
Objective: To describe the socioeconomic and nutritional 

characteristics of children and adolescents with sickle cell anemia. 

Data sources: The present study is a systematic literature review 

based on published scientific articles. The searches were carried 

out using the electronic database of the National Library of 

Medicine, National Institutes of Health – PubMed. Two searches 

of articles published in the last 20 years and without limitation 

of language were carried out. The first one started from the 

Medical Subject Headings term “Anemia, Sickle Cell” associated 

with “Socioeconomic Factors”; and the second started from the 

term “Anemia, Sickle Cell” associated with “Anthropometry”. 

The searches were directed to research conducted on humans 

in the age group from 0 to 18 years.

Data synthesis: The final selection was composed by 11 articles 

on socioeconomic characteristics and 21 articles on nutritional 

characteristics. All studies included children and adolescents with 

sickle cells disease (age range 0‑18 years), both genders, and most 

of them of black ethnicity. Families of children and adolescents 

with sickle cell anemia were of predominantly low socioeconomic 

status. Parents had lower educational levels when compared to 

parents of healthy children and adolescents. Body measurements 

(weight and height) and anthropometric indicators of children 

with sickle cell anemia were often lower when compared to 

healthy groups or reference populations.

Conclusions: Children and adolescents with sickle cell anemia 

have socioeconomic limitations and worse nutritional conditions, 

when compared to reference populations. These limitations 

may lead to worse growth and greater occurrence of possible 

complications that can impair their quality of life.

Keywords: Sickle cell anemia; Child; Adolescent; Social class; 

Anthropometry.

Objetivo: Descrever as características socioeconômicas e 

nutricionais de crianças e adolescentes com anemia falciforme.

Fonte de dados: Estudo de revisão sistemática da literatura 

baseado em artigos publicados em revistas científicas. As buscas 

foram realizadas na base de dados eletrônica da National Library of 

Medicine, National Institutes of Health – PubMed. Foram realizadas 

duas buscas de artigos publicados nos últimos 20 anos e sem limitação 

de idioma. A primeira partiu do Descritor em Ciências da Saúde 

“Anemia Falciforme” associado com “Fatores Socioeconômicos”; e 

a segunda partiu do descritor “Anemia Falciforme” associado com 

“Antropometria”. As buscas foram direcionadas para pesquisas 

realizadas em seres humanos na faixa etária de 0 a 18 anos.

Síntese dos dados: A seleção final foi composta por 11 artigos 

referentes às características socioeconômicas e 21 referentes 

às características nutricionais. As amostras estudadas foram de 

crianças e adolescentes de ambos os sexos, com idade de 0 a 18 anos 

e com predomínio de populações negras. Famílias de crianças e 

adolescentes com anemia falciforme eram predominantemente 

de baixo nível socioeconômico. Os pais apresentaram níveis 

educacionais inferiores, quando comparados a pais de crianças e 

adolescentes saudáveis. As medidas corporais (peso e estatura) e 

os indicadores antropométricos de crianças com anemia falciforme 

foram frequentemente menores, quando comparados com os 

dos grupos saudáveis ou das  populações de referência.

Conclusão: Crianças e adolescentes com anemia falciforme 

apresentam limitações socioeconômicas e piores condições 

nutricionais, quando comparados às populações de referência. Essas 

limitações podem implicar pior crescimento e maior ocorrência de 

possíveis complicações, que podem prejudicar sua qualidade de vida.

Palavras‑chave: Anemia falciforme; Criança; Adolescente; Classe 

social; Antropometria. 
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INTRODUCTION
Sickle cell disease (SCD) occurs due to a genetic muta‑
tion — replacement of the nitrogen base thymine with 
adenine, which results in the substitution of glutamic acid 
with valine at the sixth position of the β chain on the short 
arm of chromosome 11. This change leads to formation of 
structurally abnormal hemoglobin, called hemoglobin S 
(HbS), and, consequently, deformation and stiffening of 
the red cell membrane.

In Brazil, an estimated 3,000 children are born with SCD 
annually. The term “sickle cell anemia” (SCA) is used for its 
form of homozygotes SS, being characterized as one of the 
most common hereditary diseases in different populations.1‑3 
SCD is considered a public health problem with a high prev‑
alence among people of black ethnicity, who in many cases 
make up the poorest groups in society, live in peripheral 
regions of large urban centers and have less access to health 
and education.4,5

In most cases, clinical manifestations of SCA begin in 
early childhood with significant nutritional and psychosocial 
impact.2 The growth and development patterns present differ‑
ences in children and adolescents with and without SCA in all 
age groups. Often, the weight and height of children and ado‑
lescents with SCA are lower when compared to children and 
adolescents without the disease. These differences have been 
associated with higher total energy expenditure, lower circu‑
lating hemoglobin levels, and higher frequency of hospitaliza‑
tions of patients with SCA.2,3,6

As in other chronic diseases, low socioeconomic and edu‑
cational levels directly affect the quality of life of these children 
and adolescents with SCA. These characteristics are associated 
with a worse prognosis, since its impact is multifactorial and 
directly interferes with nutrition and health care.3,7,8

The difficulty of parents and children with SCA in 
dealing with the need imposed by the consequences of 
the disease, such as repetitive infections, pain, blood 
transfusions and frequent hospitalizations, which result 
in absenteeism and lower school performance, highlights 
the importance of ensuring adequate nutritional support 
and the existence of minimum socioeconomic conditions 
for clinical and family management. However, there is still 
a lack of studies that broadly describe the socioeconomic 
(SC) and nutritional (NC) characteristics of children and 
adolescents with SCA.4,9

In this context, this study aimed to describe the SC and 
NC of children and adolescents with SCA in different popula‑
tions, offering a broad epidemiological scenario to contribute 
to the elaboration and execution of management and control 
strategies for the clinical consequences of the disease.

METHOD
The present study is a systematic literature review based on articles 
published in scientific journals. The searches were conducted in 
the electronic database of the National Center for Biotechnology 
Information Advances Science and Health – National Library 
of Medicine – National Institutes of Health – PubMed,10 in 
March 24th 2017.

Two searches were carried out to meet the proposed objec‑
tives without limitation of language. The health descriptors 
were chosen by consulting Medical Subject Headings (MesH). 
The search for SC came from the descriptor “anemia, sickle cell” 
associated (and) with “socioeconomic factors”, which resulted 
in 296 articles. The search for NC was based on the descrip‑
tor “anemia, sickle cell” associated (and) with “anthropometry”, 
which resulted in 288 articles. In both searches, filters were 
added for research done on humans (humans) and on children 
and adolescents (child: birth 18 years).

After applying the filters, the search for SC resulted in 
194 articles, and that for NC resulted in 221 articles. These 
articles were evaluated for their methodological characteris‑
tics, excluding those which studied subjects without SCA, 
studies conducted predominantly with adults (sample of 
individuals aged over 18 years greater than 80%), studies 
with samples composed of pregnant women or patients with 
SCA associated with other hemoglobinopathies or other dis‑
eases, articles published over than 20 years ago, review arti‑
cles, duplicate articles, letters to the editor, and case reports. 
Thus, 72 articles on SC and 94 on NC remained. Given the 
changes in disease control related to better resources for early 
diagnosis and targeted care, articles published over than 20 
years ago were excluded, as it was considered that the results 
possibly found would not reflect the nutritional and social 
reality of children and adolescents with SCA receiving care 
in today’s world.

The abstracts of these articles were read independently 
by two researchers, who excluded those who did not present 
information to answer the research questions (socioeconomic 
factors and anthropometric data with a sample of children and 
adolescents with SCA).

After this stage, the researchers gathered in a panel for dis‑
cussing the eligibility criteria, observing agreements and dis‑
agreements in the choices. Thus, agreeing options on inclusion 
or exclusion were maintained, and disagreements were re-eval‑
uated together in the presence of a third investigator, resulting 
in 11 articles from the search for SC and 23 for NC.

The SC found in the selected articles were socioeconomic 
classifications (estimated by several criteria at different class lev‑
els) and specific indicators (parents’ occupation and schooling, 
insurance/health insurance and family income).
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At the same time, the NCs found were weight (W), 
height (H), absolute body mass index (BMI) and anthro‑
pometric indicators of weight/age (W/A), weight/height 
(W/H), height/age (H/A) and body mass index/age (BMI/A). 
The population reference standards considered were: World 
Health Organization (WHO),11 Centers for Disease Control 
and Prevention (CDC)12 and National Center for Health 
Statistics (NCHS).13 In addition, healthy control group stud‑
ies were also included.

Subsequently, 3 of the 23 articles selected in the NC group 
were excluded because they did not present consistent informa‑
tion on the nutritional status of the children and adolescents 
studied. In addition, an article from the SC search that went 
through this stage also contained nutritional information, and 
was therefore included in the NC search.

Finally, 11 articles on SC and 21 on NC were selected and 
analyzed in the present study. The selection process of the arti‑
cles is presented in Figure 1.

Figure 1 Selection process of studies on socioeconomic and nutritional characteristics of children and adolescents 
with sickle cell anemia (aged 0 to 18 years), 1996 to 2017.
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RESULTS
The methodology used to search for information resulted in 
the selection of 11 articles referring to SC and 21 referring to 
NC, most of which were carried out in clinics and hospitals 
from reference centers and in universities in cities of the United 
States and Nigeria. The samples studied were children and ado‑
lescents with SCA of both sexes, aged between 0 and 18 years 
and with predominance of black populations.

In all studies, interviews were conducted with parents or 
guardians. The SCs were evaluated by the parents’ schooling 
and their occupations, the family income and the application 
of specific indexes and classifications. On the other hand, NCs 
were evaluated by W, H, and anthropometric indices, com‑
pared with the study’s own control groups or with population 
reference standards (Tables 1 and 2).

In the studies that presented the SCs, the children and ado‑
lescents with SCA belonged to families with socioeconomic 
conditions between middle and low level, and most of the 
parents had some type of schooling, predominating between 
primary and secondary education. Although the SCs of the 
group of children and adolescents with SCA presented lower 
levels, only one study compared them with the control group, 
showing, in a significant way, that children with SCA belonged 
to families of lower income and with greater need of use of the 
public health care network (Table 1).

In relation to NCs, the measurements and the anthropo‑
metric indexes of children and adolescents with SCA showed 
statistically significant lower values for the control and/or ref‑
erence populations in 5 of the 21 selected studies (Table 2).

DISCUSSION
The results show that children and adolescents with SCA pre‑
dominantly belong to families from the less favored socioeco‑
nomic classes, whose parents have greater difficulty to achieve 
higher educational levels when compared to parents of healthy 
children and adolescents.

Socioeconomic status is a factor that directly affects treat‑
ment and access to health care. Adherence and attendance to 
follow-up visits are often affected by the low family income, 
especially by the distance between the home and the special‑
ized services facilities. This phenomenon is aggravated when it 
comes to patients with chronic disease in a situation of depen‑
dence, as is the case of children with SCA.19

Because it is a hereditary disease, descended from sub-Sa‑
haran African populations,5 SCA is embedded in a context of 
social inequality in the world. The selected studies, for the most 
part, were performed in samples exclusively composed or with 
a large percentage of black population.

According to the Brazilian Institute of Geography and 
Statistics (IBGE),45 the majority of the Brazilian population 
(53.9%) declared to be of black or brown color/race, and this 
characteristic is higher in the age group from 10 to 19 years 
(values greater than 58.0% in both sexes). In addition, data 
show that, in relation to food unsafety (mild, moderate and 
severe), black children are the most exposed to this nutritional 
risk (43.1%). Access to basic sanitation services (water supply 
by general network, sanitary sewage by collecting or rainwa‑
ter network, and direct or indirect garbage collection) is also 
lower in the black population, with only 55.3% of households 
in this group presenting this characteristic, different from the 
white population (71.9%).

Historically, the black population became enslaved in Brazil 
and, even after the abolition of slavery, their descendants had 
few opportunities for social and economic entry into the coun‑
try. An improvement can be observed in the living conditions 
of black populations in Brazil, but this socioeconomic struc‑
tural problem remains today.46

The sum of these problems implies worse socioeconomic 
situations. An example of this is the low level of education of 
children’s guardians, which makes it difficult to get a formal 
job. Thus, families are more inclined to work with informal and 
uncertain services, without the security of a monthly income.47 
This aspect is also reflected in the schooling of children with 
SCA from families with low socioeconomic status, who have 
lower school performance, with little possibility of access to 
reinforcement activities or other type of support that contrib‑
utes to performance improvement.16

Thus, children with SCA, which predominantly comprise 
the black population by the disease’s inheritance character‑
istic, are more likely to live in worse socioeconomic con‑
ditions. In this sense, it seems plausible that the Brazilian 
data can be extrapolated to countries with similar ethnic 
characteristics, which present different degrees of misce‑
genation, but which predominantly have the worse living 
conditions among the black population, when compared to 
the white population.

At the same time, it was possible to identify in the articles 
selected in the present review that the body measurements 
(W and H) and the anthropometric indicators of children with 
SCA were often lower when compared with reference popu‑
lations (WHO, CDC and NCHS) and with control groups 
consisting of children and adolescents.

Thus, SCA represents a greater risk of interrupting W and 
H gain and, consequently, leads to chronic protein and energy 
malnutrition. When compared to the healthy population, the 
basal metabolic rate of children with SCA is 16 to 20% higher. 
Impaired nutritional status can bring even more important 



Jesus ACS et al.

495
Rev Paul Pediatr. 2018;36(4):491-499

Ta
bl

e 
1 

So
ci

o
ec

o
no

m
ic

 c
ha

ra
ct

er
is

ti
cs

 o
f c

hi
ld

re
n 

an
d

 a
d

o
le

sc
en

ts
 (a

ge
d

 0
 t

o
 1

8 
ye

ar
s)

 w
it

h 
si

ck
le

 c
el

l a
ne

m
ia

, b
as

ed
 o

n 
st

ud
ie

s 
p

ub
lis

he
d

 b
et

w
ee

n 
19

96
 

an
d

 2
01

7.

T:
 t

ra
ns

ve
rs

al
; C

C
: c

as
e-

co
nt

ro
l; 

C
o

: c
o

ho
rt

; y
: y

ea
rs

; S
S:

 c
hi

ld
re

n 
w

it
h 

si
ck

le
 c

el
l a

ne
m

ia
; A

A
: h

ea
lt

hy
 c

hi
ld

re
n;

 S
C

: s
o

ci
o

ec
o

no
m

ic
 c

o
nd

it
io

n;
 S

L:
 s

o
ci

o
ec

o
no

m
ic

 le
ve

l; 
B

M
W

: B
ra

zi
lia

n 
m

in
im

um
 

w
ag

e;
 

: a
ve

ra
ge

; F
I: 

Fa
m

ily
 in

co
m

e;
 N

H
IS

: N
at

io
na

l H
ea

lt
h 

In
te

rv
ie

w
 S

ur
ve

y 
; I

: i
lli

te
ra

te
; L

: l
it

er
at

e 
(o

ut
 o

f 
sc

ho
o

l);
 IP

E:
 in

co
m

p
le

te
 p

ri
m

ar
y 

ed
uc

at
io

n;
 C

P
E:

 c
o

m
p

le
te

 p
ri

m
ar

y 
ed

uc
at

io
n;

 IS
E:

 
in

co
m

p
le

te
 s

ec
o

nd
ar

y 
ed

uc
at

io
n;

 C
SE

: c
o

m
p

le
te

 s
ec

o
nd

ar
y 

ed
uc

at
io

n;
 H

E:
 h

ig
he

r 
ed

uc
at

io
n;

 N
D

: n
o

t 
d

ec
la

re
d

; F
P

I: 
fe

d
er

al
 p

o
ve

rt
y 

in
d

ex
; M

ed
ic

ai
t/

SC
H

IP
: h

ea
lt

h 
ca

re
 p

ro
gr

am
 f

o
r 

fa
m

ili
es

 
w

it
h 

lo
w

er
 in

co
m

e 
in

 t
he

 U
SA

; C
SI

: C
o

m
m

un
it

y 
St

re
ss

 In
d

ex
 (p

o
ve

rt
y,

 s
ch

o
o

lin
g,

 ≥
 1

6 
ye

ar
s 

o
f 

ag
e 

w
ho

 c
an

no
t 

w
o

rk
, ≥

 1
6 

ye
ar

s 
o

f 
ag

e 
w

ho
 a

re
 u

ne
m

p
lo

ye
d

 a
nd

 in
co

m
e 

—
 s

co
ri

ng
 r

an
ge

s 
fr

o
m

 
1 

to
 1

8 
p

o
in

ts
;  

st
re

ss
 le

ve
ls

 a
re

 h
ig

h 
≥ 

14
, a

ve
ra

ge
 f

ro
m

 9
 t

o
 1

3 
an

d
 lo

w
 f

ro
m

 0
 t

o
 8

); 
† m

ea
su

re
d

 b
y 

th
e 

nu
m

b
er

 a
nd

 t
yp

es
 o

f 
ho

us
eh

o
ld

 a
p

p
lia

nc
es

, w
at

er
 s

o
ur

ce
 a

nd
 t

yp
e 

o
f 

sa
ni

ta
ti

o
n 

(s
ca

le
 

fr
o

m
 1

 t
o

 1
8)

; *
SC

 in
fo

rm
at

io
n 

w
as

 c
o

lle
ct

ed
 t

hr
o

ug
h 

an
 in

te
rv

ie
w

 w
it

h 
p

ar
en

ts
 o

r 
gu

ar
d

ia
ns

.

A
ut

ho
r 

(y
ea

r)

M
et

ho
do

lo
gy

R
es

ul
ts

D
es

ig
n

Sa
m

pl
e

P
la

ce
(c

it
y/

st
at

e/
co

un
ty

)
Ev

al
ua

ti
o

n 
cr

it
er

ia
*

Fe
rn

an
d

es
 

et
 a

l. 
(2

01
5)

14
T

n=
10

6 
(4

5 
♀

/6
1 
♂

)
8‑

14
 y

M
in

as
 G

er
ai

s,
 

B
ra

zi
l

P
ar

en
ta

l s
ch

o
o

lin
g 

 
(≤

8 
ye

ar
s 

o
f 

sc
ho

o
lin

g)
 

an
nu

al
 F

I (
in

 t
ho

us
an

d
s 

o
f 

U
SD

) 
b

y 
ag

e 
gr

o
up

 a
nd

 h
o

m
e 

o
w

ne
rs

hi
p

M
at

er
na

l s
ch

o
o

lin
g 

(7
4.

2%
); 

p
at

er
na

l s
ch

o
o

lin
g 

(7
5.

4%
)

A
nn

ua
l F

I:8
‑1

0 
(7

.0
); 

11
‑1

4 
(1

7.
5%

)
H

o
m

e 
o

w
ne

rs
hi

p
:N

o
 (6

8.
5%

)

K
in

g 
et

 a
l. 

(2
01

4)
15

T
n=

10
7 

SS
/4

3 
A

A
5‑

15
 y

U
SA

Sc
ho

o
lin

g 
o

f 
th

e 
he

ad
 o

f 
th

e 
fa

m
ily

 
an

d
 a

nn
ua

l F
I (

in
 t

ho
us

an
d

s 
o

f 
U

SD
)

So
m

e 
sc

ho
o

lin
g 

o
r 

m
o

re
: S

S 
(5

7.
0%

); 
A

A
 (6

0.
5%

)
A

nn
ua

l F
I:S

S 
(8

.4
); 

A
A

 (1
1.

0)

Ez
en

w
o

su
 

et
 a

l. 
(2

01
3)

16
C

C
n=

90
 S

S/
90

 A
A

 (3
5 

♀
/5

5 
♂

) 5
‑1

1 
y

En
ug

u,
 N

ig
er

ia
SC

 (p
ar

en
ta

l/
gu

ar
d

ia
ns

’ o
cc

up
at

io
n 

an
d

 s
ch

o
o

lin
g)

SS
 S

C
: h

ig
h 

(3
0%

); 
av

er
ag

e 
(2

3.
3%

); 
lo

w
 (4

6.
7%

)
A

A
 S

C
: h

ig
h 

(2
3.

3%
); 

av
er

ag
e 

(2
7.

8%
); 

lo
w

 (4
8.

6%
)

A
ko

d
u 

et
 a

l. 
(2

01
2)

17
T

n=
80

 S
S/

80
 A

A
2‑

15
 y

La
go

s,
 N

ig
er

ia
SL

 a
nd

 s
o

ci
o

ec
o

no
m

ic
 s

tr
at

um

SS
 S

L:
 I‑

II 
(3

6.
3%

); 
III

‑IV
 (6

2.
5%

); 
V

 (1
.2

%
)

A
A

 S
L:

 I‑
II 

(5
1.

3%
); 

III
‑IV

 (4
8.

7%
); 

V
 (0

%
)

SS
 s

tr
at

um
: h

ig
h 

(3
6.

2%
); 

av
er

ag
e 

(4
5%

); 
lo

w
 (1

8.
8%

)
A

A
 s

tr
at

um
: h

ig
h 

(5
1.

2%
); 

av
er

ag
e 

(3
8.

8%
); 

lo
w

 (1
0%

)

Lu
na

 e
t 

al
. 

(2
01

2)
18

T
n=

16
0;

 3
‑1

2 
y

Pe
rn

am
b

uc
o

, 
B

ra
zi

l
P

ar
en

ts
’ c

o
m

b
in

ed
 e

d
uc

at
io

na
l  

le
ve

l a
nd

 F
I (

B
M

W
)

Sc
ho

o
lin

g:
 I‑

L 
(5

%
); 

IP
E 

(5
6.

3%
); 

 
C

P
E 

(1
8.

1%
); 

C
SE

 (1
8.

1%
); 

H
E 

(2
.5

%
)

FI
: <

1 
B

M
W

 (1
5%

); 
1‑

2 
B

M
W

 (7
6.

9%
); 

 
>2

 B
M

W
 (7

.5
%

); 
N

D
 (0

.6
%

)

B
o

ul
et

 e
t 

al
. 

(2
01

0)
19

T
n=

19
2 

SS
/1

9,
33

5 
A

A
0‑

17
 y

N
H

IS
 –

 U
SA

M
at

er
na

l s
ch

o
o

lin
g 

(IS
E,

 C
SE

 
an

d
 H

E)
, F

I (
b

el
o

w
 t

he
 F

P
I) 

an
d

 
in

su
ra

nc
e 

(h
ea

lt
h 

in
su

ra
nc

e 
– 

M
ed

ic
ai

t/
SC

H
IP

)

SS
 s

ch
o

o
lin

g:
 IS

E 
(2

8%
); 

C
SE

 (3
2.

4%
); 

H
E 

(3
9.

6%
)

A
A

 s
ch

o
o

lin
g:

 IS
E 

(1
9%

); 
C

SE
 (3

3%
); 

H
E 

(4
8%

)F
I<

FP
I: 

SS
 (4

7.
8%

); 
A

A
 (3

4.
7%

); 
p

<0
.0

5
In

su
ra

nc
e:

 S
S 

(5
6.

2%
); 

A
A

 (3
9.

7%
); 

p
<0

.0
5

B
ro

w
n 

et
 a

l. 
(2

01
0)

20
T

n=
67

 (2
4 
♀

/4
3 
♂

)
0‑

18
 y

Ib
ad

an
, N

ig
er

ia
M

at
er

na
l s

ch
o

o
lin

g
M

at
er

na
l s

ch
o

o
lin

g:
 ≥

SE
 (5

0.
7%

); 
<S

E 
(4

9.
3%

)

U
ch

en
d

u 
et

 a
l. 

(2
01

0)
21

C
C

n=
10

0 
(♂

); 
6‑

18
 y

En
ug

u,
 N

ig
er

ia
SC

 (p
ar

en
ta

l/
gu

ar
d

ia
ns

’ o
cc

up
at

io
n 

an
d

 s
ch

o
o

lin
g)

SC
: h

ig
h 

(1
9%

); 
av

er
ag

e 
(3

0%
); 

lo
w

 (5
1%

)

P
an

ep
in

to
 

et
 a

l. 
(2

00
9)

22
T

n=
10

4;
 2

‑1
8 

y
W

is
co

ns
in

, U
SA

FI
 (i

n 
th

o
us

an
d

s 
o

f 
U

SD
)

FI
: 

>
4

0
 (

2
1

.2
%

);
 >

2
0

 t
o

 ≤
4

0
 (

2
5

%
);

 ≤
2

0
 (

3
4

.6
%

);
 N

D
 (

1
9

.2
%

)

Te
lf

ai
r 

et
 a

l. 
(2

00
3)

23
T

n=
66

2
A

la
b

am
a,

 U
SA

 
 C

SI
C

SI
: u

rb
an

 (1
1.

97
); 

ru
ra

l (
13

.9
)

Si
ng

ha
l e

t 
al

. 
(1

99
6)

24
C

o
n=

21
9 

(1
06

 ♀
/1

13
 

♂
) 0

‑9
 y

K
in

gs
to

n,
 

Ja
m

ai
ca

 
 S

C
 s

co
re

 †
SC

: ♀
 (1

1)
; ♂

 (1
2)



Children and adolescents with sickle cell anemia

496
Rev Paul Pediatr. 2018;36(4):491-499

Ta
bl

e 
2 

N
ut

rit
io

na
l c

ha
ra

ct
er

is
ti

cs
 o

f c
hi

ld
re

n 
an

d 
ad

ol
es

ce
nt

s 
(a

ge
d 

0 
to

 1
8 

ye
ar

s)
 w

it
h 

si
ck

le
 c

el
l a

ne
m

ia
, b

as
ed

 o
n 

st
ud

ie
s 

pu
bl

is
he

d 
be

tw
ee

n 
19

96
 a

nd
 2

01
7.

T:
 t

ra
ns

ve
rs

al
; C

C
: c

as
e-

co
nt

ro
l; 

C
o

: c
o

ho
rt

; m
: X

X
X

X
X

; y
: y

ea
rs

; 
: m

ea
n;

 M
e: m

ed
ia

n;
 W

: w
ei

gh
t;

 H
: h

ei
gh

t;
 A

: a
ge

 (m
o

nt
hs

); 
B

M
I: 

b
o

d
y 

m
as

s 
in

d
ex

; Z
: z

 s
co

re
; S

S:
 c

hi
ld

re
n 

w
it

h 
si

ck
le

 c
el

l a
ne

m
ia

; 
A

A
: h

ea
lt

hy
 c

hi
ld

re
n;

 W
H

O
: W

o
rl

d
 H

ea
lt

h 
O

rg
an

iz
at

io
n;

 C
D

C
: C

en
te

rs
 fo

r D
is

ea
se

 C
o

nt
ro

l a
nd

 P
re

ve
nt

io
n;

 N
C

H
S:

 N
at

io
na

l C
en

te
r f

o
r H

ea
lt

h 
St

at
is

ti
cs

; *
p

>0
.0

5;
 9

5%
C

I: 
95

%
 c

o
nfi

d
en

ce
 in

te
rv

al
.

A
ut

ho
r 

(y
ea

r)
M

et
ho

do
lo

gy
R

es
ul

ts
D

es
ig

n
Sa

m
pl

e
P

la
ce

 
Ev

al
ua

ti
o

n 
cr

it
er

ia

O
ri

m
ad

eg
un

 &
 O

na
zi

 
(2

01
5)

25
 

T
n=

20
8 

(7
6 
♀

/1
32

 ♂
); 

9 
m

‑1
5 

y
Za

m
fa

ra
, N

ig
er

ia
W

 (k
g)

, B
M

I (
kg

/m
²)

 a
nd

  
W

/H
 (Z

<‑
2)

 (W
H

O
)

W
=9

.0
±7

.2
; B

M
I=

14
.3
±2

.2
; W

/H
=2

4.
5%

A
ko

d
u 

et
 a

l. 
(2

01
4)

26
C

C
n=

50
 S

S/
50

 A
A

 (5
0 
♀

/5
0 
♂

); 
9 

m
‑1

5 
y

La
go

s,
 N

ig
er

ia
 

H
 (c

m
)

H
: S

S 
11

3.
3/

A
A

 1
15

.4
*

Sa
lle

s 
et

 a
l. 

(2
01

4)
27

C
o

n=
76

 (n
o

n-
ap

ne
ic

); 
=

9±
3 

y
Sa

lv
ad

o
r, 

B
ra

zi
l

 
H

/A
 a

nd
 B

M
I/A

 (Z
/C

D
C

) 
H

/A
=‑

0.
7 

(‑
1.

4/
‑0

.1
); 

B
M

I/A
=‑

1.
0 

(‑
2.

2/
‑0

.2
)

A
ko

d
u 

et
 a

l. 
(2

01
2)

17
C

C
n=

40
 S

S/
40

 A
A

; 2
‑1

5 
y

La
go

s,
 N

ig
er

ia
 

B
M

I/A
 (Z

‑W
H

O
)

♀
 S

S 
‑1

.7
2/

A
A

 0
.0

3;
 p

<0
.0

01
; ♂

 S
S 

‑1
.1

/A
A

 ‑1
.0

1*

A
ni

m
as

ah
un

 e
t 

al
. 

(2
01

1)
28

 
C

C
n=

10
0 

SS
/1

00
 A

A
; 1

‑1
0 

y
La

go
s,

 N
ig

er
ia

H
 (m

), 
W

 (k
g)

 a
nd

 B
M

I (
kg

/m
²)

 
H

: S
S 

1.
13

/A
A

 1
.2

5*
; W

: S
S 

18
.8

/A
A

 2
1.

3;
 p

<0
.0

01
B

M
I: 

SS
 1

4.
6/

A
A

 1
5.

1*

W
al

i &
 M

o
he

eb
 (2

01
1)

29
C

C
n=

41
 S

S/
50

 A
A

 (♂
); 

10
‑1

4 
y

M
us

ca
t,

 O
m

an
 

W
 (k

g)
 a

nd
 H

 (c
m

)
W

: S
S 

31
.7

/A
A

 3
3.

6*
; H

: S
S 

14
2.

2/
A

A
 1

44
.6

*

A
l‑S

aq
la

d
i e

t 
al

. (
20

10
)30

T
n=

10
2

A
d

en
, Y

em
en

 
H

/A
, W

/A
, W

/H
 a

nd
 B

M
I/A

 (Z
‑W

H
O

)
≤5

y:
 H

/A
=‑

2.
16

; W
/A

=‑
2.

17
; B

M
I/A

=‑
1.

21
>5

y:
 H

/A
=‑

2.
24

; W
/A

=‑
2.

68
; B

M
I/A

=‑
1.

84

Sa
d

ar
an

ga
ni

 e
t 

al
. 

(2
00

9)
31

C
o

n=
12

4 
(5

6 
♀

/6
8 
♂

); 
0‑

18
 y

K
ili

fi
, K

en
ya

M
e H

/A
, W

/A
 a

nd
 W

/H
 (Z

‑N
C

H
S)

 
H

/A
=‑

1.
90

; W
/A

=‑
2.

00
; W

/H
=‑

1.
50

Fu
ng

 e
t 

al
. (

20
08

)32
C

o
n=

80
 (4

0 
♀

/4
0 
♂

); 
4‑

19
 y

P
hi

la
d

el
p

hi
a,

 U
SA

H
/A

, W
/A

 a
nd

 B
M

I/A
 (Z

‑W
H

O
)

♀
 H

/A
=‑

0.
1;

 W
/A

=‑
0.

5;
 B

M
I/A

=‑
0.

6
♂

 H
/A

=‑
0.

9;
 W

/A
=‑

1.
2;

 B
M

I/A
=‑

0.
9

K
o

um
b

o
ur

lis
 &

 L
ee

 
(2

00
7)

33
C

o
n=

45
 (2

5 
♀

/2
0 
♂

); 
10

.6
±3

.5
C

o
lo

m
b

ia
 &

 U
SA

H
/A

, W
/A

 a
nd

 B
M

I/A
 

(p
er

ce
nt

ile
‑N

C
H

S)
H

/A
=3

5;
 W

/A
=4

0;
 B

M
I/A

=4
5

Kw
ac

ha
k 

et
 a

l. 
(2

00
7)

34
C

o
n=

97
 (5

3 
♀

/4
4 
♂

); 
1‑

18
 y

P
hi

la
d

el
p

hi
a,

 U
SA

 
H

/A
, W

/A
 a

nd
 B

M
I/A

 (Z
‑C

D
C

)
H

/A
=‑

0.
5;

 W
/A

=‑
0.

8;
 B

M
I/A

=‑
0.

7

Ze
m

el
 e

t 
al

. (
20

07
)35

C
o

n=
57

8 
(2

78
 ♀

/3
00

 ♂
); 
=

9.
1±

4.
7y

P
hi

la
d

el
p

hi
a,

 U
SA

 
W

/A
, B

M
I/A

 (Z
‑C

D
C

)
W

/A
=‑

0.
7*

; B
M

I/A
=‑

0.
7*

B
ui

so
n 

et
 a

l. 
(2

00
5)

36
T

n=
90

 S
S/

19
8 

A
A

; 4
‑1

9 
y

P
hi

la
d

el
p

hi
a,

 U
SA

 
H

/A
, W

/A
 a

nd
 B

M
I/A

 (Z
‑C

D
C

)
H

/A
: S

S 
‑0

.4
6/

A
A

 0
.2

7;
 p

<0
.0

01
W

/A
: S

S 
0.

80
/A

A
 0

.3
9;

 p
<0

.0
01

B
M

I/A
: S

S 
‑0

.7
7/

A
A

 0
.2

9;
 p

<0
.0

01

B
ar

d
en

 e
t 

al
. (

20
02

)37
C

C
n=

36
 S

S/
30

 A
A

; 5
‑1

8 
y

P
hi

la
d

el
p

hi
a,

 U
SA

 
H

/A
, W

/A
 (Z

‑N
C

H
S)

H
/A

: S
S 

‑0
.4

/A
A

 0
.5

; p
<0

.0
1;

 W
/A

: S
S 

‑0
.8

/A
A

 0
.3

; p
<0

.0
1

B
uc

ho
w

sk
i e

t 
al

. (
20

02
)38

C
C

n=
37

 S
S/

23
 A

A
; 1

4-
18

 y
Te

nn
es

se
e,

 U
SA

 
H

 (c
m

) a
nd

 H
 (k

g)
♀

 H
: S

S 
15

4.
4/

A
A

 1
63

.8
*;

 W
: S

S 
50

.8
/A

A
 5

9.
2*

♂
 H

: S
S 

16
7.

0/
A

A
 1

63
.8

*;
 W

: S
S 

55
.8

/A
A

 5
3.

1*

O
re

d
ug

b
a 

et
 a

l. 
(2

00
2)

39
C

C
n=

11
7 

SS
/1

22
 A

A
; 1

0±
4.

7 
y

La
go

s,
 N

ig
er

ia
H

 (m
) a

nd
 W

 (k
g)

<6
 y

 H
: S

S 
0.

94
/A

A
 0

.9
8*

; W
: S

S 
13

.8
/A

A
 1

5.
6*

6‑
12

 y
 H

: S
S 

1.
46

/A
A

 1
.5

0*
; W

: S
S 

31
.0

/A
A

 3
5.

3*
>1

2 
y 

H
: S

S 
1.

64
/A

A
 1

.6
2*

; W
: S

S 
47

.2
/A

A
 5

5.
1;

 p
<0

.0
1

Si
ng

ha
l e

t 
al

. (
20

02
)40

C
C

n=
41

 S
S/

31
 A

A
; 3

‑6
 y

K
in

gs
to

n,
 J

am
ai

ca
 

H
 (c

m
), 

W
 (k

g)
, B

M
I (

kg
/m

²)

♀
 H

: S
S 

10
7.

9/
A

A
 1

09
.8

*;
 W

: S
S 

16
.6

/A
A

 1
7.

6*
B

M
I: 

SS
 1

4.
2/

A
A

 1
4.

5*
♂

 H
: S

S 
10

5.
8/

A
A

 1
07

.9
*;

 W
: S

S 
16

.3
/A

A
 1

7.
2*

B
M

I: 
SS

 1
4.

5/
A

A
 1

4.
7*

C
ip

o
lo

tt
i e

t 
al

. (
20

00
)41

T
n=

76
 (4

2 
♀

/3
4 
♂

)
Se

rg
ip

e,
 B

ra
zi

l
 

H
/A

 a
nd

 W
/A

 (Z
‑N

C
H

S)
<1

5 
y 

H
/A

‑W
/A

=N
CH

S*
; ≥

15
 y

 H
/A

‑W
/A

 <
N

CH
S 

(9
5%

CI
)

Th
o

m
as

 e
t 

al
. (

20
00

)42
C

o
n=

31
5;

 0
‑1

8 
y

K
in

gs
to

n,
 J

am
ai

ca
 

H
/A

 a
nd

 W
/A

 (Z
‑N

C
H

S)
♀

 H
/A

=‑
1.

4;
 W

/A
=‑

1.
7

♂
 H

/A
=‑

1.
7;

 W
/A

=‑
1.

7

K
o

p
p

‑H
o

o
lih

an
 e

t 
al

. 
(1

99
9)

43
T

n=
8 

(3
 ♀

/5
 ♂

); 
11

‑1
8 

y
C

al
if

o
rn

ia
, U

SA
 

H
/A

, W
/A

 (Z
‑N

C
H

S)
 a

nd
 B

M
I

E/
I=

‑1
.5

; W
/A

=1
.3

; B
M

I/A
=1

7.
9

So
lim

an
 e

t 
al

. (
19

98
)44

C
C

n=
16

2 
M

us
ca

t,
 O

m
an

H
/A

=‑
1.

52
; B

M
I=

14
.6

H
/A

=‑
1.

52
; B

M
I=

14
.6



Jesus ACS et al.

497
Rev Paul Pediatr. 2018;36(4):491-499

clinical complications to children with this disease, negatively 
affecting the individual’s health and nutrition, resulting in an 
unwanted cycle of health problems.48

In fact, there were statistically significant differences in W 
when children with SCA were compared to children in the con‑
trol groups. Such difference was not evidenced in the compar‑
ison of H. However, the mean H of these children was lower 
when compared to the population reference curves. This can 
be explained by the fact that the indicators adopted were devel‑
oped based on different populations, including several races, 
social classes and living conditions, which present higher means 
when compared to other less favored populations such as chil‑
dren with SCA in Nigeria and Jamaica.28

Low H and the slower growth rate of children with SCA 
have been associated with delayed epiphyseal fusion of long 
bones, due to late puberty, and the lower concentration of cir‑
culating hemoglobin. Although the end of the growth period 
of these children occurs somewhat later than with healthy chil‑
dren, the final H cannot compensate for the previous delay and 
therefore is compromised, not reaching the expected height 
for a healthy individual.41,49 Another review of the growth and 
nutritional status of children and adolescents with SCA, pub‑
lished in 2008, selected 46 studies, but with large variations in 
sample size and reference standards, which reduced the ability 
to compare them. However, as demonstrated in the present 
study, there was a consistent pattern of growth failure among 
affected children in all geographic areas, with good evidence 
linking growth failure to endocrine dysfunction, metabolic 
disorders, and specific nutrient deficiencies.50

On the other hand, recent studies have identified an 
increase in the prevalence of excess W in children with SCA. 
Such evidence may be associated with better control of the 
disease and the period of nutritional transition observed 
worldwide in the last years with the exposure of children to 
a large obesogenic environment. Akodu et al.,17 in a study 
with 80 children with SCA, showed that 2.5% were obese, 
an estimate that had not been identified until that date in the 
global society. This finding raises the possibility of the begin‑
ning of a period of changes in the anthropometric pattern of 
children and adolescents with SCA in the world, who would 
be closely related to the populations’ socioeconomic and cul‑
tural characteristics, which, in turn, correlate directly with 
nutritional status, since they are determinants of adequate 
physical growth, especially for children and adolescents with 
this chronic disease.28

It should be noted that the systematic review carried out 
in this study was based on a rigorous research methodology 
in the scientific literature, which minimizes the loss of infor‑
mation on the two topics studied. However, it was decided to 

use articles only from the last 20 years, considering that older 
articles would not bring real data on the current situation of 
the SC and NC of children with SCA.

In the context of SCs and NCs, children and adolescents 
with SCA and their families seem to depend on improved access 
conditions to specialized health centers, especially those residing 
in remote areas, to receive adequate care and treatment. Access 
to health guidance and resources for nutritional support and 
disease management is paramount for proper physical devel‑
opment and maintenance of health status.

However, hereditary hemoglobin disorders, such as SCA, 
have become an increasingly neglected global health burden 
and a challenge for health managers and professionals. Babies 
who had previously died of this disease, before being recog‑
nized, began to live to diagnosis and treatment as developing 
countries undergo the epidemiological transition and improve 
the living conditions of their populations.51,52 Especially in 
developing countries, one of the major challenges is the scar‑
city of laboratory infrastructure to test SCA. For the ade‑
quate control of the socioeconomic impact and the clinical 
and nutritional consequences, a cheap and rapid diagnostic 
test that can identify the disease early in environments with 
few resources is necessary.53,54 In this context, the results of 
this study suggest that children and adolescents with SCA 
present socioeconomic limitations and worse anthropomet‑
ric and nutritional conditions when compared to reference 
populations. Such evidence is aggravated by the direct asso‑
ciation between socioeconomic and nutritional conditions, 
which implies a worse growth of these children and a higher 
occurrence of possible complications that may impair their 
quality of life.

Thus, health strategies directed at children and adoles‑
cents with SCA should include monitoring of growth and 
nutritional status as an essential requirement for comprehen‑
sive care, facilitating the diagnosis of growth failure and early 
nutritional intervention. Such strategies should consider the 
socioeconomic status of their families as an alternative to con‑
trol and prevent unwanted clinical consequences.

Finally, it is recommended that randomized controlled 
clinical trials be conducted to evaluate the potential benefits 
of nutritional interventions in relation to physical growth, 
nutritional status and SC in the families of children and ado‑
lescents with SCA.
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