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Introduction
Iron deficiency anaemia is the most common 
micronutrient deficiency seen in children in Nigeria and 
worldwide; it affects over two billon people including 
children with protein energy malnutrition  (PEM) 
worldwide  [1]. PEM is a leading cause of morbidity 
and mortality among children in the developing 
countries carrying the highest burden  [1,2]. PEM is 
usually an outcome of both macronutrient deficiency 
and micronutrient deficiency coexisting [3]. Iron is the 
most common of the micronutrient deficiency seen 
in PEM  [1,3]. Being the most common, nutritional 
anaemia is usually invariable in children with PEM, and 
thus it has to be anticipated and managed. However, 
the laboratory diagnosis of iron deficiency among PEM 
from various previous studies has been inconclusive. 
Different modalities have been suggested based on the 
sensitivity and specificity of various available diagnostic 
tools. Laboratory tests such as serum ferritin, red cell 
protoporphyrin, transferring saturation, mean cell 

volume, or red cell distribution have been used to a great 
extent to determine iron deficiency  [4]. A  systematic 
overview of the diagnostic values used in the evaluation 
of iron deficiency anaemia showed that serum ferritin 
was by far the most powerful test for the diagnosis of 
iron deficiency, outperforming red cell protoporphyrin, 
transferring saturation, mean cell volume, or red cell 
distribution  [5]. Serum ferritin, which indirectly 
reflects total body iron stores, is routinely ordered 
in the evaluation of anaemia  [6]. Low serum ferritin 
is highly specific for iron deficiency anaemia, and is 
much less invasive than the gold standard [6]. However, 
test properties differ for populations of patients with 
inflammatory, liver, or neoplastic disease, because serum 
ferritin is an acute‑phase reactant  [7]. PEM is also a 
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condition in which acute‑phase reactions such as serum 
ferritin are in circulation because of the presence of 
infection and other inflammatory response. Furthermore, 
in severe PEM, despite the fact that dietary deficiency 
of iron is prevalent among children with PEM, hepatic 
iron and bone marrow‑free iron are usually elevated, 
as there is a reduction in the concentration of serum 
protein especially the transport protein, which increases 
the circulation of free iron, therefore making the use of 
serum ferritin as a diagnostic tool of limited value [8]. 
Test properties of serum ferritin in other conditions 
such as neoplasms to aid appropriate interpretation of 
values have been determined in a previous study  [9]. 
However, the value of serum ferritin of severe PEM is 
still inconclusive.

This article examines serum ferritin levels of children 
with PEM with specific objectives to determine 
the prevalence of iron deficiency and iron deficiency 
anaemia in PEM in relation to feeding practices, the 
sensitivity and the specificity of serum ferritin in the 
diagnosis of iron deficiency in PEM.

Patients and methods
The study was a case–control study in which 
participants were children diagnosed for PEM and 
controls were children with normal nutritional status 
without haematological or infectious conditions. It 
was conducted in the Emergency Paediatric Ward of 
University of Ilorin Teaching Hospital among children 
(6–59 months old) with malnutrition. All consecutive 
admissions into the Emergency Paediatric Unit with a 
diagnosis of PEM based on the welcome’s classification 
were enroled after obtaining consent by the caregivers, 
whereas PEM patients with underlying haematological 
conditions such as sickle cell disease or chronic disease, 
or PEM patients on iron supplements, were excluded. 
Controls were healthy children attending the routine 
clinic without haematologic or infectious condition 
and not on iron supplement.

The study was approved by the Ethics and Research 
Committee of the University of Ilorin Teaching 
Hospital and informed consent was also taken from 
the participants. Using a prevalence of 10% from a 
previous study  [10], the minimum calculated sample 
size was 70 participants; 90 participants each were 
selected for the study and control groups, with a total 
of 180 participants for the study.

Under strict aseptic conditions, after cleaning the blood 
collection site thoroughly with 70% alcohol, 5  ml of 
venous blood was collected by venipuncture using a fixed 
hypodermic needle. Three millilitres of the withdrawn 

blood was decanted into a sample bottle containing 
EDTA and gently mixed to prevent clotting, whereas 
the remaining 2  ml was decanted into a heparinized 
bottle, which was left to stand for 2 h; the serum was 
separated by centrifugation and serum was decanted 
into another bottle and frozen at −20°C. Automated 
blood analyser model/Symax KX  21 (Bellport, NY, 
USA) was used to analyse the full blood count, whereas 
a low‑power examination of a peripheral blood smear 
was performed with a  ×50 or  ×100 objective of the 
microscope, and the area of morphology was examined.

Serum ferritin assay
Serum ferritin concentrations were analysed by 
enzyme‑linked immunosorbent assay using the Nova 
Path Ferritin kit [11]. Serum was prepared from whole 
blood specimen collected under aseptic condition into 
an EDTA bottle. Serum was capped and stored at 
20°C.

Iron deficiency was defined as serum ferritin levels 
below 31  ng/ml, whereas iron deficiency anaemia 
was defined as haemoglobin less than 11  g/dl and 
serum ferritin less than 31  ng/ml  [12,13]. Anaemia 
was defined as haemoglobin less than 11 g/dl. Mean 
corpuscular volume 70–74 fl was taken as a normal 
range. Values less than 70 fl were taken as microcytosis 
and >74 fl as macrocytosis [14].

Data entry and analysis were carried out with a 
microcomputer using the SPSS Epi info, version 3.5, 
software packages.

Results
The mean age of the children with PEM was 
22.7  ±  14.4  months  (range: 9–59  months) 
compared with the mean age of 29.3 ± 16.9 months 
(range: 6–59 months) in the controls, and the difference 
was not significant (P = 0.08) (Table 1). Fifty‑six per 
cent of the children with PEM belong to the low 
socioeconomic class (IV and V). The participants were 
of a lower socioeconomic class compared with the 
controls (P = 0.00001).

Sixty‑five (72.2%) PEM children were not exclusively 
breastfed, while the mean age for the commencement 
of complementary feeds was 5.1  ±  1.93  months in 
children with PEM compared with 5.6 ± 2.4 months 
in the controls, and the difference was not 
significant  (P = 0.126). Over 75% of the PEM cases 
were fed with guinea corn gruel, 11.1% with fortified 
gruel, 10% with maize gruel and only 1.1% added 
milk to the feeds. The children with PEM were fed 
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more nonnutritive feeds when compared with the 
controls (P = 0.02).

The mean values for weight, height, BMI, mean arm 
circumference, as well as the Z‑scores for weight for 
age and weight for height, were all significantly higher 
in the controls compared with the PEM children 
(Table 2).

The overall prevalence of anaemia in PEM was 74.4%, 
with the underweight children having the highest 
prevalence. The prevalence of iron deficiency was 
24.4% in the children with PEM, whereas that for 
iron deficiency anaemia was 16.6% in these children. 
Microcytic–hypochromic anaemia was the most 
common anaemia as it accounts for 84.4% of the type 
of anaemia seen (Table 3).

The mean serum ferritin levels were higher in the 
controls compared with PEM cases  (P  =  0.000) 
(Table  4). The mean serum ferritin was significantly 
higher in girls (P  =  0.00001). Children with 
marasmus had the highest mean serum ferritin level of 
600.5 ± 392.6 ng/ml, whereas those with kwashiorkor 
had the lowest level of 165.5  ±  6.2  ng/ml, and the 
difference was statistically significant (P  =  0.009) 
(Table  5). The sensitivity of serum ferritin was 

100.0%  [95% confidence interval  (CI)], whereas 
specificity was 100.0%  (95% CI). Likelihood  ratio 
was 0.00  (95% CI) and positive predictive value was 

Table 2 Anthropometric measurements of the study 
population
Anthropometry PEM 

(n=90)
Controls 
(n=90)

t P

Weight (kg)
Range 3.2‑13.2 4.2‑23.9 192.86 0.0001
Means±SD 7.9±3.2 13.9±13.6

Height (m)
Range 0.5‑0.80 0.6‑0.99 12.86 0.0001
Means±SD 0.75±111 0.94±25.3

BMI (kg/m2)
Range 7.0‑23.7 8.2‑29.1 9.99 0.001
Means±SD 13.3±4.5 15.2±3.4

Mid arm 
circumference (cm)

Range 9.2‑16.1 12.0‑19.0 4.22 0.04
Mean±SD 13.2±8.6 15.1±1.6

Occipitofrontal 
circumference (cm)

Range 40.0‑51.0 41.0‑56.0 4.82 0.03
Mean±SD −45.6±2.1 −47.7±8.2

Weight for age Z‑score
Mean±SD −3.2±1.8 −5.03±1.0 303.98 0.001

Weight for height Z‑score
Mean±SD 2.01±3.45 0.01±4.2 17699.4 0.001

PEM, protein energy malnutrition.

Table 1 Characteristics of the study and control group
Variables PEM (n=90) Controls (n=90) χ2 P
Age (months)

Range 9.0‑59.0 6.0‑59.0 t=7.95 0.08
Mean±SD 22.7±14.4 29.3±16.9

Sex (n (%))
Male 59 (65.6) 53 (58.9) 0.85 0.356
Female 31 (34.4) 37 (41.1)

Socioeconomic class (n (%))
Higher (I and II) 8 (9.0) 31 (34.4) 28.17 0.0012
Middle (III) 26 (28.8) 35 (38.9)
Lower (IV and V) 56 (62.0) 24 (26.7)

Maternal educational status (n (%))
None 25 (27.8) 9 (10) 19.025 0.0002
Primary 29 (32.2) 20 (22.2)
Secondary 21 (23.3) 23 (25.6)
Post secondary 15 (16.7) 38 (42.2)

Exclusive breastfeeding practices (n (%))
Yes 25 (27.8) 33 (36.7) 1.63 0.2019
No 65 (72.2) 57 (63.4)

Age of introduction of complementary food (months) (n (%))
Mean±SD 5.1±1.93 5.6±2.4 t=2.35 0.126

Type of complementary feeds (n (%))
Guinea corn gruel 68 (75.6) 56 (62.2)
Maize gruel 9 (10) 11 (2.2)
Infant formula 2 (2.2) 2 (2.2) 12.93 0.024
Fortified gruel 10 (11.1) 16 (17.8)
Milk 1 (1.1) 5 (5.6)

PEM, protein energy malnutrition.
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100.0%, negative predictive value was 100.0%, whereas 
disease prevalence had a predictive value of 16.67% 
(Table 6).

Discussion
A majority of the participants belong to families of 
low socioeconomic class and mothers with low level 
of education. The practice of exclusive breastfeeding 
was very low among participants and the controls, and 
about 85% of the participants were fed common staple 
food such as unfortified maize gruel. These findings are 
major risk factors for the development of malnutrition 
and nutritional anaemia in PEM as found in several 
other studies [15,16].

A high prevalence of anaemia (74.4%) among children 
with PEM was found in this study, and was in consonance 
with previous studies in which anaemia was said to be 
a common feature of PEM  [8,17,18]. Microcytic–
hypochromic red cells were most commonly observed 
in PEM from this study; this is in contrast to previous 
studies in which anaemia seen in PEM was normocytic 
normochromic  [10,17]. Several factors have been 
implicated in the aetiology of anaemia in PEM, and 
these include deficiencies of iron, folate, vitamin B12, 
infections, blood loss, haemolysis, erythroid hypoplasia 
and adaptation to lower metabolic oxygen requirements 
and decrease in lean body mass  [18]. Microcytic–
hypochromic anaemia found to be the most common 
in this study can be attributed to deficiency of iron, 
which is a common cause of microcytic–hypochromic 
anaemia. This finding strongly supports the fact that 
iron deficiency is the most common cause of nutritional 
anaemia in this part of the world [19]. Iron deficiency 
anaemia seen in these children from this study can be 
attributed to several factors such as inadequate intake, 
problems of absorption and utilisation. The type of 

food eaten by a majority of the PEM children in this 
study can also be a factor for the high evidence of iron 
deficiency anaemia recorded in this study. Eighty‑five 
per cent of PEM children were fed common staple 
food such as maize gruel with low iron content of 
0.02 mg and guinea corn and millet, which does not 
contain any iron at all; these provisions are quite below 
the recommended daily requirement of elemental iron, 
which is 3–6 mg/kg/day [15].

The prevalence of iron deficiency anaemia is 16.6% 
in this study; this finding is higher than values 
documented in previous studies  [10,17]. This higher 
prevalence of iron deficiency anaemia in this study can 
result from early age of introduction of complementary 
feeds, and nutritionally poor complementary feeds 
given to the children, as well as low practice of exclusive 
breastfeeding recorded in the study population.

The study revealed a lower mean serum ferritin level 
among the malnourished in the acute phase compared 
with controls. This is in contrast to previous studies 
in which a higher serum ferritin value was observed 
in PEM as compared with controls  [8], even though 
the participants studied were in the recovery phase of 
PEM. However, this study is in conformity with other 
studies that assessed the serum ferritin levels in PEM 
in the acute phases and found that serum ferritin was 
lower in the children with malnutrition [7,9]. Its level is 
expected to be elevated in the phase of an acute ongoing 
infection or inflammation. The studied population was 
in the acute phase of the illness and the prescience of 
ongoing infection cannot be excluded, and thus the 
expectation was an elevation in the serum ferritin, which 
is an acute‑phase reactant in these patients. However, 
because there is a real depletion in the store of these 
acute‑phase reactant iron, the expected response cannot 
be observed; thus, for PEM, this low serum ferritin level 
is a true reflection of iron deficiency in these children, 
as serum ferritin is the best indicator for iron deficiency 
because a decrease in the amount of stored iron is the 
only known cause for low serum ferritin result [20].

The diagnosis or establishment of iron deficiency 
anaemia in children with PEM usually brings about 

Table 4 Serum ferritin level (ng/ml) the study population
Serum ferritin (ng/ml) PEM Controls t P
Range 1.0‑1000 29.0‑1000 191.8 0.0000
Mean±SD 413.52±47.1 452.2.±355.0

PEM, protein energy malnutrition.

Table 3 Anaemia in protein energy malnutrition
Iron status Marasmus 

(n=21) (n (%))
Kwashiorkor 
(n=8) (n (%))

Marasmic‑kwashiorkor 
(n=11) (n (%))

Underweight 
(n=50) (n (%))

Total (n (%))

Prevalence of anaemia
Hb <11 g/dl 19 (21.1) 8 (8.9) 6 (6.6) 34 (68) 67 (74.4)

PBFa appearance
Normochromic 2 (9.5) Nil Nil 12 (24) 14 (15.6)
Microcytic‑hypochromic 19 (90.5) 8 (100) 11 (100) 38 (76) 76 (84.4)

Iron deficiency (4.4) 4 (4.4) 3 (3.3) 11 (12.2) 22 (24.4)
Iron deficiency anaemia 4 (4.4) 3 (3.3) 3 (3.3) 5 (5.5) 15 (16.7)

PBF, peripheral blood film
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diagnostic challenges. The choice of the type of 
appropriate investigative tool depends on many factors. 
Some other study on the usefulness of serum ferritin 
in diagnosis iron status concluded that serum ferritin 
has a limited value as an indicator of iron status in 
participants with PEM, presumably because of the 
frequency of infections and of hepatocellular damage 
in such participants  [8], although most others have 
been inconclusive  [9]. The use of serum ferritin for 
the diagnosis of iron deficiency anaemia in PEM from 
this study, however, reveals that serum ferritin has a 
very high sensitivity in establishing the presence of 
iron deficiency anaemia in these groups of children. 
The chances or probability that serum ferritin alone 
will pick iron deficiency in children with PEM is very 
high. This has been found in another study, although 
not in children with PEM, in which serum ferritin was 
by far the most powerful test for the diagnosis of iron 
deficiency, outperforming the other methods [5,6].

A high specificity was also found from these studies; 
this implies that the probability of serum ferritin 
to identify iron deficiency correctly in PEM was 
high. This further corroborates previous studies and 
documentation that serum ferritin is highly specific 
for iron deficiency [5,7]. Furthermore, a high positive 
predictive value also indicates that the probability that 
low serum ferritin will identify iron deficiency anaemia 
if present is high.

Conclusion
Our study concluded that anaemia, particularly 
microcytic anaemia, was common in children with 
PEM, and this finding is more attributed to the poor 
feeding practice seen. The study also found a low serum 
ferritin in children with PEM compared with controls, 
and finally serum ferritin has a very high sensitivity 

and specificity in detecting iron deficiency anaemia in 
children with PEM.

Recommendation
The study recommends that the diagnosis of iron 
deficiency anaemia is common among malnourished 
and it should be sought for because of its long‑term 
effects on cognition and development. Its diagnosis can 
be established by the combination of haematological 
and biochemical parameters such as serum ferritin to 
enhance diagnosis. Future studies for other possible 
sensitive test that can be utilised for screening and 
diagnosis of iron deficiency anaemia in PEM especially 
in the developing country where the condition is 
prevalent is strongly advocated. Continuous nutritional 
education and campaign on exclusive breastfeeding 
and introduction of appropriate complementary feeds 
should be intensified. These would help reduce the risk 
of both overt and obvious malnutrition and its presence 
effects.
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