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Abstract

Background: Stunting and undernutrition mark the nutritional status 
of the sickle cell patient, but some surveys show trends to overweight 
in some countries. The primary objective of this study was to compare 
the growth of children with sickle cell, with non-sickle cell children 
in Gabon.

Methods: It was a prospective case-control study, conducted from 
April to June 2016 in Libreville and Lambarene in Gabon. Cases were 
homozygous (SS) sickle cell children aged from 0 to 15 years; con-
trols were normal hemoglobin-AA documented, matched by sex and 
age. We compared their weight, height, arm and head circumferences 
measured according to conventional techniques.

Results: We compared 118 cases to 118 controls, mean age was 85 ± 
7.2 months, and the sex ratio was 1.07. Before 59 months, there was 
no significant difference in the comparison of the averages of the an-
thropometric indices except for the z-score of the brachial perimeter 
for age which was smaller in the cases (-0.85 versus -0.19, P = 0.04). 
The risk of stunting in cases was greater (odds ratio (OR) = 6.9, 95% 
confidence interval (CI): 5.4 - 8.3), the growth retardation increased 
with age, correlated factors with growth retardation were male gen-
der (relative risk (RR) = 2.04, 95% CI: 1.2 - 2.7), a mother with no 
remunerative activity (r = 0.11, P < 0.03), a number of transfusions > 
3 (r = 0.2, P = 0.003), and mean hematocrit of 9.6-15.9% (r = 0.4, P < 
0.004). There were no obese subjects in cases.

Conclusions: Growth retardation of children suffering from sickle 
cell in Gabon appears and increases with age. Male gender, low socio-

economic conditions and signs of severity or non-controlled disease 
are correlated with this retardation.
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Introduction

Sickle-cell anemia (SCA) is the first monogenic genetic dis-
order in the world, affecting nearly 2.5% of the Gabonese 
population, with about 800 births of homozygous children 
each year [1]. Sickle cell life expectancy is currently better 
in developing countries than it was a few years ago [2-4]. 
This improvement is attributed in part to earlier diagnosis, 
systematic antibiotic prophylaxis, improved sickle cell vacci-
nation status, prevention of vascular accidents, hydroxyurea 
prescription and transfusion programs [5]. SCA is commonly 
associated with stunted growth or even delayed onset of pu-
berty. Several causes are attributable to these facts, including 
the chronicity of anemia, the inter-critical management of the 
disease in our context, but also the socio-demographic factors 
of the patients. Recent surveys show that sickle cell children 
are prone to global overweight and obesity, both in developed 
and developing countries [6, 7]. This is dissimilar to a large 
number of other investigations which highlight the negative 
consequences of sickle cell disease on the weight and growth 
of affected individuals [8, 9].

The primary objective of our study was to compare the 
nutritional status and growth of sickle cell aged 0 - 15 years 
old in Gabon with those of their non-sickle cell fellows. The 
secondary objective was to determine the factors associated or 
correlated to the differences observed.

Materials and Methods

This case-control study took place from April 1 to June 30, 
2016, in the cities of Libreville and Lambarene. The cases 
were homozygous (SS) sickle cell children, aged from 0 to 15 
years, drafted from the registers of two public hospitals of the 
two cities. Controls were documented hemoglobin-AA sub-
jects, recruited from the same schools and pre-school centers, 
or from the same immunization centers as those attended by 
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the cases.

Selection of subjects

We enlisted sickle cell patients who had been in the pediatric 
wards of Libreville Teaching Hospital, and the Albert’s Sch-
weitzer Hospital in Lambarene during the year 2015, and also 
sickle-cell diagnosed infants in immunization centers around 
these hospitals. A random draw was performed to include cas-
es from the constituted list. We listed school and preschools 
centers were the cases went to. For each SCA children, we ran-
domly selected six children by school-provided lists of classes, 
or vaccination lists in health centers. We matched by sex and 
age ± 1 month for children less than 59 months, ± 3 months 
for school-aged. After the parental agreement, the cases were 
recalled in the non-critical phase, at a distance from any acute 
pathological event, to collect the socio-demographic, anthro-
pometric data, the medical information of the subject and the 
realization of a cell blood count (CBC). For the controls who 
participated in the survey, the parental agreement was also ob-
ligatory, and we collected the same data as in the cases, except 
the CBC. All the children were given medical consultation if 
necessary. At the end of the data collection, we made a final 
draw to eliminate controls, so that the matching was built on 
the ratio of 1 case/1 control.

The minimum number of 93 cases was obtained using the 
Schwartz formula, n = (t2 × p(1 - p))/e2, where e is significance 
threshold of 0.05 (5%), p is prevalence and t is 95% confi-
dence interval (CI)), using chronic malnutrition (assessed with 
the height for age index (HAZ)) in children in Gabon as 3% 
[10].

Conduct of the survey and anthropometric measurements

Socio-demographic data included the subject’s civil status, the 
number of children living at home, the child’s rank in the sib-
lings, the level of education, the occupational activity of the 
mother and the activity of the head of the family. The medical 
history collected the basic hemoglobin, the number of trans-
fusion episodes and the number of hospitalizations without 
transfusions. The anthropometric parameters (weight, height 
or length, head circumference and mid-upper arm circumfer-
ence) were collected according to the conventional methods 
of the WHO by the same examiner. The materials used were: 
an inextensible tape measure; a SECA™ brand electronic 
baby weighing scales, giving the weight at 10 g; a SECA™ 
brand electronic weighing scale giving the weight at 100 g; 
an infantometer for measuring the prone size in infants giv-
ing the size within 0.5 cm; a stadiometer for standing meas-
urement graduated to 0.5 cm. The anthropometric data were 
managed with WHO ANTHRO© and WHO ANTHRO PLUS© 
software, which provides the z-scores for age and gender ac-
cording to the WHO 2006 growth standards, which are avail-
able at http://www.who.int/childgrowth/software/en/. The 
WHO ANTHRO© software calculates z-scores for subjects 
aged 0 - 59 months: weight for age (WAZ), HAZ, weight for 
height (WHZ), body mass index (BMI) for age (BAZ), head 

circumference for age (HCZ) and mid-upper arm circumfer-
ence for age (MUACZ). WHO ANTHRO PLUS© calculates 
the z-scores of patients aged 60 months and older. WHO uses 
only three indices for those aged 60 - 120 months: WAZ; HAZ; 
BAZ; and for children over 120 months of age, WHO uses 
only HAZ and BAZ indices.

The growth retardation is defined by a HAZ < -2, moder-
ate acute malnutrition is defined by a WHZ or BAZ < -2, and 
severe acute malnutrition is defined by WHZ or BAZ < -3. 
At the end of the anthropometric measurements, only for SCA 
children, we proceeded aseptically to the collection of 2 mL of 
venous blood to realize a complete CBC with a Coulter SK™ 
hematology automaton.

Ethical considerations and parental agreement

This survey obtained authorization from the Directorate Gen-
eral of Health, as well as that of the Ministry of National 
Education before it took place. The inclusion of each case or 
control was subject to parental approval by signature of the 
informed consent form.

Data management

The data obtained were managed on EPI INFO 7. (CDC), and 
exported for a further or a counter-analysis on SPSS 20; the 
graphs were obtained using EXCEL 2010. Chi-square test was 
used to assess differences in categorical data between groups. 
We used Student’s t-test for comparisons of means. The re-
lationship between SCA and growth or nutritional status was 
established by calculating the odds ratio (OR). Relative risk 
(RR) was used to compare a risk factor between the genders. 
The relationship between stunting in SCA children and risk 
factors was assessed using Pearson “r” coefficient. A P value < 
0.05 was considered significant.

Results

We retained 118 SCA subjects out of the 131 listed and seen; 
we matched them to 118 controls. Of the 236 children, there 
were 114 girls (48.3%) and 122 boys (51.7%), with a sex ratio 
of 1.07. The sample contained 140 children (59%) recruited in 
Libreville and 96 children (41%) in Lambarene.

The mean age (in months) of all the children retained was 
85.2 ± 46.8. The mean age of patients with SCA was 83.6 ± 
46.7 months, while that of the controls was 87.3 ± 47.1 months 
(P = NS).

Children aged less than 60 months accounted for 35.6% 
(n = 84), children aged 60 - 119 months accounted for 28% 
(n = 66), and those aged 120 months and older accounted for 
36.4% (n = 86).

The mothers of the children were on average 33.8 ± 7.6 
years old. The educational attainment of the children’s mothers 
was university diploma in 26% (n = 61), secondary school in 
52% (n = 123) and 22% (n = 52) primary school or illiterate 
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level. These mothers had a lucrative activity in 55% (n = 130), 
31% (n = 73) were without income sources, and 14% (n = 33) 
were students.

Among the children, 34% (n = 80) lived in a single-parent 
family, and 66% (n=156) in a couple. The average number of 
children at home was 4.02 ± 2, and the average rank of the 
children in the siblings was 3 ± 2.5.

In 34% (n = 80) the head of family occupational job was 
Non-executive in the private sector, in 27% (n = 64) non-exec-
utive in public sector, in 18% (n = 42) independent, in 13% (n 
= 31) executive in all sectors and in 8% (n = 19) jobless.

There was no SCA children who received zinc in his usual 
treatment, neither who had taken hydroxyurea.

The means of the anthropometric parameters of the cases 
and controls, as well as their comparisons, are reported in Ta-
bles 1-3.

We found no SCA children obese, and 2.5% (n = 3) obese 
in the population control. For growth, the risk of stunting for 
SCA children compared to controls was OR = 6.9 (95% CI: 5.4 
- 8.3). For malnutrition, the risk of acute malnutrition (moder-
ate or severe) in SCA compared with a control subject was OR 
= 2.9 (95% CI: 2.3 - 3.5).

The RR of growth retardation in the SCA boys compared 
to the SCA girls was 2.04 (95% CI: 1.2 - 2.7), the RR of mod-
erate acute malnutrition in an SCA boys compared to an SCA 
girls was 1.04 (95% CI: 0.75 - 1.3).

The factors positively correlating with the growth retar-
dation of the SCA children included are summarized in Table 

4.

Discussion

The anthropometric parameters of this survey show that there 
is a difference in the means of the two groups. The SCA pa-
tient is globally smaller and of lower weight than his non-SCA 
control for the same age and sex. Nevertheless, the differences 
observed are peculiar to each age group.

In children younger than 60 months (Table 1), there was 
no statistical difference. Only the comparison of MUACZ 
means indicated a significant difference. MUACZ of SCA was 
smaller than that of controls. This fact underlines the sensitiv-
ity of the MUAC in children of this age group. The sensitivity 
of the brachial perimeter measurement has been demonstrated 
for a long time by Kanawati and McLaren, and reissued in the 
WHO 2006 standards for which the brachial perimeter is the 
necessary measure in mass surveys and food products crisis 
situations [11, 12]. A study carried out before the publication 
of the 2006 WHO growth standards showed that the brachial 
perimeter of SCA children was significantly smaller than that 
of controls [13].

For the head circumference, there was no difference in 
our results between HCZ of SCA children and HCZ of non-
SCA children. This finding was similar to Senbajo et al’s study, 
which led them to conclude that the growth patterns of the cra-
nial perimeter of the general population can be used to monitor 
the cranial circumference of the sickle cell patient [14].

From 5 years of age (Tables 2 and 3), the Gabonese SCA 
patient was smaller than the child of the same sex and age 

Table 1.  Means of z-Scores of Anthropometric Indices of Chil-
dren Aged 0 - 59 Months Recruited

Cases (n = 42) Controls (n = 42)
P

Mean SD Mean SD
WAZ -0.66 0.83 -0.29 1.03 NS
HAZ -0.16 0.76 0.06 0.98 NS
BAZ -0.88 1.64 -0.54 1.31 NS
WHZ -0.86 1.23 -0.58 1.53 NS
HCZ 0.67 1.31 0.57 1.14 NS
MUACZ -0.85 1.45 -0.19 1.07 0.04

WAZ: weight for age; HAZ: height for age index; BAZ: body mass index 
for age; WHZ: weight for height; HCZ: head circumference for age; 
MUACZ: mid-upper arm circumference for age. P, value of Student’s 
t-test.

Table 2.  Means of z-Scores of Anthropometric Indices of Chil-
dren Aged 60 - 119 Months Recruited

Cases (n = 33) Controls (n = 33)
P

Mean SD Mean SD
WAZ -1.41 1.2 0.08 1.09 < 0.0001
HAZ -0.89 1.2 1.11 1.18 < 0.0001
BAZ -1.31 1.59 -0.96 1.57 NS

WAZ: weight for age; HAZ: height for age index; BAZ: body mass index 
for age. P, value of Student’s t-test.

Table 3.  Means of z-Scores of Anthropometric Indices of Chil-
dren Aged ≥ 120 Months Recruited

Cases (n = 43) Controls (n = 43)
P

Mean SD Mean SD
HAZ -1.71 1.66 -0.06 1.32 0.0001
BAZ -2.31 0.91 -1.23 1.02 0.014

HAZ: height for age index; BAZ: body mass index for age. P, value of 
Student’s t-test.

Table 4.  Factors Positively Correlating With the Growth Retar-
dation of the SCA Children Included

r P
Number of children at home ≥ 4 0.27 0.02
Single parent family 0.2 NS
Mother’s education level (none/primary school) 0.12 0.048
Mother without income generating activity 0.11 0.03
Head of the family non-executive 0.15 0.048
Number of transfusions (≥ 3) 0.2 0.002
Hemoglobin level between 6 and 7 0.06 NS
Osteo-articular complications 0.12 NS
Hematocrit (9.6-15.9%) 0.4 0.003
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without SCA, the average of HAZ scores at that age is lower 
up to 10 years. With growth, the SCA child becomes smaller 
and thinner than the rest of the general population. Cox et al 
had already made the same observation in Tanzania on a cohort 
of 1,041 children; adolescence is the period when the growth 
deficit of SCA kids increases [4]. The results of Chawla et al 
from the USA, as well as Esezobor et al from Nigeria, also 
conclude that growth retardation in sickle cell disease increas-
es with age [6, 9]. Growth is the physiological phenomenon 
that characterizes the child; the SCA child grows in a context 
of chronic energy malnutrition (permanent low oxygenation 
of tissues) which is characterized by upset growth. Moreover, 
this chronic malnutrition has a negative effect on the pubertal 
phase, depriving children from benefiting from the growth ac-
celeration observed during this period, thus resulting in a wid-
ening gap at this age [4, 6].

Growth retardation rather than acute malnutrition was the 
disorder that has the highest risk of being observed in SCA. 
Lukusa Kazadi et al arrived at the same conclusion as us, find-
ing growth retardation (HAZ ≤ -2) four times higher in SCA 
than in controls. The risk was lower when weight was consid-
ered, with a relative 1.2 higher risk in nmalnurished children 
[15]. Osei-Yeboah et al had findings similar to ours, observing 
three times more growth retardation in Ghanaian sickle cell 
children than in their controls, and a non-significant difference 
in acute undernutrition [16]. This may result from an adap-
tation of the metabolism of children with sickle cell child to 
chronic malnutrition. The SCA child could adapt its weight to 
the needs necessary, but also adequate to its metabolic capaci-
ties. Finally, the low sickle cell weight is compensated by his 
smaller size, thus giving a lower weight for height or BMI.

Male gender was found in our survey to be associated with 
a higher risk of stunting. The same risk was also found to be sta-
tistically significant in the study of Aminasahun et al from Ni-
geria, and Lukusa Kazadi in the Democratic Republic of Congo 
(DRC) [15, 17]. Cox et al also pointed out that the situation 
was reversed if girls have more severe episodes, but the reasons 
why girls have better growth than boys remain uncertain [4].

Risk factors found in the analysis correlating with sickle 
cell growth retardation (Table 4) can be classified as inherent 
to the disease (intrinsic), its treatment and progression (num-
ber of transfusions and hematocrit) and extrinsic factors (so-
cio-economic factors).

For intrinsic factors, the correlation between multi-trans-
fused status and growth retardation in SCA can be explained 
by the absence of a transfusion program in our context. In SCA 
child care protocols, transfusion is carried out in an emergency 
situation, this condition being established either gradually or 
quite rapidly in case of hemolysis due to an infectious cause. 
Our results are similar to those of Lukusa Kazadi et al in the 
DRC, who found an association among more than three trans-
fusions with growth retardation in sickle cell disease [15]. Low 
hematocrit was also found to be correlated with poor nutritional 
status or stunting in SCA in Emmanuelchide et al’s studies in 
Nigeria and Nishkar et al in India [18, 19]. These authors con-
cluded that this accessible and evaluable parameter is a good 
indicator and predictor of sickle cell general health status. Fur-
thermore, administration of zinc supplementation to the sickle 
cell child showed apparent effects on their growth and matura-

tion [20]. This supplementation is not available in our regions. 
The introduction of this supplementation in our country, already 
in need of zinc for the treatment of diarrhea, would be a simple 
and effective instrument for the management of the sickle cell 
in a developing country, such as the use of hydroxyurea [5].

An unfavorable socio-economic context can be corre-
lated with poor nutritional status or growth in SCA. Indeed, 
our results show that, even within this sickle cell population, 
unfavorable socio-economic conditions (mother with low edu-
cational level, a mother without income-generating activities, 
a head of family non-executive, large family) are associated 
with stunting. The authors of the DRC, India and Nigeria come 
to the same conclusion as we do: the sickle cell child in addi-
tion to his pathology also pays tribute to sinister socio-eco-
nomic factors, like the whole population in which he lives [15, 
18, 19]. Only the Animashaun et al’s survey in Nigeria in 2011 
concluded that low socioeconomic status had an inverse (im-
proving) effect on the nutritional status and hemoglobin level 
of sickle cell patients [17].

Conculsions

The results of this case-control study show that growth retar-
dation and the acute malnutrition of the sickle cell children 
are gradually established. The sickle cell child in his early 
childhood is similar to his control, but over the years becomes 
smaller than the non-sickle cell child. Obesity is not observed 
in SCA children in our country. The risk of stunting is greater 
than that of acute malnutrition. In sickle cell children, the fac-
tors correlating with linear growth retardation were age, male 
gender and factors reflecting a poorly controlled chronic dis-
ease. Unfavorable socio-economic conditions also hamper 
their anthropometric parameters. WHO 2006 standards are 
useful and effective tools for screening the nutritional status of 
SCA patient. Our findings lead us to recommend that the nutri-
tional status of SCA child should be a major concern in from 
the age of 5 years and onward. The introduction of measures 
that have shown to be effictive in other countries such as zinc 
administration, dietary advice, easier access to hydroxyurea 
and transfusion programs could improve the health status of 
these young patients and their growth.
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