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Abstract
The study assessed knowledge and practices of dietary iron intake and anemia among 
early adolescents in the Asante-Akim Municipality of Ghana. A cross-sectional study 
was conducted among 137 adolescents, aged 10–14 years. Structured questionnaire 
was used to collect data on sociodemographic, knowledge of iron, and anemia, and 
iron intake practices. Hemoglobin levels were determined using Hemocue 301. Data 
were analyzed using descriptive, chi-square test, and binary logistics regression. The 
mean age of participants was 11.5 years. About 40% had knowledge of iron deficiency 
anemia, 29.4% knew anemia causes, 86% knew symptoms of anemia, and 35% knew 
anemia consequences. Although 41.2% of participants knew its prevention as eating 
iron-rich foods, 31.4% knew the food sources of iron, and 4.4% mentioned animal-
based foods as rich sources, with the bulk (27%) mentioning plant-based foods in-
stead. Moreover, 18.2% knew iron enhancers, while 0.7% knew iron inhibitors. More 
chicken consumers (72.2%) than nonconsumers (56.6%) met the Estimated Average 
Requirement for dietary iron intake (Chi-square 3.4, p = .073), while more dried fish 
consumers (88%) than nonconsumers (66.7%) had normal hemoglobin levels (Chi-
square 4.5, p = .050). Knowledge of food sources of iron and iron-rich foods was pos-
itively associated with intake of chicken, fresh fish, and dried fish. Moreover, lower 
knowledge of iron-based food sources (β = −1.015, p = .020) and iron-rich foods (β = 
−2.188, p = .015) was inversely associated with beef intake. Anemia was negatively 
associated with chicken (β = −0.310, p = .416) and dried fish (β = −1.299, p = .045) 
consumption. Majority of the adolescents had low knowledge of iron. Chicken and 
dried fish intake reduced the risk of anemia development. Our study may be the first 
to assess knowledge on iron, anemia, and its impact among young Ghanaian adoles-
cents. Our findings provide insights into this topic, calling for to improve knowledge, 
and practices on anemia in Ghanaian adolescents.
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1  | INTRODUC TION

Early adolescence, which begins the adolescence phase, lasts for five 
years and expands from age 10 to 14 years old (Kinghorn et al., 2018; 
Sawyer et  al.,  2018). Rapid physiological, sexual, and neurological 
changes in adolescent growth require adequate intake of energy, 
protein, iron, zinc, and other micronutrients (Das et al., 2017; Patton 
et  al.,  2016). Iron improves cognitive function and physical per-
formance in adolescents (Blanton, 2014; Mousa et al., 2016; Scott 
et al., 2018).

Inadequate intake of dietary iron and iron-enhancing foods, 
among other factors, contributes to anemia in most developing 
countries (Geissler & Singh,  2011; Kaur,  2016.). According to the 
Ghana Demographic and Health Survey (2014), anemia mostly oc-
curs due to malaria, helminthic infections, and micronutrient defi-
ciency such as iron, vitamin A, vitamin B12, folate, and zinc.

The widespread of iron deficiency anemia among adolescents in 
different geographical settings has been reported in several studies 
(Chandrakumari et al., 2019; Hassan et al., 2017; Mistry et al., 2017; 
Shaka & Wondimagegne,  2018). Iron deficiency anemia has been 
prioritized as a major nutritional burden of adolescents across the 
globe (World Health Organization, 2011). In Africa however, anemia 
is more prevalent in young adolescents and young women in Ghana, 
Benin, and Mali (Yasutake et al., 2013).

Adolescents diagnosed with iron deficiency anemia may suffer 
from its negative effect including but not limited to physical and 
psychiatric disorders. Anemia is associated with an increased risk of 
psychiatric disorders such as attention-deficit hyperactive disorders, 
unipolar and bipolar depression disorders, delayed mental develop-
ment, and mental retardation (Chen et  al.,  2013). Iron deficiency 
anemia also contributes to about 50% of lives lost to disability in 
adolescents annually (Lassi et al., 2017).

Siddiqui et al.,  (2013), in their study, indicated that adolescents 
had acceptable knowledge levels about the causes, treatment, and 
prevention of anemia. However, several studies in other geograph-
ical locations also concluded that adolescents showed nutrition 
knowledge deficit of iron and causes, consequences, management, 
and prevention of anemia (Jalambo et al., 2017; Kakkar et al., 2019; 
Melwani et al., 2018; Pareek & Hafiz, 2015; Singh et al., 2019). These 
studies infer that most adolescents have low nutritional knowledge 
of anemia. Thus, knowledge of anemia is key in management and 
prevention.

Awareness of anemia and its relationship with iron-rich food 
intake was known by very few female adolescents in Ethiopia and 
India (Gebreyesus et al., 2019; Latha & Mohan, 2017). Most adoles-
cent girls with average-to-good knowledge levels of anemia and its 
prevention showed high levels of anemia (Ahwal, 2016). This might 
suggest that knowledge of anemia does not necessarily help main-
tain or increase hemoglobin levels.

Few studies have reported high nutrition knowledge related to 
iron, iodine, vitamin A, and their consequences (Latha & Mohan, 2017; 
Melaku et al., 2018; Spronk et al., 2015). High nutrition knowledge 

positively contributed to high intake of fruits, vegetables, and 
carbohydrate-rich foods (Alaunyte et al., 2015; Asakura et al., 2017; 
Spronk et al., 2015). Leonard et al., (2014), also indicated that knowl-
edge about iron food sources was positively related to dietary iron 
intake. Dietary practices had a significant positive relationship with 
hemoglobin levels (Shahzad et al., 2017). Consumption of iron-rich 
foods and vitamin C-rich foods showed increased bioavailability of 
iron (Lane et  al.,  2016). Withdrawal of iron-fortified foods among 
male adolescents with frequent consumption of meat and vitamin 
C did not alter the rate of iron deficiency (Sjöberg & Hulthén, 2015). 
A systematic review showed that most studies found positive as-
sociation between nutrition knowledge and dietary intake (Heaney 
et al., 2011).

Ronto et al., (2016) found that although adolescents appreciate 
that knowledge on food and nutrition is essential for good dietary 
behavior, they do practice otherwise. In Malaysia, low consumption 
of iron-rich foods was observed among anemic and nonanemic ad-
olescent girls (Kapu et al., 2019). A study in India noted inadequate 
dietary iron intake among adolescent boys (Shafiee et  al.,  2015). 
Female adolescents with anemia also showed inadequate dietary 
iron intake (Mazhar,  2015). Poor dietary iron intake was reported 
among adolescent girls showing satisfactory knowledge level of 
iron-rich foods (Siddiqui et al., 2013). A summary of systematic re-
view indicates that anemia among adolescents in Africa is largely due 
to inadequate dietary iron intake (Harika et al., 2017). Scientific re-
search admits gaps between knowledge and practices of dietary iron 
intake among adolescents.

In view of the knowledge deficit on anemia and inadequate in-
take of dietary iron among adolescents in other jurisdictions, the 
current study aimed to assess knowledge and practices of dietary 
iron intake and anemia among early adolescents in a rural district 
in Ghana.

2  | MATERIAL S AND METHODS

2.1 | Study population and design

The study was conducted in Asante-Akim South Municipal, a rural 
district in Ghana. A total of one hundred and thirty-seven (137) early 
adolescents (10–14 years old) were recruited in this cross-sectional 
study. Participants and guardians who gave their consent qualified 
for the study.

2.2 | Questionnaire

Structured questionnaires, adapted from Food and Agriculture 
Organization (FAO) document titled “Guidelines for assessing 
nutrition-related knowledge, attitudes and practices’ (Food & 
Agriculture Organization, 2014), were used to assess knowledge of 
iron and food intake or nutrition practices.
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2.3 | Assessing the knowledge level of Iron

Seven questions adapted from the FAO document were used to assess 
the knowledge level of iron. The questionnaire was categorized into: 
a) awareness and general signs of iron deficiency anemia; b) causes of 
iron deficiency anemia; c) consequences of iron deficiency anemia for 
young children; d) prevention of iron deficiency anemia; e) iron-rich 
foods; f) foods that increase iron absorption; and g) foods that de-
crease iron absorption.

2.4 | Nutrition practices

Structured questionnaires for assessing nutrition practices were also 
adapted from the FAO document and put under three headings: a) 
Practices that increase intake of iron-rich foods, b) consumption of 
vitamin C-rich foods, and c) consumption of coffee/tea. Iron-rich 
foods consumed in the past 24-hr were classified into organ meat, 
flesh meat, insects, and fish and seafood. Furthermore, multiple past 
24-hr recall was used to determine dietary iron intake. Adequate di-
etary iron intake was defined as 8mg/day as recommended by the 
National Academy of Sciences (Otten et al., 2006).

2.5 | Hemoglobin determination

HemoCue Hb 301 analyzer (HemoCue AB, SE-262 23, Ӓngelholm, 
Sweden) was used to analyze hemoglobin (Hb) levels of participants on 
the field. The pointed tip of the microcuvette was placed into the blood 
drop. The microcuvette was filled automatically with ten microliters 
(10μL) of the blood by capillary action. Excess blood on the cuvette was 
cleaned with lint-free wipe. The microcuvette was inspected for air bub-
bles. The open end of the microcuvette was not touched. The microcu-
vette was placed in the holder of the hemoCue and was gently pushed 
into the photometer, and the results were displaced by approximately 
ten (10) seconds. The hemoglobin was recorded. Anemia was defined as 
Hb less than 11g/dl as given by the manufacturer's manual.

2.6 | Statistical analysis

Statistical Package for Social Sciences (SPSS version 25) was used 
for data cleaning and analysis. Descriptive statistics were used to 
analyze the sociodemographic characteristics and knowledge level 
of: anemia, sources of iron, iron-rich foods, iron-enhancing foods, 
and iron-inhibiting foods. Chi-square test was done to assess the re-
lationship between knowledge level of iron, food intake practices, 
iron intake, and hemoglobin status. Data were presented as mean, 
standard deviation, frequency, and percentages. Binary logistics re-
gression was used to predict the relationship between dietary iron 
intakes such as beef, chicken, fresh fish, dried fish, and knowledge 
of sources of iron, iron-rich foods, and hemoglobin status. A p < .05 
was considered statistically significant.

3  | RESULTS

One hundred and thirty-seven adolescents took part in the study. 
Participants had a mean age of 11.5 ± 1.1 years. About 70.1% and 
29.9% had primary school and Junior High School (JHS) education, 
respectively. Of the 50.4% of male participants, 75.4% had primary 
education and 24.6% attended JHS. Meanwhile, 64.7% and 35.3% 
of the female adolescents had primary and JHS education, respec-
tively. The guardians were predominantly farmers (56.9%) followed 
by traders (28.5%), others (13.9%), and teachers (0.7%). Most of the 
guardians fell within the low- (73%) and medium (26.3%)- income 
categories (Table 1).

Table 2 represents hemoglobin status by study participants. More 
males (60%) were anemic compared to females (40%). Participants 
with primary education (77.5%) had higher prevalence of anemia rel-
ative to those with JHS education (22.5%).

Table 3 presents knowledge level, dietary iron intake, and hemo-
globin status. Chi-square showed no statistically significant (p > .05) 
relationship between participants’ knowledge level, dietary iron 
intake, and hemoglobin status. About 37.2% and 62.8% responded 
“yes” and “no,” respectively, to the awareness of iron deficiency 
anemia. In the anemia group, 30% of participants had heard of iron 
deficiency anemia and 70% had not. Among participants who were 
aware of iron deficiency anemia, 70.6% responded “yes” and 29.4% 
“no” to identifying persons with anemia. Nearly, 86% of participants 
knew the signs of anemia. Majority of the participants responded 
“don't know” as against “know” about the: causes of anemia (70.6% 
versus 29.4%), consequences of anemia in children (64.7% versus 
35.3%), prevention of anemia (58.8% versus 41.2%), sources of 
iron (68.6% versus 31.4%), iron-rich foods (95.6% versus 4.4%), iron 
-enhancing foods (81.8% versus 18.2%), and iron-inhibiting foods 
(99.3% versus 0.7%).

TA B L E  1   Sociodemographic characteristics of participants

Variable N (%) Mean ± SD

Level of education

Primary JHS

Age

Male 69 (50.4) 11.4 ± 1.1 52 (75.4) 17 (24.6)

Female 68 (49.6) 11.6 ± 1.1 44 (64.7) 24 (35.3)

Total 137 11.5 ± 1.1 96 (70.1) 41 (29.9)

Guardians occupation

Teacher 1 (0.7)

Farmer 78 (56.9)

Trader 39 (28.5)

Others (cleaner, 
seamstress)

19 (13.9)

Income status

Low 100 (73.0)

Medium 36 (26.3)

High 1 (0.7)
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Food intake practices, iron intake, and hemoglobin status are 
presented in Table  4. The study showed statistically insignificant 
(p >  .05) relationship among food intake practices, iron intake, and 
hemoglobin status.

Table  5 represents binary logistics regression of knowledge, 
practices of dietary iron, and anemia. The results showed that 
knowledge about sources of iron was positively associated with 
consumption of chicken (β = 0.280, p = .275), fresh fish (β = 0.396, 
p = .284), and dried fish (β = 0.197, p = .687) consumption, respec-
tively. Having knowledge on iron-rich foods was positively associ-
ated with dietary intake of chicken (β = 0.275, p = .756), fresh fish 
(β = 0.861, p = .330), and dried fish (β = 18.331, p = .998). However, 
participants with knowledge of sources of iron (β= −1.015, p = .020) 
and iron-rich foods (β= −2.188, p = .015) had statistically significant 
and inverse association with beef intake. Dietary intake of chicken 
(OR  =  0.7, p  =  .416, 95%CI  =  0.3–1.5) and dried fish (OR  =  0.2, 
p  =  .045, 95%CI  =  0.1–1.0) reduced the prevalence of anemia. 
Conversely, the intake of beef (OR = 1.7, p =  .302, 95%CI = 0.6–
4.5) and fresh fish (OR: 1.2, p =  .564, 95%CI = 0.6–2.6) increased 
the risk of developing anemia.

4  | DISCUSSION

The study aimed at assessing the knowledge and practices of dietary 
iron intake and anemia of early adolescents in a rural district in Ghana. 
Findings from this study showed that majority of the adolescents 
were not aware of iron deficiency anemia and had less knowledge 
about the causes, consequences on children's health, and prevention. 
Food sources of iron, iron-rich foods, and foods that aid or reduce 
iron absorption were known by very few participants. Knowledge 
about food sources of iron and iron-rich foods was positively associ-
ated with intake of chicken, fresh fish, and dried fish, although a sta-
tistically significant and inverse association was observed with beef. 
Consumption of fresh fish and beef increased the risk of anemia de-
velopment, and chicken and dried fish showed otherwise. Dried fish 
intake significantly reduced the occurrence of anemia.

Our study showed that most of the adolescents (62.8%) were not 
aware of iron deficiency anemia. However, it was lower (88.9%) than 
that reported by Srinivas and Mankeshwar,  (2015). Lower anemia 
knowledge (34.9%) than the present study has been documented by 
Singh et al., (2019). It suggests that many adolescents have anemia 
knowledge deficit. We also observed that most of the participants 
who were unaware of anemia were also victims of anemia. This find-
ing is analogous with Gebreyesus et al., (2019), study conducted in 
Ethiopia. Majority of the adolescents also had limited knowledge 
about the causes, consequences, and prevention of anemia. The out-
come was consistent with other studies conducted in India among 
adolescents (Kakkar et al., 2019; Melwani et al., 2018).

In this study, approximately 95.6% of the adolescents did not 
know about foods rich in iron, and this outcome concurred with a 
study conducted in Palestine, which indicated that about 90% of the 
adolescents had very little knowledge about iron-rich foods (Jalambo 
et al., 2017). In India, Latha and Mohan et al., (2017) showed that 
majority of adolescents had higher knowledge about iron-rich foods 
contrary to our study outcome. Most of the participants in our study 
had primary education which may have accounted for the low knowl-
edge level. The few who had knowledge of iron-rich foods mostly 
mentioned fish and seafood, with meat being the least. Majority of 
the participants did not know about foods that increase or reduce 
iron absorption, although the outcome was slightly higher than that 
reported by Kakkar et al., (2019). This might suggest that most ado-
lescents are not interested in reading food labels. A greater propor-
tion of the participants indicated that cocoyam leaves (“Kontomire”) 
and turkey berries (“Kwahu nsusua”) were the main sources of iron 
as reported by Omari et al., (2017) findings in rural communities in 
Ghana. Perhaps, health educators and guardians might be promoting 
these foods as iron-rich in most rural communities.

The current study indicated that participants with high knowledge 
about food sources of iron and iron-rich foods also had high intake of 
chicken, fresh fish, and dried fish, with statistically insignificant asso-
ciation. Our outcome was similar to Leonard et al., (2014), who found 
positive relationship between food sources of iron and dietary iron 
intake. Higher nutrition knowledge was positively associated with 

TA B L E  2   Hemoglobin status by study participants

Variable

Hemoglobin status

Nonanemia Anemia χ2 p-value

Gender

Female 51 (53.1) 16( 40.0) 1.9 .190

Male 45 (46.9) 24 (60.0)

Community

A 48 (54.2) 20 (50) 2.3 .187

B 48 (45.8) 20 (50)

Level of education

Primary 65 (67.7) 31 (77.5) 1.3 .305

JHS 31 (32.3) 9 (22.5)

Iron supplement

Yes 81 (84.4) 32 (80.0) 0.4 .617

No 15 (15.6) 8 (20.0)

Whom do you live with?

Both Parents 64 (66.7) 23 (57.5) 2.3 .311

Single Parent 17 (17.7) 12 (30.0)

Nonparent 15 (15.6) 5 (12.5)

Frequency of Deworming

Regularly 6 (6.2) 4 (10.0) 0.6 .480

Nonregularly 90 (93.8) 36 (90)

Menstruating

Yes 10 (19.6) 1 (6.2) 1.6 .274

No 41 (80.4) 15 (93.8)

Note: Chi-square test (χ2); Fisher's Exact test, p <.05.



     |  2919WIAFE et al.

TA
B

LE
 3

 
K

no
w

le
dg

e 
le

ve
l, 

di
et

ar
y 

iro
n 

in
ta

ke
, a

nd
 h

em
og

lo
bi

n 
st

at
us

K
no

w
le

dg
e 

of
 a

ne
m

ia
 a

nd
 ir

on
N

(%
)

D
ie

ta
ry

 ir
on

 in
ta

ke
H

em
og

lo
bi

n 
st

at
us

A
de

qu
at

e
In

ad
eq

ua
te

χ2
P-

va
lu

e
N

or
m

al
A

ne
m

ic
χ2

P-
va

lu
e

H
ea

rd
 o

f i
ro

n 
de

fic
ie

nc
y 

an
em

ia

Ye
s

51
 (3

7.
2)

33
 (3

8.
4)

18
 (3

5.
3)

0.
1

0.
85

5
39

 (4
0.

6)
12

 (3
0.

0)
1.

3
0.

33
1

N
o

86
 (6

2.
8)

53
 (6

1.
6)

33
 (6

4.
7)

57
 (5

9.
4)

28
 (7

0.
0)

Re
co

gn
iz

e 
a 

pe
rs

on
 w

ith
 a

ne
m

ia

Ye
s

36
 (7

0.
6)

23
 (6

9.
7)

13
 (7

2.
2)

0.
0

1.
00

0
27

 (6
9.

2)
9 

(7
5.

0)
0.

1
1.

00
0

N
o

15
 (2

9.
4)

10
 (3

0.
3)

5 
(2

7.
8)

12
 (3

0.
8)

3 
(2

5.
0)

Si
gn

s 
of

 a
ne

m
ia

Le
ss

 e
ne

rg
y/

w
ea

kn
es

s
12

 (3
3.

3)

Pa
le

ne
ss

17
 (4

7.
2)

M
or

e 
lik

el
y 

to
 b

ec
om

e 
si

ck
2 

(5
.6

)

K
no

w
31

 (8
6.

1)

D
on

't 
kn

ow
5 

(1
3.

9)

C
au

se
s 

of
 a

ne
m

ia

La
ck

 o
f i

ro
n 

in
 th

e 
di

et
/e

at
 to

o 
lit

tle
, n

ot
 m

uc
h

12
 (2

3.
5)

Si
ck

ne
ss

/i
nf

ec
tio

ns
3 

(5
.9

)

K
no

w
15

 (2
9.

4)
9 

(2
7.

3)
6 

(3
3.

3)
0.

2
0.

75
1

12
 (3

0.
8)

3 
(2

5.
0)

0.
1

1.
00

0

D
on

't 
kn

ow
36

 (7
0.

6)
24

 (7
2.

7)
12

 (6
6.

7)
27

 (6
9.

2)
9 

(7
5.

0)

C
on

se
qu

en
ce

s 
of

 c
hi

ld
re

n 
w

ith
 ir

on
 d

ef
ic

ie
nc

y 
an

em
ia

D
el

ay
 o

f m
en

ta
l a

nd
 p

hy
si

ca
l 

de
ve

lo
pm

en
t

8 
(1

5.
7)

O
th

er
 (d

ea
th

)
10

 (1
9.

6)

K
no

w
18

 (3
5.

3)
10

 (3
0.

3)
8 

(4
4.

4)
1.

0
0.

36
7

15
 (3

8.
5)

3 
(2

5.
0)

0.
7

0.
50

2

D
on

't 
kn

ow
33

 (6
4.

7)
23

 (6
9.

7)
10

 (5
5.

6)
24

 (6
1.

5)
9 

(7
5.

0)

H
ow

 c
an

 a
ne

m
ia

 b
e 

pr
ev

en
te

d?

Ea
t i

ro
n-

ric
h 

fo
od

s
14

 (2
7.

4)

Ea
t V

ita
m

in
 C

-r
ic

h 
fo

od
s 

du
rin

g 
or

 ri
gh

t a
ft

er
 m

ea
ls

3 
(5

.9
)

Ta
ke

 ir
on

 s
up

pl
em

en
ts

 if
 

pr
es

cr
ib

ed
3 

(5
.9

)

Tr
ea

t o
th

er
 c

au
se

s 
of

 a
ne

m
ia

1 
(2

.0
)

K
no

w
21

 (4
1.

2)
12

 (3
6.

4)
9 

(5
0.

0)
0.

9
0.

38
5

17
 (4

3.
6)

4 
(3

3.
3)

0.
4

0.
73

9

(C
on

tin
ue

s)



2920  |     WIAFE et al.

K
no

w
le

dg
e 

of
 a

ne
m

ia
 a

nd
 ir

on
N

(%
)

D
ie

ta
ry

 ir
on

 in
ta

ke
H

em
og

lo
bi

n 
st

at
us

A
de

qu
at

e
In

ad
eq

ua
te

χ2
P-

va
lu

e
N

or
m

al
A

ne
m

ic
χ2

P-
va

lu
e

D
on

't 
kn

ow
30

 (5
8.

8)
21

 (6
3.

6)
9 

(5
0.

0)
22

 (5
6.

4)
8 

(6
6.

7)

Fo
od

 S
ou

rc
es

 o
f i

ro
n

A
ni

m
al

s 
so

ur
ce

s
6 

(4
.4

)

Pl
an

t s
ou

rc
es

37
 (2

7.
0)

K
no

w
43

 (3
1.

4)
26

 (3
0.

2)
17

 (3
3.

3)
0.

1
0.

70
8

34
 (3

5.
4)

9 
(2

2.
5)

2.
2

0.
16

1

D
on

't 
kn

ow
94

 (6
8.

6)
60

 (6
9.

8)
34

 (6
6.

7)
62

 (6
4.

6)
31

 (7
7.

5)

Ir
on

-r
ic

h 
fo

od
s

M
ea

t
2 

(1
.5

)

Fi
sh

 a
nd

 S
ea

fo
od

s
4 

(2
.9

)

K
no

w
6 

(4
.4

)
4 

(4
.7

)
2 

(3
.9

)
0.

0
1.

00
0

5 
(5

.2
)

1 
(2

.5
)

0.
5

0.
67

0

D
on

't 
kn

ow
13

1 
(9

5.
6)

82
 (9

5.
3)

49
 (9

6.
1)

91
 (9

4.
8)

39
 (9

7.
5)

Ir
on

-e
nh

an
ci

ng
 fo

od
s

V
ita

m
in

 C
-r

ic
h 

fo
od

s 
su

ch
 a

s 
ci

tr
us

 fr
ui

ts

O
th

er
 (m

ea
t, 

fis
h,

 a
nd

 p
ou

ltr
y)

21
 (1

5.
3)

K
no

w
4 

(2
.9

)

D
on

't 
kn

ow
25

 (1
8.

2)
14

 (1
6.

3)
11

 (2
1.

6)
0.

6
0.

49
5

21
 (2

1.
9)

4 
(1

0.
0)

2.
7

0.
14

5

Ir
on

-in
hi

bi
tin

g 
fo

od
s

11
2 

(8
1.

8)
72

 (8
3.

7)
40

 (7
8.

4)
75

 (7
8.

1)
36

 (9
0.

0)

C
of

fe
e

1 
(0

.7
)

D
on

't 
kn

ow
13

6 
(9

9.
3)

N
ot

e:
 C

hi
-s

qu
ar

e 
te

st
 (χ

2 ); 
Fi

sh
er

's 
Ex

ac
t t

es
t, 

p 
<

.0
5;

 a
ni

m
al

 s
ou

rc
es

 (m
ea

t, 
fis

h,
 a

nd
 c

ra
bs

); 
pl

an
t s

ou
rc

es
 (T

ur
ke

y 
be

rr
y,

 c
oc

oy
am

 le
av

es
).

TA
B

LE
 3

 
(C

on
tin

ue
d)



     |  2921WIAFE et al.

higher dietary intake particularly with fruits and vegetables (Asakura 
et al., 2017; Heaney et al., 2011; Spronk et al., 2015). However, in 
the present study, beef consumption was statistically significant and 
inversely associated with participants’ nutrition know-how of iron-
rich foods and food sources of iron. Participants’ knowledge about 
animal sources of food was very limited as it was evident that none 

consumed insects, flesh meat, prawns, and shrimps with a negli-
gible intake of duck, lamb, goat, organ meat, and canned fish. The 
absence of consumption of some iron-rich foods especially insects 
may be that they were not in season and unavailable (Manditsera 
et  al.,  2018). In addition, insects used as food sources are mostly 
consumed in the Northern part of Ghana with the exception of palm 

TA B L E  4   Food intake practices, iron intake, and hemoglobin status

Food intake

Iron intake Hemoglobin status

Up to EAR <EAR χ2 p-value Normal Anemia χ2 p-value

Beef

Yes 20 (23.3) 8 (15.7) 1.1 0.382 22 (22.9) 6 (15.0) 1.1 0.358

No 66 (76.7) 43 (84.3) 74 (77.1) 34 (85.0)

Chicken

Yes 39 (45.3) 15 (29.4) 3.4 0.073 36 (37.5) 18 (45.0) 0.7 0.446

No 47 (54.7) 36 (70.6) 60 (62.5) 22 (55.0)

Fresh fish

Yes 44 (51.2) 29 (56.9) 0.4 0.596 50 (52.1) 23 (57.5) 0.3 0.578

No 42 (48.8) 22 (43.1) 46 (47.9) 17 (42.5)

Dried fish

Yes 17 (19.8) 8 (15.7) 0.4 0.650 22 (22.9) 3 (7.5) 4.5 0.050

No 69 (80.2) 43 (84.3) 74 (77.1) 37 (92.5)

Citrus fruits

Yes 83 (96.5) 46 (90.2) 2.3 0.148 90 (93.8) 38 (95.0) 0.1 1.000

No 3 (3.5) 5 (9.8) 6 (6.2) 2 (5.0)

Coffee or Tea

Yes 49 (57.0) 22 (43.1) 2.5 0.157 51 (53.1) 20 (50.0) 0.1 0.851

No 37 (43.0) 29 (56.9) 45 (46.9) 20 (50.0)

Note: Chi-square; p <.05;
Abbreviation: EAR, Estimated Average Requirement.
NB: Insect (Insect larvae, red ants, grasshoppers, crickets, termites), flesh meat (pork, dog, and rabbit), prawns, and shrimps were not consumed for 
the past 24hours. Canned fish, duck, lamb, goat, and organ meat (liver, kidney, and heart) were negligibly consumed for the past 24hours.

Dietary Intake

Food Sources of 
Iron (Know)

Iron-Rich Food 
(Know) Anemia

β p-value β p-value β OR(95%CI) p-value

Beef

Yes −1.015 0.020 −2.188 0.015 0.522 1.7 (0.6–4.5) .302

No 1

Chicken

Yes 0.280 0.463 0.275 0.756 −0.310 0.7 (0.3–1.5) .416

No 1

Fresh Fish

Yes 0.396 0.284 0.861 0.330 0.219 1.2 (0.6–2.6) .564

No 1

Dried Fish

Yes 0.197 0.687 18.331 0.998 −1.299 0.2 (0.1–1.0) .045

No 1

Note: Binary logistics regression; p < .05.

TA B L E  5   Binary regression of 
knowledge, practices of dietary iron, and 
anemia
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weevil (Anankware et al., 2016). Also, most of the adolescents were 
likely to eat out of home and may have limited purchasing power 
to afford them as it was demonstrated that majority of guardians 
fell in the low-income group. Adolescents with families of low so-
cioeconomic status had reduced intake of iron-rich foods (Shafiee 
et al., 2015).

Anemia occurrence was negatively associated with chicken and 
dried fish intake which means consumption of these foods could 
reduce the risk of anemia. In this study, participants frequently con-
sumed fish and poultry other than liver, kidney, and heart. Even though 
iron is largely distributed in the liver, kidney, and heart of animals (meat 
and poultry), consumption of the right amount of other parts of the 
animal could also contribute to meeting the iron requirement. This was 
expected as meat, poultry, and fish contain intrinsic factor and intake 
of vitamin C-rich foods enhances iron absorption (Lane et al., 2016; 
Lopez et  al.,  2016). This outcome concurred with another study in 
Japan (Imai & Nakade, 2019). In our study, meat, fish, and crabs were 
often mentioned as animal sources of food as it may be due to their 
availability, affordability, and frequent consumption in the community.

5  | CONCLUSION

Participants had low knowledge of iron deficiency anemia, causes, con-
sequences, and prevention. Few adolescents had knowledge of food 
sources of iron, iron-rich, iron-enhancing, and iron-inhibiting foods. 
Participants showed no consumption of insects, prawns, shrimps, sea-
food, pork, rabbit, dog and very low intake of liver, kidney, and heart. 
Knowledge of food sources of iron and iron-rich foods improved intake 
of chicken, fresh, and dried fish except for beef. Dried fish and chicken 
intake reduced the occurrence of anemia. Stakeholders in promoting 
adolescent health should intensify nutrition education on iron.

ACKNOWLEDG EMENTS
We are grateful to Dolyen Lawrence Ayamba, Godwin Opoku-
Agyemang, Nancy Elizabeth Tandoh, Joseph Bukari Nketiah, Reuben 
Osei-Antwi, Georgina Benewaa Yeboah, and Anita Benewaa for their 
support in the data collection and laboratory analysis. We thank the 
adolescents and guardians who participated in the study.

CONFLIC T OF INTERE S T
The authors declare that they have no conflicts of interest.

AUTHOR CONTRIBUTIONS
Michael Akenteng Wiafe involved in conceptualization—supporting, 
formal analysis—supporting, investigation—equal, project 
administration—equal, writing original draft—equal. Charles Apprey 
involved in data curation—equal, formal analysis—lead, supervision—
supporting, visualization—lead, writing, review and editing—lead. 
Reginald Adjetey Annan involved in conceptualization—lead, formal 
analysis—lead, investigation—lead, project administration—lead, 
supervision—lead, writing, review and editing—lead.

E THIC AL APPROVAL
The study protocol was approved by the Department of Biochemistry 
and Biotechnology, and ethics approval was given by the Committee 
on Human Research, Publication and Ethics at the Kwame Nkrumah 
University of Science and Technology, Ghana. Consent of guardians 
and participants was obtained before recruitment.

DATA AVAIL ABILIT Y S TATEMENT
Data used to support the findings of this study may be assessed by 
writing to the Chairman Committee on Human Research Publication 
Ethics, Room 8 Anatomy Block 3, School of Medical Sciences, Kwame 
Nkrumah University of Science and Technology, Kumasi, Ghana, or 
chrpe.knust.kath@gmail.com.

ORCID
Michael Akenteng Wiafe   https://orcid.
org/0000-0003-3756-3037 

R E FE R E N C E
Ahwal, S. (2016). A study to assess the knowledge and prevalence of iron 

deficiency anemia among adolescent girls in a selected college of 
New Delhi. Journal of Nursing Science & Practice, 6(3), 57–60.

Alaunyte, I., Perry, J. L., & Aubrey, T. (2015). Nutritional knowledge and 
eating habits of professional rugby league players: Does knowledge 
translate into practice? Journal of the International Society of Sports 
Nutrition, 12(1), 18. https://doi.org/10.1186/s1297​0-015-0082-y.

Anankware, J. P., Osekre, E. A., Obeng-Ofori, D., & Khamala, C. (2016). 
Identification and classification of common edible insects in Ghana. 
International Journal of Entomology Research, 1(5), 33–39.

Asakura, K., Todoriki, H., & Sasaki, S. (2017). Relationship between nutri-
tion knowledge and dietary intake among primary school children in 
Japan: Combined effect of children's and their guardians' knowledge. 
Journal of Epidemiology, 27(10), 483–491. https://doi.org/10.1016/j.
je.2016.09.014.

Blanton, C. (2014). Improvements in iron status and cognitive function in 
young women consuming beef or non-beef lunches. Nutrients, 6(1), 
90–110. https://doi.org/10.3390/nu601​0090.

Chandrakumari, A. S., Sinha, P., Singaravelu, S., & Jaikumar, S. (2019). 
Prevalence of anemia among adolescent girls in a rural area of Tamil 
Nadu, India. Journal of Family Medicine and Primary Care, 8(4), 1414. 
https://doi.org/10.4103/jfmpc.jfmpc_140_19

Chen, M. H., Su, T. P., Chen, Y. S., Hsu, J. W., Huang, K. L., Chang, W. H., 
& Bai, Y. M. (2013). Association between psychiatric disorders and 
iron deficiency anemia among children and adolescents: A nation-
wide population-based study. BMC Psychiatry, 13(1), 161. https://doi.
org/10.1186/1471-244X-13-161.

Das, J. K., Salam, R. A., Thornburg, K. L., Prentice, A. M., Campisi, S., Lassi, 
Z. S., Koletzko, B., & Bhutta, Z. A. (2017). Nutrition in adolescents: 
Physiology, metabolism, and nutritional needs. Annals of the New 
York Academy of Sciences, 1393(1), 21–33. https://doi.org/10.1111/
nyas.13330.

Food and Agriculture Organization (FAO) of the United Nations, Rome. 
(2014). Guidelines for assessing nutrition-related Knowledge, 
Attitudes and Practices manual. Available at: http://www.fao.org/3/
a-i3545e.pdf

Gebreyesus, S. H., Endris, B. S., Beyene, G. T., Farah, A. M., Elias, F., 
& Bekele, H. N. (2019). Anaemia among adolescent girls in three 
districts in Ethiopia. BMC Public Health, 19(1), 92. https://doi.
org/10.1186/s1288​9-019-6422-0.

mailto:chrpe.knust.kath@gmail.com
https://orcid.org/0000-0003-3756-3037
https://orcid.org/0000-0003-3756-3037
https://orcid.org/0000-0003-3756-3037
https://doi.org/10.1186/s12970-015-0082-y
https://doi.org/10.1016/j.je.2016.09.014
https://doi.org/10.1016/j.je.2016.09.014
https://doi.org/10.3390/nu6010090
https://doi.org/10.4103/jfmpc.jfmpc_140_19
https://doi.org/10.1186/1471-244X-13-161
https://doi.org/10.1186/1471-244X-13-161
https://doi.org/10.1111/nyas.13330
https://doi.org/10.1111/nyas.13330
http://www.fao.org/3/a-i3545e.pdf
http://www.fao.org/3/a-i3545e.pdf
https://doi.org/10.1186/s12889-019-6422-0
https://doi.org/10.1186/s12889-019-6422-0


     |  2923WIAFE et al.

Geissler, C., & Singh, M. (2011). Iron, meat and health. Nutrients, 3(3), 
283–316. https://doi.org/10.3390/nu303​0283.

Ghana Statistical Service (GSS), Ghana Health Service (GHS), and ICF 
International. (2015). Ghana Demographic and Health Survey 2014. : 
GSS, GHS, and ICF International. Available: https://dhspr​ogram.com/
pubs/pdf/FR307/​FR307.pdf

Harika, R., Faber, M., Samuel, F., Mulugeta, A., Kimiywe, J., & Eilander, A. 
(2017). Are low intakes and deficiencies in iron, vitamin A, zinc, and 
iodine of public health concern in Ethiopian, Kenyan, Nigerian, and 
South African children and adolescents? Food and Nutrition Bulletin, 
38(3), 405–427. https://doi.org/10.1177/03795​72117​715818.

Hassan, F., Salim, S., & Humayun, A. (2017). Prevalence and determinants 
of iron deficiency Anemia in adolescents girls of low income com-
munities in Lahore. Annals of King Edward Medical University, 23(2), 
116–124. https://doi.org/10.21649/​akemu.v23i2.1565.

Heaney, S., O’Connor, H., Michael, S., Gifford, J., & Naughton, G. (2011). 
Nutrition knowledge in athletes: A systematic review. International 
Journal of Sport Nutrition and Exercise Metabolism, 21(3), 248–261. 
https://doi.org/10.1123/ijsnem.21.3.248.

Imai, E., & Nakade, M. (2019). Fish and meat intakes and prevalence of 
anemia among the Japanese elderly. Asia Pacific Journal of Clinical 
Nutrition, 28(2), 276.

Jalambo, M. O., Naser, I. A., Sharif, R., & Karim, N. A. (2017). Knowledge, 
attitude and practice of iron deficient and iron deficient anaemic 
adolescents in the Gaza Strip. Palestine. Asian Journal of Clinical 
Nutrition, 9(1), 51–56.

Kakkar, M., Sharmila, P., Kumar, M. A., & Rajagopala, S. (2019). 
Knowledge, attitude and practices (KAP) related to Pandu Roga 
(Iron deficiency Anaemia) among adolescent girls attending 
Ayurveda tertiary care hospital and nearby schools-a survey. 
Journal of Ayurveda and Integrated Medical Sciences (ISSN 2456-
3110), 4(4), 154–159.

Kapu, A. K. R., Sadasivuni, R., & Mitaigiri, C. (2019). Knowledge, attitudes 
and practices of adolescent school girls regarding prevention of iron 
deficiency Anaemia. International Journal of Community Medicine and 
Public Health, 6(6), 2694. https://doi.org/10.18203/​2394-6040.ijcmp​
h2019​23462​394-6040.ijcmp​h2019​2346.

Kaur, S. (2016). Iron deficiency anemia (IDA): A review. International 
Journal of Science and Research, 5, 1999–2003.

Kinghorn, A., Shanaube, K., Toska, E., Cluver, L., & Bekker, L. G. (2018). 
Defining adolescence: Priorities from a global health perspective. The 
Lancet Child & Adolescent Health, 2(5), e10.–https://doi.org/10.1016/
S2352​-4642(18)30096​-8.

Lane, D. J., Jansson, P. J., & Richardson, D. R. (2016). Bonnie and Clyde: 
Vitamin C and iron are partners in crime in iron deficiency anaemia 
and its potential role in the elderly. Aging (Albany NY), 8(5), 1150–
1152. https://doi.org/10.18632/​aging.100966.

Lassi, Z., Moin, A., & Bhutta, Z. (2017). Nutrition in Middle Childhood 
and Adolescence.

Latha, K., & Mohan, H. D. (2017). Knowledge about iron rich foods and 
its consumption pattern among adolescent girls in an urban slum of 
Kolar. Int J Community Med Public Health, 4(7), 2282–2287.–https://
doi.org/10.18203/​2394-6040.ijcmp​h2017​2586.

Leonard, A. J., Chalmers, K. A., Collins, C. E., & Patterson, A. J. (2014). The 
effect of nutrition knowledge and dietary iron intake on iron status 
in young women. Appetite, 81, 225–231. https://doi.org/10.1016/j.
appet.2014.06.021.

Lopez, A., Cacoub, P., Macdougall, I. C., & Peyrin-Biroulet, L. (2016). Iron 
deficiency anaemia. The Lancet, 387(10021), 907–916. https://doi.
org/10.1016/S0140​-6736(15)60865​-0.

Manditsera, F. A., Lakemond, C. M., Fogliano, V., Zvidzai, C. J., & Luning, 
P. A. (2018). Consumption patterns of edible insects in rural and 
urban areas of Zimbabwe: Taste, nutritional value and availability are 
key elements for keeping the insect eating habit. Food Security, 10(3), 
561–570. https://doi.org/10.1007/s1257​1-018-0801-8.

Mazhar, S. (2015). Prevalence of anemia and dietary iron intake among 
female adolescents (grade 8–12) in Lahore. Journal of the Dow 
University of Health Sciences (JDUHS), 9(3), 99–105.

Melaku, Y., Dirar, A., Feyissa, G. T., & Tamiru, D. (2018). Optimal dietary 
practices and nutritional knowledge of school adolescent girls in 
Jimma Town, South West Ethiopia. International Journal of Adolescence 
and Youth, 23(3), 299–307. https://doi.org/10.1080/02673​
843.2017.1369889.

Melwani, V., Dubey, M., Khan, A., Toppo, M., Choudhary, Y., & Priya, A. 
(2018). A study to assess the prevalence of anaemia amongst ado-
lescent girls residing in selected slum of Bhopal city. Int J Community 
Med Public Health, 5(3), 1096–1099.–https://doi.org/10.18203/​
2394-6040.ijcmp​h2018​0767.

Mistry, S. K., Jhohura, F. T., Khanam, F., Akter, F., Khan, S., Yunus, F. M., 
& Rahman, M. (2017). An outline of anemia among adolescent girls in 
Bangladesh: Findings from a cross-sectional study. BMC Hematology, 
17(1), 13, https://doi.org/10.1186/s1287​8-017-0084-x.

Mousa, S. O., Higazi, A. M., Saleh, S. M., & Ali, H. A. (2016). Cognitive 
function and school achievement in adolescent Egyptian girls with 
iron deficiency and iron deficiency Anaemia. Mental Health in Family 
Medicine, 12, 289–294.

Omari, R., Quorantsen, K. E., & Omari, P. K. (2017). Nutrition knowledge 
and food consumption practices and barriers in rural Ghana: The 
case of foods for preventing vitamin a and iron deficiencies. African 
Journal of Food, Agriculture, Nutrition and Development, 17(1), 11639–
11656. https://doi.org/10.18697/​ajfand.77.15815.

Pareek, P., & Hafiz, A. (2015). A study on anemia related knowledge among 
adolescent girls. International Journal of Nutrition and Food Sciences, 4(3), 
273–276. https://doi.org/10.11648/​j.ijnfs.20150​403.14.

Patton, G. C., Sawyer, S. M., Santelli, J. S., Ross, D. A., Afifi, R., Allen, 
N. B., Arora, M., Azzopardi, P., Baldwin, W., Bonell, C., Kakuma, 
R., Kennedy, E., Mahon, J., McGovern, T., Mokdad, A. H., Patel, V., 
Petroni, S., Reavley, N., Taiwo, K., … Viner, R. M. (2016). Our fu-
ture: A Lancet commission on adolescent health and wellbeing. The 
Lancet, 387(10036), 2423–2478. https://doi.org/10.1016/S0140​
-6736(16)00579​-1.

Ronto, R., Ball, L., Pendergast, D., & Harris, N. (2016). Adolescents' 
perspectives on food literacy and its impact on their dietary be-
haviours. Appetite, 107, 549–557. https://doi.org/10.1016/j.
appet.2016.09.006.

Sawyer, S. M., Azzopardi, P. S., Wickremarathne, D., & Patton, G. C. 
(2018). The age of adolescence… and young adulthood–Authors' 
reply. The Lancet Child & Adolescent Health, 2(4), e7. https://doi.
org/10.1016/S2352​-4642(18)30075​-0.

Scott, S. P., Murray-Kolb, L. E., Wenger, M. J., Udipi, S. A., Ghugre, P. 
S., Boy, E., & Haas, J. D. (2018). Cognitive performance in Indian 
school-going adolescents is positively affected by consumption of 
iron-biofortified pearl millet: A 6-month randomized controlled ef-
ficacy trial. The Journal of Nutrition, 148(9), 1462–1471. https://doi.
org/10.1093/jn/nxy113.

Shafiee, S., Mesgarani, M., & Begum, K. (2015). Assessment of nutritional 
status among adolescent boys in an urban population of South India. 
Global Journal of Health Science, 7(3), 335. https://doi.org/10.5539/
gjhs.v7n3p335.

Shahzad, S., Islam, K., Azhar, S., Fiza, S., Ahmed, W., & Murtaza, Z. 
(2017). Impact of knowledge, attitude and practice on iron defi-
ciency anaemia status among females of reproductive age Group 
(20–21-year-old) studying in government home economics college 
Lahore, Pakistan. International Archives of BioMedical and Clinical 
Research, 3(4), 31–36.

Shaka, M. F., & Wondimagegne, Y. A. (2018). Anemia, a moderate pub-
lic health concern among adolescents in South Ethiopia. PLoS One, 
13(7), e0191467.–https://doi.org/10.1371/journ​al.pone.0191467.

Siddiqui, F. R., Usmani, A. Q., Shahid, A., & Sadiq, T. (2013). Dietary intake 
of iron rich food and awareness on iron deficiency Anaemia among 

https://doi.org/10.3390/nu3030283
https://dhsprogram.com/pubs/pdf/FR307/FR307.pdf
https://dhsprogram.com/pubs/pdf/FR307/FR307.pdf
https://doi.org/10.1177/0379572117715818
https://doi.org/10.21649/akemu.v23i2.1565
https://doi.org/10.1123/ijsnem.21.3.248
https://doi.org/10.18203/2394-6040.ijcmph201923462394-6040.ijcmph20192346
https://doi.org/10.18203/2394-6040.ijcmph201923462394-6040.ijcmph20192346
https://doi.org/10.1016/S2352-4642(18)30096-8
https://doi.org/10.1016/S2352-4642(18)30096-8
https://doi.org/10.18632/aging.100966
https://doi.org/10.18203/2394-6040.ijcmph20172586
https://doi.org/10.18203/2394-6040.ijcmph20172586
https://doi.org/10.1016/j.appet.2014.06.021
https://doi.org/10.1016/j.appet.2014.06.021
https://doi.org/10.1016/S0140-6736(15)60865-0
https://doi.org/10.1016/S0140-6736(15)60865-0
https://doi.org/10.1007/s12571-018-0801-8
https://doi.org/10.1080/02673843.2017.1369889
https://doi.org/10.1080/02673843.2017.1369889
https://doi.org/10.18203/2394-6040.ijcmph20180767
https://doi.org/10.18203/2394-6040.ijcmph20180767
https://doi.org/10.1186/s12878-017-0084-x
https://doi.org/10.18697/ajfand.77.15815
https://doi.org/10.11648/j.ijnfs.20150403.14
https://doi.org/10.1016/S0140-6736(16)00579-1
https://doi.org/10.1016/S0140-6736(16)00579-1
https://doi.org/10.1016/j.appet.2016.09.006
https://doi.org/10.1016/j.appet.2016.09.006
https://doi.org/10.1016/S2352-4642(18)30075-0
https://doi.org/10.1016/S2352-4642(18)30075-0
https://doi.org/10.1093/jn/nxy113
https://doi.org/10.1093/jn/nxy113
https://doi.org/10.5539/gjhs.v7n3p335
https://doi.org/10.5539/gjhs.v7n3p335
https://doi.org/10.1371/journal.pone.0191467


2924  |     WIAFE et al.

female students in Rawalpindi. Pakistan Armed Forces Medical Journal, 
63(3), 300–303.

Singh, M., Honnakamble, R. A., & Rajoura, O. P. (2019). Knowledge, at-
titude and practice change about Anemia after intensive health 
education among adolescent school girls of Delhi: An intervention 
study. International Journal of Medicine and Public Health, 9(3), 71–73. 
https://doi.org/10.5530/ijmed​ph.2019.3.18.

Sjöberg, A., & Hulthén, L. (2015). Comparison of food habits, iron intake 
and iron status in adolescents before and after the withdrawal of 
the general iron fortification in Sweden. European Journal of Clinical 
Nutrition, 69(4), 494–500. https://doi.org/10.1038/ejcn.2014.291.

Spronk, I., Heaney, S. E., Prvan, T., & O’Connor, H. T. (2015). Relationship 
between general nutrition knowledge and dietary quality in elite ath-
letes. International Journal of Sport Nutrition and Exercise Metabolism, 
25(3), 243–251. https://doi.org/10.1123/ijsnem.2014-0034.

Srinivas, V., & Mankeshwar, R. (2015). Prevalence and determinants of 
nutritional anemia in an urban area among unmarried adolescent 
girls: A community-based cross-sectional study. International Journal 

of Medicine and Public Health, 5(4), 283. https://doi.org/10.4103/223
0-8598.165950.

World Health Organization. (2011). Prevention of iron deficiency anaemia 
in adolescents (No. SEA-CAH-02). WHO Regional Office for South-
East Asia.

Yasutake, S., He, H., Decker, M. R., Sonenstein, F. L., & Astone, N. M. (2013). 
Anemia among adolescent and young women in low-and-middle-
income countries. International Journal of Child Health and Nutrition, 
2(2), 105–112. https://doi.org/10.6000/1929-4247.2013.02.02.4.

How to cite this article: Wiafe MA, Apprey C, Annan RA. 
Knowledge and practices of dietary iron and anemia among 
early adolescents in a rural district in Ghana. Food Sci Nutr. 

2021;9:2915–2924. https://doi.org/10.1002/fsn3.2249

https://doi.org/10.5530/ijmedph.2019.3.18
https://doi.org/10.1038/ejcn.2014.291
https://doi.org/10.1123/ijsnem.2014-0034
https://doi.org/10.4103/2230-8598.165950
https://doi.org/10.4103/2230-8598.165950
https://doi.org/10.6000/1929-4247.2013.02.02.4
https://doi.org/10.1002/fsn3.2249

