Glover-Amengor et al. Archives of Public Health (2016) 74:12
DOI 10.1186/513690-016-0124-1

Archives of Public Health

RESEARCH Open Access
@ CrossMark

Nutritional status of children 0-59 months
in selected intervention communities in
northern Ghana from the africa RISING
project in 2012

Mary Glover-Amengor'", Isaac Agbemafle?, Lynda Larmkie Hagan', Frank Peget Mboom', Gladys Gamor?,
Asamoah Larbi* and Irmgard Hoeschle-Zeledon®

Abstract

Background: Poor nutritional status during childhood and its long-term impact on economic growth and wellbeing is
well known. This study assessed the nutritional status of children in selected communities in northern Ghana, to serve
as baseline data for the Africa Research in Sustainable Intensification for the Next Generation (Africa RISING) project that
sought to improve farm-household nutrition through agriculture.

Methods: A cross-sectional study was conducted among children 0-59 months in selected communities in the
Northern (Tibali and Cheyohi No. 2), Upper West (Goli and Zanko) and Upper East (Bonia and Sambulgu) regions
of northern Ghana. A pre-tested, semi-structured questionnaire was used to obtain information on background
characteristics of caregivers and children. Weight and height were measured for children following World Health

respectively.

Organization (WHO) procedures and transformed into z-scores using the WHO Anthro.

Results: All the caregivers (522) were females; majority (73.4 %) had no formal education, 82.7 % were married
and 70.5 % engaged in farming. In all, 533 children were recruited: Northern region (38.6 %), Upper West (33.4 %)
and Upper East (28.0 %). Majority (52.5 %) of the children were males. The mean age was 32+ 19 months.
Levels of stunting, underweight and wasting were 27.2, 17.6 and 8.2 % respectively. Stunting, underweight
and wasting levels increased within the first two years of life. Overall, 33.8 % of the children in northern Ghana were
malnourished; 20.2 % were from the Northern region, 7.0 and 6.8 % were from Upper East and Upper West

Conclusion: Different forms of malnutrition still exist as a public health problem in various communities in
northern Ghana and need to be curtailed using effective agriculture-nutrition sensitive interventions.
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Background

Childhood undernutrition in the form of chronic and acute
malnutrition coexist in many populations in developing
countries. Unlike acute malnutrition which is associated
with immediate crisis such as periodic food shortages,
chronic malnutrition is due to inadequate nutrition over a
prolonged period resulting from latent poverty, chronic
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food insecurity, poor feeding practices and repeated epi-
sodes of health problems (such as infections) or poor health
services in an unhealthy environment [1, 2]. Recent esti-
mates indicate that, 165 million of all children under 5 years
worldwide are stunted and a further 52 million are wasted;
Africa and Asia have the highest burden [3]. Underweight,
wasting and stunting respectively contribute to 19.0, 14.6
and 14.5 % of global deaths [4]. Vitamin A and zinc defi-
ciencies contribute substantially to micronutrient deficiency
related-deaths whilst iodine and iron deficiencies coupled
with stunting alone, contribute to children not reaching
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their full developmental potential [3]. Also children who
survive malnourished childhood are less productive physic-
ally and intellectually, and are more prone to chronic illness
and disability in adult life [5, 6].

In Ghana, reports on child undernutrition are not dif-
ferent. Statistics indicates that 28 % of children under
5 years were stunted and 9 % were wasted [7]. A 2012
report by the Ghana statistical service indicated that the
stunting prevalence in northern Ghana ranged from 31.5
to 37.4 % [8]. This can be mainly attributed to food inse-
curity issues as well as poor child and maternal care in
addition to poor nutrition. In the three northern regions
of Ghana, undernutrition is high relative to the south
and about 16 % (680,000 people) of households are severely
or moderately food insecure [9]. These alarming undernu-
trition and hunger estimates in northern Ghana have
directed focus of some Non-governmental organizations
(NGOs) in northern Ghana to agriculture-nutrition sensi-
tive programmes. The Africa Research in Sustainable
Intensification for the Next Generation (Africa RISING) is
one of such agriculture-nutrition sensitive programmes in
northern Ghana: as part of the U.S. government’s “Feed
the Future” initiative. Through action research and devel-
opment partnerships (International Institute of Tropical
Agriculture, West Africa and International Livestock
Research Institute, East Africa), Africa RISING will create
opportunities for smallholder farm households to move
out of hunger and poverty through sustainably intensified
farming systems that improve food, nutrition, and income
security, particularly for women and children. This study
was aimed at benchmarking the nutritional status of chil-
dren in selected communities in northern Ghana, to serve
as baseline data for the Africa RISING project to be imple-
mented in those communities. Additionally, the predictors
of nutritional status of children in these communities were
also determined.

Methods

Design and setting

This was a cross-sectional study conducted among chil-
dren 0-59 months in northern Ghana (Northern region,
Upper East region and Upper West region). Two districts
in each region, were selected from intervention sites
mapped out by the Africa RISING project. The districts
were Wa West and Nadowli districts (Upper West
Region), Kassena Nankana and Bongo districts (Upper
East Region) and Kumbugu and Savelugu districts
(Northern Region). In each selected district, a rural and
peri-urban community were selected. The communities
selected in Wa West and Nadowli districts were Zanko
and Goli respecively, in Kassena-Nankana and Bongo dis-
tricts they were Bonia and Sambulgu respecively, while
Tibali and Cheyohi No. 2 were the communities selected
for Kumbugu and Savelugu districts respectively.
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Sampling

A simple population proportion formula assuming a
stunting prevalence of 35 % in northern Ghana, alpha
level of 0.05 and 80 % power was used to obtain a
sample size of 513 and this was rounded up to 522 to
improve the precision of the estimates [8, 10]. Two
communities were purposively selected from each dis-
trict using the criteria of market access and duration of
planting season. All communities in the selected dis-
tricts were listed and classified as either small (<45
hamlets), medium (46-100 hamlets) and large (>100
hamlets). In the small communities, all households
were sampled, but with the medium and large commu-
nities, probability proportionate to size was used to
select the required number of households. Thus in
Cheyohi No. 2 and Zanko, all households were sampled.
In the remaining communities, the number of house-
holds sampled was randomly selected based on their
respective populations. Caregivers and their children
were recruited from each household. A caregiver was
defined as a person responsible for the preparation of
the family meal during the interview week. In com-
pounds with multiple households, households were
selected by balloting and all children 0-59 months in
the selected household were included in the study.
Caregiver and child consent was obtained from each
participant recruited into the study. The study protocol
was approved by the Institutional Review Board (IRB)
of the Council for Scientific and Industrial Research
(CSIR), Accra, and permission also was sought from
community leaders and chiefs as well as household heads.

Data collection

Information on participants’ background characteristics
was obtained using a pretested questionnaire. Questions
on sex, age, caregiver’s level of education, marital status,
household size and occupation were obtained from the
respondents through one-on-one interview. Nutritional
status of children aged 0-59 months in the selected
households were determined by taking anthropometric
measurements based on WHO standard procedures
[11]. Body weight was measured using an electronic
digital scale (Tanita Electronic scale BWB-800). Length
and height measurements were taken using an infant-
ometer (Seca 416) and stadiometer (Seca 207) respect-
ively. Oedema was assessed in all children recruited.
All children’s birth records were assessed from their
birth certificates and weighing cards. The interviewers
were trained on collecting anthropometric measure-
ments. Questionnaire was pre-tested and equipment
were calibrated before use. After data collection, the
questionnaire were cross-checked in the field and all
necessary corrections made.
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Statistical analysis
Data was analysed using SPSS version 20.0 and WHO
Anthro. The WHO Anthro was used to convert weight,
height and age of child (months) into weight-for-age z-
score (WAZ), weight-for-height z-score (WHZ) and
height-for-age z-score (HAZ). Children whose full birth
date (month and year) were not obtained, and children
whose weight and/or height were not measured were
excluded from one or more of the anthropometric indi-
ces. There were no flagged records and oedema was not
present in any of the children assessed; hence these were
not controlled for in the anthropometric indices. An-
thropometric classifications were based on global stan-
dards: <-3SD, <-2SD and > -2SD [11]. Children whose
HAZ, WAZ and WHZ were below minus two standard
deviations (-2 SD) from the median of the reference
population were considered as stunted, underweight and
wasted respectively. The three anthropometric indices
were combined to determine the overall nutritional
status. A child with all three anthropometric indices
<—-2SD or = -2SD was classified as severely malnour-
ished or well-nourished respectively. If two of the
three anthropometric indices were < —2SD, the child
was considered moderately malnourished and when
one of the three anthropometric indices was < -2SD,
the child was considered marginally malnourished.
Descriptive statistics was performed for the socio-
demographic characteristics of the caregivers and children.
Chi-square analysis was used to examine associations
between background characteristics of the children and
their levels of stunting, wasting and underweight. Analysis
of variance (ANOVA) was used to test for differences in
mean HAZ, WAZ and WHZ by the children’s background
characteristics. Binary logistic regression analyses were
conducted to estimate adjusted odds ratio and 95 %
confidence intervals to determine the predictors of
poor nutritional status. The dependent variable was
overall nutritional status (0 = well-nourished and 1=
malnourished). The independent variables were care-
giver characteristics such as age, sex, educational
level, occupation, marital status, region, household
size, feeding frequency and primary source of obtain-
ing food. The other independent variables were the
nutritional status of caregivers (body mass index)
and child characteristics namely sex of child and age
of child. A p-value < 0.05 was considered significant.

Results

Background characteristics

A total of 522 households in northern Ghana partici-
pated in this study. Most (68.2 %) of the households
were headed by male heads but all the caregivers were
females. Majority (69.9 %) of the caregivers had no for-
mal education, 73.6 % were married and 66.1 % were
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farmers (Table 1). Apart from farming, caregivers
engage in other economic activities such as trading,
fishing, shea butter production, fermented maize brew-
ing and skilled artisanship? (33.9 %). Most households
(47.5 %) were 6-10 in number and the average house-
hold size was 7. Monthly income was below 100 cedis
for 64.9 % of the caregivers, 27.6 % of households ate
twice a day and 58.4 % of foods eaten were produced
by caregivers themselves (Table 1).

In all, 533 children were recruited: Bonia (23.8 %),
Cheyohi No. 2 (144 %), Goli (14.0 %), Sambulgu
(16.9 %), Tibali (18.4 %) and Zanko (12.5 %). Cheyohi
No. 2 and Tibali were communities in Northern region
(38 %), Bonia and Sambulgu were communities in Upper
East region (29 %) and Zanko and Goli were communi-
ties in Upper West region (33 %). Majority (52.5 %) of
the children were males. Children within the ages of 24—
35 months (21.9 %) were twice as many as children
within the ages of 6-11 months (10.2 %; Table 2).
Twenty-five percent of the children constituted the
largest age cohort of 48-59 months whilst the least
cohort of 10 % was the 0-5 months aged infants. The
mean age was 32+ 19 months. The mean height and
weight for the children in this population was 86.2 £ 19 cm
and 11.6 + 3.7 kg. There were no regional differences in
background characteristics either among the caregivers
or their children.

WHZ, HAZ and WAZ profile

The mean WHZ, HAZ and WAZ in northern Ghana were
-0.56+1.08, -1.16 + 1.55 and —1.08 + 1.16 respectively as
shown in Table 3. About 5.6 % of children under five years
in northern Ghana have HAZ <-3SD and 21.6 % had
HAZ < -2SD. WAZ was < -3SD for 4.3 % of the children
whilst 13.4 % of the children had WAZ < -2SD. In terms
of WHZ, 2.6 % of the children had WHZ < -3SD whilst
5.6 % had WHZ < -2SD (Table 3). None of the children
had HAZ, WAZ and WHZ >2SD.

Nutritional status of the children

The levels of stunting, underweight and wasting in these
children were 27.2, 17.6 and 8.2 % respectively (Table 4).
More children were likely to be stunted and underweight
as compared to children who were wasted. There was no
difference in stunting and underweight by sex, but males
were more likely to be wasted as compared to females.
Children less than 6 months were less likely to be
stunted, underweight and wasted as compared to older
children (6—35 months; Table 4).

Stunting and underweight peaked at ages 24—35 months
and 12-23 months respectively?. Figure 1 shows that the
levels of stunting increased drastically in the second year
of life. Levels of underweight increased gradually from
birth to when children were 12—-23 months old and then
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Table 1 Background characteristics of caregivers in northern Ghana from the Africa RISING project in 2012 (N=522)

Characteristics Regions
Northern Upper West Upper East Total
(n=113) (n=271) (n=138) (N=522)
n (%) n (%) n (%) n (%)
Sex of household head
Female 5(44) 112 (41.3) 56 (40.5) 173 (33.1)
Male 108 (95.6) 159 (58.7) 82 (59.5) 349 (68.2)
Age (years)
15-19 2(1.8) 18 (5.9) 3(1.5 23 (39
20-29 35(31.0) 71 (264) 28 (204) 134 (25.8)
30-39 38 (33.6) 73 (27.1) 51(372) 162 (31.2)
40-49 25 (22.1) 51 (19.0) 29 (21.2) 105 (20.2)
250 13(11.5) 58 (11.2) 27 (19.7) 98 (18.9)
Educational level
None 106 (93.8) 147 (54.2) 112 (81.2) 365 (69.9)
Primary 4 (3.5) 54 (19.9) 11 (8.0) 69 (13.2)
Junior high/middle school 1(0.9) 49 (18.1) 15 (10.9) 65 (12.5)
Senior high school + 2018 21 (7.7) 0 (0.0) 18 (4.5)
Marital status
Single 12 (10.6) 26 (9.6) 14 (10.1) 52 (10.0)
Married 95 (84.1) 177 (65.3) 112 (81.2) 384 (73.6)
Divorced 1(0.9) 6(2.2) 0(0.0) 7(13)
Separated 0 (0.0) 5(1.8) 2014 7 (13)
Widowed 5(44) 57 (21.0) 10 (7.2) 72 (13.8)
Household size
<5 17 (15.0) 119 (43.9) 45 (326) 181 (34.7)
6-10 39 (34.5) 130 (48.0) 79 (57.2) 248 (47.5)
210 57 (50.4) 22 (8.1) 14 (10.1) 93 (17.8)
Occupation
Farming 63 (55.8) 184 (67.9) 98 (77.8) 345 (66.1)
*Other activities 50 (44.2) 87 (32.1) 40 (29.0) 177 (339)
Income (GH¢)
<100 87 (77.0) 135 (49.8) 117 (84.8) 339 (64.9)
101-300 23 (204) 91 (33.6) 19 (13.8) 133 (255)
301-500 2(1.8) 20 (74) 0 (0.0) 22 (42)
>500 1(09) 2509.2) 2014 28 (5.2)
Meal frequency in a day 109 267 130 506
Once 4 (35) 7 (2.6) 12 (87) 23 (44)
Twice 2(18) 75 (27.7) 67 (48.6) 144 (27.6)
Thrice 101 (894) 184 (67.9) 58 (42.0) 343 (65.7)
Four times 6 (5.3) 5(1.8) 1(0.7) 12 (2.3)
Primary source of food
Own production 81 (71.7) 144 (53.1) 80 (58.0) 305 (584)

Purchases 37 22 (8.1) 9 (6.5) 34 (6.5)
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Table 1 Background characteristics of caregivers in northern Ghana from the Africa RISING project in 2012 (N =522) (Continued)

Borrowed/battered 1(0.9)
Food aid 0 (0.0)
Own production + purchases 28 (24.8)

0(0.0) 10.7) 2 (04)
1(04) 1(0.7) 2 (04)
104 (384) 47 (34.1) 179 (34.3)

*Other activities = > Other activities include trading, fishing, share butter production, fermented millet “pito” brewing and skilled artisan

levelled off to the third year of life before it started to de-
cline. The levels of wasting peaked when children were
about 6-11 months of age and then declineed gradually
(Fig. 1). Stunting, underweight and wasting varied by re-
gion; it was highest in the Northern region and lowest in
the Upper West region (Table 4). The levels of stunting,
underweight and wasting in the Northern region was
about three times the levels in the Upper West or Upper
East region.

Three percent (3.0 %), 12.5 and 18.3 % of the children
were severely, moderately and marginally malnourished
respectively as shown in Table 5. Overall, 3 out of 10
children (0—59 months) in northern Ghana had some
level of malnutrition. Of the 33.8 % of the children with
poor nutritional status, 20.2 % were from the Northern
region, 7.0 and 6.8 % were from Upper East and Upper
West respectively. The overall nutritional status of the
females was not different from that of the males. Poor
nutritional status increased from birth to the third year
of life and then decreased gradually. Poor nutritional status
ranged from 3.0 to 8.9 % across the different age groups;
the lowest levels were seen in children 0—5 months.

The chi-square analysis presented in Table 6 show
that, household size, region and frequency of feeding
were significantly associated with poor nutritional status
of children (malnourished children) (p-value < 0.05).
There were regional differences in the proportion of chil-
dren who were malnourished. Children from Northern
and Upper East region were about seven times (7x) and

three times (3x) more likely to be malnourished as com-
pared to children from Upper East region (p-value = 0.13;
Table 7). Table 7 presents the binary logistic regression re-
sults of predictors of the effect of caregiver characteristics
on the likelihood of a child being malnourished. Con-
trolling for all possible confounders, caregiver’s occupa-
tion was a significant predictor of poor nutritional
status. Children’s whose caregivers were farmers were
four times more likely to be malnourished as compared
to children whose caregivers were traders (OR =4.15;
95 % CI =1.17-14.67).

Discussion

Stunting profiles

Adequate nutrition is important for child growth, health
and development. This study used height-for-age, weight-
for-height, and weight-for-age indices to assess the nutri-
tional status of children 0-59 months in northern Ghana.
The height-for-age index was used as an indicator of linear
growth. In northern Ghana, 27.2 % of the children were
stunted. This was higher than the national stunting preva-
lence of 22.7 % [8]. High levels of stunting were found in
communities in Northern region whilst the lowest levels
were found in Upper West region. This conformed to re-
gional data from northern Ghana which indicated that
stunting prevalence was highest in Northern region [8].
An evaluation of baseline “Feed the Future” indicators for
northern Ghana also showed a similar trend [12]. This
indicates that children in Northern region were more

Table 2 Background characteristics of children 0-59 months in northern Ghana from the Africa RISING project in 2012 (N=533)

Characteristics Regions
Northern Upper West Upper East Total
(n=206) (n=178) (n=149) (N=533)
n (%) n (%) n (%) n (%)
Sex
Male 107 (51.9) 90 (50.6) 83 (55.7) 280 (52.5)
Female 99 (48.1) 88 (49.4) 66 (44.3) 253 (47.5)
*Age (months)
0-5 29 (14.4) 8 (4.6) 16 (10.5) 53 (10.0)
6-11 23 (114) 15 (8.6) 16 (10.5) 54 (10.2)
12-23 32 (15.8) 19 (10.9) 24 (15.8) 75 (14.2)
24-35 46 (22.8) 33(189) 37 (24.3) 116 (21.9)
36-47 32 (15.8) 37 (21.1) 30 (19.7) 99 (18.7)
48-59 40 (19.8) 63 (36.0) 29 (19.1) 132 (25.0)

*Age (months) = > Children whose full birth date (month and year) were not obtained were excluded



Table 3 Children 0-59 months classified according to their height-for-age, weight-for-age and weight-for-height from the Africa RISING project in northern Ghana in 2012

Characteristics  *Height-for-age (HAZ) [N = 496] *Weight-for-age (WAZ) [N =493] *Weight-for-height (WHZ) [N =499]
<-35Dn <-25Dn 2-25Dn Mean Z-score <-35Dn <-25Dn 2-25Dn Mean Z-score <-35Dn <-25Dn 2-25Dn Mean Z-score
(%) (%) (%) (95 % ClI) (%) (%) (%) (95 % Cl) (%) (%) (%) (95 % Cl)
Sex
Male 17 (6.5) 49 (18.8) 194 (746)  —1.19(=035,020) 13 (50) 31 (120) 214(829)  -1.07(-019,022) 7(27) 16 (6.2) 237(912)  -052(=0.11,0.27)
Female 11 4.7) 58 (24.6) 167 (70.8) -1.12(-035,020 8((34) 35(149) 192 (81.7) -1.08 (-0.19,022) 6 (25) 12 (5.0) 221 (92.5) —-060 (-0.11, 0.27)
Age (months)
0-5 3(5.7) 4(75) 46 (86.8) -032(-1.08,045) 4(75) 6(11.3) 43 (81.1) -0.87 (-1.36,-0.38) 2 (3.8) 6(11.5) 44 (84.6) —063 (-11.04, -0.21)
6-11 3(56) 4(74) 47 (87.0) -043 (-093,007) 4 (74) 7 (13.0) 43 (79.6) -1.23 (-1.59,-087) 5(9.3) 7 (13.0) 42 (77.8) —1.25 (-1.56, —0.94)
12-23 2(27) 8(24.3) 54 (73.0) -1.33 (=159, -1.07) 6(8.1) 12 (16.2) 56 (75.7) —1.34 (-1.58,-1.09) 3 (4.1) 6 (8.1) 65 (87.8) -0.94 (-1.17, =0.70)
24-35 7 6.7) 32(28.1) 75 (65.8) -145 (-167,-1.23) 2(16) 16 (14.0) 96 (84.2) -1.06 (-1.25,-0.87) 1 (06) 6 (5.3) 107 (939)  —039 (=057, —0.20)
3647 6 (6.1) 25 (25.6) 67 (634) -133(-1.57,-1.09) 3 (3.1) 11(11.3) 83 (85.6) -094 (-1.15,-0.72) 2 (2.0) 1(1.0) 94 (96.9) —0.26 (-0.46, —0.07)
48-59 7 (6.8) 4 (23.3) 72 (69.9) -1.36 (-1.58,-1.14) 2 (20) 14 (03.9) 85 (84.2) —1.05 (-1.23, -0.87) 0(0.0) 224 99 (98.0) —-0.36 (-0.52, =0.20)
Region
Northern 20 (10.0) 64 (31.8) 117 (58.2) —141 (=168, -1.14) 19 (9.5) 34(17.1) 146 (73.4) -138 (=157, -120) 12 (5.9 15 (74) 175 (86.6) —0.78 (-0.95, -061)
Upper West 3 (2.0) 20 (134) 126 (84.6) —0.85 (-1.06, —0.64) 1(0.8) 4(109) 133 (103.9) —0.72 (=0.89, =0.55) 0 (0.0) 7 (47) 143 (95.3) —0.31 (046, —0.16)
Upper East 5 (34) 23 (15.8) 118 (80.8)  —1.13 (-=1.31,-096) 1(0.7) 18 (123) 127 (870) =101 (=1.15,-0.87) 1(0.7) 6 (4.1) 140 (952)  —0.50 (-0.66, —0.35)
Total 28 (56) 107 216) 361 (728) —-1.16+155 21 (43) 66 (134) 406 (824)  —-1.08+1.16 13 (2.6) 28 (56) 458 (918)  —0.56+1.08

*HAZ, WAZ and WHZ = > Standards used (GSS, 2011; GSS, GHS, Macro, ICF, 2008; WHO, 1995)
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Table 4 Percentage of children 0-59 months classified as stunted, underweight and wasted in northern Ghana from the Africa

RISING project in 2012

Characteristics *Stunting (N = 496)

*Underweight (N =493)

*Wasting (N =499)

Absent Present Absent Present Absent Present

Sex

Male 194 (74.6) 66 (25.4) 214 (82.9) 44 (17.1) 237 (91.2) 23 (88)

Female 167 (70.8) 69 (29.2) 192 (81.7) 43 (183) 221 (92.5) 18 (7.5)
Age (months)

0-5 46 (86.8) 7(13.2) 43 (81.1) 10 (18.9) 44 (84.6) 8 (154)

6-11 47 (87.0) 7 (13.0) 43 (79.6) 1(204) 42 (77.8) 12 (22.2)

12-23 54 (73.0) 20 (27.0) 56 (75.7) 18 (24.3) 65 (87.8) 9(122)

24-35 75 (65.8) 39 (34.2) 96 (84.2) 18 (15.8) 107 (93.9) 7 (6.1)

36-47 67 (684) 31 (31.6) 83 (85.6) 14 (144) 94 (96.9) 330

48-59 72 (69.9) 31 (30.1) 85 (84.2) 16 (15.4) 99 (98.0) 2(20)
Region

Northern 117 (58.2) 84 (41.8) 146 (734) 53 (26.6) 175 (86.6) 27 (134)

Upper West 126 (84.6) 23 (154) 133 (89.9) 5 (10 143 (95.3) 7(47)

Upper East 118 (80.8) 28(19.2) 127 (87.0) 19 (13.0) 140 (95.2) 7 (48)
Total 361 (72.8) 135 (27.2) 406 (82.4) 87 (17.6) 458 (91.8) 41 (82)

*Stunting, underweight and wasting = > absent refers good nutritional status and present refers to all forms of stunting, underweight and wasting based on

standards used (GSS, 2011; GSS, GHS, Macro, ICF, 2008; WHO, 1995)

likely to be stunted as compared to children from other
regions in northern Ghana. Stunting levels did not differ
by sex and this is in agreement with “Feed the Future”
baseline evaluation report for northern Ghana [12]. Con-
trary to our findings, previous nationwide surveys re-
ported that stunting varied with sex [7, 8]. The differences
could be attributed to numbers which were relatively
small for this study as compared to nationwide surveys.
Stunting in this study was highest in 12-23 months old
children as compared to 36-47 months old children re-
ported elsewhere [12]. Stunting was highest at 12-23
months as it is related to the ages at which many children
cease to be breastfed and are exposed to contamination

from water, food and the environment. These findings are
consistent with a universal pattern of steep increase in
children’s HAZ from birth to age 23 months [13]. Levels
of stunting remained equally high in older children
(=24 months). This is in agreement with a study that
showed a continued increase in stunting between ages 24
and 60 months using height-for-age difference (HAD)
[14]. The high levels of stunting after 24 months may be
indicative of long-term consequences of nutritional insults
experienced during the first 1000 days as postulated [14].
Also children who are too short for their age may have
been receiving inadequate food over a prolonged period of
time. Being stunted could also be attributable to recurrent
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Fig. 1 Stunting, underweight and wasting profile across different age groups in northern Ghana from the Africa RISING project in 2012
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Table 5 Nutritional status of children 0-59 months classified according to their anthropometric indices from Africa RISING project in

northern Ghana in 2012 (N =499)

Characteristics Nutritional status

Severely malnourished Moderately malnourished

Marginally malnourished All forms of malnutrition Well nourished

Sex
Male 9(10.7) 31 (36.9)
Female 6 (7.0) 32 (37.2)
Age (months)
0-5 2(133) 6 (40.0)
6-11 3(16.7) 6(333)
12-23 4 (154) 13 (50)
24-35 3(6.8) 14 (31.8)
36-47 2(6.0) 11 (33.3)
48-59 1(29) 13 (38.2)
Region
Northern 14 (13.9) 35 (34.7)
Upper West 0(0.0) 11 (324)
Upper East 1(2.9) 17 (48.6)
Total 15 (8.8) 63 (37.1)

44 (524) 84 (324) 175 (67.6)
48 (55.8) 86 (35.8) 154 (64.2)
7 (46.7) 15 (28.3) 38 (71.7)
9 (50) 18 (32.7) 37 (67.3)
9 (34.6) 26 (342) 50 (65.8)
27 (614) 44 (38.6) 70 (61.4)
20 (60.6) 33 (33.7) 65 (66.3)
20 (588) 34 (33.0) 69 (67.0)
52 (51.5) 101 (49.5) 103 (50.5)
23 (67.6) 34 (22.8) 115 (77.2)
17 (48.6) 35 (24.0) 111 (76.0)
92 (54.1) 170 (34.1) 329 (65.9)

and chronic illness. High stunting prevalence in younger
children 0-23 months and in older cohorts (24—59
months) raises important questions about an additional
critical window for nutrition interventions against stunt-
ing. An analysis of African data sets showed modest gains
between 24 and 48 months even in the absence of inter-
ventions [13]. A fairly recent study reported substantial
height catch-up between 24 months and mid-childhood,
also in the absence of intervention [15]. Probably, the
observed catch-up growth was due to benefits of previ-
ous nutritional interventions in the first 1000 days [15].
What is not known is the potential benefits of nutri-
tional interventions after 24 months of life as long-term
consequences of nutritional insults may or may not be
reversible after this period? Adequate care must be
taken to argue that 24-59 months presents another
window of opportunity for catch-up growth as later
nutritional interventions may lead to substantial fat-
mass accumulation with increased risk for adult onset
chronic diseases [16].

Wasting profiles

Weight-for-height index measures body mass in relation
to body height or length and it is used to describe wasting.
Ghana’s wasting prevalence stands at 6.2 % as compared
to the level of 8.2 % in this study. Statistics indicated that
wasting prevalence was highest in Upper West region [8].
This is at variance to results presented here. Baseline
“Feed the Future” report is in consonance with this study
findings [12]. Wasting in children is reflective of failure to
receive adequate nutrition during immediate crisis such as

food shortage. Regions in northern Ghana lie in the
Savanna vegetation zone with prolonged dry conditions
throughout the year. Agriculture production is heavily
rainfall dependent and the dry seasons are characterized
by non-farming activities such as hunting, local manufac-
turing, charcoal production, petty trading and wage labour
[17]. A report by CARE international indicated that
poverty and increasing episodes of hunger occur for 3-5
months annually in northern Ghana [18]. Access to food
for these children in poor rural communities may become
more challenging with the ever alarming rate of climate
change. Thus the vulnerability of children in these com-
munities to food and adequate care may increase. During
periods of food insecurity, access to care and dietary
intake are compromised. Inadequate care in an unhealthy
environment predisposes the child to infections. Infec-
tions have been shown to be one of the attributable
causes of wasting in children [19, 20]. A study in rural
Bangladesh showed high concentrations of acute—phase
protein (a-1-acid glycoprotein) and higher gut mucosal
damage to be associated with wasting [19]. Infections
impair the digestion and absorption of food and can
cause further deterioration in wasted children.

Boys are more likely to be wasted than females. This
agreed with the results of a national survey in Ghana in
2011 which reported that boys are more likely than girls
to be too thin for their height (wasted) [8]. However, an
earlier national survey in 2008 did not find any associ-
ation between wasting and sex of children [7]. Children
0-11 months are more likely to be wasted in compari-
son to children who are older (=24 months). This
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Table 6 Associations between child nutritional status and
caregiver characteristics from the Africa RISING project in
northern Ghana in 2012°

Characteristics Nutritional status p-value
Malnourished  Well nourished
Sex of household head
Female 32 (27.8) 83 (72.2) 0.05
Male 144 (38.2) 233 (61.8)
Age group of caregivers (years)
15-19 4(26.7) 11(73.3) 0.50
20-29 51 (36.7) 88 (63.3)
30-39 73 (39.0) 114 (61.0)
40-49 22 (28.2) 56 (71.8)
250 26 (35.6) 47 (64.4)
Household size
<5 34 (26.8) 93 (73.2) 0.01*
6-10 71 (34.8) 133 (65.2)
>10 71 (44.7) 90 (55.9)
Marital status
Unmarried 18 (27.3) 48 (72.7) 0.13
Married 158 (37.1) 268 (62.9)
Region
Northern 101 (51.0) 97 (49.0) <0.0001*
Upper West 42 (28.8) 104 (71.2)
Upper East 33 (22.3) 115 (77.7)
Educational level
None 136 (38.2) 220 (61.8) 0.07
Primary and above 40 (294) 96 (70.6)
Occupation
Farming 110 (34.1) 213 (65.9) 0.28
Trading 66 (39.1) 103 (60.9)
Income (GH¢)
<100 119 (34.8) 223 (65.2) 0.78
101-300 47 (385) 75 (61.5)
301-500 7 (41.2) 10 (58.8)
>500 3(273) 8(72.7)
Primary source of obtaining food
Own production 117 (384) 188 (61.6) 0.28
Purchases 6 (28.6) 15 (714)
Own production + purchases 53 (31.9) 113 (68.1)
Feeding frequency
Once 1(16.7) 5(833) 0.002*
Twice 26 (22.8) 88 (77.2)
Thrice 149 (40.1) 223 (59.9)
Body mass index (BMI)
Underweight 23 (41.8) 32 (58.2) 043
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Table 6 Associations between child nutritional status and
caregiver characteristics from the Africa RISING project in
northern Ghana in 2012* (Continued)

132 (35.9) 236 (64.1)
21 (304) 48 (69.6)

#Children and mothers with incomplete data were excluded; *Significant
at p-valve < 0.05

Normal

Overweight/obese

finding agrees with reports of increasing levels of wast-
ing in 0—11 months old children [8, 12]. This confirms
the first 1000 days as a critical window of opportunity
for nutrition interventions for preventing wasting. A
previous longitudinal study in Guatemala demonstrated
that growth impact of a high-protein/energy food supple-
ment was largest among children who received the inter-
vention during their first 24—36 months of life compared
with children exposed at older months [21]. Nutrition
interventions from conception to 24 months have also
been shown to have a wide range of physical, cognitive,
educational, health and economic productivity outcomes
throughout adulthood [22, 23].

The highest level of wasting was seen at 6—11 months.
This coincides with the time infants begin to receive
foods to complement their breastmilk intake. The age at
which breastfed infants are first given complementary
foods have been linked to increased risk of diarrhoeal dis-
eases from contaminated weaning foods and a high risk of
growth faltering [24]. Additionally, feeding practices such
as feeding styles to ensure intake and frequency of feeding
are important for preventing wasting. In rural Haryama in
India, it was shown that an educational intervention on
appropriate complementary feeding practices resulted in a
significant but small gains in physical growth [25].

Underweight and malnutrition profiles
Underweight is reflective of both chronic and acute
malnutrition. Levels of underweight (17.6) in these com-
munities studied are higher than the national prevalence
of 13.4 % [8]. Levels of underweight were highest in the
communities in Northern region whilst the communities
in Upper West region had the lowest. Our results were
consistent with the most recent national survey [8]. No
significant differences were observed for sex as reported
elsewhere [12]. The levels of underweight were highest in
12—-23 months and 24—35 months old children [8, 12].
Children in selected communities in Northern region
were more likely to be malnourished as compared to chil-
dren from Upper West and Upper East regions. Regional
estimates in Ghana indicated that children in Northern re-
gion were more likely to be underweight and stunted as
compared to children from other regions [7, 8]. This trend
was observed even in these selected communities due to
the high level of poverty in Northern Ghana. A previous
nationwide study in Ghana indicated that children in the
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Table 7 Predictors of poor nutritional status of children from

the Africa RISING project in northern Ghana in 2012

Variables OR 95 % confidence interval  p-value
Lower Upper

Sex of child 0.21
Female 054 020 143
Male 1.00

Age of child (months) 091
0-5 222 014 34.82
6-11 140 0.19 1063
12-23 117 020 6.92
24-35 112 026 4.83
36-47 058 0.12 284
48-59 1.00

Sex of household head 0.05
Female 534 097 2945
Male 1.00

Age group (years) 046
15-19 0.13 001 2.52
20-29 1.10 0.20 590
30-39 149 030 7.33
40-49 246 0229 20.88
250 1.00

Household size 0.81
<5 154 035 6.93
6-10 141 042 4.69
>10 1.00

Region 0.13
Northern 693 1.05 45.50
Upper East 2.53 058 10.98
Upper West 1.00

Marital status 0.29
Unmarried 042 008 2.09
Married 1.00

Educational level 0.77
None 084 0.26 2.73
Primary and above 1.00

Occupation 0.03*
Farming 415 117 14.67
Trading 1.00

Income (GH¢) 0.74
<100 0.16 0.00 582
101-300 0.14 0.00 528
301-500 0.08 0.00 12.55
>500 1.00
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Table 7 Predictors of poor nutritional status of children from
the Africa RISING project in northern Ghana in 2012 (Continued)

Primary source of obtaining food 099
Own production 084 0.25 2.85
Purchases 0.06 006 7.34
Own production + purchases  1.00

Feeding frequency 0.60
Once 0.02 0.00 2532
Twice 093 0.22 3.84
Thrice 1.00

Body mass index (BMI) 034
Underweight 451 052 38.85
Normal 126 031 5.14
Overweight/obese 1.00

*Significant at p-valve < 0.05. Adjusted R®>=0.88; OR’s are adjusted for all
variables in the table

poorest households were at least twice more likely to be
malnourished in comparison with children from the
wealthiest households [8].

Predictors of poor nutritional status

Sex of child was independently correlated with stunting,
wasting and underweight. Few studies in sub-Saharan
Africa that have demonstrated sex differences in nutri-
tional status have argued that such differences occur in
low socio-economic settings such as northern Ghana
[26—-28]. Caregivers” educational level was not a significant
predictor of poor child nutritional status. This finding is
in agreement with a study conducted among children in
Kampala which found that formal education exerted
no influence on the nutritional status of children [29].
However, other studies found that a poor educational
background could be associated with child undernu-
trition [30-32]. The differences could be due to the
low educational level of the caregivers in this study.
Studies have shown that as more caregivers obtain
education, the more they will visit a health facility
and get some nutrition and health advice from health
professionals [33-35]. However, this may not be the
case in low-income settings where majority of the
caregivers had basic education as their highest level
of education.

A World Bank report in 2014 indicated that, teenage
caregivers and caregivers in their late 30s, were signifi-
cantly more likely to have children suffering from all
forms of malnutrition. Although not statistically signifi-
cant, an interesting trend was observed for maternal age.
Increasing maternal age was poorly associated with child
nutritional status. This is at variance to previously pub-
lished studies due to the unequal distribution of mothers
across the different age groups. Additionally, it could be
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that older caregivers had less health seeking behaviors as
compared to younger caregivers especially in low-income
setting like northern Ghana.

Household size was independently associated with poor
nutritional status. A study in Ethiopia found that children
from larger households were more vulnerable to malnutri-
tion [36]. This could be because food for each household
was limited and children were easily affected [37]. How-
ever, household size exerted no influence on nutritional
status in the binary logistics regression model. Although,
other studies [32, 38] have confirmed that household size
has no influence on the nutritional status of children, this
finding reported here could be due to the large average
household size of 5-10 persons in northern Ghana.

Additionally, after adjusting for all possible confounders,
caregivers’ occupation was a significant predictor of poor
nutritional status. Children whose caregivers were farmers
were more likely to be malnourished as compared to chil-
dren whose caregivers were traders. A study in Ethiopia
noted that having a salary from employment (either from
wage or government work) was a strong predictor for
WHZ and HAZ [33]. This study indicates that having
daily income from trading activities was more beneficial as
compared to farming in which access to income is sea-
sonal. Also, the poor nutritional status of children whose
caregivers are farmers could be due to the fact that the
caregivers sell most of their farm produce for money and
not for household consumption. Although the caregivers
were all smallholder farmers, most of their produce were
being sold for money. It was expected that the money
obtained from the sale of farm produce may be used to
improve the nutritional status of children in the house-
hold, but most of the money they earned were used in
paying for credits these poor farmers had enjoyed during
the lean season (personal observation). Again these care-
givers may not have control over their own money made
from selling of farm produce so that they can buy a variety
of foods, thereby improving dietary diversity of the chil-
dren within the household. The dynamics of smallholder
farmers in northern Ghana may have accounted for the
different findings reported in this study.

Strengths and limitations

This paper established baseline estimates of nutritional
status of children 0-59 months in selected communities
in northern Ghana from the Africa RISING project in
2012. The cross sectional nature of this study makes
causal relationships between maternal and child nutritional
status less probable. However, since it was conducted in
low-income rural settings like northern Ghana, it will give
us an initial point to assess the impact of interventions that
would be carried out by Africa RISING in these communi-
ties. Further studies on food and nutrition insecurity may
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be needed in order to identify other determinants of poor
nutritional status among children in northern Ghana.

Conclusion

Different forms of malnutrition still exist as a public
health problem in various communities in northern
Ghana from the Africa RISING project in 2012. These
findings will inform the strategies or priorities of the
intervention programme to be implemented by Africa
RISING. Also, it will serve as basis to evaluate Africa
RISING interventions in these communities. This will
inform policies on agriculture-nutrition sensitive inter-
ventions to curtail childhood malnutrition.

Recommendation

Further research on smallholder farmer household food
and nutrition security especially of female caregivers is
needed to fully understand the dynamics of childhood
malnutrition in northern Ghana.

Abbreviations

WAZ: Weight-for-age z-score; WHZ: Weight-for-height z-score;

HAZ: Height-for-age z-score; WHO: World Health Organization;

GSS: Ghana Statistical Service; GDHS: Ghana Demographic and Health
Survey; MICS: Multiple Indicator Cluster Survey; NGOs: Non-governmental
organizations; Africa RISING: Africa Research in Sustainable Intensification
for the next generation; IITA: International Institute of Tropical
Agriculture.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

MG-A and IA drafted the manuscript. IA was responsible for the data
analyses. All authors contributed to conception and the interpretation of the
results. All authors read and approved the final manuscript.

Acknowledgements
We thank the mother-child pairs who participated in this study. We acknowledge
International Institute of Tropical Agriculture (IITA) for financial support.

Author details

"Council for Scientific and Industrial Research-Food Research Institute,

Box M 20, Accra, Ghana. *School of Public Health, University of Health and
Allied Sciences, PMB 31, Ho, Ghana. 3Department of Family and Consumer
Sciences, Faculty of Agriculture, University for Development Studies,
Nyankpala, Tamale, Ghana. “International Institute of Tropical Agriculture,
Africa Research in Sustainable Intensification Project, Box TL 6, Tamale,
Ghana. °International Institute of Tropical Agriculture, Africa Research in
Sustainable Intensification Project, PMB 5320, Oyo-Road, Ibadan, Nigeria.

Received: 16 October 2015 Accepted: 30 January 2016
Published online: 04 April 2016

References

1. Khan Y, Bhutta ZA. Nutritional deficiencies in the developing world:
current status and opportunities for intervention. Pediatr Clin North Am.
2010,57(6):1409-41.

2. Muller O, Krawinkel M. Malnutrition and health in developing countries. CMAJ.
2005;173(3):279-86.

3. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al.
Maternal and child undernutrition and overweight in low-income and
middle-income countries. Lancet. 2013;382(9890):427-51.



Glover-Amengor et al. Archives of Public Health (2016) 74:12

20.

21.

22.

23.

24.

25.

26.

Black RE, Allen LH, Bhutta ZA, Caulfield LE, De Onis M, Ezzati M, et al.
Maternal and child undernutrition: global and regional exposures and
health consequences. Lancet. 2008;371(9608):243-60.

Pelletier DL. The relationship between child anthropometry and mortality in
developing countries: implications for policy, programs and future Research1.
J Nutr. 1994;124:20475-81S.

Millward DJ, Jackson AA. Protein/energy ratios of current diets in developed
and developing countries compared with a safe protein/energy ratio:
implications for recommended protein and amino acid intakes. Public
Health Nutr. 2004;7(03):387-405.

GSS, GHS, Macro, ICF. Ghana demographic and health survey 2008. Accra,
Ghana: Ghana Statistical Service, Ghana Health Service, and ICF Macro; 2009.
GSS. Ghana multiple indicator cluster survey with an enhanced malaria
module and biomarker, 2011. Ghana: Final Report. Accra; 2011.

Biederlack L, Rivers J. Comprehensive food security and vulnerability analysis
(CFSVA). Republic of Ghana: VAM Food Security Analysis United Nations
World Food Programme; 2012.

Daniel WW. Biostatistics: a foundation for analysis in the health sciences.
Washington, DC: Bookings Press. 1987. p. 136-155.

World Health Organisation (WHO). Physical status: The use of and
interpretation of anthropometry, WHO/FAO Expert Committee Technical
Report Series 854. Geneva: 1995. p. 161-212.

Zereyesus YA, Ross KL, Amanor-Boadu V, Dalton TJ. Baseline feed the future
indicators for northern Ghana 2012. Manhattan, KS: Kansas State University;
2014.

Victora CG, de Onis M, Hallal PC, Bldssner M, Shrimpton R. Worldwide
timing of growth faltering: revisiting implications for interventions.
Pediatrics. 2010;1519-2009.

Leroy JL, Ruel M, Habicht J-P, Frongillo EA. Linear growth deficit continues
to accumulate beyond the first 1000 days in low-and middle-income
countries: global evidence from 51 national surveys. J Nutr. 2014;144(9):
1460-6.

Prentice AM, Ward KA, Goldberg GR, Jarjou LM, Moore SE, Fulford AJ, et al.
Critical windows for nutritional interventions against stunting. Am J Clin
Nutr. 2013,97(5):911-8.

Adair LS, Fall CH, Osmond C, Stein AD, Martorell R, Ramirez-Zea M, et al.
Associations of linear growth and relative weight gain during early life with
adult health and human capital in countries of low and middle income:
findings from five birth cohort studies. Lancet. 2013;382(9891):525-34.
Hesselberg J, Yaro JA. An assessment of the extent and causes of food
insecurity in northern Ghana using a livelihood vulnerability framework.
GeoJournal. 2006;67(1):41-55.

CARE. Participatory and inclusive planning for adaptation to climate change
in Northern Ghana. CARE. 2007. p. 1-2. http://www.careclimatechange.org/.
Goto R, Mascie-Taylor C, Lunn PG. Impact of intestinal permeability,
inflammation status and parasitic infections on infant growth faltering
in rural bangladesh. Br J Nutr. 2009;101(10):1509-16.

Phillips RS, Enwonwu CO, Okolo S, Hassan A. Metabolic effects of acute
measles in chronically malnourished Nigerian children. J Nutr Biochem.
2004;15(5):281-8.

Schroeder DG, Martorell R, Rivera JA, Ruel MT, Habicht J-P. Age differences
in the impact of nutritional supplementation on growth. J Nutr. 1995;125(4
Suppl):10515-9S.

Hoddinott J, Maluccio JA, Behrman JR, Flores R, Martorell R. Effect of a
nutrition intervention during early childhood on economic productivity in
Guatemalan adults. Lancet. 2008;371(9610):411-6.

Martorell R, Melgar P, Maluccio JA, Stein AD, Rivera JA. The nutrition
intervention improved adult human capital and economic productivity. J
Nutr. 2010;140(2):411-14.

Cohen R, Brown K, Dewey K, Canahuati J, Landa Rivera L. Effects of age of
introduction of complementary foods on infant breast milk intake, total
energy intake, and growth: a randomised intervention study in Honduras.
Lancet. 1994;344(8918):288-93.

Bhandari N, Mazumder S, Bahl R, Martines J, Black RE, Bhan MK. An
educational intervention to promote appropriate complementary feeding
practices and physical growth in infants and young children in rural
Haryana, India. J Nutr. 2004;134(9):2342-8.

Hien NN, Kam S. Nutritional status and the characteristics related to
malnutrition in children under five years of age in nghean, Vietnam.

J Prev Med Public Health. 2008;41(4):232-40.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 12 of 12

Kabubo-Mariara J, Ndenge GK, Mwabu DK. Determinants of children's
nutritional status in Kenya: evidence from demographic and health surveys.
Journal of African Economies. 2009;18(3):363-87.

Wamani H, Astram AN, Peterson S, Tumwine JK, Tylleskdr T. Boys are more
stunted than girls in sub-Saharan africa: a meta-analysis of 16 demographic
and health surveys. BMC Pediatr. 2007;7(1):17.

Owor M, Tumwine J, Kikafunda J. Socio-economic risk factors for severe
protein energy malnutrition among children in Mulago Hospital, Kampala.
East African medical journal. 2000;77(9)471-475.

Sah N. Determinants of child malnutrition in Nepal: a case analysis from
Dhanusha, Central Terai of Nepal. Journal of Nepal Health Research Council.
2008;2(2):50-54.

Chakraborty S, Gupta S, Chaturvedi B, Chakraborty S. A study of protein
energy malnutrition (PEM) in children (0 to 6 year) in a rural population of
Jhansi district (UP). Indian Journal of Community Medicine. 2006;31(4):291-
2.

Turyashemererwa F, Kikafunda J, Agaba E. Prevalence of early childhood
malnutrition and influencing factors in peri urban areas of Kabarole district,
western Uganda. African Journal of Food, Agriculture, Nutrition and
Development. 2009;9(4):975-989.

Negash C, Whiting SJ, Henry CJ, Belachew T, Hailemariam TG. Association
between Maternal and Child Nutritional Status in Hula, Rural Southern
Ethiopia: A Cross Sectional Study. PloS one. 2015;10(11),e0142301. doi:10.
1371/journal.pone.0142301.

Frost MB, Forste R, Haas DW. Maternal education and child nutritional status
in Bolivia: finding the links. Soc Sci Med. 2005;60(2):395-407.

Abuya BA, Ciera J, Kimani-Murage E. Effect of mother's education on child's
nutritional status in the slums of Nairobi. BMC Pediatr. 2012;12(1):80.
Solomon A, Zemene T. Risk factors for severe acute malnutrition in children
under the age of five: a case-control study. Ethiopian Journal of Health
Development. 2008;22(1):21-5.

Adeladza A. The influence of socio-economic and nutritional characteristics
on child growth in Kwale District of Kenya. African Journal of Food,
Agriculture, Nutrition and Development. 2009;9(7):1570-1590.

Ayaya S, Esamai F, Rotich J, Olwambula A. Socio-economic factors
predisposing under five-year-old children to severe protein energy
malnutrition at the Moi teaching and referral hospital, eldoret, Kenya. East
Afr Med J. 2004;81(8):415-21.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://www.careclimatechange.org/
http://dx.doi.org/10.1371/journal.pone.0142301
http://dx.doi.org/10.1371/journal.pone.0142301

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Design and setting
	Sampling
	Data collection

	Statistical analysis
	Results
	Background characteristics
	WHZ, HAZ and WAZ profile
	Nutritional status of the children

	Discussion
	Stunting profiles
	Wasting profiles
	Underweight and malnutrition profiles
	Predictors of poor nutritional status
	Strengths and limitations

	Conclusion
	Recommendation
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



