 (2.3) 0.04 

Mean BMI, kg/m2 (SD) 16.57 (1.9) 16.27 (2.0) 0.17 

Table III. Mean anthropometric measurements of male and female participants 
 

The weight and height of SCA children and HbAA children among the different ages are shown in Tables IV and V. In the 

male participants, though the weights of SCA children were lower than that of HbAA children across most age groups, there was 

no significant difference in weight between both groups of children within the ages of 2 - 6 years and also, those within the ages 

of 15 - 17 years. However, the weight of SCA children within the ages of 7 - 14 years was significantly lower than their 

counterparts among the HbAA children. Likewise, among the female participants, the age range with significant difference in 

weight between the 2 groups was 7 - 16 years. The heights of male SCA children were lower than the heights of their 

corresponding ages among the HbAA children, but the difference was only significant among children within the ages of 4 - 16 

years. This was also observed among the female participants, but the significant difference in height was predominantly observed 

among those within the ages of 11 - 17 years. 
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Age 

(years) 

Group A 

Weight(kg) 

mean (SD) 

Group B 

Weight(kg) 

mean (SD) 

p- value 

 

Group A 

Height(m) 

mean(SD) 

Group B 

Height(m) 

mean(SD) 

p-value 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

12.40(1.1) 

15.30(2.5) 

16.60(1.4) 

17.80(0.5) 

18.50(0.3) 

19.80(1.1) 

21.90(1.2) 

24.20(0.2) 

27.40(1.3) 

30.60(1.5) 

32.00(1.8) 

34.20(2.9) 

37.00(3.4) 

45.90(2.6) 

47.40(2.3) 

49.30(3.5) 

11.90(1.2) 

15.00(1.4) 

16.20(1.2) 

17.90(1.7) 

19.50(1.6) 

21.90(1.5) 

23.85(1.4) 

26.20(1.2) 

33.30(1.2) 

36.10(1.1) 

39.10(2.2) 

42.20(2.2) 

47.40(4.7) 

47.10(5.3) 

48.20(4.0) 

50.80(5.5) 

0.37 

0.79 

0.46 

0.86 

0.19 

<0.01 

0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.46 

0.63 

0.48 

0.92(0.04) 

0.94(0.22) 

0.96(0.07) 

1.06(0.06) 

1.10(0.02) 

1.15(0.02) 

1.21(0.01) 

1.25(0.01) 

1.31(0.02) 

1.37(0.03) 

1.42(0.02) 

1.44(0.02) 

1.52(0.03) 

1.60(0.05) 

1.63(0.02) 

1.67(0.05) 

0.94(0.17) 

0.98(0.37) 

1.04(0.05) 

1.13(0.03) 

1.16(0.04) 

1.20(0.01) 

1.25(0.03) 

1.30(0.03) 

1.37(0.02) 

1.42(0.03) 

1.48(0.02) 

1.53(0.04) 

1.58(0.04) 

1.64(0.03) 

1.68(0.02) 

1.70(0.04) 

0.74 

0.81 

<0.01 

<0.01 

0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.02 

<0.01 

0.16 

Table IV: Mean weight and height of male participants 

 

Age 

(years) 

Group A 

Weight(kg) 

mean (SD) 

Group B 

Weight(kg) 

mean (SD) 

p- value 

 

Group A 

Height(m) 

mean (SD) 

Group B 

Height(m) 

Mean (SD) 

p-value 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

12.10(1.2) 

15.00(1.5) 

16.10(1.6) 

17.25(0.3) 

18.10(0.4) 

19.50(1.2) 

20.86(1.5) 

23.10(0.8) 

25.34(1.0) 

28.06(1.2) 

30.43(1.4) 

32.18(1.8) 

36.08(2.5) 

43.30(2.0) 

45.22(1.8) 

50.50(2.7) 

12.08(1.3) 

15.30(1.4) 

16.18(1.5) 

17.60(1.2) 

19.20(1.3) 

21.15(1.0) 

23.75(1.6) 

25.42(1.6) 

32.24(1.5) 

35.35(1.3) 

37.32(2.8) 

40.15(1.8) 

46.10(1.9) 

48.50(6.2) 

49.65(3.8) 

52.20(5.2) 

0.97 

0.71 

0.90 

0.39 

0.10 

<0.01 

<0.01 

0.04 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.01 

0.38 

0.90(0.02) 

0.91(0.01) 

0.93(0.03) 

1.04(0.01) 

1.08(0.05) 

1.13(0.03) 

1.19(0.02) 

1.24(0.04) 

1.38(0.02) 

1.39(0.04) 

1.46(0.01) 

1.49(0.04) 

1.55(0.04) 

1.57(0.05) 

1.63(0.02) 

1.65(0.05) 

0.94(0.01) 

0.96(0.12) 

0.98(0.01) 

1.10(0.04) 

1.14(0.07) 

1.19(0.01) 

1.23(0.06) 

1.28(0.08) 

1.42(0.01) 

1.45(0.06) 

1.52(0.03) 

1.54(0.06) 

1.60(0.05) 

1.64(0.03) 

1.68(0.02) 

1.70(0.04) 

<0.01 

0.31 

<0.01 

<0.01 

0.12 

<0.01 

0.11 

0.23 

0.07 

<0.01 

<0.01 

0.03 

0.04 

<0.01 

<0.01 

0.02 

Table V: Mean weight and height of female participants 
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The mean BMI value and BMI z-score of SCA and HbAA children are shown in Tables VI and VII. The mean BMI among 

male SCA children within the ages of 7 - 17 years was significantly lower than their counterparts among the HbAA children, 

while such significant difference was noted mostly in female participants within the ages of 10 - 17 years. 

 

There was no significant difference in the number of participants with normal BMI between both groups. However, 

moderate thinness was significantly higher in SCA children (p < 0.01), while overweight was significantly higher in HbAA 

children (p <0.01).    

 

Age 

(years) 

Group A (Male) 

Mean BMI kg/m2 

(SD) 

Group B (Male)  

Mean BMI kg/m2 

(SD) 

 

p- value 

 

Group A (Female) 

Mean BMI 

kg/m2(SD) 

Group B (Female) 

Mean BMI   kg/m2 

(SD) 

p-

value 

 2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

16.40(1.2) 

16.60(1.5) 

16.20(1.4) 

14.20(1.2) 
14.60(1.4) 

14.50(1.5) 

15.15(1.3) 

15.20(1.8) 

15.80(1.2) 

15.60(1.7) 

14.70(1.4) 

14.50(1.4) 

14.88(2.0) 

15.70(1.6) 

15.90(1.5) 
16.20(1.7) 

15.60(1.3) 

15.80(1.4) 

16.04(1.2) 

15.30(1.4) 
15.70(1.3) 

15.50(1.0) 

16.55(1.3) 

16.95(1.2) 

18.40(1.6) 

18.35(1.3) 

17.42(2.0) 

17.25(1.3) 

17.80(1.6) 

19.80(1.8) 

20.65(1.8) 
20.08(2.1) 

0.19 

0.32 

0.77 

0.08 

0.19 

0.03 

0.04 

0.04 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

16.20(1.3) 

16.38(1.1) 

16.15(1.3) 

14.00(1.3) 
14.28(1.5) 

14.13(1.3) 

15.24(1.2) 

15.04(1.4) 

15.30(1.2) 

15.40(1.4) 

14.44(1.1) 

14.40(1.7) 

14.75(1.8) 

15.52(1.5) 

15.53(2.2) 
16.65(1.5) 

15.38(1.6) 

15.70(1.2) 

16.10(1.4) 

15.20(1.6) 
15.40(1.7) 

15.39(1.2) 

16.64(1.4) 

16.12(1.8) 

18.22(1.1) 

18.05(1.6) 

17.10(1.3) 

17.14(1.6) 

17.60(1.7) 

19.42(1.3) 

20.48(1.2) 
20.07(1.4) 

0.25 

0.29 

0.07 

0.08 
0.25 

<0.01 

0.05 

0.20 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 
<0.01 

Table VI: Mean BMI of study participants 

 

 Group A 
n (%) 

 

Group B 
n (%) 

 

p- value 

 

BMI z-score 

Severe thinness 

Moderate thinness 
Normal 

Overweight 

Obesity 

TOTAL 

 

- 

40 (24.4) 
117 (71.3) 

7 (4.3) 

0 (0) 

164(100) 

 

- 

9 (5.5) 
124 (75.6) 

27 (16.5) 

4 (2.4) 

164 (100) 

 

- 

< 0.01 
0.38 

< 0.01 

- 

 

Table VII: The BMI z-score of study participants 

 

IV. DISCUSSION 

 
The overall mean of all the anthropometric indices 

(weight, height and BMI) evaluated in this study were lower 

in children with SCA when compared to that of HbAA 

children and these were statistically significant except for 

the difference in mean height. This portrays the negative 

effect of sickle cell anaemia on the growth. Sickle cell 

anaemia has been previously reported to retard the physical 

growth of children,25 attributable to several factors such as 

chronic anaemia- induced reduction in growth hormone 

production,8  increased energy requirement for increased 

erythropoiesis as a consequence of chronic haemolysis,26 and 

chronic hypoxemia of bone marrow.5 Similar findings have 
been observed in several studies within8,25,27 and outside 

Nigeria.7,9,28,29 Among children with SCA, males had 

significantly lower overall mean weight, height and BMI 

than the females. This was in contrast to what was observed 

in the control participants, where the anthropometric indices 
were higher in males than females. This may suggest that 

the growth retardation caused by sickle cell anaemia is more 

pronounced in males than in females and may be explained 

by the observation that puberty has a positive effect on 

growth in females with SCA, as the hormonal changes that 

occur in girls during puberty leads to growth recovery, 

whereas, such puberty induced growth recovery was not 

observed to occur in boys.11  Also, it has been noted that 

boys with SCA have impaired hypothalamic-pituitary-

gonadal axis regulatory feedback mechanism, leading to 

poor testosterone response to gonadotrophin-releasing 

hormone,30 with consequent severe hypogonadism in males, 
while females have less comparable endocrine deficiency. 

This therefore leads to retarded physical and sexual 

maturation in males.7,30 Other studies have also observed 
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more growth failure in male children with SCA than in 

female children with SCA.30,31 This is in contrast to the 

observation by Kazadi et al,28  where it was observed that 

there was no difference in anthropometric indices between 

both genders. The reason for their finding might be 

explained by the fact that 64% of their study participants 

were below 9 years of age, thus, truncating the effect of 

puberty on physical growth as earlier stated. The chronicity 
of the effect of SCA on the physical growth is portrayed by 

the observation of a more significant reduction in growth 

among older children with SCA when compared to their 

HbAA counterparts. The significant reduction in weight and 

BMI of children with SCA occurred at an almost similar age 

range among male and female participants, unlike that of 

height, where the significant reduction in height occurred at 

an earlier age among males with SCA when compared to the 

females. This finding of physical growth retardation being 

more in older children shows that it may take some time 

before a child with SCA manifest with overt features of 
growth failure, especially if not detected early. This is 

similar to the finding by Odetunde et al8  where they 

observed that though the weight of children with SCA were 

lower than that of HbAA children across all ages, it was 

more significant among the adolescents. Onukwuli et al25 

however, observed that the lower weight and BMI of 

children with SCA when compared to non-SCA children 

was significant in both younger and older children except in 

those aged 14-15 years (for weight) and 10-11 years (for 

BMI). In our study, though no participant had severe 

thinness, moderate thinness was significantly seen in 

children with SCA than in HbAA children. This is in 
agreement with the weight and height retardation earlier 

described in them. In contrast to the growth failure which 

has been previously shown to occur in children with 

SCA,7,11,28,30,31 4.3% of children in our study were 

overweight. The reason for this observation is not clear, but 

some factors which were not evaluated for in this study may 

have contributed to this. They include the socio-economic 

status of the caregivers and hence, the child’s nutrition; and 

the severity of the sickle cell anaemia, because those with 

milder forms of SCA may have a lesser negative impact on 

their physical growth. The finding of children with SCA 
who were overweight was similar to the findings by Hall et 

al31 and Esezobar et al.32  Both studies observed that a small 

percentage of the children with SCA were found to be 

overweight, while a smaller percentage had obesity. This 

finding in our study may suggest that under-nutrition (seen 

as reduced anthropometric indices) may not be the only 

growth abnormality that should be of concern in children 

with SCA, rather, over-nutrition should also be sought for. 

This is important because, overweight and obese SCA 

children are predisposed to metabolic syndrome such as 

hypertension and its complications, and this has been 

observed in children with SCA in both developed and 
developing countries.15-18.   

                            

 

 

 

 

 

V. CONCLUSION 

 

The weight, height and BMI of children with SCA 

were lower than their age- and gender-matched HbAA 

children. This portrays the negative impact of SCA on the 

physical growth of children with sickle cell anaemia. On the 

other hand, a small proportion of children with SCA were 

also found to be overweight.  
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