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ABSTRACT

Background: Protein energy malnutrition is a significant cause of morbidity and mortality
in children between the ages of 12 and 59 months and diarrhoea has been shown to
have a bi-directional relationship with malnutrition. Mid upper arm circumference (MUAC)
has been shown to be a useful indicator of malnutrition in children aged 12 to 59 months.
Objective: To determine the nutritional status of children aged 12 to 59 months with
diarrhoea using mid upper arm circumference (MUAC).
Method: Over a 6 month period, all children aged 12 to 59 months who presented to the
Niger Delta University Teaching Hospital (NDUTH) with diarrhoea were consecutively
recruited into the study. Information on their ages, diarrhoeal type, duration and
frequency as well as parental educational level and occupation were obtained and
recorded into a proforma. MUACs were measured and recorded to the nearest 0.1cm.
Results: There were 144 children with a male to female ratio of 1.3:1. The mean MUAC
was 14.25 ± 2.46cm with a steady increase with age from13.45 ± 1.99cm at 12 to 23
months to 16.50 ± 0.58cm at 48 to 59 months. Using MUAC measurements, 19 (13.2%)
of the children were malnourished, with 7 (4.9%) having severe acute malnutrition and
12 (8.3%) having moderate acute malnutrition (MAM). Seventeen (11.8%) of the children
were at risk of malnutrition. Children with chronic diarrhoea and ages ranging from 12 to
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23 months had significantly lower MUACs with χ2 and p values of 19.58 (0.000) and 7.99
(0.005) respectively.
Conclusion: Under nutrition is an important problem in children aged 12 to 59 months
with diarrhoea. There is need to pay extra attention to nutritional status of this age group
especially during episodes of diarrhoea.

Keywords: Mid upper arm circumference; children; diarrhea; malnutrition.

1. INTRODUCTION

Protein energy malnutrition is prevalent in Nigeria and is a significant cause of morbidity and
mortality in children [1]. Early recognition of severe acute malnutrition in sick children is
important as standard management protocols may reduce mortality [2]. Diarrhoea is
common in developing countries like Nigeria, with a single child having about 2.6 episodes
per year [3]. Studies have demonstrated a strong bi-directional relationship between
malnutrition and diarrhoea with malnourished children having a higher incidence of diarrhoea
[4-7] as well as a higher case fatality rate when compared to children with normal nutrition
[8]. Diarrhoea may lead to malnutrition due to reduced dietary intake, mal-absorption or mal-
digestion [9], while malnutrition may cause or worsen diarrhoea as a result of a weakened
immune system [10].

Several studies measuring the impact of diarrhoea on child nutrition have been done but
these studies used anthropometric measures of weight for age and height for age [11-13].
Another useful anthropometric measure of nutritional status is Mid Upper Arm Circumference
(MUAC). McDowell and King [14] in Zambia demonstrated that it is similar in accuracy to
weight for age and weight for length as an indicator of clinical nutrition. It has the advantage
of being cheap and easy to perform and requires only a measuring tape which is easy to
carry [15]. MUAC is particularly useful when the precise age of the child is unknown as it is
relatively independent of age with reference medians increasing only slightly (by
approximately 1.7cm between the ages of one and five years [16-18]. Vella et al. [19] in
West Uganda compared the relative risk of mortality in malnutrition using the various
anthropometric indices. They found MUAC to be the most reliable predictor of mortality and
therefore recommended its use as the anthropometric indicator of choice in identifying
children at high risk of death.

The present study was carried out to measure the effect of diarrhoea and some
socioeconomic factors on the nutritional status of children aged twelve to fifty nine months
using an easily measurable anthropometric indicator; the mid upper arm circumference.

2. METHODOLOGY

The study was carried out within a six month period (between the months of September
2012 and February 2013) in the Paediatric unit of the Niger Delta University Teaching
Hospital (NDUTH). Ethical clearance was sought and obtained from the Research and
Ethics Committee of the NDUTH. Informed consent was also obtained from parents and
guardians of the children recruited for the study.
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2.1 Patient Recruitment

All children aged 12 to 59 months presenting with diarrhoea with an average frequency of
three or more times per day or greater than the frequency considered normal for the child
were consecutively recruited into the study.  Children whose parents did not give consent
were excluded from the study. Also those with chronic medical conditions like severe
persistent asthma, congenital heart disease and HIV infection which may affect nutritional
status were excluded. The investigators administered and filled a questionnaire for each
child recruited into the study. Information on the questionnaire included the child’s personal
data, duration of diarrhoea, presence of blood in stools and number of diarrhoeal episodes in
the past one year. Parental socioeconomic stratification was done based on the
classification described by Oyedeji [20].

Diarrhoea was classified according to duration [21], with acute diarrhoea being less than two
weeks, persistent diarrhoea with duration of greater than or equal to two weeks but less than
four weeks and chronic diarrhoea being greater than or equal to four weeks. The children
were said to have dysentery when there was presence of visible blood in the diarrhoeal
stools.

2.1.1 Measurement of mid upper arm circumference

Mid Upper Arm Circumferences (MUAC) were measured to the nearest 0.1cm at the mid-
point between the tips of the left shoulder and elbow using a non-stretchable measuring
tape. With the left elbow flexed, the acromium and olecranon processes were identified and
marked with a pen. Using the measuring tape, the mid-point between these two landmarks
were found and marked. Then with the arm hanging straight down, the tape was strapped
around the arm at the mid-point mark and the mid upper arm circumference measured and
recorded to the nearest 0.1cm. All MUAC measurements were taken and recorded by only
one of the authors to avoid inter-observer error. Children with MUAC < 12.5cm were
classified as having malnutrition while those with MUAC between 12.5cm and 13.4cm were
classified as being at risk of malnutrition [22]. Children with MUAC measurements < 12.5cm
were divided into two categories; those with MUAC measurements less than 11.5cm were
classified as having severe acute malnutrition (SAM), while those with MUAC measurements
between 11.5cm and 12.4cm were classified as having moderate acute malnutrition (MAM)
[22]. Those with MUAC measurements greater than or equal to 13.5cm were classified as
having normal nutrition [22].

2.1.1.1Treatment protocol

Each child recruited for the study was assessed for dehydration by the investigators and
treated based on the WHO protocol [23]. The patients were assessed for other clinical
problems and appropriately treated. They were all given zinc tablets at 20mg daily for 2
weeks. Those with dysentery were given ciprofluoxacin tablets at 15mg/kg/day for 3 days.

2.1.1.1.1Data analysis

The data was analyzed using epi-info version 6.04 and SPSS version 15 statistical
packages. Test of significance between proportions was assessed using Chi-square and
Fisher’s exact test where appropriate. A 95% confidence interval was used and a p value of
less than 0.05 was considered significant.
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3. RESULTS

3.1 General Characteristics

As shown in Table 1, a total of 144 children between 12 and 59 months who presented with
diarrhoea at the NDUTH were recruited for the study. There were 81 (56.3%) males and 63
(43.7%) females, giving a male to female ratio of 1.3:1. The mean MUAC of the study
population was 14.25 ± 2.46cm. There was an increase in MUAC measurements with
increasing age, from 13.45 ± 1.99cm at 12 – 23 months to 16.50 ± 0.58cm at 48 – 59
months.

Table 1. Age and sex distribution of the 144 children

Age range Male (%) Female (%) Frequency (%) Mean MUAC (cm)
12 – 23 months 45 (31.2) 40 (27.7) 85 (24.9) 13.45 ± 1.99
24 – 35 months 25 (17.4) 16 (11.1) 41 (12.0) 14.75 ± 1.94
36 – 47 months 9 (6.3) 6 (4.2) 15 (4.3) 15.80 ± 1.72
48 – 59 months 2 (1.4) 1 (0.7) 3 (0.9) 16.50 ± 0.58
Total 81 (56.3) 63 (43.7) 144 (100) 14.25 ± 2.46

3.1.1 Duration, type and frequency of diarrhea

As shown in Table 2, 126 (87.5%) of the children had acute diarrhoea, 8 (5.6%) had
persistent diarrhoea and 10 (6.9%) had chronic diarrhoea. Thirty seven (25.7%) of them had
dysentery. One hundred and five (72.9%) had less than 3 diarrhoeal episodes in the
preceding one year while 39 (27.1%) had 3 or more episodes.

Nineteen children (13.2%) were malnourished with MUAC less than 12.5cm. Seven (4.9%)
of them had severe acute malnutrition with MUAC less than 11.5cm, while 12 (8.3%) had
moderate acute malnutrition with MUAC ranging from 11.5 to 12.4cm. Seventeen (11.8%)
children were at risk of malnutrition with MUAC ranging from 12.5 to 13.4cm.

Significantly more children with chronic diarrhoea were malnourished. There was no
significant difference in MUACs of the children with dysentery when compared to those with
watery diarrhoea. There was also no significant difference in MUAC measurements of those
with three or more diarrhoeal episodes in the preceding one year when compared to those
with less than three episodes.

3.1.1.1 MUAC according to age, sex and parental social class

Table 3 shows that all the children with MUAC measurements in the malnutrition range were
less than 36 months of age. Thirty six percent of those aged 12 to 23 months were
malnourished while 12.2% of those aged 24 to 35 months were malnourished. This
difference was statistically significant, χ2 = 7.99, p = 0.005.

A higher percentage 28.6% of the female children were malnourished as compared to
22.2% of the males. This difference was however not statistically significant; χ2 = 0.76, p =
0.383.

Table 3 also shows that a higher percentage (30.6%) of the malnourished children had
parents from the lower social class, followed by the middle social class (25.5%). This
difference was also not statistically significant; χ2 = 3.82, p = 0.147.
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Table 2. MUAC according to duration, type and frequency of diarrhea

Total
(%)

≥13.5cm
(%)

12.5 – 13.4cm
(%)

11.5 – 12.4cm
(%)

<11.5cm
(%)

Total malnourished
(%)

χ2 (p value)

MUAC according to duration of diarrhoea
Acute 126 (100.0) 102 (81.0) 10 (7.9) 10(7.9) 4(3.2) 14 (11.1) 19.58(0.000)
persistent 8 (100.0) 2 (25.0) 4 (50.0) 1(12.5) 1(12.5) 2 (25.0)
chronic 10 (100.0) 4 (40.0) 3 (30.0) 1(10.0) 2(20.0) 3 (30.0)
MUAC according to type of diarrhoea
Blood in
stool

37 (100.0) 24 (64.9) 4 (10.8) 4(10.8) 5(13.5) 9 (24.3) 2.73 (0.099)

No blood in
stool

107 (100.0) 84 (78.5) 13 (12.1) 8(7.5) 2(1.9) 10 (9.3)

MUAC according to frequency of diarrhoea
Less than 3 105 (100.0) 76 (72.4) 12 (11.4) 12(11.4) 5(4.8) 17 (16.2) 1.42 (0.234)
3 or more 39 (100.0) 32 (82.1) 5 (12.8) 0(0.0) 2(5.1) 2 (5.1)

Table 3. MUAC according to age category, sex and parental social class

Age category
(months)

Total number
(%)

≥13.5cm
(%)

12.5 – 13.4cm
(%)

11.5 – 12.4cm
(%)

<11.5cm
(%)

Total malnourished
(%)

χ2 (p value)

MUAC according to age category
12 – 23 85 (100.0) 54 (63.5) 13 (15.3) 11 (12.9) 7 (8.2) 18(21.2) 7.99 (0.005)
24 – 35 41 (100.0) 36 (87.8) 4 (9.8) 1 (2.4) 0 (0.0) 1(2.4)
36 – 47 15 (100.0) 15 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
48 – 59 3 (100.0) 3 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
MUAC according to sex
Male 81 (100.0) 63 (77.8) 9 (11.1) 5(6.2) 4(4.9) 9(11.1) 0.76 (0.383)
Female 63 (100.0) 45 (71.4) 8 (12.7) 7(11.1) 3(4.8) 10(15.9)
MUAC according to parental social class
Upper class 27 (100.0) 24 (88.9%) 3 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 3.82 (0.147)
Middle class 55 (100.0) 41 (74.5) 11 (20.0) 2(3.6) 1(1.8) 3(54.5)
Lower class 62 (100.0) 43 (69.4) 3 (4.8) 10(16.1) 6(9.7) 16(25.8)



British Journal of Medicine & Medical Research, 4(6): 1315-1326, 2014

1320

4. DISCUSSION

Mid upper arm circumference is an indicator of a child’s body weight and muscle mass and
has been endorsed by the World Health Organization (WHO) as a tool for diagnosing acute
malnutrition [24]. The WHO recommends that case finding for community based
management of acute malnutrition should rely on MUAC as it is simpler, faster to measure
and more sensitive for predicting mortality risk [19,25]. It is also useful in clinical settings and
as such has also been recommended by the WHO as an independent indicator for
admission in outpatient clinics because it requires little equipment and training and a large
number of children can be screened within a short time [26]. Myatt et al. [27] in Ethiopia
demonstrated that weight for height and MUAC case definitions yielded similar estimates for
the prevalence of acute malnutrition. Velzeboer et al. [28] in a comparison of weight for
height and MUAC among Guatemalan children found that younger children tended to
become upset and agitated during weight and height measurements but no such behavior
was observed during the measurement of MUAC.

The mean MUAC of 14.25 ± 2.46cm in the present study is similar to the mean MUAC of
14.26 ± 1.21cm reported by Alam et al. [29] in a nutritional survey of urban slum children
below five years. This similarity may be due to the fact that in both studies, the majority of
the subjects were from low socioeconomic parents. Dairo et al. [30] in Ibadan Nigeria,
reported a comparably higher MUAC of 15.47 ± 1.4 cm. Their higher value may be explained
by the fact that their subjects were children living in urban Ibadan whereas the centre where
the present study was done is located in a rural area and as such most of the patients who
present to the hospital are rural dwellers. As demonstrated by Charturvedi et al. [31] children
in urban areas have higher MUAC values compared to those living in rural areas. Also the
subjects in the Ibadan study were apparently healthy children in nursery schools whereas
those in the present study were children with diarrhoea which has been demonstrated to
contribute to malnutrition [32]. In 2006, Bruno S [33], in Dar Es Salaam reported that 45% of
patients with protein energy malnutrition at Kilifi District hospital, Dar Es Salaam had co-
existing diarrhoea.

The mean MUAC in the present study showed a steady increase with increasing age. This is
similar to findings from other authors [30] in Nigeria as well as other African countries [34]
and Bangladesh [35]. This raises the question of whether use of single MUAC cut off values
are appropriate for children between 12 to 59 months.MUAC cut off values being used, are
those developed in the 1960s based on observations from well-nourished Polish under five
children [36]. However in recent times, questions have arisen on the fact that MUAC is age
and sex independent and it has been suggested that MUAC z-scores which adjust for age
and sex are more useful indicators of nutritional status [15,37]. Hop et al. [38] in Hanoi,
Vietnam carried out a study aimed at observing the development of MUAC of children on a
longitudinal basis. They found that MUAC increased by about 1cm for boys and 1.5cm for
girls between one and five years. As a result of their findings, they suggested that single cut
off values of MUAC should not be used in screening for malnutrition for under-fives but
should be elevated with increasing age. Briend A [39] however, argued in support of the use
of single cut off MUAC values as an indicator of risk of death inspite of the increase with age.
He explained that when a fixed cut off is used for identifying children with severe acute
malnutrition, more young children are selected. As younger children are at a higher risk of
mortality, this improves the selection of a higher risk group.

The overall prevalence of under nutrition in the present study was 13.2%.This is lower than
the 18.9% reported by Maiti et al. [40] in West Bengal India. The lower prevalence in the
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present study may be due to the fact that the ages of the children studied ranged from 12 to
59 months as against the Indian study where comparably younger children aged 6 to 23
months were studied. The present study and other studies [34,35,41] have demonstrated
that malnutrition is more prevalent in children within the younger age groups. Chiabi et al.
[42] in Cameroon reported a lower prevalence of 2.4% in apparently healthy children
attending immunization clinics. Kaur et al. [43] and Chaturvedi et al. [31] however reported
much higher prevalences of 38.5% and 53.2% in Punjab and Agra district India. The reason
for their higher prevalence is not immediately clear. Further studies need to be carried out to
determine the effect of other factors like genetic and geographical differences on the
anthropometric measurements of children in these different continents.

The present study provides some evidence that there is a direct relationship between
diarrhoea and malnutrition. Though this does not indicate causality, it may imply that
addressing the issue of diarrhoea may improve under-five nutritional status.Roy [35] in rural
Bangladesh used MUAC for evaluation of high risk groups for childhood malnutrition. He
reported that children who had diarrhoea in the last 12 months preceding his study had
significantly higher levels of malnutrition.Assis et al. [32] in Serrinha, North East Brazil also
demonstrated that diarrhoea is a major determinant of poor growth in children less than 5
years. This is however different from reports byPoskitt et al. [44] who reviewed diarrhoea
presentations and nutritional status in young rural Gambian children over a fifteen year
period as a test of an earlier hypothesis that reduced diarrhoea prevalence would lead to
improved growth and reduced prevalence of malnutrition. They found that even as the
number of diarrhoea presentations fell steadily over the years, there was no noticeable
change in the nutritional status of the children at one and two years. They concluded that
even if reduction in incidence and prevalence of diarrhoea is undoubtedly important for child
health, policies to reduce diarrhoea alone cannot be expected to achieve improvements in
child nutrition. Their study highlights the importance of adequate dietary intake for optimum
growth in children less than five years.A study done by Wierzba et al. [45] in a peri-urban
area outside Alexandria, Egypt, showed that diarrhoea alone does not appear to contribute
substantially to malnutrition when children have diarrhoea free time for catch up growth.It
has been demonstrated that catch up growth can be induced in young children after
diarrhoea by ensuring energy intake 50% in excess of recommendations and protein intake
100% more than recommended for a few weeks [44].

The present study also found no significant difference in MUAC of children with dysentery
and watery diarrhoea. This is similar to findings by Roy [35] but is in contrast to findings by
Alam et al. [46] who examined the role of diarrhoea in the aetiology of growth retardation in
young children. They reported that dysentery was associated with significantly lower annual
weight and height gain. They explained this association with the fact that dysenteric
episodes tend to last longer, are often associated with fever, damage the intestinal structure,
impair function with associated greater endogenous protein loss which may have a negative
effect on growth. Significantly more children with chronic diarrhoea in the present study had
MUAC in the under nutrition range. This is expected as chronic diarrhoea causes
malnutrition as a result of mal-absorption in addition to mal-digestion and reduced food
intake [4].

In the present study, the prevalence of malnutrition was found to decrease with increasing
age. Marshal et al. [47] in Afghanistan, demonstrated that even if older children were more
likely to suffer from diarrhoea compared to younger children, they are less likely to be
malnourished as a result of the diarrhoea. Roy [35] in Bangladesh found that children less
than 2 years had significantly higher levels of severe malnutrition (using MUAC) than those
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aged 2 years or older. This has also been demonstrated by researchers in India [48]. This
may be explained by the fact that children in the second year of life are especially vulnerable
to malnutrition as they are transiting from infant to family diet [49]. This period is
characterized by high nutrient need when several meals a day are required for optimum
growth, especially for those who have stopped breastfeeding [49]. There was no statistically
significant sex difference in the prevalence of under nutrition in the present study. This is
similar to findings by Biswas et al. [50] and Mandal and Bose [48] in West Bengal India but in
contrast to findings by Chaturvedi et al. [31] who reported a higher prevalence in girls and
Maiti et al. [40] with a higher prevalence in boys. Though this was not statistically significant,
the prevalence of under nutrition was higher among children with parents from the lower
social class. This is similar to findings by Amosu et al. [51] who reported a very high
prevalence (85.2%) of wasting among under-five children of low income earners in Ipokia
Local Government Area, Ogun State, Nigeria. Roy [35] also reported similar findings in
Bangladesh. This is not surprising as child hood under-nutrition is more prevalent in poor
households as a result of poor food security, and recurrent infections [52].

A limitation of the present study was that the children were assessed for only acute
malnutrition using MUAC values whereas they may also have co-existing chronic
malnutrition. Also other possible confounding factors were not ascertained as they may have
other causes of malnutrition apart from diarrhoea.

5. CONCLUSION

The mean MUAC was 14.25 ± 2.46cm and 19 (13.2%) of the children were malnourished.
Malnutrition is an important problem in children between the ages of twelve and fifty nine
months with diarrhoea. There is need to pay extra attention to nutritional status of this age
group especially during episodes of diarrheoa. Also diarrhoea prevention and control
programmes need to be intensified. Progress in improvement of child nutrition can be made
with provision of basic services and support for initiatives that empower families and
communities in ensuring adequate nutritional intake and prevention of infections like
diarrhoea.
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