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Summary  

Background: Ethiopia is a low-income country with a high burden of child and maternal 

undernutrition. Although overnutrition is on the rise among different groups of the population, 

undernutrition is still dominant in many rural and less privileged parts of the country. Sub-optimal 

dietary intakes are among the common factors associated with undernutrition. 

Most studies in Ethiopia focus on urban and semi-urban areas with relatively better access to 

transportation and health facilities. However, few studies exist from rural and less privileged areas. 

The dietary aspects of the rural ensete-monoculture dominated Sidama region were assessed a few 

decades ago. The background to this thesis was understanding the current dietary aspects of this rural 

community, particularly for young children and mothers. 

Objectives: The aim of this thesis is to describe the dietary practices and nutritional status of young 

children and mothers in the rural ensete-monoculture dominated Sidama region, Ethiopia. It also aims 

to analyse the dietary and non-dietary risk factors for undernutrition among children below the age of 

two and their mothers. It also investigates the consumption of animal-source foods among children 

and mothers. 

Method: A total of 985 households with children under the age of two and their mothers aged 

between 15 and 49 were randomly selected from seven rural kebeles. Data on sociodemographic 

characteristics, anthropometric measurements, haemoglobin level assessments and dietary recalls was 

obtained. Household food access was also assessed, using the household food insecurity access scale 

tool. Animal-source food consumption frequencies among children and mothers were also assessed 

and analysed in relation to household livestock ownership. EpiData version 3.1 was used to double-

enter and validate the data. SPSS version 25 was used to clean and describe the data. SPSS version 

25 and STATA version 15 were used for further analysis. Multilevel linear regression was used for 

Paper I and Paper II, and ordinal logistic regression was used for Paper III. 

Result: In Paper I, we found that stunting among children aged 0-24 months was 39.5% and that the 

majority of the children (61.7%) were anaemic. The prevalence of household food insecurity was 

74.9%. Age, sex, haemoglobin level of the child and household food insecurity were significant 

factors associated with faltering linear growth among children younger than 24 months. In Paper II, 

the prevalence of anaemia and underweight among mothers were 12.8% and 12.6%, respectively. 

Determinants of mothers‘ haemoglobin levels were weight, dietary diversity score and educational 
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status. Household wealth and the dietary diversity scores of the mothers were also factors positively 

associated with the mother‘s anthropometric status. The minimum dietary diversity prevalence 

among children was 39.1% (Paper I) and that of the mothers was 38% (Paper II). In Paper III, we 

described animal-source food consumption frequencies among children and mothers during a month 

prior to our study. Any dairy consumption among children was 91.8%, and 96% among mothers. 

While egg consumption among children was 83%, it was 50% among mothers. Meat consumption 

was reported for 26.2% of the children and for 34% of the mothers. Nearly, three-quarters (631 out of 

851 households) owned cows and a quarter (213 out of 851 households) kept goats or sheep.  

Conclusion: We found that child undernutrition, anaemia and stunting were major problems in the 

rural area. Anaemia was a mild public health problem, while being underweight was a medium public 

health problem among mothers with children below the age of two, according to the WHO 

classification criteria [1, 2]. We also described low-diversified diets among children and mothers and 

high food insecurity. Planning and implementing short-term and long-term strategies to improve 

access to nutritious foods and sustainable food security require consideration.  
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Operational definitions 

Age at first pregnancy: the age of the mother during her first pregnancy that she chooses to report. 

Anaemia: an altitude-adjusted haemoglobin level below 11g/dl for children below two years of age 

and an altitude-adjusted haemoglobin level below 12 g/dl for mothers. 

Animal-source food consumption: consumption of dairy products, eggs and any type of meat.  

Birth order: the birth order of the child as compared to their biological siblings.  

Complementary feeding: any liquid, solid or semi-solid food other than breast milk given to the 

child. 

Dietary diversity score (DDS): information on consumption of the pre-listed food items during the 

24 hours prior to the study. Using this information, the food items were grouped and assigned a score 

of ‗0‘ and ‗1‘ to indicate the level of consumption from each of the food groups. Finally, the scores 

were summed up to determine DDS. 

Educational status: the highest educational level the mother has completed.  

Family planning method use: the use of any method, including hormonal, barrier or the safe periods 

(rhythm) method for the purpose of preventing pregnancy. 

Household food insecurity score (HFIS): a score ranging from 0 to 27 calculated for the nine 

household food insecurity questions (HFIAS tool) coded as ‗yes or no‘; and all ‗yes‘ responses 

further coded into three scores (1= rarely or 1-2 times, 2= sometimes or 3-10 times, and 3= often or 

more than 10 times) in the past four weeks. Based on the score, households were classified into four 

categories: food secure, mildly food insecure, moderately food insecure and severely food insecure. 

Household size: the number of people living in a household and sharing food and other household 

utensils together. 

Linear growth: a measure of child‘s length to their age among children below the age of two and 

described as a length-for-age z-score. 

Livestock ownership: presence of animals: cows, sheep, goats, oxen, donkeys and hens in the 

household. 
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Main source of drinking water: the source used to obtain drinking water for the household demand, 

classified as improved and non-improved source. Improved source includes piped water, protected 

spring or well water, while unprotected spring, well or river water are non-improved sources. 

Place of delivery: information about whether the index child participating in this study was born at 

home or at a healthcare institution. 

Staple food: the starchy food item most frequently used by the family as a main dish of the 

household. 

Stunted child: a child with a length-for-age z-score which is < -2SD from the reference population, 

based on the WHO, 2006 child-growth standards. 

Time of starting breastfeeding: the time the participating child was first put to the breast after 

delivery. 

Total number of pregnancies: the total number of pregnancies ever faced, irrespective of the 

outcome 

Underweight mother: a mother with a body mass index which is less than 18.5kg/m2. 

Wealth index: an asset-based constructs ranked into three categories: lower, middle, and upper 

wealth status. 

Woman in the reproductive age group: a woman aged 15 to 49. 

Young child: a child aged below two years or 24 months. 
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Introduction 

What is this thesis about? 

Mothers in the reproductive age group and children below the age of two are highly vulnerable to 

undernutrition [3, 4]. The nutritional status of a mother may affect her reproductive physiology, 

and may have been determined when she herself was a foetus. There is thus a need to break the 

vicious intergenerational cycles of undernutrition and to document whether there are changes over 

time [5]. Countries in the sub-Saharan region account for a high burden of child and maternal 

undernutrition [6]. The prevalence of child undernutrition has been persistently high, combined 

with the double burden of malnutrition in low-income countries compared to middle-income 

countries [3]. Despite some improvements in the sub-Saharan region over some decades, the 

prevalence of child stunting is reported at over 40% [7]. The double burden of malnutrition is the 

co-existence of undernutrition and overnutrition in the same population, household or person [8]. 

The double burden of malnutrition is also increasing globally, with the highest magnitude in low- 

and middle-income countries [9, 10]. Ethiopia is a low-income country, with an estimated 

population of 110 million, and nearly 80% of the population depend on agricultural activities [11]. 

In Ethiopia, both undernutrition and overnutrition are major public health problems. Even though 

undernutrition has persisted over decades and is a priority issue in Ethiopia, overweight and 

obesity are also increasing. The national prevalence of overweight among mothers in the 

reproductive age group was 8% in 2016 [12]. Studies of different regions of Ethiopia also reported 

a high prevalence of overweight among women in the reproductive age group: 28.2% in Hawassa 

city [13] and 63% in Dire Dawa, eastern Ethiopia [14]. Other studies from Ethiopia have reported 

a high prevalence of maternal and child undernutrition and the factors contributing to it [15, 16]. 

The magnitude of undernutrition and the existing dietary practices of mothers and children in a 

typical rural ensete-monoculture dominated area have been studied less, to the best of our 

knowledge. Our study aims to answer the following questions from the rural Sidama region:  

1. What is the situation of young children with regard to feeding practices, anthropometric status 

and the magnitude of anaemia, and what are the risk factors for child undernutrition in this 

typical rural area? (Paper I) 

2. What is the situation of mothers in the reproductive age group with regard to dietary practices, 

prevalence of anaemia and anthropometric status during the two years after giving birth, and 

what influences their nutritional situation? (Paper II) 

3. Does household livestock ownership contribute to the level of animal-source food 

consumption among young children and mothers in this rural area? (Paper III) 
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To answer these questions, we conducted a community-based comprehensive cross-sectional 

study to assess the dietary practices, food insecurity status and nutritional status of children aged 

below two and their mothers.  

Malnutrition 

Malnutrition is a general term that refers to all forms of undernutrition, overweight, obesity and 

micronutrient imbalances [17, 18]. As said, even though overnutrition and the double burden of 

malnutrition are on the rise, most low- and middle-income countries are challenged by the burden 

of undernutrition [6, 19].  

The nutritional status of children and mothers can be assessed by anthropometric, clinical and 

dietary methods [20]. Anthropometry refers to the measurement of weight, height, mid-upper arm 

circumference, waist circumference, skin fold and other body dimensions used to assess 

nutritional status [20]. Anthropometric assessments are non-invasive, relatively inexpensive, and 

easy to apply as a screening method [21].  

Dietary assessment refers to the collection of information about the intake of food and drink using 

different methods and time durations [20]. Twenty-four hour dietary recalls and food frequency 

questionnaires are retrospective methods used to assess the dietary intake of individuals [20, 22]. 

Biochemical assessments also involve measuring the concentration of nutrients or their 

biomarkers in the body [20, 23]. I will describe assessment techniques relevant for undernutrition 

at population level below. 

Twenty-four recall is a method used to assess the intake of food and drink over 24 hours [24] and 

can also include portion estimation. It can take place as a single 24-hour recall or as multiple 24-

hour recalls which involve consecutive or intermittent days [22]. As a common dietary assessment 

method 24-hour recall has advantages and limitations. One advantage is that it does not require a 

long-term memory, which minimises the recall bias. It can take place relatively quickly, if a 

structured interview is used, or it may take longer if we use the chronological gold standard [22]. 

On the other hand, portion size estimation and conversion to weight equivalent is time consuming 

and may introduce errors [25]. 

Food frequency questionnaire is another retrospective method used to assess dietary intake over a 

longer period. This method is used to assess usual food intake, and intake of specific food groups 

and nutrients, and the responses are often recorded on a Likert scale indicating frequency of intake 

[20, 26]. Food frequency questionnaires also present the advantages of low respondent burden and 

large coverage, and can capture foods rarely eaten. The limitations include reliance on longer-term 
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memory and that the day-to-day variations in food intake are not captured [20, 22]. Other 

examples of dietary assessment at national, household and individual level include a food balance 

sheet, household record and weighed food record, respectively [22]. 

Biochemical assessment also entails the measurement of specific nutrient markers in different 

body fluids or tissues, in order to diagnose nutritional deficiencies [20]. Venous blood phlebotomy 

is common, although for field purposes capillary blood is also sometimes used, as in this thesis.  

Undernutrition at any age can have negative health outcomes, although early years and 

childbearing age are associated with greater negative short-term and long-term consequences [18, 

27]. Low immune status, poor cognitive performance and reduced productivity are some examples 

of the negative consequences of child undernutrition [2, 28, 29]. Impaired foetal growth, low birth 

weight, anaemia and susceptibility to infection are also consequences of maternal undernutrition, 

ultimately resulting in higher child and maternal morbidity and mortality [30].  

Anaemia  

Micronutrient undernutrition refers to a deficiency of vitamins and minerals [18]. Iron deficiency 

is the most common form of micronutrient deficiency globally and is estimated to account for over 

50% of all anaemia cases, with huge regional variations [28, 29]. By definition, anaemia is a 

condition in which there is a low haemoglobin concentration or low red blood cell count [2, 31]. 

There are a variety of causes and types of anaemia, which can be roughly classified into nutritional 

and non-nutritional anaemia [32]. Another classification system also considers cell characteristics, 

whereby nutritional anaemia may be micro- normo- or macrocytic. The red blood cell 

characteristics may all be associated with nutritional deficiencies, and the respective deficiency 

may predispose for specific cell characteristics. For example, iron deficiency is often associated 

with microcytic anaemia, and vitamin B and folate deficiencies are often associated with 

macrocytic anaemia. Normocytic anaemia may be found for all deficiencies; and regular 

undernutrition is also associated with normocytic anaemia. The common causes of iron deficiency 

are inadequate dietary intake, particularly foods with low nutrient content; poor absorption, which 

might be related to the actual food, gut conditions and diseases; excessive loss (e.g. bleeding); and 

increased requirements (e.g. pregnancy, lactation, infancy and infections) [33]. Cereal-based 

dietary practices are also associated with decreased iron absorption, due to phytates found in most 

grains [34]. Anaemia should ideally be assessed so that classification and staging is possible. In 

2017, WHO recommended that inflamation and iron depletion should be fully assessed, in 

addition to haemoglobin level and characteristics of red blood cells. These assessments would 

require access to proper laboratories and are thus unfortunately not always feasible for field 
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studies. Although diagnostic, on-site assessment of haemoglobin level measurement is not a 

comprehensive approach for anaemia assessment [35]. It does not distinguish between anaemia 

types or nutritional/or iron depletion from other causes [35, 36]. Haemoglobin level assessment 

can take place by using an automated haematology analyser or portable HemoCue machine [37]. 

A portable HemoCue machine is convenient for community screening purposes and field tests 

[38].  

Anaemia can affect any person at any age, but children younger than five years old and mothers in 

the reproductive age group are more affected [1, 39]. Women in the reproductive age group are 

biologically vulnerable to iron deficiency anaemia. The reproductive physiology of menstruation, 

pregnancy, delivery and lactation is nutrition-intensive [40]. Iron deficiency anaemia negatively 

affects childbearing and the overall health of the mother, unless diagnosed and managed in early 

pregnancy or before [41].  

The World Health Organization‘s recommendation is multiple micronutrient supplementation 

(MMS), including iron and folic acid, one to three times a week for all pregnant mothers and 

menstruating adolescents, rather than iron and folic acid (IFA) supplementation alone [42, 43]. 

Strategies such as sanitation and malaria prevention are also crucial for the reduction of anaemia 

[44]. Furthermore, nutrition-based interventions such as increased dietary intake, particularly of 

animal-source foods, can improve the micronutrient status of mothers [45]. Food fortification with 

a single or multiple micronutrients is also a useful strategy to improve micronutrient status, 

particularly in low-and middle-income settings [46]. 

Iron deficiency anaemia in children, particularly during the first thousand days of life, may result 

in irreversible long-term deficits such as cognitive and motor impairment [47]. The first thousand 

days of life refers to the period from conception to the second birthday as a period which is 

vulnerable to nutritional deficiencies [48]. Prevention, early detection and treatment of anaemia 

during pregnancy and early childhood are crucial [27, 47, 48]. Among the multiple strategies used 

to prevent iron deficiency in children, optimal child feeding practices and early detection and 

treatment of infections are the primary approaches [49]. Early initiation of breastfeeding, 

exclusive breastfeeding, and appropriate complementary feeding with continued breastfeeding, are 

the characteristics of optimal child feeding practices [50]. Minimum dietary diversity and 

minimum meal frequency are also indicators of appropriate complementary feeding [51]. Oral iron 

supplementation is also an important approach used to prevent and treat iron deficiency [52]. 

However, iron suplementation in children requires risk-benefit analysis, particularily in malaria-

endemic areas [53]. 
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The WHO report indicated that 37.8% (close to 70 million) of non-pregnant mothers living in 

Africa were anaemic [54]. Pregnancy is an iron-demanding situation, and lactating mothers in 

Ethiopia are also at high risk of iron deficiency anaemia [55]. Mothers in rural Ethiopia mostly 

give birth at home and their visits to the healthcare facility after delivery are also limited, 

accounting for only 14% in the study area [56]. Hence, anaemia among lactating mothers has been 

found to be associated with chronic inflammation [57]. In Ethiopia, the prevalence of anaemia 

among mothers aged 15 to 49 was reported at 24% in 2016 [12]. According to the 2019 Ethiopian 

Demographic and Health Survey (EDHS) report, the percentage of pregnant mothers who took 

iron supplements for at least 90 days had increased to 11% from 5% in 2016 [58].  

Child undernutrition 

Child undernutrition includes intrauterine growth restriction, stunting, wasting, underweight and 

micronutrient deficiency conditions such as anaemia [18]. It is also common to describe child 

undernutrition as acute or chronic undernutrition. Acute undernutrition is a reflection of a recent 

situation in which the child failed to gain weight due to inadequate food intake or excessive 

weight loss [49, 59]. Acute undernutrition (wasting) is defined as a weight-for-height z-score 

(WHZ) below -2 SD from the WHO child growth standard median [60]. Acute undernutrition 

among children above the age of six months [61] can also be assessed by a mid-upper arm 

circumference (MUAC) < 11.5 cm [62]. Recumbent length is used instead of height among 

children aged below two. Chronic undernutrition (stunting) is defined as a height/length-for-age z-

score (H/LAZ) below -2 SD from the WHO child growth standard median [60]. It is a reflection of 

long-term nutrition deprivation and unhealthy environmental conditions such as poor sanitation 

[63, 64].  

Stunting and wasting, as anthropometric indices, have similarities and differences. The similarities 

include: both are composite measures derived from two raw data measures and they share some 

causal pathways [65]. The onset of one increases the risk of the other and their co-occurrence is 

highly associated with child mortality [66]. This means that nutrition interventions need to target 

both, in order to reduce the risk of child mortality [66, 67]. The differences between stunting and 

wasting also include:  

 Stunting (linear growth restriction) refers to the cumulative effect of chronic undernutrition 

related to environmental and socioeconomic circumstances [2, 68]. Wasting, on the other 

hand, reflects a recent and severe process of weight loss associated with acute starvation or 

illness, particularly infections [69].  
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 The prevalence of stunting is used as a measure of community well-being [70, 71], while the 

prevalence of wasting calls for immediate action at the community level and the emergency 

management of children [67]. 

 The management of stunting focuses on prevention through nutrition quality, improved 

hygiene and sanitation, and overall socioeconomic development, while wasting is quickly 

reversible if adequate nutrition and effective management of infection are provided [67, 69].  

Stunting is a major nutritional problem among children under the age of five [72]. Particularly the 

first thousand days of life is the window period for the onset of stunting. This period is 

characterised by active physical growth and mental development requiring optimum nutrition [48, 

73]. Stunting and faltering linear growth are used interchangeably to describe chronic 

undernutrition in children. However, linear growth restriction and stunting have different 

implications for describing child undernutrition [74, 75]. Linear growth restriction refers to a 

failure to reach one‘s linear growth potential (too short for their age), but does not imply that the 

child is stunted. Stunting, on the other hand, is applied to a child with a height/length-for-age z-

score below -2 SD from the standard population median [74, 75]. The number of children with 

linear growth restriction is higher than the number of children who are stunted (i.e. children with 

stunting are a subset of children with linear growth restriction).  

Weight-for-age (underweight) is a measure of body mass in relation to the age of the child. 

Underweight is described as a weight-for-age z-score (WAZ) less than 2 standard deviations from 

the WHO median growth reference [76]. The limitation of WAZ is that it does not distinguish 

between a short child, with a body weight normal for their height, and a thin child [69].  

The global prevalence of child stunting and wasting was 29.1% and 6.3%, respectively [77]. In 

Ethiopia, the national prevalence of stunting among children under the age of five was reported at 

37% in 2019 [58]. The national prevalence of wasting was reported at 7% in 2019. In the same 

national report, it was indicated that the prevalence of stunting and wasting in southern Ethiopia 

was 36.4% and 6.3%, respectively, and thereby similar to the national average. However, there are 

great differences between regions and districts in the same region. In Sidama region, the 

prevalence of stunting was 14.7% in Hawassa city [78], while it was 45.5% in another district of 

the region, Wondogenet [79].  

In Ethiopia, 57% of children under the age of five were anaemic in 2016 (6). A recent study from 

Wolayta zone, southern Ethiopia, also reports a high prevalence of anamia (65%) among children 

aged 6 to 23 months [80]. There was a large regional difference in the prevalence of anaemia in 

Ethiopia, ranging from 42% in Amhara region to 83% in Somali region in 2016 [12]. Anaemia is 
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associated with poor dietary intake, particularly an inadequate intake of animal-source foods, and 

stunting [81, 82]. Lack of a safe water supply and poor sanitation are also risk factors in poor 

settings [83]. In addition, the intake of substances (e.g. coffee and tea) with a meal, or immediately 

after a meal, can interfere with the absorption of some nutrients, including dietary iron [1, 84].  

Maternal undernutrition 

Maternal undernutrition is a global concern contributing to an intergenerational cycle of 

undernutrition [85, 86]. In addition to poverty-related factors affecting the general population, 

women in the reproductive age group are challenged by the physiology of menstruation, 

pregnancy and lactation [87]. Being underweight, as an indicator of chronic energy deficiency, is a 

common form of undernutrition among mothers in poor settings [88].  

Body mass index (BMI) is a composite index computed by dividing weight in kg by height in 

metres squared [89]. BMI is used to describe nutritional status as being underweight, of normal 

weight, overweight and obese [89]. Underweight is defined as a BMI below 18.5 kg/m2. Normal 

BMI is between 18.5 and 24.9 kg/m2. BMI scores of 25-29.5 kg/m2, and greater than or equivalent 

to 30 kg/m2, are classified as overweight and obese, respectively [90]. Being underweight, 

overweight or obese are associated with negative outcomes of childbearing for mothers [91, 92]. 

Almost 10% of women are underweight globally and more than 30% of women in the 

reproductive age group are anaemic [93, 94]. Maternal underweight in many resource-poor 

settings is considerably high [95] and in Ethiopia it was reported at 22% in 2016 [12].  

Dietary practices  

In resource-poor settings, poor dietary intake is a major reason for child and maternal 

undernutrition [91, 96, 97]. Inadequate intake of both macro- and micronutrients is associated with 

diets in which no or limited animal-source foods are included [98]. Animal-source foods are rich 

sources of the high-quality nutrients essential for normal reproductive function and optimal child 

growth [99, 100]. Milk, for instance, as an important animal-source food nurturing the young, 

stimulates growth by providing energy, protein and micronutrients [101]. Egg consumption during 

pregnancy, lactation and early childhood also provides several key nutrients that enhance foetal 

growth, breast milk composition and child growth, respectively [102]. Meat is a rich source of 

protein and other nutrients, including iron and vitamin B12, which are either not present in plant-

source foods or have poor bioavailability [103]. Fish and poultry are also important micronutrient 

and protein sources [104, 105]. 
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For children aged above six months appropriate complementary feeding is crucial to ensure 

normal growth, health and mental development. Complementary feeding is defined as the 

introduction of foods and liquids to an infant whose nutritional requirements cannot be adequately 

met with breastmilk alone [106]. Sub-optimal child feeding practices are the common factor 

associated with poor linear growth and reduced learning capacity among children. In Ethiopia, 

only 11% of children aged 6-23 months were getting a minimum acceptable diet in 2019 [107]. 

Sub-optimal child feeding practices are common in different parts of the country, ranging from 

42% in Addis Ababa to 98% in Somali [58]. The prevalence of minimum dietary diversity was 

reported at 35% in northwestern Ethiopia [108]. A study in the drought-prone area of the region 

reported that animal-source food consumption among young children was 1.9% for meat, fish and 

poultry, and 3.4% for eggs [109]. Another study in the Jimma zone reported that only 32.8% of 

lactating mothers in the study area were consuming the minimum dietary diversity [110]. Children 

and mothers in low-income settings are socially, culturally and economically less privileged in 

terms of adequate diet. This makes young children, pregnant mothers and lactating mothers suffer 

from different forms of undernutrition.  

An overview of ensete-monoculture in the area 

Ensete is a plant of the musaceae family with wild and domesticated species. Ensete is a perennial, 

monocarpic and evergreen plant known by different names, reflecting its environmental and social 

values. Ethiopian banana, Abyssinian banana, false banana, a drought-resistant plant, and a tree 

against hunger are some examples of the names used. Particularly in Ethiopia, ensete (Ensete 

ventricosum) is known for its multiple uses as food, fodder and homemade fibre, and in traditional 

medicine [111, 112].  

Ensete (Ensete ventricosum) is a major staple food in the southern and southwestern parts of the 

country, where more than 20 million people live [113]. The people living in these areas were less 

affected by the drought and famine occurring in Ethiopia during the years from 1972 to 1985. The 

pseudostem and the corm of this ‗false banana‘ are used for food. However, the food content 

shows that the plant is rich in carbohydrates (80%) and fibre (7%), and deficient in proteins (4%), 

fats (0.4%), vitamins and other micronutrients [114, 115]. Most of the people of rural Sidama are 

farmers who have been cultivating ensete as the main staple food for decades [114, 116, 117]. 

More recently, however, other food crops, particularly maize and cash crops such as fruit, coffee 

and chat, have tended to dominate, due to the short harvesting time and greater income generation 

opportunities compared to ensete [118]. Moreover, the recent rapid population growth [119, 120] 

has led to small farming areas. The replacement of ensete with maize and other cash crops, and the 



 

 

9 

 

rapid population growth, ultimately present the risk of food insecurity. However, the impact of 

these changes on household food security, dietary practices and the nutritional status of children 

and mothers has not been adequately understood. The detailed assessment of child undernutrition, 

child feeding practices and dietary practices of adults took place three to five decades ago [116, 

121]. The assessment in 1971 [116] focused on dietary practices among children and adults, and 

another assessment in 1993 also considered the nutritional status of children in the area [121]. 
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 a        

 b 

Figure 1: A rural household with ensete plants at the back (a) and an ensete plant grown 

in an urban household (b) (Pictures were taken by the investigator). 
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Nutritional intervention in Sidama region 

The Productive Safety Net Programme (PSNP)  

The Productive Safety Net Programme was launched in Ethiopia in 2005, with focus on 

vulnerable households in urban and rural areas as a first phase. After this, different phases were 

implemented by increasing its coverage from 4.5 million to over 7 million beneficiaries in 2012 

and 8.3 million beneficiaries by 2015 [122].  

The fourth phase of the Productive Safety Net Programme was implemented from 2016 to 2020. 

The programme was implemented in six regions of Ethiopia. The programme has a variety of 

support components: direct support, public work and livelihood support. The direct support 

beneficiaries are chronically food-insecure households that are unable to participate in public 

works, as well as orphans, pregnant and nursing mothers, people with disabilities, and the elderly. 

Public works involve labour-intensive activities to create community assets, such as the 

development of watersheds and climate change adjustment and mitigation. Livelihood support is 

designed to accelerate the exit or graduation of clients from the programme through technical 

support, community consultations and available resources and capabilities.  

Sidama region (the former Sidama zone) is one of the areas where the Productive Safety Net 

Programme has been running since 2005, in highly vulnerable and drought-prone areas. The 

drought-prone areas in Sidama region include Boricha and Loko Abaya, which are located in the 

central Rift Valley region. In the rural Dale district of Sidama region, the programme is running in 

only a few kebeles; two of the seven kebeles included in our study.  

The rationale for this thesis 

Inequalities in most child and maternal healthcare services, including the nutritional aspect, are 

extensive between countries, regions and settings [88]. Reducing extreme poverty and hunger by 

the year 2025, and ending all forms of malnutrition by 2030, is a global target. However, most 

low-income countries, particularly those in the Horn of Africa, are far from achieving most of the 

targets [123]. Even though Ethiopia is achieving millennium development goal 4 by reducing 

child mortality, further strategies are needed to address targets related to nutrition [124].   

A national survey data analysis has reported that the 24-hour consumption of eggs and flesh foods 

among children was 17.5% and 8.7%, respectively [125]. The report also documented large 

regional variations in animal-source food consumption among young children; the highest (41.7%) 

in Addis Ababa and the lowest (5.9%) in the Somali region. Likewise, animal-source food 
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consumption is reported to be low among mothers in the reproductive age group and at the 

household level in Ethiopia [126-128]. 

Sidama region is one of the regions in Ethiopia where ensete is considered the main staple food. 

Ensete is also known for its poor content of protein, which is essential for normal child growth and 

good maternal nutrition. Despite its environmental benefits, ensete has limited benefits for 

children, particularly those under the age of two. Since the region also has a high prevalence of 

child and maternal undernutrition, dietary assessments will help to address the existing situation of 

young children and mothers in the area. 

Even though minimal improvements are reported for some maternal and child health indicators, 

mothers and children in most rural areas of Ethiopia are still challenged. In addition to other health 

aspects, undernutrition among children and mothers remains a major public health problem. There 

is also limited information about mothers and children in rural areas, where home delivery is a 

common practice and postnatal service utilisation is very low; at 14% in the study area [56]. 
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Objectives 

General objective  

The general objective of the study was to describe and analyse the dietary and non-dietary risk 

factors due to undernutrition among children younger than two and their mothers in the rural 

ensete-monoculture dominated Dale district, southern Ethiopia. 

Specific objectives 

1. To describe the nutritional status of and dietary practices for young children and to discuss the 

findings compared to studies made three to five decades ago, in the same area (Paper I). 
- To analyse the risk factor of faltering linear growth in the rural ensete-monoculture 

dominated Dale district, Sidama region of Ethiopia.  
2. To analyse dietary and non-dietary factors associated with haemoglobin levels and BMI 

among mothers who gave birth in the past two years in the rural Dale district, Sidama region 

of Ethiopia (Paper II).  

3. To analyse whether a household‘s livestock ownership influences animal-source food 

consumption frequencies among children and their mothers in rural areas (Paper III). 
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Methods and materials 

Study location 

This study was conducted in seven rural kebeles of the Dale district, which is located in the 

Sidama region, southern Ethiopia. A kebele is the smallest administrative unit in Ethiopia. Dale is 

one of 19 districts in the Sidama region. In 2017, the total population of the district was around 

270,000 people, who were living in 36 rural and two urban kebeles. The main town of the district, 

Yirga Alem, is located 320 kilometres from Addis Ababa. In the Dale district, there are 33 health 

posts, 10 health centres and one hospital, the Yirga Alem general hospital. People living in these 

rural kebeles are mostly farmers. For centuries, ensete (Ensete ventricosum) has been a widely 

grown staple crop in the area. In recent years, maize has been introduced and adopted by most 

farmers. Other crops grown in the area include kale, cabbage and haricot beans. Coffee, chat 

(Catha edulis) and fruit like avocado, banana and mango are also grown and used as cash crops. 

The community also keeps livestock such as cows, goats, sheep and donkeys. The livestock 

mainly feed on ensete, and the animal manure is also used as a natural fertiliser in ensete 

cultivation.  
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Figure 2: Map of Dale district with the study kebeles shaded in blue (the map is 

generated from the local coordinates taken by colleagues undertaking parallel research in 

the same area). 

 

 

 

 

 

 

 

 

 



 

 

16 

 

Study design and data 

We used a community-based cross-sectional study design to assess the dietary practices and 

nutritional status of children below the age of two and their mothers. We obtained data on 

sociodemographic characteristics, anthropometry and haemoglobin, dietary information on child-

mother pairs, and household characteristics.  

Sample size estimation  

The sample size was calculated using Open Epi version 3.01 (Dean AG, Sullivan Km, 2013) 

statistical software by assuming the proportion of 50%, 95% confidence level, 4% precision and 

1.5 design effect. The Ethiopian demographic and health survey (2016) reported that the 

prevalence of stunting in southern Ethiopia was 39% [12] for children under the age of five. The 

proportion of mothers with a body mass index of <18.5kg/m2 and anaemia was 22% and 24%, 

respectively, in the same national report. Our intention was to have the maximum sample size 

applicable for all papers; that is why a proportion of 50% was assumed. By adding a 10% non-

response rate, the final sample size was set at 990 households with children under the age of two.  

Table 1 below provides an overview of the selected participants from the cross-sectional study, 

and the data and analysis method used for the respective three papers. The details are explained 

below. 
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Table 1: Summary of papers with title, participants, data obtained and methods of analysis 

Papers Participants  Data Analysis 

Paper I  

Dietary practices and nutritional 

status of young children in the 

former ensete-monoculture 

dominated Sidama region, 

southern Ethiopia 

Children aged 0-

24 months  

  

 

- Weight in kg  

- Length in cm  

- Haemoglobin level in g/dl 

- Sociodemographic 

characteristics of children and 

mothers 

- Maternal characteristics 

- Household background 

(household size, household 

food insecurity, wealth status) 

- 24 hour dietary recall 

Descriptive 

analysis 

 

Multilevel linear 

regression 

Paper II 

Anaemia, anthropometric 

undernutrition and associated 

factors among mothers with 

children younger than two years 

of age in the rural Dale district, 

southern Ethiopia 

Mothers aged 15-

49 and with a 

child under the 

age of two  

- Weight in kg 

- Height in cm  

- Haemoglobin level in g/dl 

- Sociodemographic 

characteristics of mothers 

- Household background 

(household size, food 

insecurity, wealth status) 

- 24 hour dietary recall 

Descriptive 

analysis 

 

Multilevel linear 

regression 

Paper III 

Does livestock ownership 

contribute to the frequency of 

animal-source food consumption 

among children aged 6-24 months 

and mothers in Dale district, 

southern Ethiopia? 

Child –mother 

pairs  

- Animal-source food 

consumption frequency  

- Livestock ownership  

- Child and mother 

characteristics  

 

Descriptive 

analysis 

 

Ordinal logistic 

regression 
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Outcome and exposure variables  

The primary outcome variables in our study were: stunting and anaemia among children, 

underweight and anaemia among mothers, and animal-source food consumption frequencies 

among children and mothers, for the respective three papers. Prevalence of household food 

insecurity and prevalence of dietary diversity were also given.  

Stunting was defined as a length-for-age z-score below minus-two standard deviations (< -2 SD) 

from the WHO child growth standard population mean [60], and assessed among children below 

the age of two using the child‘s weight and length measurements. Length-for-age (LAZ) is an 

expression of attained linear growth performance. Wasting was likewise defined as a weight-for-

length z-score (WLZ) below minus two standard deviations (< -2 SD) from the WHO child 

growth standard population mean [60]. Underweight among mothers was defined as a body mass 

index (BMI) of less than 18.5 kg/m2 and assessed by obtaining the mother‘s weight in kg and 

height in cm, which was later converted to metres.  

Anaemia was defined as a haemoglobin level measurement below 11 g/dl for children and a 

haemoglobin level below 12.0 g/dl for mothers. Haemoglobin levels for children and mothers 

were assessed with capillary blood samples obtained by finger pricking and HemoCue HB 301 

(Angelholm, Sweden) machines.  

Exposure variables assessed in our study included household background information, 

sociodemographic characteristics and dietary information for children and mothers. Child 

characteristics included age of the child, gender of the child, birth order and place of birth, illness 

experience, weight and length. We also assessed the mother‘s characteristics such as age, age at 

first pregnancy, total number of pregnancies, use of family planning, weight, height and mid-

upper arm circumference. The household background information included household size, data to 

calculate wealth index, and livestock ownership.  

In this study, we assessed undernutrition and potential factors of relevance, as given in Table 2 

below. Factors were identified based on UNICEF‘s conceptual framework and the existing 

research undertaken in the country. Table 2 displays similarities to and differences from the 

UNICEF framework. 
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Table 2: Potential exposure variables for child undernutrition addressed in our study, as 

compared with that of the UNICEF conceptual framework and variables  

 UNICEF Variables assessed in our study 

Outcome  Malnutrition  Stunting (linear growth restriction) 

Immediate 

causes  

Inadequate dietary intake 
Breastfeeding, dietary history, 24-hour dietary 

recall 

Diseases  Illness experience  

 

Underlying 

causes 

Inadequate access to food Household food insecurity  

Inadequate care for children and 

women  

Inadequate education 

Mother‘s education, Place of delivery and 

Immunisation,  

Insufficient healthcare and 

unhealthy environment  

Housing conditions (number of rooms, building 

materials of major parts of the house), source of 

water, household size 

 

Basic causes  

Resource and control 

Human, economic and 

organisational resources 

Wealth index 

Political and ideological factors  

Economic structure 
 

Potential resources  
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Figure 3: Conceptual framework of causes of child malnutrition, developed by UNICEF, 

1991 [129]. 
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Data collection  

Face-to-face interviews by trained data collectors were used for the children‘s mothers and 

primary caregivers. All the data collectors and supervisors were fluent speakers of the local 

language, Sidaamu Afoo, which was used for data collection. All the questionnaires used were pre-

tested in a similar setting, prior to the data collection. Translation and back translation of all the 

questionnaires were undertaken, to check consistency. Primary data was collected for all variables 

described in this thesis. Child immunisation cards were used to confirm the reported date of birth 

and age of the children. In the absence of immunisation cards, all the information was obtained 

from the respondent. Anthropometric measurements were made for each child and mother, 

following all the recommended procedures. Portable digital SECA weight scales were used to 

measure the weight of the children and mothers. While portable SECA stadiometers were used for 

the mothers‘ height, the UNICEF length boards were used to measure the recumbent length of the 

children. Mid-upper arm circumference was also measured using an MUAC measuring tape. 

Weight and length/height measurements were taken and recorded to the nearest 0.1 kg and 0.1 cm, 

respectively. HemoCue HB 301 machines were used to determine the capillary haemoglobin 

levels of children and mothers.  

Statistical analysis 

The data was double entered and validated with Epi data version 3.1, and then analysed using 

different software for different purposes. SPSS version 25 (IBM Corp, 2017) was used for 

descriptive analysis; STATA version 12 (Stata Corp LP, College Station, TX, 2011) was used to 

build multilevel regression models; ENA for SMART (Erhardt, Golden, and Seaman, 2011) was 

used to calculate child anthropometric indices; and principal component analysis (PCA) was used 

to construct the household‘s wealth index. Descriptive analysis was used to describe all variables 

in each specific paper. Multilevel linear regression analysis was used to explain association 

between the exposure and outcome variables (Paper I and Paper II). Ordinal logistic regression 

analysis was used to analyse the association between household livestock ownership and animal-

source food computation (Paper III). The adjusted beta (β) coefficients (Papers I and II) and the 

adjusted Odds ratios (AOR) (Paper III) with the 95% confidence intervals (CI) were used to 

determine associations between the exposure and the outcome variables.  

P-value < 0.25 (Papers I and II) and P-value < 0.20 (Paper III) in the bivariable regression were 

used as inclusion criteria for the multivariable regression. These cut-offs were used to avoid over-

fitting and to improve model performance, as we collected a number of independent variables 



 

 

22 

 

[130, 131]. For the multivariable regression, P-value < 0.05 and 95% confidence intervals were 

used to describe statistical significance. 

Ethical considerations 

Ethical clearance was obtained from Hawassa University, Ethiopia (Ref. No IRB/025/10 Date: 

21/12/2017) and the Ethical Committee of Western Norway, Norway (Ref: 2017/90/REK, Date: 

07/03/18). All the necessary official letters were obtained from the bodies concerned. Written 

consent was obtained from respondents and children‘s legal guardians, usually the mother and 

father. In the case of illiterate respondents, the data collector had to read the subject information 

and obtain a finger stamp when these respondents agreed to participate. 
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Results 

The results of the three research papers are attached to this thesis and briefly summarised as 

follows: 

Paper I: Undernutrition, dietary practices and risk factors of faltering linear growth among 

children aged 0-24 months  

Paper I describes the dietary practices, household food insecurity and nutritional status of young 

children in Dale district, Sidama region, southern Ethiopia. We discuss our findings in the light of 

research of the same area three to five decades ago, and we analyse factors associated with the 

linear growth of young children. Children less than two years old and their primary caregivers 

(n=903) were included in this study. Among these, 791 children were aged above six months and 

742 children out of 791 provided a 24-hour dietary recall. Linear growth failure (stunting) was 

prevalent among young children in the rural Sidama region and the majority of them were also 

anaemic. The prevalence of stunting, wasting and anaemia was 39.5%, 3.9% and 61.7%, 

respectively.  

Older age, male gender, a lower haemoglobin level in children, and household food insecurity 

were risk factors for linear growth restriction in young children. For each month the child grew 

older, the length-for-age z-score decreased slightly (β -0.06; 95% confidence interval (CI): -0.07, -

0.04). Boys were at greater risk of lower length-for-age z-scores than girls (β -0.05; 95% CI: - 

0.78, -0.27). Household food insecurity scores (β -0.05; 95% CI: -0.08, -0.01) and children‘s 

haemoglobin level (β 21; 95% CI: 0.06, 0.35) were also associated with length-for-age z-scores 

among young children.  

Maize seems to be the dominant food in this previously ensete-dominated area. The majority of 

the children (97%) had eaten cereals (maize) during the past 24 hours, and 79.6% of households 

used maize as the main food. There have been minimal improvements in length-for-age z-score 

over the decades, but with a diet shift from ensete to maize.  

Paper II: Anaemia and underweight among mothers who gave birth within the past two 

years  

This paper assesses the haemoglobin levels and body mass index (BMI) of mothers with children 

below 2 years of age in a rural district of Sidama region, Ethiopia. It also analyses factors 

associated with low haemoglobin levels and with anthropometric undernutrition among mothers. 

Out of 931 mothers, 12.8% were anaemic and 12.6% had a BMI <18.5 kg/m2. The prevalence of 

minimum dietary diversity was 37.8%. The majority (78.5%) of the households were food 
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insecure. Weight (β 0.02; 95% CI: 0.003-0.03), dietary diversity scores (β 0.08; 95% CI: 0.03-

0.12) and secondary school attendance (β 0.34; 95% CI: 0.08-0.59) were associated with improved 

haemoglobin level among mothers. Dietary diversity scores (β 0.08; 95% CI: 0.01-0.16) and 

household wealth (β 0.6; 95% CI: 0.27-0.94) were also associated with the mothers‘ BMI.  

Paper III: Animal-source food consumption of children and mothers, and its association 

with livestock ownership  

This paper describes animal-source food consumption among children aged 6-24 months and their 

mothers, and analyses its association with livestock ownership at household level. 851 child-

mother pairs were included in the analysis. Nearly three quarters (74.1%) of the 851 households 

owned cows, and a quarter (213) kept goats or sheep. Dairy, egg and meat consumption among 

children in the past month was 91.8%, 83.0% and 26.2%, respectively. Likewise, the consumption 

of dairy, eggs and meat among mothers in the past month was 96.0%, 49.5%, and 34.0%, 

respectively. Dairy consumption frequency was 1.8 times higher among children (AOR=1.8, 95% 

CI: 1.3, 2.5) and three times higher among mothers (AOR=3.0, 95% CI: 2.2, 4.2) for households 

keeping cows, compared to households without cows. Egg consumption frequency was positively 

associated with hen and goat/sheep ownership for both children and mothers. However, meat 

consumption frequency among children was not associated with goat/sheep or hen ownership, and 

was negatively associated with cow ownership (AOR= 0.66, 95% CI: 0.45, 0.95), but positively 

associated with meat consumption for mothers. Dairy products were common animal-source foods 

consumed by children and mothers in the study area. On the other hand, meat consumption was 

low among children and mothers. Goat/sheep ownership was positively associated with most 

animal-source food consumption among children and mothers. Even though the majority of the 

households kept cows, this was negatively associated with meat consumption among young 

children. Hence, strategies to improve complementary feedings are warranted.  
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Discussion 

The main aim of this thesis was to describe and analyse the nutrition situation of young children 

and mothers in the rural district of Sidama region, which is known for ensete monoculture. The 

thesis also assessed food insecurity and livestock ownership and their relevance to the nutritional 

status and dietary practices of children and mothers in the area. We observed a dietary shift 

whereby maize, instead of ensete, was the dominant staple used by children and mothers. Despite 

the dietary shift and efforts made in the area, only minimal improvement in the nutritional status 

of young children was observed, as compared with previous studies made in the area. We also 

observed that suboptimal dietary practices among children and mothers, chronic child 

undernutrition, and household food insecurity are still alarmingly high in the area. Below, we 

discuss the main findings of this thesis in the light of studies made in the area a few decades ago, 

as well as recent studies from different parts of the country and abroad. 

Discussion of main findings 

We found that the majority of the households in the study area used maize as a staple food. In our 

study, maize was used by around 80% of the households, and ensete was found to be less used in 

the diet; at nearly 20%. In the 1970s it was reported that ensete was the main staple food of the 

family, including young children [116]. However, in our study ensete was the second most 

common food for young children, next to maize. There is thus reason to believe that there has been 

a dietary shift from ensete to maize among the rural residents of the region. This dietary shift 

might be due to the adaptation of the newly introduced crop, maize, which is considered to be the 

modern approach [118]. Moreover, the cultivation of crops such as maize, coffee, chat and fruit 

might be an income-generating activity. Even though crop diversification is encouraged to 

improve dietary diversity and sustainability [132], it might lead to a progressive decline in ensete 

cultivation and higher vulnerability to droughts [118]. 

We also found that three fourths of the households in our study were food insecure. Although the 

older studies from the study area did not report household food insecurity, our finding was 

consistent with the recent studies from different regions of the country [133, 134]. This indicates 

that food insecurity is persistently high in most areas of Ethiopia. However, studies from some 

regions of Ethiopia have reported a relatively lower prevalence of food insecurity, at 39.7% [135] 

and 36.8% [136]. 

Regarding child feeding practices, 60% of the children were not getting the minimum dietary 

diversity. Early initiation of breastfeeding (within one hour of birth) and exclusive breastfeeding 
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were practised for the majority of the children in our study. Although complementary feeding had 

started at the right time for most children, it was also delayed for 6% of them. This finding 

indicates that the practice of breastfeeding and the timing of complementary feeding were at an 

encouraging level. However, starchy staples: maize followed by ensete and tubers, constituted the 

diet of young children. This finding is supported by the finding of a study undertaken in southern 

Ethiopia [137]. Animal-source food intake was reported to be low; only 7.3% got flesh foods, 

which was similar to the 1970s [116]. Dairy products were the common animal-source foods used 

for young children, both in the previous studies and in ours. In our study, only 13% of the children 

consumed legumes and nuts in the 24-hour recall. This was supported by studies from another 

district in the region, which reported that optimal child feeding was 14.4% [109]. There is thus a 

need to promote protein-rich food intake using both animal and plant sources. Although no food 

taboos were reported in our study, the study in the 1970s had described the presence of food 

taboos [116]. A study from northern Ethiopia also reported that social norms and beliefs were 

common barriers to animal-source food consumption among young children [138]. An incomplete 

diet and lack of complementary feeding, especially flesh foods including fish, were thus, 

nutritional threats in the study area.  

In our study, 39.5% of children below the age of two were stunted. The study from the 1990s 

referred to in Paper I evaluated the impact of seasonality on child nutrition [121]. We compared 

this with the report from July to December in the previous study; almost the same season as when 

our data was collected (August to November). The improvement in mean linear growth (LAZ 

score) was around half (0.6) compared to the aforementioned study in 1993. Even though we used 

WHO (2006) Growth Standards as a reference, WHO reference values from NCHS (1983) were 

used in the other study [121]. There are reasons to believe that for longitudinal growth 

impairment, the new standard corresponds to slightly higher values than in the old reference [139]. 

However, one can realise that there is a minimum improvement in child linear growth in this rural 

area during the period of more than two decades. The prevalence of stunting in our study was 

almost similar to the EDHS (2016) for the southern region [12]. However, our study subjects were 

children under the age of two from the rural area, while the EDHS report included children under 

the age of five from both urban and rural areas.  

In our study, older child age, being male, lower haemoglobin levels of the child, and household 

food insecurity were associated with lower LAZ scores. The EDHS (2016) report documented that 

stunting had its peak at 24 months; similarly, our finding showed that older children up to the age 

of two were more affected by stunting. This finding supports that the time before the age of two is 

a critical period for preventing faltering linear growth. Being a boy was associated with a decrease 
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in the length-for-age z-score by almost half, which is also supported by the EDHS (2016) report 

and other studies [140-142]. A study undertaken in four regions of Ethiopia also supports our 

finding; stunting is more common among male than among female children [122]. However, there 

are studies reporting no association between stunting and the child‘s gender [143, 144], and that 

boys are at lower risk than girls [15]. A study from Senegal documented that boys end exclusive 

breastfeeding earlier than girls during the recommended exclusive breastfeeding period of the first 

six months [145]. However, our study did not assess this and we suggest further studies to more 

deeply investigate the relation between gender and nutritional status among young children. 

In our study, more than 60% of the children aged 0-24 months were anaemic. Our finding 

indicated that child anaemia was a major public health problem in our study area; greater than the 

national prevalence [12]. It was also shown that a child‘s haemoglobin level was positively 

associated with linear growth. Each unit increase in haemoglobin level was associated with an 

increase in LAZ score by 0.21. Other studies in India and Peru support our finding: a positive 

association between linear growth failure and low haemoglobin level [146]. We did not have the 

analytical laboratory capacity to address what proportion of the anaemia was nutritional anaemia. 

Our study also showed that an increase in household food insecurity score was associated with a 

decrease in LAZ score; where a higher t food insecurity score means that the household is more 

food insecure. A similar association was reported from a study in the Oromia region of Ethiopia 

[147]. Immediate action is needed to improve the situation whereby only a quarter of households 

were food secure. Maternal factors: age, height and haemoglobin did not show any association 

with child linear growth in our study, although maternal height was a risk factor in previous 

studies [148]. Moreover, more than one fourth of the children in our study were affected by both 

anaemia and stunting. A similar finding has recently been described in other child health studies 

from southern Ethiopia [82, 137], which suggests a need for similar preventive strategies for 

anaemia and stunting.  

Regarding maternal dietary practice, we found that a majority of the mothers (62.4%) in our study 

had low dietary diversity. This finding was in line with a study in the Amhara region, northern 

Ethiopia, which reported that the inadequate dietary diversity among lactating mothers was 66% 

[149]. This finding indicates that nutritional interventions and dietary promotion should include 

lactating mothers. Our study also showed that 40% of the mothers had consumed fruit during the 

previous 24 hours. This proportion is low, as the area is among the fruit-producing areas of 

Ethiopia [150]. However, most fruits are seasonal and are mainly used for income-generation 

purposes [151].  
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In our study, a majority of the mothers (85%) had a BMI in the normal range (18.5 to 24.9 kg/m2). 

We found a lower (12.6%) prevalence of underweight than reported in studies from northwestern 

Ethiopia (25%) [95] and the Afar region (33%) [152]. The difference may be due to the regional 

differences documented by other studies [153, 154]. These studies have found that mothers in the 

reproductive age group in southern Ethiopia were less likely to be underweight. The mean (SD) 

BMI in our study, 20.7 (2.0) kg/m2, was higher than the mean (SD) BMI reported in the previous 

study in the area in the 1990s, at 18.9 (1.8) [121]. This may indicate an improvement in the 

nutritional status of mothers in the course of the two decades. Our finding also indicates a need for 

strategies to prevent obesity and to maintain normal BMI among mothers in the reproductive age 

group. The mean BMI in our study was the same as in the 2016 national EDHS report (20.7 

kg/m2) [12]. However, the prevalence of overweight in our study (2.5%) was lower than in the 

EDHS report (8%). The difference can be explained by the different scope and setting: a national 

survey compared to a study of a rural district. Labour-intensive activities and long-distance walks 

are more common among the rural residents than the urban counterparts. The risk of obesity may 

thus be lower in rural areas compared to the national report that also included urban residents. 

Another study from northwestern Ethiopia reported a prevalence of overweight (nearly 2%) that 

was similar to our finding [95].  

We found a positive association between the dietary diversity score of the mother and her BMI. 

Our finding was in line with a study from another district in southern Ethiopia [155]. Unlike ours, 

however, the other study was performed in the town of the district. In addition, our findings 

showed that the household wealth index (the upper quartile) was positively associated with BMI. 

The aforementioned study from southern Ethiopia [155] also reported a positive association 

between wealth status and BMI. This association may be due to the fact that wealthier people can 

better afford more nutritious animal-source foods. However, this entails a need to promote a 

healthy lifestyle among wealthier people, who are in a food transition, to prevent overweight, 

obesity and the associated risk of non-communicable diseases [156, 157].  

Anaemia among the mothers in our study was a mild public health problem, according to the 

WHO public health significance classification [2]. We have found that 12.8% of the mothers with 

children aged below two were anaemic. The prevalence of maternal anaemia in our study was 

lower than the national EDHS report in 2016 (24%) [12]. However, the EDHS, as a national 

report, included all women of reproductive age from urban and rural areas, while our study 

assessed mothers with children younger than two in rural areas. Compared to the mean 

haemoglobin level (12.4 g/dl) assessed during the immediate postpartum period in northwestern 

Ethiopia [158], our finding was higher. The difference can be explained by the time when the 



 

 

29 

 

mother was assessed after delivery. In our study, mothers who had children below the age of two 

were included, and we excluded those who had given birth in the previous two months, while the 

other study assessed mothers immediately after delivery. The study setting, institutional in the 

other study, and community-based in our study, could also partly explain the difference. In 

addition, mothers in our study may be benefitting from the staple crop, ensete, which is a good 

source of iron [114, 159]. However, the prevalence of anaemia in our study was higher than found 

in Wolayita zone, southern Ethiopia (11%) [160]. The mean haemoglobin level reported in the 

study from Wolayita was also a little higher than ours (13.5g/dl compared with 13.2 g/dl). Hence, 

the haemoglobin levels reported in our study might show mothers‘ situation in terms of recent 

delivery and lactation [161]. Our finding indicates a need to promote maternal health services 

utilisation and strategies to prevent iron deficiency anaemia after delivery. While food fortification 

is a national-level approach to prevent micronutrient deficiency diseases, including anaemia [162], 

the access to, and utilisation of, fortified foods should be promoted. Differences in mean values 

and anaemia prevalence across studies must be interpreted with caution, as analytical factors may 

come into play.  

In our study, the haemoglobin level of the mother was positively associated with dietary diversity, 

weight, and the educational status of the mother. Our findings showed a positive linear association 

between dietary diversity score and the mother‘s haemoglobin level. Similar positive associations 

were reported by studies in different parts of Ethiopia, including the eastern lowlands [163-165]. 

Secondary school attendance was positively associated with the haemoglobin level of the mothers 

in our study. This finding indicates that education is one of the factors that influence one‘s 

nutritional status in different ways; for example, educated people can have a higher income and be 

able to afford high-quality foods. Even though the mothers in our study were not employed, 

educated mothers may have more information, a better understanding and the creativity to help 

improve their income, nutritional status and health. We did not find any previous study in Ethiopia 

that evaluated the association between the weight and the haemoglobin status of mothers. 

However, our finding is in line with a study undertaken among rural Indian adolescent girls [166]. 

Despite the high prevalence of household food insecurity in our study, it was not associated with 

the haemoglobin level or BMI of the mother. The lack of association may be due to the fact that 

household food insecurity might not be a good indicator of micronutrient deficiency, as dietary 

diversity demonstrated in this study. In addition, people may respond ‗no‘ to most of the HFIAS 

questions if they think that they have enough ensete or maize; they may not be aware of the risk of 

monotonous diets. This study also showed that the majority of the households reported that they 
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had eaten a limited variety of food in the four weeks prior to this study. In addition, micronutrient 

deficiency conditions such as anaemia are related more to food quality than to food quantity.  

In our study, animal-source food consumption among children and their mothers was generally 

low. Fifty six (6.6%) of the children and 19 (2.2%) of the mothers had never consumed animal-

source foods during the past month. The consumption frequency of eggs and meat among children 

was higher than that of their mothers. Milk consumption among children was nearly double in 

households owning cows, compared to those that did not own cows. This finding is in line with 

studies that reported similar positive associations [167-169]. However, cow ownership was 

negatively associated with meat consumption among children. Considering that cows are kept 

mainly for milk production and not for meat, our finding is justifiable. However, other studies 

have reported that cow ownership is directly or indirectly associated with animal-source food 

consumption among young children [170]. Our finding may be due to traditional ways of livestock 

keeping [171] or a lack of local milk markets [172]. Even though milk and milk products are the 

main animal-source foods consumed by young children in the study area, further analysis of the 

quality of the milk used is required, as it is mostly diluted before use.  

Households‘ ownership of goats/sheep and hens demonstrated a positive association with egg 

consumption among children. Egg consumption frequency among children from households 

owning hens was 3.5 times higher than among children from households without hens. This 

positive association was also reported by other studies [168, 173]. Our study showed that egg 

consumption among children is influenced directly and indirectly by keeping hens and 

goats/sheep, respectively. Goats/sheep are commonly kept for income generation purposes, which 

indirectly increases the household‘s ability to afford eggs from the local market. Similarly, 

households keep hens mainly for egg production, rather than poultry production, and they earn 

money from selling the eggs, or use the eggs to meet the household demand [127]. The relatively 

high milk consumption demonstrated in our study may also suggest that caregivers consider milk 

to be enough for young children and ignore other animal-source foods, particularly meat. In 

addition, food taboos concerning meat and poultry consumption by young children might be 

present [174].  

Mothers who had consumed meat during the past month accounted for 34%, which was lower than 

reported by a study undertaken in Gondar town, northwestern Ethiopia [175]. This difference may 

be explained by the differences in dietary practices among mothers, especially after delivery. The 

study settings can provide an additional explanation: rural and community-based in our study, 

compared to urban (Gondar town) and facility-based in the other study. On the other hand, meat 

consumption among mothers in our study was higher than in a study from the Afar region, in 
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which this was reported at 11% among lactating mothers [176]. Goat/sheep and hen ownership 

also demonstrated a positive association with mothers‘ meat consumption. Likewise, hen 

ownership was associated with meat consumption among mothers (adults), but not among 

children. As we discussed above, this indicates that feeding poultry to children may not be 

culturally accepted.   

Even though eggs were mainly given to children (83%), around 50% of the mothers had consumed 

eggs during the past month. Keeping hens was also positively associated with egg consumption 

among mothers. This finding can explain the indirect positive association of goat/sheep keeping, 

which increases the purchasing ability of the household [177]. More than 95% of the mothers had 

consumed dairy products during the past month. In most rural areas the watery portion of the milk 

after fat extraction is used. Otherwise, whole milk is rarely used to meet household demand. In our 

study, mothers who kept cows consumed dairy products 1.9 times more frequently than those who 

did not. A similar association was reported in studies undertaken in Ethiopia [127, 178] and in the 

study from Kenya [179]. In general, our finding indicates that keeping cows entails positive 

exposure to dairy product consumption among rural households. Goat/sheep ownership was also 

positively associated with the mothers‘ milk consumption frequency. This association can be 

explained in two ways: through purchasing milk from the local market after selling live 

goat/sheep, and by using goat‘s milk. There is a study reported on the utilisation of goat‘s milk in 

Ethiopia [180].  
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Discussion of methods 

To assess the validity of the findings, strengths and limitations of methods employed from the 

research design to the analysis stage need to be discussed. Below, I discuss some methodological 

issues and how these may have affected the validity of this study.  

Study design 

Quantitative research designs are generally categorised as observational and experimental, where 

cohort studies, case-control studies and cross-sectional studies belong to the former category. 

Intervention studies or clinical trials fall into the category of experimental studies, where the 

investigator is meant to randomly assign the exposure status. Ideally, in well-designed trials, the 

groups should be similar, so as to rule out other factors to explain the relationship found between 

exposure and control. While it might sometimes not be feasible to conduct experimental studies, 

observational studies may give an opportunity for certain research questions to be answered. In 

addition, well-designed observational studies might answer different research questions, compared 

to trials and therefore, observational studies have their own worth [181]. 

This cross-sectional thesis study was conducted (Papers I-III) to describe the dietary practices and 

the nutritional situations of children and mothers. We used measurements to describe the 

prevalence of different forms of undernutrition (stunting and anaemia among children, and 

underweight and anaemia among mothers). We also used analytical approaches to determine 

associations between potential exposure variables and outcome variables (undernutrition among 

children and mothers).    

In cross-sectional studies, the exposure and the outcome factors are collected at the same time, 

thus it does not determine the causative and temporal relationship between exposure and outcome 

variables, which is called reverse causality. The benefit of cross-sectional studies would be related 

to feasibility and flexibility. The design was thus appropriate to answer the study questions of this 

thesis, which were largely observational and analytical in nature. 

Bias  

Bias is systematic error that occurs in any study, at any stage of the study. Systematic error (bias) 

is a tendency to underestimate or overestimate the value of interest and compromises the validity 

of a study [182]. In the sections below three types of bias are discussed in relation to this thesis.   
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Selection bias 

Some eligible households with children and mothers left their kebele after they were randomly 

selected, and were replaced with eligible children and mothers from the same kebele. This may 

have caused some ‗healthy participant‘ selection bias. For Paper I, we included children aged 0 to 

24 months to describe nutritional status and background characteristics. A total of 82 children (8% 

of the estimated study size) were excluded from analysis. Exclusion due to uncertain age took 

place before analysis for Paper 1, in order to avoid problems in determining anthropometric status, 

particularly HAZ, which is age dependent. This number was large and most likely due to the 

practice of home deliveries and limited routines for recording date of birth. In Paper II, we 

analysed 95% of the total sample. The rest were excluded due to not being a biological mother (as 

we considered child-mother pairs), current pregnancy, and missing data on the outcome variable. 

This may also have introduced analytical selection bias. In Paper III, we included 851 child-

mother pairs to determine animal-source food consumption frequencies among young children and 

their mothers. Children aged 6-24 months paired with their mothers were included. The sample 

size was thus smaller for this paper and was not considered in the original sample size calculation.  

We assessed selection bias at different levels. We used mapping and listing to ensure a random 

representation of participants from a geographically predetermined area. We thus assume that 

there is most risk of selection bias for the replacements made. However, replacements were made 

in order to ensure fulfilment of the sample size. We consider the sample size to be robust by using 

50% proportion, 80% power and 10% non-response rate during sample size estimation. Post-hoc 

power analysis took place for models at risk of type II errors; those with a statistical finding not 

being significant where one cannot tell if there is no association, or that the association is not 

shown due to too low power and precision to detect it. GPower V.3.1 was used to estimate post-

hoc power for linear regression in Papers I and II and OpenEpi V.3.01 was used for logistic 

regression in Paper III. In Paper I and Paper II, the post-hoc power analysis was mostly above 

80%. In Paper III, it was similar, except for a few models, including for hen ownership and cow 

ownership, where the power was very low (16% and 54%, respectively). I acknowledge that post-

hoc power calculations also have limitations. First, the sample size is already set according to a 

rationale. Absence of an association should not be anticipated as a power problem, as large sample 

size may detect associations of limited public health and clinical relevance [183]. One should 

therefore also consider whether differences or associations found are large and relevant. With 

multiple analytical models one also runs the risk of type I errors; that a finding, by chance, is 

found to be associated. This is also an argument in favour of working according to pre-determined 

research questions and study designs.   
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Information bias 

Information bias is a systematic error introduced by the observer or the respondent. Our study was 

also prone to recall bias, since we used interviews requiring the respondent to have a good 

memory. Dietary recall is particularly vulnerable to recall bias [184]. However, we applied 

techniques such as designing questions in multiple ways, so that the information obtained was 

cross-checked. For instance, we obtained the birth date of the child and we calculated the child‘s 

age for comparison with the age reported by the mother. We also cross-checked birth dates with 

documents such as immunisation cards, if available. Some local and national events were also 

used to facilitate the memory of the respondents. Repeating and clarifying questions as necessary 

was an additional strategy used.  

Measurement bias 

Measurement bias is another systematic bias caused by the measuring instrument or the observer 

[182]. Our study involved measurements of length, height, weight and mid-upper arm 

circumference, as well as rapid diagnostic tests, which may cause measurement errors. To 

minimise measurement bias in our study, we applied techniques such as repeating measurements 

twice for length, weigh and mid-upper arm circumference. Practical training was given to data 

collectors and supervisors on the procedure for each measurement. Daily cleaning and calibration 

of measuring instruments were also practised. 

Confounding and effect modification 

Confounding is the presence of a third variable associated with the exposure and the outcome, and 

affects the actual relationship between the exposure and the outcome [185]. Confounding is a 

problem in most observational studies. At the design stage, the researcher needs to identify 

potential confounding factors that can be assessed at the analytical stage. The usual technique is to 

check whether the association identified between exposure and outcome is changed on adjusting 

for a factor in the regression model. Effect modification or interaction refers to a situation in 

which the effect of one variable on another varies across the strata of a third variable [186, 187]. 

The effect modifier thus lies in the causal pathway between the exposure and the outcome. During 

the analysis stage, effect modifiers can be controlled by stratification; performing the analysis for 

the various strata of the exposure variable. In addition, during data analysis we used bivariable and 

multivariable regression analysis and stratified different exposure variables. Despite these efforts 

we cannot rule out other potential confounders or residual confounders for the associations 

described. 
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Causation 

A principal aim of epidemiology is to assess the causes of disease that can be established by 

conducting experiments. However, most epidemiological studies are observational and at best may 

describe risks or composite causes. The association found may describe an actual relationship, an 

inference, or may also be due to chance (random error), bias (systematic error) or confounders 

[188]. Associations in observational studies could also be evaluated according to the nine 

Bradford Hill criteria [189]. However, Rothman has argued that some of the Bradford Hill criteria 

are misleading [186]. Nevertheless, even if not ideal, this study met some criteria for the key 

findings.  

Hill’s criteria 

The first criterion relates to the strength of the association. Assessing an association as large is not 

always meaningful. However, an odds ratio expresses the odds of an outcome occurring, given the 

presence of the outcome, compared to the odds of it occurring, given the absence of the exposure 

[190]. An odds ratio of e.g. two indicates doubled odds of such an outcome. Associations of cow 

ownership with dairy consumption (AOR 1.8; 95% CI: 1.3, 2.5) and hen ownership with egg 

consumption among children (AOR 3.5; 95% CI: 2.6, 4.8) were examples of strong association. 

The strength of the association does not consider the frequency of outcome or the absolute effect, 

and thus the description of it as large may not determine its relevance. 

Furthermore, Bradford Hill list consistency of findings, meaning that the same findings are 

observed among different populations, using different study designs and at different times. For our 

study, this was largely present and is discussed for the individual papers. Whether the next 

criterion of specificity is relevant can be discussed, however. Specificity implies that there is a 

one-to-one relationship between the exposure and the outcome. Specificity is an arguable criterion 

since an effect may have more than one cause and an exposure may have more than one effect 

[186]. In this thesis, we saw that multiple exposures, including poverty, low education and poor 

nutrition, led to various nutritional and health problems in the mother and the child. Similarly, a 

cross-sectional study cannot assess any temporal relationship, although it is highly likely that 

poverty precedes undernutrition, but intergenerational undernutrition may also precede poverty. 

For instance, anaemia may affect working capacity directly [191]. 

The dose-response relationship could to some extent be assessed in a cross-sectional study. We 

saw a positive association between the dietary diversity score of mothers and their haemoglobin 

levels (Paper II). This implies that when the dietary diversity score of a mother increased by 1, the 

haemoglobin level increased by 0.08g/dl (adjusted β 0.08; 95% CI: 0.03, 0.12). A lot of the 
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findings were plausible from both a biological and public health perspective. An obvious example 

was the association between wealth index and mother‘s BMI; as wealth could lead to improved 

diet, this improved weight. Two of the latter criteria, coherence and analogy, were generally met, 

as our findings largely agreed with current knowledge and have been seen elsewhere. 

External validity  

External validity refers to the generalizability of research findings outside the study area [192, 

193]. External validity largely depends on the internal validity of the study. Our study was 

conducted in a typical rural area known for ensete monoculture, and different measures were taken 

to minimise bias and maintain internal validity. We therefore believe that our findings are 

applicable in areas sharing similar characteristics with our study area.  

Ethical considerations 

Ethical clearance was obtained from Hawassa University, Ethiopia and the Ethical Committee of 

Western Norway, Norway. Official letters were obtained from all bodies concerned at regional, 

district and kebele levels. Written informed consent was obtained from respondents and legal 

guardians of children. The data is kept with care to maintain confidentiality and no identifiers 

were used to communicate findings. The study was carried out as planned and followed all 

applicable standards and principles of the World Medical Association Declaration of Helsinki, 

2013 [194]. 

Strengths and limitations 

This thesis has a set of strengths and also limitations, which described below. 

Strengths 

Our study had strengths as a community-based study using a random sampling technique. The 

sampling framework was prepared as a baseline survey conducted prior to the main data 

collection. All the data collectors and supervisors were fluent speakers of the local language, 

Sidaamu Afoo, which was used for the interviews. Simulated practical training was included in the 

training sessions for data collectors and supervisors. Collecting a comprehensive set of data 

concerning young children, mothers and households through interviews, measurements and rapid 

field tests was also strength of our study. Moreover, assessing the food frequency for one month‘s 

duration helps to address food items with infrequent consumption among children and mothers. 

The application of multilevel data analysis is an additional strength of our study, accounting for 

clustering effect.    
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Limitations  

The presence of potential bias (selection, recall and survivor bias), as discussed above, may 

impose limitations on this thesis. The fact that we have no data from the local health facilities 

concerning women‘s health service coverage may be considered a limitation. However we cited 

recent studies from the same area, which addressed issues related to health utilisation and 

coverage. We did not assess portion size when assessing food consumption, nor the number of 

each type of livestock and to whom they belonged (the mother or the father), which is also a 

limitation. There may also be residual confounding that is not particularly addressed, including 

long-term morbidity patterns, such as parasites and immune deficiency. 
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Conclusions 

The following conclusions are made based on our findings in relation to each of the specific 

objectives of this thesis. 

Objective 1  

To describe the nutritional status and dietary practices of young children compared with studies 

made three to five decades ago in the same area (Paper I). 

Conclusion 1: There is a high burden of chronic child undernutrition and, compared to the older 

studies from the area, there have been limited improvements in the course of the decades.  

Conclusion 2: Changes in the community‘s food system were demonstrated, whereby the 

cultivation and utilisation of ensete is gradually being replaced by maize. The description 

‗monoculture dominated‘ may not fit the existing situation of the area, even though further 

assessment to address seasonal variations is warranted.   

Objective 2  

To analyse the risk factors for faltering linear growth in the rural ensete-monoculture dominated 

Dale district, Sidama region of Ethiopia (Paper I). 

Conclusion 1: Child age, gender and haemoglobin level of the child, as well as household food 

insecurity score, are important child and household-related factors associated with linear growth or 

stunting. 

Conclusion 2: Household food insecurity was experienced by the majority of households and 

showed positive association with undernutrition among children. 

Objective 3:  

To analyse dietary and non-dietary factors associated with haemoglobin levels and BMI among 

mothers who had given birth in the past two years in the rural Dale district, Sidama region of 

Ethiopia (Paper II). 

Conclusion 1: Anaemia and underweight among mothers who had a child aged less than two did 

not constitute major problems in our study area, according to the WHO public health significance 

classification. 
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Conclusion 2: The majority of the mothers had low dietary diversity, which was a single factor 

independently associated with undernutrition among mothers. 

Objective 4:  

To analyse whether livestock ownership influences animal-source food consumption frequencies 

among children and their mothers in rural areas? (Paper III) 

Conclusion 1: Animal-source food consumption, particularly meat and fish consumption are 

generally low and almost null, respectively, among mothers and children.  

Conclusion 2: Livestock ownership was an important factor contributing to animal-source food 

consumption among young children and mothers in rural settings. 

 

 

  



 

 

40 

 

General recommendations  

1. There is a need to strengthen efforts to improve household food security, and young children‘s 

complementary diet, with considerable focus in rural districts, while monitoring growth, diet 

and health in young children.  

2. Promoting the environmental benefits of ensete and availing of modern technologies for ensete 

cultivation and processing can be a strategic approach in line with the promotion of diversified 

crop cultivation. 

3. Education and promotion of minimum dietary diversity among children and mothers may help 

to improve nutritional status and reduce vulnerability to deficiency diseases.  

4. Strengthening the existing nutrition interventions such as the Productive Safety Net 

Programme help to ensure food access for rural households. Moreover, designing new 

strategies such as small-scale fish farming at community level can help rural households to 

access nutritious foods. 

5. Livestock keeping should be promoted, primarily for household demand to facilitate animal-

source food consumption.  

6. Multi-sector collaboration needs to be ensured, to address the health, nutrition and education 

aspect of the community as whole.  

Recommendations for future research 

We recommend that future studies consider local health service utilisation, so as to closely address 

strategies to prevent anaemia among mothers during pregnancy and after delivery. Evaluation of 

conditions that may contribute to undernutrition, such as intestinal parasites and immune-

suppressive conditions are better to be considered. We also recommend further research of food 

taboos in this rural area, particularly among mothers and young children. In addition, 

interventional studies to check the feasibility and effectiveness of some of the recommendations 

need to be conducted. 
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Abstract

Background

Child undernutrition is a challenge in Ethiopia, where morbidity and mortality among children

are attributed to it. This study aimed to describe the dietary practices, household food inse-

curity, and nutritional status of young children in Dale district, Sidama region, southern Ethi-

opia. We discuss our findings in light of research from the same area 3 to 5 decades ago,

and we analyze factors associated with linear growth of young children.

Method

A community-based cross-sectional study design was employed. Children less than two

years old and their primary caretakers (n = 903) were included in this study. Among whom

791 children were aged above six months and 742 children out of 791 provided a 24-hour

dietary recall. Interviews capturing other dietary practices, food insecurity, socio-demo-

graphic characteristics, anthropometric measurements, and haemoglobin assessments

were performed for all. TheWHO Child Growth Standards were used to calculate anthropo-

metric indices and to describe stunting (length-for-age z-score <-2). Haemoglobin measures

below 11g/dl were defined as low haemoglobin levels (anaemia). Multilevel linear regression

was used to identify factors associated with length-for-age z-scores.

Result

The prevalence of stunting, wasting, and anaemia was 39.5%, 3.9%, and 61.7%, respec-

tively. The majority of children (97%) ate cereals (maize) during the past 24 hours, and

79.6% of households use maize as the main food. Three fourth (75%) of the total house-

holds were food insecure ranging frommild to severe food insecurity. Boys were at higher
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risk of having lower length-for-age z-score than girls (β -0.53; 95% Confidence Interval (CI):

-0.78, -0.27). For each month the children grew older, length-for-age z-score decreased

slightly (β -0.06; -0.07, -0.04). Household food insecurity scores (β -0.05; -0.08, -0.01) and
children haemoglobin levels, (β 0.21; 0.06, 0.35) were also associated with length-for-age z-

score among young children.

Conclusion

Linear growth failure (stunting) was prevalent among young children in the rural Sidama

region and the majority of them were also anaemic. Older age, male sex, a lower haemoglo-

bin level in children, and household food insecurity were risk factors of linear growth failure

in young children. Maize seems to be the dominant food in this previously ensete dominated

area; however, there have been minimal improvements in length-for-age z-score over

decades. Strategies to ensure household’s food access and improve the quality of child

diets need to be implemented.

Introduction

Child undernutrition can be described both in relation to diet and nutritional status. Stunting,

being too short for one’s age, is defined as a height/length-for-age Z-scores below minus two

standard deviations (< -2 SD) from the Standard population mean [1] and height/lenth-for-

age is an expression of attained linear growth performance. The global prevalence of child

stunting in 2018 was 22% affecting over 149 million children under the age of five years [2].

In Ethiopia, the national prevalence of stunting among children under the age of five years

was reported at 37% in 2019; which was 38% in 2016 [3, 4]. The national level prevalence of

wasting was reported at 7% in 2019. In a similar national report, it was indicated that the prev-

alence of stunting and wasting in southern Ethiopia were 36.4% and 6.3, respectively in 2019,

thus similar to the national average. A study done in Simada zone (currently Sidama region) in

2008 reported that 52% of children aged 12–23 months were stunted. Anaemia is also a major

problem among children under the age of five years in Ethiopia, affecting 50% in 2016 [4]. A

recent study fromWolayta zone, southern Ethiopia, also reported a high prevalence of anamia

(65%) among children aged 6 to 23 months [5]. On top of this, only 11% of children aged 6–23

months in Ethiopia were getting a minimum acceptable diet in 2019 [3]. Sub-optimal child

feeding practices are common in different parts of the country ranging from 42% in Addis

Ababa to 98% in Somali [3]. The prevlaence of minimum dietary diversity was also reported at

35% in morth-west Ethiopia [6].

About 20 million people live in the southern and southwestern parts of Ethiopia where

ensete (Ensete ventricosum) has been the major staple food [7]. The pseudostem and the corm

of this “false banana” are used for food. However, the food contents show that the plant is rich

in carbohydrates (80%), fibers (7%), and deficient in proteins (4%), fats (0.4%), vitamins, and

other micronutrients [8, 9]. Most of the residents in rural Sidama are farmers who have been

cultivating ensete as the main staple food for decades [8, 10, 11].

Ensete, also known as “the tree against hunger” has multiple benefits in addition to being a

staple food and fodder for livestock, it is considered as being environment friendly [12, 13].

The people living in the ensete monoculture area were less affected by the drought and famine

occurring in Ethiopia during the years from 1972 to 1985. Most recently other crops, particu-

larly maize, tend to dominate due to the short harvesting time compared to ensete [14]. Cash
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crops such as fruits, coffee, and chat are covering large farms as income-generating resources,

and ensete has gotten less attention. Moreover, a recent rapid population growth [15, 16] lead-

ing to increased population density has led to declining availability of farming areas. There-

fore, the replacement of ensete with maize and other cash crops, and the rapid population

growth, ultimately risk food insecurity. However, the impact of these changes on household

food security and the nutritional status of children has not been adequately understood.

Children living in this ensete monoculture area have been affected by linear growth failure

(stunting) for decades. Linear growth failure occurring during the first 1000 days of life is criti-

cal because of its negative consequences such as poor health, reduced learning capacity, and

low economic productivity later in life [17–19]. However, few studies have reported on linear

growth failure and its correlates among children less than two years old.

Our study aimed to describe nutritional status and dietary practices of young children less

than two years, a critical period in which undernutrition develops, and to describe household

food insecurity. In addition, we modelled how various factors affected linear growth. We are

discussing our findings in light of high-quality nutritional studies done three to five decades

ago. To our knowledge, limited nutritional studies have been done in this area in between

those studies, and ours. Further, our study aimed to analyze the risk factors of linear growth

faltering in the rural ensete monoculture dominated Dale district, Sidama region, southern

Ethiopia.

Materials andmethods

Study design and setting

A community-based cross-sectional study was conducted from August to November 2018 in

seven randomly selected rural kebeles of Dale district. A kebele is the lowest administrative

unit in the Ethiopian context. Dale district has a total of 36 rural and 2 urban kebeles. The

main town in the district, Yirga Alem is located 320 km from Addis Ababa. The total popula-

tion of Dale district was estimated at about 270,000 in 2017 and it is among the most densely

populated districts (around 876 people/km2) in the country. The Dale district has 33 health

posts, 10 health centres, and one referral hospital, Yirga Alem hospital. Most rural kebeles in

the district have at least one health post operated by health extension workers. Services pro-

vided in the health posts are limited to immunization and family planning; no nutrition-based

service was provided. Even though there is a non-governmental program, the productive safety

net program (PSNP) working on severe household food insecurity, it is limited to a very few

kebeles in the region [20].

Ensete (Ensete ventricosum) is widely cultivated in the area, and other food crops include

maize, kale, cabbage, potato, and haricot beans. Coffee, chat (Catha edulis), and fruits like avo-

cado and banana are the main cash crops grown in the area. The community also keeps live-

stock, and the livestock feed on ensete, and the animal manure is used as a natural fertilizer for

the ensete cultivation.

Study participants and sample size estimation

We visited homes with children younger than two years with mothers as the primary respon-

dents or in her absence another primary caretaker. A baseline survey was conducted to list all

eligible households in each of the study kebeles. Using a proportional allocation, households

from each kebele were selected by a simple randommethod in statistical package for social sci-

ence (SPSS) version 20 (IBM Corp, 2011). In households with more than one eligible child,

one child was selected by a lottery method. If any of the children died or left the area before

enrolment, the next household with a child under the age of two years was taken. A total of 91
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replacements were made; two for the deaths of the selected children and the rest had perma-

nently left the area.

The sample size was calculated using Open Epi version 3.01 (Dean AG, Sullivan Km, 2013)

statistical software by assuming the proportion of the outcome variable; stunting, 95% confi-

dence level, 4% precision, and 1.5 design effect. Although the Ethiopian demographic and

health survey (2016) reported that the prevalence of stunting in southern Ethiopia was 39%

[4], it was for children under the age of five years. Thus due to the intention to maximize our

sample size, a proportion of 50% was assumed for this study. By adding a 10% non-response

rate, the final sample size was set to 990 households with children under two years.

Study variables

Dietary practices and nutritional status including length-for-age z-score (LAZ) and weight-

for-length (WLZ) were described. Factors associated with LAZ were assessed including the

child’s age, sex, birth order, and haemoglobin levels. Maternal characteristics included age,

height stature, haemoglobin level, and educational status. Mother’s height was captured based

on reported intergenerational effect [21] and previous studies in Ethiopia having identified it

as important [22, 23]. Household factors included household’s food insecurity, wealth index,

and family size.

Data collection procedures

Data was collected through face-to-face interviews conducted in the local language, Sidaamu

Afoo. A structured and pretested questionnaire was used to collect household socio-demo-

graphic and socio-economic characteristics, child background, feeding habits, and illness expe-

riences. All the questionnaires used were prepared in English and translated to Amharic (the

official language) and then to Sidaamu Afoo (the local language). Back translation was also

done to check for consistency. Anthropometric measurements were done in the household’s

compound and in places suitable to fix the measuring instruments; weight scales and length

boards. Six data collectors (four nurses and two laboratory technicians) and two immediate

supervisors were trained and participated in the data collection. The overall data collection

activities were closely monitored by the investigators. Information on birth date and birth

weight was obtained from the child immunization card. In the absence of an immunization

cards, all the information was obtained from the respondent. In situations where the consented

mother was not available for the interview for personal or practical reasons, mostly her con-

senting husband spoke on her behalf and provided some information related to her age and

level of education. Measurements of her height, weight, and haemoglobin were taken during

the interview visits or on other scheduled visits.

Data quality control

Efforts such as confirmation of data with records like immunization cards and designing some

questions in different ways for cross-checking were used. Calibration and regular cleaning of

measuring instruments were done. Measurements (weight and length) were taken twice.

Intensive training and close supervision of data collectors and using the local language for

interviews were also additional strategies we pursued.

Nutritional status of children

Digital SECA scales (SECA GmbH, Germany) were used to measure the weights of the child

with minimal clothing. UNICEF length measuring boards with a fixed headboard, a movable
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footboard, and a ruler was used to take the recumbent length of the child to the nearest 0.1 cm.

Length and weight were taken twice and recorded in a separate column as measurement one

and measurement two. The average weight and length of children were calculated during data

entry.

Anthropometric data and age in months were exported to Emergency Nutrition Assess-

ment for Standardized Monitoring Assessment of Relief and Transitions software (Erhardt,

Golden, and Seaman, 2011). Anthropometric indices were computed based on the World

Health Organization, 2006 Child Growth Standards. The output was again exported to the sta-

tistical package for social sciences (SPSS) version 25 (IBM Corp, 2017) for further analysis.

The prevalence of stunting and wasting were defined using WHO Child Growth Standards

cut-off points [1], LAZ< -2, and WLZ< -2, respectively.

Haemoglobin levels of children and their biological mothers were measured with HemoCue

HB 301 (Angelholm, Sweden) machines using finger-prick capillary blood samples. Haemo-

globin levels were adjusted for altitude at 1500 metres and cut-off points were taken as 11g/dl

for children [24] and 12.5g/dl for mothers [25] to determine the prevalence of anaemia. Illness

experience was defined as the occurrence of any illness of the study child within two weeks

preceding the survey.

Dietary practices

Dietary diversity score was computed for children aged 6 to 24 months as that was the age

range supposed to have started complementary feeding [26]. Data on the consumption of 10

food items by the child was obtained using a 24-hour dietary recall. The use of fats, sweets, and

commercial/fortified foods by the child was also asked. The dietary diversity score was calcu-

lated from the 9 food items: cereals, roots and tubers, dairy products, legumes, flesh foods

(including organ meats), eggs, fruits, green leafy vegetables, and other vegetables. The mean

dietary diversity score and prevalence of minimum dietary diversity were computed based on

the nine food groups. Minimum dietary diversity (MDD) was defined as the proportion of

children aged between 6 and 24 months who received food from four or more food groups in

the 24 hours prior to the study.

Household food insecurity

Household Food Insecurity Access Scale (HFIAS) developed by the Food and Nutrition Tech-

nical Assistance (FANTA, 2007) and validated for use in Ethiopia [27] was employed to mea-

sure household food insecurity. The tool comprises nine questions 1) Uncertainty about food

supply, 2) Unable to eat preferred food, 3) Eat a limited variety of food, 4. Eat foods really do

not want to eat, 5) Eat smaller meals, 6) Eat fewer meals, 7) No food of any kind in the house-

hold, 8) Go to sleep at night hungry, and 9) Go a whole day and night without food. The tool

measures the three food insecurity domains: uncertainty about food supply, poor dietary qual-

ity, and insufficient food intake and its physical consequences [27, 28]. Respondents were

asked if they had faced any of those nine situations in the four weeks preceding this study. All

‘yes’ responses were followed by frequency questions coded with numbers; 1; if it happened

once or twice, 2; if it happened three to ten times, and 3; if it happened more than ten times.

All ‘No’ responses were scored ‘0’ for the frequency of occurrence. Households were classified

into food secure, mildly food insecure, moderately food insecure, and severely food insecure

based on Food and Nutrition Technical Assistance classification guidelines [29]. The HFIAS

score ranged from 0 to 27, where a lower value was less and a higher value was more food inse-

curity. Categorical and continuous descriptive summaries are presented with tables and texts.
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Operational definition of household food insecurity categories

A food-secure household did not experience any food insecurity situation or only rarely expe-

rienced worry about food supply.

A mild food-insecure household is a household that experienced uncertainty about having

enough food sometimes or often; and/or inability to eat the preferred food item rarely, some-

times or often; and/or eat a limited variety of food and eat a food that really do not want to eat

rarely.

A moderate food-insecure household is a household that experienced eating a limited vari-

ety of food sometimes or often; and/or eating food that really did not want to eat sometimes or

often; and/or eating smaller meals or fewer meals in a day rarely or sometimes.

A severe food-insecure household is a household that experienced eating smaller size of

meals or fewer meals in a day often; and/or experienced any of the three most severe condi-

tions of food insecurity; no food of any kind in the household, or going to bed hungry at night,

or going a whole day and night without eating even if it occurred rarely.

Wealth index

Wealth index was defined as a household’s economic status. Wealth index was computed by a

principal component analysis (PCA) using possession of household assets such as radio, televi-

sion, mobile phone, and livestock such as cow, sheep, goat, donkey, and hens [30, 31]. The Kai-

ser Meyer Olkin (KMO) sampling adequacy test was 0.62 with a significant level (<0.001)

Bartlett’s Test of Sphericity. Four out of nine components had an eigenvalue greater than 1.

Finally, households were ranked based on percentile scores and grouped into three economic

statuses: very poor, poor, and least poor.

Data cleaning

Data cleaning started at the time of data collection. All questionnaires were checked for com-

pleteness and any missing information was recaptured. The data was double entered and vali-

dated using Epi Data 3.1 (Epi Data Association, Odense, Denmark) software. SPSS version 25

(IBM Corp, 2017) was used to check for any missing values, outliers, and inconsistent informa-

tion. A total of 82 cases were excluded from the analysis due to multiple missing values which

were difficult to recapture, the uncertainty of child’s age, and other reasons as shown with Fig

1. Visit dates and birth dates were converted to the Gregorian calendar from the Ethiopian cal-

endar using date conversion application software.

Statistical analysis

Data analysis was done using SPSS version 25 (IBM Corp, 2017), and STATA version 12 for

windows (Stata Corp LP, College Station, TX, 2011). Descriptive statistics; means, medians,

frequencies, and percentages are used to present the continuous and categorical variables.

Bivariate linear regression was carried out for 20 independent variables to identify variables

with a p-value less than 0.25 at a 95% CI for multivariable linear regression. Multicollinearity

was also checked for the selected independent variables using collinearity diagnostics. Crude

and adjusted linear regression models were applied to describe associations with anthropomet-

ric indices, length-for-age z-score (LAZ). Statistical significance was set at p-value� 0.05 and

the regression coefficients with the 95% confidence interval (CI) were reported. To account for

clustering at kebele level, (ICC = 0.051), adjustment with the vce option in STATA was used

for our final model. The model performance was assessed with the model goodness of fit

which was not significant.
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Ethical considerations

Ethical clearance was obtained from Hawassa University, Ethiopia (Ref. No IRB/025/10, Date:

21/12/2017) and the Ethical committee of Western Norway, Norway (Ref: 2017/90/REK, Date:

07/03/18). All the necessary official letters were obtained from the concerned bodies. Written

informed consent was obtained from respondents and legal guardians of children, usually the

mother or the father. In the case of illiterate respondents, the data collector had to read the

subject information and obtained a finger stamp when they agreed to participate. The data is

kept in a secure place to maintain confidentiality. Furthermore, identifiers like household

identification numbers were not used to communicate findings. This study was carried our fol-

lowing all applicable standards principles of the World Medical Association Declaration of

Helsinki, 2013 [32].

Result

Background information

Out of the 985 children whose guardians consented to data collection, 903 (91.7%) were ana-

lysed in this paper (Fig 1). Of the 903 respondents, 876 (97%) were mothers, and the rest 27

(3%) were non-maternal caregivers, of whom 2 mothers had died and no maternal data was

obtained. Non-maternal caregivers, mostly fathers, provided information about the mother

(n = 21) or stepmother (n = 4). We had measurement data from the 876 responding and the 21

non-responding biological mothers, in total 897. The mean (SD) household size was 4.8 (1.6)

and 459 (50.8%) of the 903 households had 2 to 4 members (Table 1). In 808 (89.5%) of the

total households, there was only one child who was under the age of five years (including the

index child). Maize was the main food for 719 (79.6%) of the total households and only 175

(19.4%) of them reported using ensete as the main food. Majority, 713 (79%) of the total

Fig 1. Flow chart showing a stepwise exclusion of the study subjects during data cleaning and analysis.

https://doi.org/10.1371/journal.pone.0272618.g001
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households, used their production as the main source of food. For 362(40.1%) of the total

households, a protected well or spring was the main source of water (Table 1). Near to three-

fourth, 661 (73.2%) of the total households were keeping cows and more than half, 529

(58.6%) of the 903 households owned hens.

Maternal characteristics

The age range of mothers (n = 897) was 16–45 years and the mean (SD) age was 26.9 (5.1)

years. More than 40% (407 of the 897) had attended primary school education and 5 (0.5%) of

Table 1. Household factors and characteristics of mothers of the study children in Dale district, Ethiopia, 2018 (n = 903, except where otherwise indicated).

Variable Category Frequency (N) Percent (%)

Respondent Mother 876 97.0

Father 16 1.8

Others 11 1.2

Family size 2–4 459 50.8

5–7 387 42.9

>7 57 6.3

Children< 5 years of age in the HH One 808 89.5

More than one 95 10.5

Wealth status Very poor 279 30.9

Poor 325 36.0

Least poor 299 33.1

Common food used for the family Maize 719 79.6

Ensete 175 19.4

Teff and other 9 1.0

Main source of food for the HH Household farm 713 80.0

Local marketing 187 20.7

Other sources 3 0.3

Main source of water for the HH Tap-water 350 38.8

Protected well/spring 362 40.1

Unprotected well/spring 164 18.2

Other sources 27 3.0

Age of the mother (n = 897) 15–24 years 282 31.4

25–34 years 518 57.7

35–49 years 97 10.8

Mother’s educational status (n = 897) No education 160 17.8

Primary school 407 45.3

Secondary school 330 36.8

Total number of pregnancies (n = 897) One 260 29.0

Two to three 376 41.9

Four and above 261 29.1

Age at first pregnancy (n = 897) < 20 years 791 88.2

20 to 35 years 91 10.1

Do not remember 15 1.7

Hemoglobin level of the mother (897) < 12.5 g/dl 158 17.6

� 12 g/dl 739 82.4

CI = confidence interval.

HH = household.

https://doi.org/10.1371/journal.pone.0272618.t001
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the 897 mothers were employed. The mean (SD) age of mothers at first pregnancy was 17.9

(1.8) years while 15 mothers did not remember their age at first pregnancy. About 30% (264)

of the 897 mothers had only one pregnancy. Haemoglobin levels were recorded less than

12.5g/dl for 158 (17.6%) of the 897 mothers (Table 1).

Child characteristics

Of the 903 children (447 male and 456 female) who participated in our study, 537 (59.5%)

were aged 12–24 months (Table 2). The mean (SD) age was 14.1 (6.3) months (S1 Table). The

immunization card was accessed for 547(60.6%) of 903 children. More than half of the total

children were born at health centres 430 (47.6%) or hospitals 120 (13.3%). Of the 903 children,

265 (29.3%) were recorded as the first child to their mother. Information on birth weight was

obtained for 722 (80%) of the total children and 249 (34.5%) of them were confirmed from the

immunization cards. Illness during two weeks prior to this study was reported by 72 (8%) of

903 children; majority of them (40 of 72) experienced cough or cough and fever (Table 2).

Nutritional status of children aged 0 to 24 months

The prevalence of stunting (LAZ< -2) was 39.5% (357out of 903 children) and out of them

163 (45.7%) were severely stunted (LAZ< -3). The mean (SD) length-for-age z-score was -1.6

Table 2. Child characteristics and young child feeding practices in Dale district, Ethiopia, 2018, categorical variables (n = 903, except where otherwise indicated).

Variable Category Frequency (N) Percent (%)

Age in months < 6 month 112 12.4

6–12 month 254 28.1

12–24 months 537 59.5

Sex of the child Male 447 49.5

Female 456 50.5

Birth order First child 265 29.3

Second and above 638 70.7

Place of birth Home 344 38.1

Health center 430 47.6

Hospital 120 13.3

Other 9 1.0

Birth weight (N = 722) < 2.5 kg 93 12.9

� 2.5 kg 629 87.1

Breastfeeding initiation Within the 1st hour after birth 698 77.4

After the 1st one hour after birth 204 22.6

Exclusive Breastfeeding (Children< 6 months, n = 112) Yes 88 78.6

No 24 21.4

Complementary Feeding (6–24 months age, n = 791) Yes 742 93.8

No 49 6.2

Illness in the past two weeks Yes 72 8.0

No 831 92.0

Type of illness (N = 72) Cough 31 43.1

Diarrhea 7 9.7

Fever 8 11.1

Cough and fever 9 12.5

Diarrhea and fever 15 20.8

Other 2 2.8

https://doi.org/10.1371/journal.pone.0272618.t002
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(1.7). The prevalence of wasting was 3.9% (35 out of 903) and out of them, 12 (34.3%) were

severely wasted (WLZ< -3). The adjusted haemoglobin level of 557 (61.7%) of the 903 chil-

dren was below 11g/dl (Table 2). The descriptive output for haemoglobin level, weight, length,

anthropometric indices, and other continuous variables are presented in S1 Table.

Dietary practices

Almost all, 896 (99.2%) of the total children were being breastfed at the time of data collection.

Among the 7 children not being breastfed, all were above 6 months; two had lost their moth-

ers, and 5 had different reasons like separation from the mother and occurrence of new preg-

nancy. More than three-fourth (698 of 903) the mother-child dyads had started breastfeeding

with in the first one hour after delivery.

Although all children below the age of six months (112) were breastfed, exclusive breast-

feeding was practiced by 88(78.6%) of 112 children aged below six months (Table 2). The rest

24/(21.4%) of them had started taking food. Out of 791 children aged 6 to 24 months, 49

(6.2%) children had not started complementary feeding. Out of them, 25 were aged 6 to 7

months, 20 were aged 7 to 8 months, and 3 were aged 8 to 9 months, and one child was above

9 month. Out of the 742 children aged above six months who had started complementary feed-

ing, 16 (2.0%) reported that they had started complementary feeding before the age of six

months (Table 2).

Dietary diversity score was computed for children above six months who had started com-

plementary feeding, 742 (82.2%) of 903 children. The mean (SD) dietary diversity score was

4.3 (1.9) and the minimum score was 1 out of 9 and the maximum score was 9 out of 9. Mini-

mum dietary diversity, defined as consumption of foods from five or more food groups, was

practiced by 452 (39.1%) of 742 children. The common food group consumed were cereals 720

(97%) followed by dairy products, 557 (75.1%) of the 742 children. More information can be

seen in Table 3.

Household food insecurity status

The mean (SD) household food insecurity score was 4.0 (3.2). Three-fourth (677) of the total

households were food insecure and prevalence of severe food insecurity was 17.8% (161 of 903

Table 3. Consumption of food groups during the past 24 hours in rural Dale district, Ethiopia, 2018 (n = 742).

Consumption in the past 24 hours

Yes No

List of food groups Frequency (N) Percent (%) Frequency (N) Percent (%)

Cereals, including maize 720 97.0 22 3.0

Roots and tubers including ensete 547 73.7 195 26.3

Legumes and nuts 96 12.9 646 87.1

Dairy products 557 75.1 185 24.9

Flesh foods 24 7.3 688 92.7

Eggs 272 36.7 470 63.3

Green leafy vegetables 298 40.2 444 59.8

Other vegetables 141 19.0 601 81.0

Fruits of all types 476 64.2 266 35.8

Fats and oils 411 55.4 331 44.6

Sugar and sweets 147 19.8 595 80.2

Commercial/fortified foods 75 10.1 667 89.9

https://doi.org/10.1371/journal.pone.0272618.t003
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households). The highest affirmative answer, 556 (61.6) of 903 was given for ‘Eating a limited

variety of foods’ followed by ‘worry about having enough, 517 (61.1%) of 903. The occurrence

frequencies for the nine household food insecurity conditions are presented in Table 4.

Association of independent variables with length-for-age Z score

The result of the bivariable and multivariable linear regression models are presented in

Table 5. The age, sex, haemoglobin level of the child and household food insecurity score were

independently associated with length-for-age z-score (LAZ). LAZ decreased by 0.06 (β-0.06;
-0.07, -0.04) when the age increased by one month. Male sex of the child was associated with a

decrease of LAZ by 0.53 (β-0.53; -0.78, -0.27) compared to being female. An increase in the

haemoglobin level of the child by 1g/dl was associated with an increase in LAZ by 0.21 (β 0.2;

0.06, 0.35). When the household food insecurity score increased by one (more food insecure),

LAZ decrease by 0.05 (β-0.05; -0.09, -0.01).

Table 4. Households’ experience and frequency of occurrence of food insecurity conditions in Dale district, Ethiopia, 2018, during the past four weeks (n = 903).

Frequency of occurrence over the past four weeks

Household food insecurity conditions Never Rarely Sometimes Often

Frequency (%) Frequency (%) Frequency (%) Frequency (%)

Worried about getting enough food 386 (42.7) 348 (38.5) 157 (17.4) 12 (1.3)

Unable to eat preferred foods 390 (43.2) 317 (35.1) 190 (21.0) 6 (0.7)

Ate a limited variety of foods 347 (38.4) 310 (34.3) 181 (20.0) 65(7.2)

Ate foods that really did not want to eat 715(79.2) 142 (15.7) 42 (4.7) 4 (0.4)

Ate a smaller meal 571 (63.2) 206 (22.8) 122 (13.5) 4 (0.4)

Ate fewer meals in a day 640 (70.9) 186 (20.6) 74 (8.2) 3 (0.3)

No food of any kind in the household 814 (90.1) 59 (6.5) 29 (3.2) 1 (0.1)

Went to sleep at night hungry 805 (89.1) 79 (8.7) 19 (2.1) 0

Went a whole day and night without eating 860 (95.2) 35 (3.9) 7 (0.8) 1 (0.1)

https://doi.org/10.1371/journal.pone.0272618.t004

Table 5. Effect of selected predictor variables on length-for-age z-scores among 903 children 0 to 24 months of age in Dale district, southern Ethiopia, 2018.

Variables Unadjusted coefficients 95% CI for the unadjusted coefficients Adjusted coefficients 95% CI for the adjusted coefficients

Age in months -0.05 -0.07, -0.04 -0.06 -0.07, -0.04

Male sex -0.56 -0.91, -0.21 -0.53 -0.78, -0.27

Birth order 0 .12 0.05, 0.20 0.07 -0.1, 0.3

Child hemoglobin 0.18 0.02, 0.34 0.21 0.06, 0.35

Mother’s age 0 .02 -0.01, 0.04 -0.01 -0.05, 0.03

Mother’s height 0.02 -0.01, 0.04 0.03 -0.01, 0.06

Education of mother

Primary school education1 -0.39 -0.84, 0.05 -0.33 -0.87, 0.23

Secondary school education1 -0.41 -0.79, -0.03 -0.26 -0.75, 0.22

HFI score -0.05 -0.12, 0.02 -0.05 -0.09, -0.01

Family size 0.11 0.02, 0.2 0.04 -0.1, 0.18

Wealth status

Poor2 0.05 -0.44, 0.53 0.09 -0.31, 0.49

Least poor2 -0.26 -0.97, 0.44 -0.24 -0.86, 0.39

1Compared with no education (the reference category).
2Compared with very poor (the reference category).

CI = confidence interval.

https://doi.org/10.1371/journal.pone.0272618.t005
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Discussion

Our finding showed that linear growth failure among rural young children was high 39.5%.

About 60% of young children were not getting the minimum dietary diversity and 75% of the

households were food insecure. The majority were initiating breastfeeding within one hour

and exclusive breastfeeding was practiced to a high degree. Although complementary feeding

had started at the right time for most babies, it was also delayed for 6% of them. Thus, food

insecurity, incomplete diet and lack of complementary feeding were nutritional threats among

the young children in this study. The majority of the households used maize as a staple food.

Older child age, being male, lower haemoglobin levels of the child, and household food insecu-

rity were associated with lower LAZ scores.

We discuss our findings in light of studies done 3 and 5 decades ago and focus on the areas

of infant and toddler dietary practices and child anthropometry. Risk factors for linear growth

failure are discussed in light of current literature. One of the oldest studies was conducted in

1971 [10] and of relevance to us is their presentation of the child diet. The other study was

done in 1993 [33] and it presents child anthropometry.

Child nutritional status

The study from the 90-ties evaluated the nutritional impact of seasonality in children [33]. The

study documented that the mean height-for-age z-score was -2.2, which is lower than the

mean (SD) in our study, -1.6 (1.7). Although we used WHO (2006) Growth Standards as a ref-

erence, F. Branca and colleagues used WHO reference values from 1983 (NCHS reference

population), there are reasons to believe that for longitudinal growth impairment, the new

standard corresponds to slightly higher values than in the old reference. Therefore, the mean

difference would be the difference between -2.2 and -1.6 or more, not less. One can expect an

improvement of one-half of a standard deviation in longitudinal growth over 30 years which is

seemingly a small improvement over such a long period with a high level of undernutrition.

The prevalence of stunting (39.5%) is still alarming.

Dietary practices

Our study demonstrated a change in the staple food of the rural community of Sidama region

compared to studies carried out decades ago. In our study, maize was the commonly used sta-

ple food for about 80% of the households, and ensete was found less prominent in the diet;

nearly 20%. In the 1970-ties [10] it was reported that ensete was the main staple food of the

family including young children. However, in our study ensete was the second common food

used for young children next to maize. Thus, there is a reason to believe there has been a die-

tary shift from ensete to maize among the rural residents of the region. This dietary shift might

be due to the adaptation of the newly introduced crop, maize, which is considered as the mod-

ern approach [14]. Moreover, the cultivation of crops like maize, coffee, chat, and fruits might

be an income-generating activity. Crop diversification is encouraged to improve dietary diver-

sity [34] and sustainability. On the other hand, draught and poverty, may lead to unsustainable

choices or risk taking and ultimately increased vulnerability. As a result there may be a pro-

gressive decline in ensete production [14]. In the 70-ties it is described that kale was always

served with ensete. However, in our study, green leafy vegetables were served to 40% of chil-

dren during the past 24 hours. These may indicate that vegetable consumption has gone down

and that toddlers are eating less nutritious vegetables than recommended.

The previous study [10] reported that it was a culture feeding fresh butter, boiled water, and

fenugreek home preparations from the day of birth. Such cultural practices play an important

role in disturbing the normal digestion among young children, hence causing undernutrition
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and ill health. However, in our study, pre-lacteal foods were given to 4.3% of the children, and

exclusive breastfeeding was practiced among 78% of children under the age of six months.

This may indicate emphasized messages that changed practices in favour of breastfeeding. In

our study, bottle-feeding was used for 2.2% of the children, which was not practiced in the pre-

vious studies. Bottle-feeding should not be a primary choice in situations where mothers can

spend adequate time with their babies. Even though the use of bottle-feeding seems to be low

(2.2%), it is considerable for a rural community where less than 1% of mothers were

employed.

Milk was consumed by 75% of the children in our study during the past 24 hours. It was

served diluted with water or after traditional extraction of the fat (butter). This may be due to

prior public health messages on what to do when breastfeeding cannot be achieved and for-

mula milk is unaffordable [35, 36]. The current use of diluted cow’s milk where breastfeeding

is almost universal needs further explanation and understanding. Reasons for using diluted

milk may include separation from the mother and the need for alternative feeds. The need for

earning money from selling the milk or fat (butter) extracted might give an additional explana-

tion [37]. Since milk is the only animal source food given to children in the study area, critical

consideration of its quality is needed. It may be possible to conclude that children nowadays

get a diet less calorie-dense than earlier as fats and oils only were served to half of the children

above 6 months.

In the 70-ties [10] animal-source protein intake was reported low similar to our study

where only 7.3% got flesh foods. In our study, legumes and nuts were served for only 13% of

the children. Therefore, it is a potential to improve protein-rich food intake using both animal

and plant sources. However, there were food taboos described in the 70-ties, which could not

be confirmed in our study, thus, there may be potential for recommendation of more nutri-

tious complementary diets

Risk factors of linear growth faltering (stunting)

The prevalence of stunting in our study was similar to EDHS (2016) from the Southern region

[4]. However, our study subjects were children under the age of two years from a typical rural

area; the EDHS report had included children under the age of five years from both urban and

rural areas. This indicates that stunting persists from the early ages. EDHS (2016) reported

that stunting had its peak at 24 months; similarly, our finding supports that older children

were more affected by stunting. This finding has its implication for indicating that the critical

period for prevention of stunting is before the age of two years.

Being male was associated with a decrease in the length-for-age z-score almost by half

which is consistent with the EDHS (2016) report and other studies [22, 38–41]. A study done

in four regions of Ethiopia support our finding; stunting is common among male children

than girls [42] However, there are studies reporting no association between stunting and

child’s sex [43–45], and that boys are at a lower risk than girls [46]. The observed sex differ-

ences have not yet been fully explained, neither with biological, dietary, or cultural differences.

One suggested explanation from a study in Senegal was that boys end exclusive breastfeeding

earlier than girls in the recommended exclusive breastfeeding period of the first six months

[47]. Our study did not collect data to assess this and we suggest further study to deeply inves-

tigate the nutritional status in relation to gender differences.

Similarly, haemoglobin level of the child was positively associated with the linear growth of

a child. We have found that each unit of haemoglobin level was associated with an increase of

LAZ score by 0.21. Besides, 27% of the children aged 0–24 months were anaemic and stunted.

This relationship has recently been described by other child health studies from southern
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Ethiopia [48, 49], which suggested looking at anaemia and stunting as syndemic needing simi-

lar preventive strategies. Another study done in India and Peru support our finding; positive

association between linear growth failure and low haemoglobin level [50].

In our study, only 25% of the households were food secure. Even though the older studies

from the study area did not report on household food insecurity, recent studies from the region

agree with our findings [51, 52]. In our study, an increase in the household food insecurity

score was associated with a decrease in LAZ scores. This finding is consistent with a recent

study done in other regions of Ethiopia [53]. Actions are needed to improve the situation where

only a quarter feel food secure. Maternal factors; height and haemoglobin did not demonstrate

association in our study, however maternal height was a risk factor in previous studies [54].

Strengths of the study

Our study was a community-based study, with random selection of households, reaching less

accessible rural areas. The sampling frame was prepared by a baseline survey conducted prior to

the main data collection. Comprehensive data were collected at an individual level (the young

child and the mother) and the household level. All the data collectors and supervisors were flu-

ent speakers of the local language, Sidaamu Afoo which was used for the interview. Simulated

practical training was included in the training session of data collectors and supervisors.

Limitations of the study

Our study may be subject to information bias; self-reported data like age, birth weight, breast-

feeding initiation time, and dietary recalls may create informational bias. Measurement bias is

also expected to exist. Replacement of some households who left the area before enrolment

may create a selection bias. Almost 8% of the visited households were excluded from data anal-

ysis due to child age uncertainty and incomplete key data necessary for our analysis. This may

be considered relatively high but indicates challenges in capturing such type of data in a rural

setting with low level of education, a different calendar system, and lack of health records.

However, we performed the sample size calculation by considering a 10% non-response rate.

Also, there may be residual confounding not addressed particularly including long term mor-

bidity patterns such as parasites and immune deficiency.

Conclusion

This study demonstrated that there is high burden of chronic child undernutrition. According

to older studies from the area, there have been limited improvements over decades. It also

identified changes in the food system of the community where the cultivation and utilization

of ensete is being replaced by maize. Older child age, male sex, lower haemoglobin levels of the

child, and household food insecurity were associated with lower linear growth. There is a need

to strengthen efforts to improve household food security, young children’s complementary

diet and economic status with considerable focus in rural districts while monitoring growth,

diets, and health in young children. Furthermore, promoting the environmental benefit of

ensete and availing modern technologies for ensete cultivation and processing can be a strate-

gic approach.
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Abstract

Mothers in resource‐poor settings are affected by different forms of undernutrition.

However, the nutritional status of mothers in rural areas, particularly after delivery,

is not well documented. This study assessed haemoglobin levels and body mass

index (BMI) of mothers with children below 2 years of age in a rural district of

southern Ethiopia. Factors associated with low haemoglobin levels and low BMI

were analysed. A community‐based cross‐sectional study was conducted among 931

mother‐child pairs. Structured and standard questionnaires were used to collect data

on background information, 24 h dietary recalls, and household food insecurity.

Anthropometric and haemoglobin level assessments were performed. Anaemia was

defined as haemoglobin levels below 12.0 g/dl, and anthropometric undernutrition

was defined as a BMI <18.5 kg/m2. Multilevel linear regression was used to

determine associations. Out of 931 mothers, 12.8% were anaemic and 12.6% had a

BMI <18.5 kg/m2. The prevalence of minimum dietary diversity was 37.8%. The

majority (78.5%) of the households were food insecure. Weight (β 0.02; 95% CI:

0.003−0.03), dietary diversity (β 0.08; 95% CI: 0.03−0.12) and secondary school

attendance (β 0.34; 95% CI: 0.08−0.59) were associated with the mothers' haemo-

globin level. Dietary diversity (β 0.08; 95% CI: 0.01−0.16) and household's wealth

(β 0.6; 95% CI: 0.27−0.94) were associated with the mothers' BMI. Findings suggest

that education and community‐based nutrition interventions must be strengthened

to ensure household food security. Implementation of the national food‐based

strategies should be considered, to improve the dietary diversity and nutritional

status of mothers.
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1 | INTRODUCTION

Maternal undernutrition is a major public health problem and

contributes to an intergenerational cycle of undernutrition (Farah

et al., 2019). In addition to poverty‐related factors affecting the

general population, women in the reproductive age group are

challenged by the physiology of menstruation and childbearing

(Were et al., 2020). Childbearing processe—pregnancy, deliv-

ery and lactation—are likewise nutritionally demanding processes

that impose several risks on the mother and the child. Examples

of major severe outcomes could include intrauterine growth

failure, low birth weight, anaemia in the mother and the

child, susceptibility to infection (Christian et al., 2015; Patel

et al., 2018) and ultimately maternal and child mortality

(Christian et al., 2015).

Ethiopia, as a resource‐poor country, has a high burden of

maternal undernutrition (Zewdie & Fage, 2021). Most settings in

Ethiopia experience a shortage of food (Birhanu & Tadesse, 2019;

Juju & Sekiyama, 2018), as well as low health service access

and utilisation (Areru et al., 2021; Borde et al., 2020). Moreover,

there is limited access to a safe water supply and sanitation

(Azage et al., 2020; Girum & Wasie, 2017). Studies in Ethiopia

have shown that women in the reproductive age group have

multiple pregnancies, often close together, and inadequate

dietary intake (Aychiluhm et al., 2020; Mamo & Dagnaw, 2021).

In 2019, 43% of women had attended at least the four

recommended antenatal care (ANC) visits during the most recent

pregnancy, and 28% within the first trimester. The corresponding

numbers were 32% and 20% in 2016 (Centeral Statstical Agency

CSA & ICF, 2016; Ethiopian Public Health Institute EPHI & ICF,

2019). The proportion of institutional delivery in Ethiopia is also

low (26% at the national level) (Centeral Statstical Agency CSA &

ICF, 2016), making mothers more vulnerable to complications

from pregnancy and delivery (Anshebo et al., 2020). A study done

in southern Ethiopia reported health service utilisation was 11

times lower among the rural community than in the urban (Areru

et al., 2021). The same study also reported that ANC attendance

(45%) and delivery service utilisation (41%) were better than

post‐natal service utilisation (14%).

Body mass index (BMI) is an important indicator of a mother's

nutritional status. Studies documented that both being underweight

(BMI <18.5 kg/m2) and overweight (BMI ≥25 kg/m2) among mothers

are associated with adverse outcomes of childbearing (Christian et al.,

2015; Félix‐Beltrán et al., 2021). Even though there is an increasing

rate of obesity and being overweight among mothers (Jaacks et al.,

2017; Kaldenbach et al., 2021; Were et al., 2020), maternal

anthropometric undernutrition is still a great concern in many

resource‐poor settings (Berihun et al., 2017; Kenea et al., 2018).

Particularly in rural areas of Ethiopia, mothers are affected by

anaemia and other forms of undernutrition before pregnancy, during

pregnancy and after delivery.

The prevalence of anaemia among mothers aged 15−49

years was reported at 24% in 2016 (Centeral Statstical Agency

CSA & ICF, 2016). Based on the 2019 Ethiopian Demographic and

Health Survey (EDHS) report, the percentage of pregnant

mothers who took iron supplements for at least 90 days increased

to 11% from 5% in 2016 (Ethiopian Public Health Institute EPHI &

ICF, 2019). The prevalence of thinness (BMI <18.5 kg/m2) among

mothers aged 15−49 years was also reported at 22% in 2016.

Even though minimal improvements are documented at the

national level regarding most maternal health indicators, women

in the rural and less privileged areas are more likely to be

nutritionally challenged. There is limited information on the

magnitude of anaemia and anthropometric undernutrition among

mothers after delivery in rural areas. The aim of this study was to

assess the prevalence of anaemia and undernutrition, specifically

low BMI, among mothers with children younger than 2 years of

age, and to determine the prevalence of minimum dietary

diversity. We also aimed to describe factors associated with low

haemoglobin levels and low BMI in the Dale district of the Sidama

region in southern Ethiopia.

2 | METHODS AND MATERIALS

2.1 | Study design and setting

In 2018, a community‐based cross‐sectional study was conducted in

seven rural kebeles of the Dale district, which is located in the Sidama

region in southern Ethiopia. A kebele is the smallest administrative

unit in Ethiopia. Dale is one of the 19 districts in the Sidama region. In

2017, the total population of the district was about 270,000 people,

living in 36 rural and two urban kebeles. The main town of the district,

Yirga Alem, is located 320 km from Addis Ababa. In the Dale district,

there are 33 health posts, 10 health centres, and 1 hospital (Yirga

Alem general hospital). At least 1 health post was found in all

the seven kebeles included in this study. People living in the area

Key messages

• Anaemia and underweight were less prevalent among

mothers with young children in the rural Dale district,

southern Ethiopia, than the national report of the

Ethiopian Demographic and Health Survey in 2016.

• Dietary diversity is positively associated with haemoglo-

bin level and body mass index among mothers with

children younger than 2 years of age.

• The existing nutrition interventions such as the Produc-

tive Safety Net Programme need strengthening, to

improve the sustained food access to rural households.

• Planing and implementing community‐based small‐scale

activities, such as school gardening, and fish and poultry

farming, to ensure the availability and affordability of

nutritious foods.
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were farmers, cultivating ensete (Ensete ventricosum), maize, kale,

cabbage and haricot beans. Coffee, khat (Catha edulis) and fruits are

grown in the area as cash crops. The community also keeps livestock,

such as cows, goats and sheep.

2.2 | Study participants

Of the 985 mother‐child pairs enroled in our larger study, 931

mothers (aged 15−49 years, who had a child younger than 2 years,

and were not pregnant, and had not delivered within the past

2 months) were included in this study. A study profile is given in

Figure 1.

2.3 | Sample size estimation and sampling

procedures

The sample size was calculated using the OpenEpi version 3.01 (Dean

et al., 2013) statistical software. We assumed a 95% confidence level,

4% precision and 50% prevalence for a child health condition

(stunting), as explained in a parallel paper on child health (a paper

under peer review). By considering 1.5 for the design effect and 10%

for the nonresponse rate, the final sample size calculated was 990

households with mother‐child pairs.

All households with at least one mother aged 15−49 years and

one child under the age of 2 years were listed from the seven rural

kebeles. Using probability proportional to size, households were

selected from each kebele. As a replacement for eligible participants

who had left before potential enrolment, the next household with a

similar mother‐child pair was taken. A total of 89 replacements were

made because of the official displacement of households from two of

the kebeles during our data collection period.

2.4 | Data collection

Pre‐tested questionnaires were used to collect background household

information and the sociodemographic, reproductive and dietary

information of mothers. Face‐to‐face interviews were conducted in

the local language, Sidaamu Afoo. All the questionnaires used were

prepared in English and translated first to Amharic (the official

language) and then to Sidaamu Afoo. Back translations were performed

to check the consistency. Six data collectors (nurses and laboratory

technicians) and two supervisors were recruited and trained on

interview techniques and measurement procedures. Written consent

was obtained before starting the interview, and finger stamps were

used for illiterate respondents. In situations where the mother

preferred for her husband to answer some of the questions related

to her and the household characteristics, we obtained such information

from the husband. All measurements were taken for each woman after

the interview session.

2.5 | Study variables

The outcome variables in our study were anaemia and anthropo-

metric undernutrition. Anaemia was defined as a haemoglobin level

of less than 12.0 g/dl (World Health Organisation WHO, 2011).

Anthropometric undernutrition was defined as having a BMI of less

than 18.5 kg/m2 (World Health Organisation WHO, 2019); this

state has various descriptions such as ‘thinness’ and ‘underweight’.

In short, it reflects a body shape with low weight for its height and

is generally an accepted indicator for anthropometric undernutri-

tion at group level. The independent variables were the mother's

age, educational status, number of pregnancies, age at first

pregnancy, place of last delivery, current use of family planning and

dietary diversity scores. The total number of people living in the

household, household food insecurity and the household's wealth

status were also included.

2.5.1 | Anthropometric measurements

The weight, height and mid‐upper arm circumference (MUAC) of the

mothers were taken at their home or a nearby place suitable for the

measuring instruments. Portable digital SECA weight scales (Seca

874; SECA GmbH) were used to measure the weight of mothers to

the nearest 0.1 kg. The mothers' height was measured using portable

SECA stadiometers (Seca 213; SECA GmbH) to the nearest 0.1 cm.

Mothers were asked to remove extra clothing and shoes before

standing on the scales or on the stadiometers. The mother's MUAC

was measured using a flexible nonelastic adult MUAC measuring

F IGURE 1 Study profile which presents exclusion of study

subjects with the reasons for exclusion
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tape. The weight, height and MUAC were taken twice to minimise

measurement errors. The average weight, height and MUAC were

calculated during the data entry and used for analysis. The BMI of

mothers was computed in SPSS by dividing weight in kilograms by

the height in metres squared.

2.5.2 | Haemoglobin level measurements

The mothers' haemoglobin levels were measured with HemoCue HB

301 machines using capillary blood samples obtained by a finger‐prick.

Haemoglobin levels were adjusted for altitude at 2000m, since most of

our study sites were from 1750−2250m above sea level (Sullivan

et al., 2008).

2.5.3 | The 24 h dietary recall

A list‐based method was used to collect the mothers' 24 h dietary

recall. The enumerator asked the mother whether she had or had not

eaten the listed food items during the past 24 h. Data on 10 food

groups (cereals, roots and tubers, legumes and nuts, meat (organ

meat, flesh meat and poultry), fish, eggs, milk and dairy products, dark

green leafy vegetables, orange‐coloured fruits and vegetables and

other fruits and vegetables) was collected. The use of fats and oils,

sweets and fortified or commercial foods was also assessed. The

mother was asked if she had eaten any foods not included in the list.

Food groups the mother had eaten were scored ‘one’, and food

groups she had not eaten were scored ‘zero’. The dietary diversity

score of the mother was obtained by adding up the scores of the

10 food groups. The prevalence of minimum dietary diversity was

determined by dividing the total number of mothers with a score of

five or higher by the total number of mothers who participated in the

study.

2.5.4 | Household food insecurity

Household food insecurity was assessed using the Household Food

Insecurity Access Scale (HFIAS), a tool validated for use in Ethiopia

(Gebreyesus et al., 2015). The tool comprises nine questions that

measure the three domains of food insecurity: uncertainty of food

supply, poor dietary quality and inadequate food intake (Gebreyesus

et al., 2015; Swindale & Bilinsky, 2006). Information was collected

about the households' experiences of the nine situations in the

4 weeks preceding this study. All ‘yes’ responses were followed by

the question: ‘How many times in the last 4 weeks?’ The frequency of

occurrence was then scored ‘one’ if it was once or twice; ‘two’ if it

was three to ten times; and ‘three’ if it was more than ten times. All

‘no’ responses to the nine food insecurity questions were scored

‘zero’ for the frequency of occurrence. The total HFIAS score ranged

from 0 to 27, where higher values indicated more food insecurity.

Households were classified into four food insecurity levels based on

the Food and Nutrition Technical Assistance classification guideline

(Coates et al., 2007). The prevalence of food security, mild food

insecurity, moderate food insecurity and severe food insecurity was

determined.

2.5.5 | Wealth index

A household's economic status was determined using principal

component analysis in SPSS. The possession of household assets,

such as radio, television and mobile phone, and the ownership of

livestock, such as cows, sheep, goats, donkeys and hens, was

assessed. Housing materials and sources of drinking water were also

included to compute the wealth index. The Kaiser−Meyer−Olkin sam-

pling adequacy test was 62%, with a significant (<0.001) Bartlett's

test of sphericity. Four out of nine components had an eigenvalue

greater than one. Finally, households were ranked into three

economic statuses: lower, middle and upper.

2.6 | Data quality control

Measuring instruments were calibrated and cleaned on a regular

basis. Practical sessions on measurement procedures were included

while training the data collectors. Close supervision was applied

throughout the data collection period. All questionnaires were

checked for completeness, and any missing information was

recaptured whenever possible. The data was double‐entered and

validated using the EpiData version 3.1 (EpiData Association)

software. Conducting the interviews in the local language was an

additional strategy that we applied.

2.7 | Statistical analysis

The data was described using SPSS version 25 (IBM Corp.). STATA

version 15.1 (Stata Corp.) was used to build the regression models.

Descriptive statistics such as frequencies, percentages and means

were used to present the continuous and categorical variables.

Bivariable linear regressions were computed before running the

multivariable linear regression. All variables with a p< 0.25 in the

bivariable linear regression were included in the multivariable linear

regression. The calculated intracluster coefficient was 5.6% (ICC =

0.056); thus, all the regression analyses were performed by adjusting

for clustering at the kebele level. Multicollinearity between the

independent variables was checked before running the multivariable

linear regression. The adjusted beta (β) coefficients, with 95%

confidence intervals (CI), were used to determine associations

between the predictor variables and the outcome variables. The

level of significance was set at p< 0.05. Correlations between each of

the nutritional status indicators: haemoglobin level, BMI and MUAC

were also checked. Pearson bivariate correlation coefficients were

used to describe correlations between each of these variables.
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3 | RESULTS

3.1 | Background information and maternal

characteristics

Of the 931 mothers included in the analysis, the majority (59.9%) were

aged 25−34 years; 45.3% (422) had attended primary school and

37.6% (350) secondary school (Table 1). More than a third of the

mothers had had two or three pregnancies and one‐quarter of mothers

were under 18 years during their first pregnancy. Home delivery was

practiced by 38.3% (357) mothers during the last delivery, and over

90% of the mothers had reported current use of any family planning

method. Mothers who reported illness in the 2 weeks prior to our

study comprised 3.3% (31) of mothers. Childbearing complications

ever faced were reported by 4.2% (39) of mothers, and bleeding was

the most common complication faced (14 out of 39 mothers).

More than half (51.7%) of the mothers were from households with

fewer than five members, and 78.5% of mothers were living in food‐

insecure households. About 38.8% (361) of the total households were

using piped water located at the village level, and the rest of the

households were using springs and water pits.

3.2 | Dietary diversity of mothers

Based on a 24 h dietary recall, the mean dietary diversity score of

mothers was 4.5 (95% CI: 4.3−4.6). More than half, 62.2% (579

mothers), had a dietary diversity score below five out of 10. During the

past 24 h, cereals (97.9%) were the most commonly consumed food

group, and meat (20.3%) was the least (Table 2). Nobody ate fish.

3.3 | Household food insecurity

The mean household food insecurity access score was 4.0 (95% CI:

3.8−4.2), and more than three‐quarters (78.5%) of the total

households were food insecure. Nearly 15% (137) of the total

households were severely food insecure (Table 1). The majority

(61.1%) of the households had experienced eating a limited variety

of food within the past 4 weeks. More than half (56.3%) of the

households reported that they were worried about having

enough food for the household. Less than 11% of households had

TABLE 1 Household background and characteristics of mothers

in rural Dale district, Ethiopia, 2018 (N = 931, unless otherwise

specified)

Variable Number %

People living in the household

Less than five 481 51.7

Five and above 450 48.3

Wealth index

Lower 285 30.6

Middle 336 36.1

Upper 310 33.3

Household food insecurity

Food secure 200 21.5

Mild food insecurity 230 24.7

Moderate food insecurity 364 39.1

Severe food insecurity 137 14.7

Age of the mother

15−24 years 294 31.6

25−34 years 541 58.1

35 years and above 96 10.3

Education

No education 159 17.1

Primary school 422 45.3

Secondary school and above 350 37.6

Total number of pregnancies

One 270 29.0

Two or three 396 42.5

Four or five 223 24.0

Six and above 42 4.5

Age at first pregnancy (922)

Under 18 years 239 25.9

18 years and above 683 74.1

Place of last delivery (923)

Home 357 38.7

Health institution 566 61.3

Current use of FP method (929)

Yes 866 93.2

No 63 6.8

Child‐bearing complication ever faced

Yes 39 4.2

No 892 95.8

(Continues)

TABLE 1 (Continued)

Variable Number %

Illness in the past 2 weeks

Yes 31 3.3

No 900 96.7
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experienced the three severe food insecurity situations (Supporting

Information: Table S1).

3.4 | Nutritional and clinical characteristics

The prevalence of anaemia was 12.8% (119 mothers) and the

prevalence of underweight was 12.6% (117 mothers). Out of 931

mothers, 30.8% (287) had a MUAC less than 23 cm (Table 3). Of the

931 mothers, 13.6% (127) weighed below 45 kg and 10.5% (98) were

below 150 cm tall. The mean haemoglobin level of mothers was 13.2

(95% CI: 13.1−13.3), and the mean BMI of mothers was 20.7 (95% CI:

20.6−20.9) kg/m2. Continuous variables are given in Table 4.

3.5 | Correlation between haemoglobin level,

BMI and MUAC

There was a medium positive correlation (0.549) between haemo-

globin level, BMI, and MUAC (Supporting Information: Table S2).

3.6 | Factors associated with haemoglobin level

and BMI

The unadjusted and adjusted linear regression coefficients are

presented in Table 5. Weight, dietary diversity score and educational

status of the mother were independently and positively associated

with the haemoglobin level. For each kilogram increase in the weight

of the mother, haemoglobin level increased by 0.02 g/dl (β 0.02; 95%

CI: 0.003−0.03). As the dietary diversity score increased by one,

haemoglobin level increased by 0.08 g/dl (β 0.08; 95% CI: 0.03−0.12).

In addition, secondary school attendance was positively associated

with the haemoglobin level of the mother (β 0.34; 95% CI:

0.08−0.59). Likewise, the dietary diversity score and the upper

wealth index of the household were positively associated with the

BMI of the mother. For each unit increase in the dietary diversity

score, BMI increased by 0.08 kg/m2 (β 0.08; 95% CI: 0.01−0.16).

Mothers from households with the upper wealth index had a BMI

increase of 0.6 kg/m2 (β 0.6; 95% CI: 0.27−0.94).

4 | DISCUSSION

Our study assessed the prevalence of anaemia and underweight

among mothers with children under 2 years of age in the rural Dale

district, southern Ethiopia. In our study, 12.8% of the mothers were

anaemic, and 12.6% were underweight. The majority of the mothers

had low dietary diversity, and more than three‐quarters of the

households were food insecure. Dietary diversity, weight and

mother's educational level were independently positively associated

with haemoglobin level of the mother. In addition, dietary diversity

and household's wealth status were independently positively

associated with the BMI of the mother.

The prevalence of anaemia in our study was lower than the

national report of the EDHS in 2016 (24%) (Centeral Statstical

Agency CSA & ICF, 2016). Whereas the EDHS, as a national report,

had included all women of reproductive age from urban and rural

areas, our study assessed mothers who had children younger than

2 years in rural areas only. The mean haemoglobin level in our study

(13.2 g/dl) was higher than the mean in a study that assessed the

immediate post‐partum anaemia in northwest Ethiopia (12.4 g/dl)

(Abebaw et al., 2020). The difference may be due to the time when

the mother was assessed after delivery. In our study, mothers who

had children under 2 years of age were included, and we excluded

those who had given birth in the previous 2 months, whereas the

other study assessed mothers immediately after delivery. The study

setting could also partially explain the difference; our study was

TABLE 2 The 24 h food consumption and dietary diversity of

mothers in rural Dale district, Ethiopia, 2018

Food groups

Consumed in the past 24 h

Number (N = 931) %

Cereals and grains 911 97.9

Roots and tubers 761 81.7

Legumes and nuts 224 24.1

Milk and dairy products 576 61.9

All meats including organ meats 189 20.3

Eggs 270 29.0

Green leafy vegetables 835 89.7

Orange coloured fruits 369 39.6

Dietary diversity of the mother

<Five food groups 579 62.2

≥Five food groups 352 37.8

Note: None of the mothers ate fish in the previous month.

TABLE 3 Nutritional status of mothers with a child less than

2 years of age in rural Dale district, Ethiopia, 2018 (N = 931)

Variable Number %

Haemoglobin level (g/dl)

<12.0 119 12.8

≥12.0 812 87.2

Body mass index

<18.5 117 12.6

18.5−24.9 791 84.9

25.0−29.9 21 2.3

>30.0 2 0.2

Mid‐upper arm circumference (cm)

<23 287 30.8

≥23 644 69.2
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community based, while the other study was institutional. In addition,

mothers in our study may be benefitting from the staple crop ensete,

which is a good source of iron (Bosha et al., 2016; Mohammed et al.,

2013). However, the prevalence of anaemia in our study was higher

than that found inWolayita zone, southern Ethiopia (11%) (Julla et al.,

2018). That study also reported a mean haemoglobin level (13.5 g/dl),

which was a little higher than ours (13.2 g/dl). In addition, the median

haemoglobin level in our study (13.2 g/dl) was lower than the median

reported in a previous study from the rural Sidama zone (the current

Sidama region) (13.8 g/dl) (Gebreegziabher & Stoecker, 2017).

However, the previous study had included all women in the

reproductive age group. Thus, the haemoglobin levels reported in

our study might show mothers' situation in terms of recent delivery

and lactation (Roba et al., 2018). This finding indicates the need for

promoting maternal health services utilisation and iron supplementa-

tion for pregnant mothers. While food fortification is a national‐level

food‐based approach to prevent micronutrient deficiency diseases

including anaemia (EPHI & ICF, 2019), access to, and utilisation of,

fortified foods should be promoted.

Our study found a positive linear association between dietary

diversity score and haemoglobin level of the mother. A similar

positive association was reported by a study done in the eastern

lowlands of Ethiopia (Roba et al., 2015). Moreover, dietary diversity

was found to be associated with haemoglobin levels in studies done

in other parts of Ethiopia (Alemayehu, 2017; Seifu & Yilma, 2020). In

addition, low dietary diversity was found among more than half of the

mothers (62.4%) in our study; this is in line with a study done in the

Amhara region, northern Ethiopia, which reported 66% (Fentahun &

Alemu, 2020). Our study also showed that 40% of the mothers had

consumed fruits during the previous 24 h. This proportion is low, as

the area is among the fruit‐producing areas in Ethiopia (Biazin et al.,

2018). However, most fruits are seasonal and mainly used for

income‐generation purposes (Adane et al., 2019).

In general, our findings showed that low dietary diversity

among mothers is a persistent problem, calling for national actions

in addition to local interventions. The local interventions can

consider school farming, and fish and poultry farming, using the

locally available resources. Intervention at the national level may

include establishing rural food markets, to improve accessibility and

affordability of nutritious foods at the local market. In addition, it

will encourage people to be engaged in diverse agricultural

activities (home gardening, fish and poultry farming), to generate

income from the local market (Hirvonen & Headey, 2018).

Furthermore, the use of a wild grain (amaranth) in this area, where

low dietary diversity was a common problem, should be considered.

A recent study from southern Ethiopia reported the potential of

this important plant for improving haemoglobin levels among

children (Orsango et al., 2020).

We did not find any previous study in Ethiopia that evaluated

the association between weight and haemoglobin status of

mothers. Our study showed that the weight of the mother was

positively associated with haemoglobin level; this was in agree-

ment with a study done among rural Indian adolescent girls

(Ahankari et al., 2020).

In our study, secondary school attendance was also shown to be

positively associated with the haemoglobin level of the mother.

Again, a similar association was reported by a study done in the rural

areas of Ethiopia (Roba et al., 2015). Another study from Arba Minch

district, southern Ethiopia (Tikuye et al., 2019) also reported a similar

association; however, that study included only those mothers who

had given birth in the previous 6 months. This finding may indicate

that education may influence one's nutritional status in different

ways; for example, educated people can have better income to afford

nutritious foods. Even though mothers in our study were not

employed, educated mothers may have more information and better

creativity to help improve their income. Hence, education can be one

TABLE 4 Clinical and nutritional characteristics, Ethiopia, 2018 (continuous variables)

Variable N

Mean (95%

confidence interval)

Standard

deviation

Median (inter

quartile range) Minimum Maximum

Mother's age 931 26.9 (26.5−27.2) 5 26 (6) 16 45

Age at first pregnancy 922 17.9 (17.8−18.1) 1.8 18 (2) 14 29

Mother's weight in kg 931 51.8 (51.3−52.2) 6.4 51 (8.3) 35.1 79.1

Mother's height in cm 931 157.9 (157.5−158.4) 6.9 157.5 (9.2) 136 177.4

Body mass index 931 20.7 (20.6−20.9) 2.0 20.7 (2.4) 15 35.2

Mid‐upper arm circumference 931 23.5 (23.4−23.6) 1.8 23.5 (1.8) 13.25 31.1

Haemoglobin level in g/dl 931 13.2 (13.1−13.3) 1.2 13.2 (1.4) 7.5 17.1

Total number of pregnancies 931 2.6 (2.5−2.7) 1.6 2 (3) 1 10

Dietary diversity score 931 4.5 (4.3−4.6) 1.9 4 (3) 1 8

Household food insecurity score 931 4 (3.8−4.2) 3.2 4 (5) 0 19

People living in the household 931 4.8 (4.7−4.9) 1.6 4 (2) 3 11

Age of the child in months 931 14.2 (13.8−14.6) 6.1 13.9 (10.2) 2.0 23.9
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of the factors which help to improve the nutritional status and the

health of mothers.

The majority of mothers (85%) in our study were in the normal

range of BMI (18.5 to 24.9 kg/m2). The prevalence of underweight

in our study (12.6%) was lower than in studies from northwest

Ethiopia (25%) (Berihun et al., 2017) and the Afar region (33%)

(Mulaw et al., 2021). The difference may be due to the regional

differences documented by other studies, that showed that

undernutrition among mothers of the reproductive age group in

southern Ethiopia was less prevalent (Dagnew & Asresie, 2020;

Sserwanja & Kawuki, 2020). The mean (SD) BMI in our study was

20.7 (2.0) kg/m2; this was the same as the 2016 national EDHS

report (20.7 kg/m2) (Centeral Statstical Agency CSA & ICF, 2016).

However, the prevalence of overweight in our study (2.5%) was

lower than the EDHS report (8%). The difference can be explained

by the different scope and setting: nationwide survey compared to

a rural district study. Another study from northwest Ethiopia

reported a prevalence of overweight (about 2%) that was very

similar to our finding (Berihun et al., 2017).

In our study, the dietary diversity of the mother was positively

associated with BMI, which was in line with a study from another

district in southern Ethiopia (Boke et al., 2021). However, the other

study was done in the town of the district, unlike ours. In addition,

our findings showed that the household wealth index (the upper

quartile) was positively associated with BMI. Similarly, the above‐

mentioned study from southern Ethiopia (Boke et al., 2021)

reported a positive association between a household's upper

wealth index and the BMI of mothers. This association may be

due to the fact that wealthier people can have better access to

more nutritious animal‐source foods. However, this implies the

TABLE 5 Regression coefficients (crude and adjusted) of independent variables with the outcome variables: haemoglobin level (g/dl) and

body mass index (kg/m2), in rural Dale district, Ethiopia, 2018

Haemoglobin level of the mother Body mass index of the mother

Variable

Unadjusted coefficients

(95% CI)

Adjusted coefficients

(95% CI)

Unadjusted coefficients

(95% CI)

Adjusted coefficients

(95% CI)

Mother's age −0.02 (−0.03 to −0.002) 0.002 (−0.02 to 0.02) −0.003 (−0.03 to 0.02)

Mother's age at first pregnancy 0.02 (−0.02 to 0.07) −0.02 (−0.09 to 0.05)

Weight in kg 0.03 (0.02−0.04) 0.02 (0.003−0.03)*

Height in cm 0.03 (0.02−0.04) 0.01 (−0.001 to 0.03)

Dietary diversity score 0.1 (0.04−0.14) 0.08 (0.03−0.12)** 0.14 (0.06−0.22) 0.08 (0.01−0.16)*

Household food insecurity score −0.02 (−0.04 to 0.003) −0.02 (−0.04 to 0.004) −0.03 (−0.07 to 0.01) −0.02 (−0.06 to 0.02)

Number of people living in the

household

−0.08 (−0.12 to −0.03) −0.05 (−0.14 to 0.04) 0.03 (−0.06 to 0.11)

Total number of pregnancies −0.08 (−0.13 to −0.04) −0.003 (−0.11 to 0.1) −0.01 (−0.1 to 0.08)

Educational status

no education 1 1 1

primary school 0.28 (0.07−0.5) 0.15 (−0.08 to 0.37) 0.3 (−0.08 to 0.67) 0.16 (−0.22 to 0.53)

secondary school 0.51 (0.29−0.74) 0.34 (0.08−0.59)* 0.57 (0.18−0.97) 0.32 (−0.08 to 0.72)

Place of last delivery (923)

home 1 1 1

health institution 0.12 (−0.05 to 0.28) 0.02 (−0.14 to 0.18) 0.07(−0.21 to 0.36)

Current use of family planning

method (929)

no 1 1 1

yes 0.2 (− 0.1 to 0.5) 0.1 (−0.21 to 0.4) 0.66 (0.14−1.19) 0.57 (0.04−1.09)

Wealth index

lower 1 1 1

middle 0.03 (−0.15 to 0.22) −0.04 (−0.22 to 0.14) 0.09 (−0.23 to 0.40) 0.04 (−0.28 to 0.35)

upper 0.13 (−0.06 to0.32) −0.02 (−0.22 to 0.18) 0.77 (0.44−1.09) 0.60 (0.27−0.94)***

Note: Variables with p≥ 0.25 in the bivariable (unadjusted) regression were excluded from the multivariable (adjusted) regression.

*p< 0.01; **p< 0.05; ***p< 0.001.
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need for the promotion of a healthy lifestyle among wealthier

people, who are in a food transition, to prevent overweight,

obesity, and associated non‐communicable diseases (Hailemariam

et al., 2020; Yeshaw et al., 2020).

In our study, the prevalence of household food insecurity was

high (78.5%), though it was not associated with the haemoglobin

level or BMI of the mother. The possible explanation for the lack of

association may be that dietary diversity is a better indicator of

haemoglobin level than household food insecurity, as demonstrated

in this study. People may respond ‘no’ to most of the HFIAS

questions if they think that they have enough ensete or maize only;

they may not realise the risk of monotonous diets. It was also

shown in this study that the majority of households reported that

they had eaten a limited variety of food in the 4 weeks prior to this

study. Hence, micronutrient deficiency diseases like anaemia are

more related to food quality rather than quantity. The other

possible reason may be that mothers have received iron supple-

mentation during pregnancy, even though this was not fully

assessed in the current study.

However, the Sidama region (the former Sidama zone) was one

of the areas where the Productive Safety Net Programme (PSNP)

has been working since 2005 (Galato, 2020); nevertheless,

household food insecurity has remained a major problem (Dafursa

& Gebremedhin, 2019). The possible explanation is that the

programme is targeting highly vulnerable and drought‐prone areas.

The drought‐prone areas in the Sidama region are Boricha and Loko

Abaya, which are located in the Central Rift Valley region (Belayneh

et al., 2020). Severely food‐insecure households in a few kebeles of

the Dale district are being supported by the programme. Although

our study found that the majority of the households had mild to

severe food insecurity, the programme was operating in only three

of our study kebeles. We did not obtain data from individual

households regarding this programme. Another possible explana-

tion for the high food insecurity might be seasonality issues; our

data was collected from August to November, known for relative

food shortage. In addition, we did not analyse complications faced

during pregnancy, delivery or after delivery, and are not able to tell

whether these were associated with any of the nutritional problems

among mothers.

4.1 | Strengths and weaknesses of the study

The strengths of this study included being a community‐based study

using a random sampling technique and the analytical approach using

a multilevel mixed‐effect model to account for clustering. Collecting

comprehensive data, through interviews, measurements and rapid

field tests, was an additional strength of our study. On the other

hand, the limitations of our study included selection bias, recall

bias and measurement bias. Selection bias was due to the replace-

ment of some mothers who left their residence before enrolment and

a potential recall bias was due to self‐reported data such as age, past

reproductive events and dietary recall. However, to minimise bias, we

used strategies such as taking all measurements twice and formulat-

ing questions in different ways. Survivor bias may also exist, since our

samples were mother‐child pairs, and mothers who had lost their

children were not included. In addition, the fact that we have no data

from the local health facilities concerning women's health service

coverage may create some bias.

5 | CONCLUSION

In our study, anaemia and underweight were less and moderately

prevalent, respectively, among mothers who had a child less than

2 years of age, compared to the 2016 national EDHS report.

However, the majority of the mothers had low dietary diversity. In

addition, our findings showed that poor dietary diversity was a

single factor positively associated with both low haemoglobin

levels and low BMI. Household food insecurity was experienced by

the majority of mothers, but did not predict the nutritional status

of mothers in our study. However, it is obvious that access,

availability and sustainability of nutritious foods were sparse.

Education and promotion of minimum dietary diversity among

mothers may help to improve their nutritional status. Strengthen-

ing the existing nutrition interventions like PSNP and planning new

community‐based nutrition interventions may help to improve

access to nutritious food in rural households. Moreover, the

missed opportunity of using the wild amaranth grain should

be considered.
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Paper II supplementary Table  

Table S1: Frequency of occurrence of the nine household food insecurity conditions in the 

rural Dale district of Ethiopia, 2018 (N=931). 

Conditions of household food 

insecurity  

Frequency of occurrence over the four weeks 

Not happened  

N (%) 

1 – 2 times 

N (%) 

3 – 10 times 

N (%) 

>10 times 

N (%) 

Worried about getting enough food  408 (43.8) 352 (37.8) 160 (17.2) 11 (1.2) 

Unable to eat preferred foods 408 (43.8) 327 (35.1) 189 (20.3) 7(0.8) 

Ate a limited variety of foods 362 (38.9) 326 (35) 176 (18.9) 67 (7.2) 

Ate foods they really didn’t want to eat 731 (78.5) 149 (16) 47 (5) 4 (0.4) 

Ate a smaller meal 587 (63.1) 214 (23) 126 (13.5) 4 (0.4) 

Ate fewer meals in a day 659 (70.8) 189 (20.3) 80 (8.6) 3 (0.3) 

No food of any kind in the household 834 (89.6) 65 (7) 31 (3.3) 1 (0.1) 

Went to sleep at night hungry 831 (89.3) 81 (8.7) 19 (2.0) 0 

Went a whole day and night without 

eating 

886 (95.2) 38 (4.1) 6 (0.6) 1 (0.1) 

 



Paper II supplementary Table   

Table S2: Correlation between the dependent variables: haemoglobin level, body mass index 

and mid-upper arm circumference (N=931) 

 Haemoglobin level Body mass index 

Haemoglobin level   

Body mass index 0.085
**

  

MUAC 0.121
**

 0.549
**

 

 
 **Correlations had a P value < 0.01 

 



 

Data collection tool for paper I-III  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Questionnaire  

Date of interview _____/_____/__________ (DD/MM/YYYY)   

Keble ___________________ Sub-kebele __________________ Household code/ID ____________ 

SECTION ONE: Household related questions  

Respondent: the Father, Mother, or other member of the household over the age of 18 years 

1. Presence/absence of parents on the time of interview (tick in front of the response or write the 

answer on the space provided) 

1.1. Father is alive? yes____;  No____             

1.2. Mother is alive? yes____;  No____             

2.  Description of the respondent: 

1.1. Who is the respondent?  

a. Mother ______     b. Father ______     c. Other (specify) ________________

1.2. Age of respondent ________ (write in completed years) 

1.3. Sex of the respondent;   a. Male ____    b.  Female____  

3.  How many people are currently living in this household?  _______ (write in number) 

1.1. How many of them are children less than five years old? _______ (write in number)  

i. How many of them are female? _______ (write in number) 

ii. How many of them are male? _______ (write in number)  

4. How the household is headed? (Choose one or write if you chose other) 

4.1. Headed by the father only ____ 

4.2. Headed by the mother only ____ 

4.3. Headed by both ____ 

4.4. Other (specify) _________________

5. How many functional rooms does your household have? _________ (write in number) 

5.1. Is there a separate room for cooking?    Yes _____ No  _____ 

5.2. Is there a separate room for animals?     Yes _____ No  _____ Not applicable _____ 

6. What is the material of the roof? (majority of the wall)

6.1. Tatched Grass _____       

6.2. Iron sheets_____ 

6.3. Other(mention) ____________

7. What is the material of the walls? (majority of the wall) 

7.1.  Mud ______ 

7.2.  Cement _____ 

7.3.  Bricks _____ 

7.4.  Other (specify)_______________  



8. What is the material of the floor? (majority of the floor) 

8.1. Earth and dung ______ 

8.2.Plastered earth _____ 

8.3.Wood _____ 

8.4.Cement _____ 

9. What type of fuel does your household mainly use for cooking? 

9.1. Electricity  _____ 

9.2.Kerosene _____ 

9.3.Charcoal _____ 

9.4.Wood _____ 

9.5.Dried cow dung _____  

9.6.Other (specify) _______________ 

10.  What is the main source of water for your household?  

10.1. Piped water ____ 

10.2. Protected well/spring _____ 

10.3. Unprotected well/spring _____ 

10.4. Other (specify) _____________________ 

11. Do you have any of the following operational items in your household? 

11.1. Radio;  yes _____, No _____ 

11.2. TV; yes _____, No _____ 

11.3. Mobile phone/fixed phone; yes _____, No _____ 

11.4. Bike; yes _____, No _____ 

11.5. Motor cycle; yes _____, No _____ 

11.6. Car; yes _____, No _____ 

12. Do you have any of the following animals?  

12.1. Hens;  yes _____, No _____ 

12.2. Goat;  yes _____, No _____ 

12.3. Sheep;  yes _____, No _____ 

12.4. Cows;  yes _____, No _____ 

12.5. Bulls/Ox;  yes _____, No _____ 

12.6. Donkey;  yes _____, No _____ 

12.7. Horse;  yes _____, No _____ 

 

 

 

 

 



SECTION TWO: Questions about the reproductive characteristics and general information of the mother   

Respondent should be the mother! 

1. Age of the mother; ________ (write in years) 

2. Marital status of the mother 

2.1. Unmarried ____ 

2.2. Married ____ 

2.3. Divorced ____ 

2.4. Widowed ____ 

3.  What is highest educational level of the mother?  

a. No schooling at all  ______  

b. Grade ______(write completed grade) 

c. Certificate/ diploma level _____ 

d. Degree and above______ 

4. Is the mother employed? Yes_______, No ________ , (skip if not alive) 

5. What is the total number of pregnancies _______, (write in numbers) 

6. Total number of children alive; _______ (write in numbers) 

6.1. How many of them are girls; _____ 

6.2. How many of them are boys;_____ 

7. Has the mother experienced any child loss?     Yes _______, No _______ 

8. Age of the mother at her first pregnancy? _______ (write in years) 

9. Currently pregnant?    Yes _____, No _______ (if  ‘No’, skip to question number 11) 

10. If ‘Yes’ for question number 11, are you started ANC visit?  Yes _____, No ______ 

11. If ‘No’ for question number 10, are you using any family planning method?  Yes _____, No ______ 

12. Have you ever faced any complication during pregnancy or delivery?  Yes _____, No ______ 

13. If yes, which complication, (multiple choice is possible) 

13.1. Abortion ____ 

13.2. Still birth ____ 

13.3. Bleeding ____ 

13.4. Infection ____ 

13.5. High blood pressure  _____ 

13.6. Other (specify) _______________ 

213. Have you faced any sickness in the past two weeks? Yes _____, No ______ 

214. If yes, what was your sickness? (Specify) _______________________________  

 

 

 

 

 



SECTION THREE: Questions about the child participating in this study 

Respondent: mother, father or other immediate legal care giver of the child! 

1. Sex of the child;      Male ____, Female_____ 

2. Vaccination card present?       Yes ____, No ____ 

3. Age of the child;   _____year and_____ months (write in completed year and completed months) 

4. Date of birth, _____/_____/_________ (DD/MM/YYYY) 

5. Date of birth is confirmed with vaccination card, birth certificate or health any health record;  

 Yes ____ No ____ 

6. Birth order of the child; _______ (write in number) 

7. Place of birth; 

7.1. Home _____ 

7.2. Health institution _____ 

7.3. On the way to health institution _____  

7.4. Other place (specify)______________ 

8. If your answer is ‘Health institution, for the above question, write the name of the health institution; 

_____________________________ 

9. Mode of delivery;  

9.1. Spontaneous Vaginal Delivery (SVD) ____ 

9.2. Assisted vaginal delivery (AVD) ____ 

9.3. Caesarian section (CS) ____ 

10. Birth weight; ___________ kg at birth  

11. Is  the birth weight confirmed with vaccination card or birth certificate, yes ____, No ____ 

12. Is your child currently on breastfeeding? Yes ____, No ____ (if Yes, go to question 15) 

13. If ‘No’, age of child when stopping (months); ________ 

14. If ‘No’, what was the reason?

14.1. Mother’s health related  _____ 

14.2. Mother’s job related_____ 

14.3. Child health related_____ 

14.4. Child satisfied with breast milk _____ 

14.5. Separated from mother ____ 

14.6. New pregnancy occurred ____ 

14.7. Other (specify)_________________ 

15. When did you start, breast feeding to this child 

15.1. Immediately (within one hour after birth) _____  

15.2. After one hour, but before 24 hours from birth _____ 

15.3. After 24-hour from birth _____  

 



16.  Did you give any feeds other than breast milk to the child before he/she got breastfed? 

16.1. Yes _____ 16.2.  No _____ 

17. If yes, what was given? (You can tick more than one choice) 

17.1.  Formula milk ______ 

17.2.  Cow’s milk ______ 

17.3.  Sugar and water______ 

17.4.  Other(specify) _________________

18. Is your child started complementary food?  

18.1.  Yes _______   18.2. No _____

19. If yes, at what age the child started complementary food?  _______months,  

20. Was the child sick in the past two weeks? Yes _____, No ______ 

21. If yes, what was the illness? (Multiple answers is possible) 

21.1. Diarrhea  ____ 

21.2. Fever ____ 

21.3. Cough ____ 

21.4. Malaria ____  

21.5. Other (specify) ____________ 



22. Has the child ever been hospitalized?  Yes ______, No _____ 

22.1.If yes, write the reason for hospitalization (Reason 

__________________________________) 

23. Has the child ever been given nutritional support from a health worker? Yes ______, No 

______ 

23.1.If yes write the nutritional support? ( _____________________________________) 

 

SECTION FOUR: Dietary practice of the household  

Respondent: the mother, father or any member over 18 years old! 

1. What is the most common food of the family? 

1.1. Enset ____ 

1.2. Maize ____ 

1.3. Roots and tubers ____ 

1.4.Teff ____ 

1.5.Amaranth ____ 

1.6.Other (Specify) ________________ 

2. How many meals per day the family is served? __________ (write in Number) 

3. Is there any food which is forbidden in your family?  Yes _____, No _____ 

4. If yes, write the food item and the reason for which it is forbidden? 

4.1.______________ because _____________________________________ 

4.2.______________ because _____________________________________ 

5. Is there any food which is forbidden for young children? Yes _____, No _____ 

6. If yes, write the food item and the reason for which it is forbidden? 

6.1.______________ because ________________________________________ 

6.2._______________ because _______________________________________ 

7. Is there any food which is forbidden for mothers during pregnancy/lactation?      Yes _____, 

No _____ 

8. If yes, write the food item and the reason for which it is forbidden? 

8.2. ______________ because ________________________________________ 

8.3. ______________ because _________________________________________ 

SECTION FIVE: Food access of the household (Household Food Security and Access Scale) 

(Tick in front of the response of the respondent) 

1.  

 

In the past four weeks, did you worry 

that your household would not have 

Yes ____ 

No ____  

If ‘No’, 

go to 



enough food? Q. 3 

2.  

 
How often this happen? 

1. Rarely ____(once or twice in the past four weeks) 

2. Sometimes____ (three to ten times in the past four weeks) 

3. Often ____ (more than ten times in the past four weeks) 

 

3.  

 

In the past four weeks, were you or 

any household member not able to eat 

the kinds of foods you preferred 

because of a lack of resources? 

Yes ____ 

No ____ 

 

If ‘No’, 

go to 

Q. 5 

4.  

 
How often this happen? 

1. Rarely ___(once or twice in the past four weeks) 

2. Sometimes___ (three to ten times in the past four weeks) 

3. Often ___ (more than ten times in the past four weeks) 

 

5.  

 

In the past four weeks, did you or any 

household member have to eat a 

limited variety of foods due to a lack 

of resources? 

Yes _____ 

No _____  

If ‘No’, 

go to 

Q. 7 

6.  

 
How often this happen? 

1. Rarely ___ (once or twice in the past four weeks) 

2. Sometimes___ (three to ten times in the past four weeks) 

3. Often ___ (more than ten times in the past four weeks) 

 

7.  

 

In the past four weeks, did you or any 

household member have to eat some 

foods that you really did not want to 

eat because of a lack of resources 

Yes _____ 

No _____  

If ‘No’, 

go to 

Q. 9 

8.  

 
How often this happen? 

1. Rarely ____(once or twice in the past four weeks) 

2. Sometimes___(three to ten times in the past four weeks) 

3. Often ___ (more than ten times in the past four weeks) 

 

9.  

 

 

In the past four weeks, did you or any 

household member have to eat a 

smaller meal than you felt you needed 

because there was not enough food? 

Yes _____ 

No _____  

If ‘No’, 

go to 

Q. 11 

10.  

 

 

How often this happen? 

1. Rarely ___(once or twice in the past four weeks) 

2. Sometimes___ (three to ten times in the past four weeks) 

3. Often ___ (more than ten times in the past four weeks) 

 

11.  

 

 

In the past four weeks, did you or any 

other household member have to eat 

fewer meals in a day because there 

was not enough food? 

Yes _____ 

No _____  

If ‘No’, 

go to 

Q.13 

12.  

 

 

How often this happen? 

1. Rarely ____ (once or twice in the past four weeks) 

2. Sometimes____ (three to ten times in the past four weeks) 

3. Often ____ (more than ten times in the past four weeks) 

 

13.  In the past four weeks, was there ever Yes _____ If ‘No’, 



 

 

no food to eat of any kind in your 

household because of lack of 

resources to get food? 

No _____  go to 

Q. 15 

14.  

 

 

How often this happen? 

1. Rarely _____(once or twice in the past four weeks) 

2. Sometimes_____ (three to ten times in the past four weeks) 

3. Often _____ (more than ten times in the past four weeks) 

 

15.  

 

 

In the past four weeks, did you or any 

household member go to sleep at night 

hungry because there was not enough 

food? 

Yes _____ 

No _____  

If ‘No’, 

go to 

Q. 17 

16.  

 

 

How often this happen? 

1. Rarely _____(once or twice in the past four weeks) 

2. Sometimes_____ (three to ten times in the past four weeks) 

3. Often _____ (more than ten times in the past four weeks) 

 

17.  

 

 

In the past four weeks, did you or any 

household member go a whole day 

and night without eating anything 

because there was not enough food? 

Yes _____ 

No _____  

If ‘No’, 

go to 

Q. 19 

 

 

18.  

 

 

How often this happen? 

1. Rarely _____(once or twice in the past four weeks) 

2. Sometimes_____ (three to ten times in the past four weeks) 

3. Often _____ (more than ten times in the past four weeks) 

 

 

19.  

 

 

Was yesterday a celebration or feast 

day where you ate special foods or 

where you ate more, or less than usual 

Yes _____ 

No _____  

If ‘No’, 

go to 

Q. 21 

20.  

 

 

How often this happen? 

1. Rarely ___(once or twice in the past four weeks) 

2. Sometimes___(three to ten times in the past four weeks) 

3. Often ____ (more than ten times in the past four weeks) 

 

21.  

 

 

Could you please specify the primary 

source for obtaining food 

1. Own production ______ 

2. Purchasing ______ 

3. Exchanged for labour ______ 

4. Food aid/support ______ 

5. Other(specify) ____________________ 

 

 

SECTION SIX: Dietary diversity and Food Frequency for the index child 

Respondent can be mother, father or immediate legal care giver of the child 

Read each item carefully to the respondent, repeat if necessary and record the response before going to the next item  

 

 

 

 

Since the child woke up 

yesterday morning till the 

Tick in the category that best describes the frequency with which 

this child usually eats the particular food item 

 



Q.N Food type  child woke up this 

morning, did the child eat 

any of the following food 

type? 

Always Often Sometimes Rarely Never  

1.  Bread, injera, porridge, 

or other foods made 

from  

Maize, bread, sorghum, 

teff, wheat, barley, rice, 

and the like,  

Yes ______         

No ______ 

     

2.  Commercial fortified 

infant or baby food 

(e.g. Cerelac, Fafa 

noodles/indomi?) 

 

Yes ______         

No ______ 

     

3.  
Pumpkin, carrots, 

squash, or sweet 

potatoes that are yellow 

or orange inside? 

 

Yes ______         

No ______ 

 

      

4.  
White potatoes, sweet 

potato, kocho/bulla, 

white yams, cassava, or 

other foods made from 

roots/tubers?  

Yes ______         

No ______ 

      

5.  
Any dark green leafy 

vegetables (e.g. kale) 

Yes ______        

 No ______ 

      

 

 

6.  
Any other vegetables? 

(e.g. Moringa,) 

 

Yes ______         

No ______ 

      

7.  
Mangoes, papayas, or 

other orange colored 

fruits? 

 

Yes ______         

No ______ 

      

8.  
Any other fruits? 

Yes ______         

No ______ 

      

9.  
Liver, kidney, heart, or 

other organ meat? 

 

Yes ______         

No ______ 

      

10.  
Any meat, such as beef, 

pork, lamb, goat, 

chicken? 

Yes ______         

No ______ 

     



11.  
Eggs? 

Yes ______         

No ______ 

     

12.  
Fish? Yes ______        

No ______ 

     

13.  
Any foods made from 

beans, peas, lentils, or 

nuts? 

Yes ______         

No ______ 

     

14.  
Cheese, milk, yoghurt 

or other food made 

from milk? 

Yes ______         

No ______ 

     

15.  
Fats or oils (e.g., 

vegetable oil, ghee, 

shenokibe) or foods 

made with them? 

 Yes ______         

 No ______ 

     

16.  
Sugar and other sugary 

products (e.g. 

chocolates, biscuit, 

sweets, candies) 

Yes ______         

No ______ 

     

17.  
Sugar and other sugary 

products (e.g. 

chocolates, biscuit, 

sweets, candies, soda) 

Yes ______         

No ______ 

      

18.  
Any other food that I have not mentioned?  

Specify______________________________________________

__________ 

 

19.  
How many times did this child eat solid or 

soft/mashed foods yesterday during the day or night? 

 

_____________meals (write the number of meals per day) 

88. I don’t know ________ 

  

 

SECTION SEVEN: Dietary Diversity and Food Frequency for the mother 

Respondent should be mother! 

Read each item carefully to the respondent, repeat if necessary and record the response before going to the next item 

 

 

Q.N 

 

 

Food type  

Since you woke up 

yesterday morning 

till you woke up this 

morning, did you eat 

any of the mentioned 

food type? 

 Tick in the category that best describes the frequency with which   you 

usually eat the particular food item 

Always Often Sometimes Rarely Never 



1.  Bread, injera, porridge, or 

foods made from cereals 

like;Maize, bread, 

sorghum, teff, wheat, 

barley, rice,  

Yes ______         

No ______ 

     

2.  Commercial fortified food 

(e.g. noodles/indomi?) 

Yes ______         

No ______ 

     

3.  
Pumpkin, carrots, squash, 

or sweet potatoes that are 

yellow or orange inside 

Yes ______        

No ______ 

     

4.  
White potatoes, sweet 

potato, kocho/bulla, white 

yams, cassava, or foods 

made from roots/tubers? 

Yes ______       

No ______ 

 

      

5.  
Any dark green leafy 

vegetables (e.g. kale) 

Yes ______         

No ______ 

     

 

 

6.  
Any other vegetables? (e.g. 

Moringa,) 

Yes ______         

No ______ 

     

7.  
Mangoes, papayas, or 

other orange colored 

fruits? 

Yes ______         

No ______ 

     

8.  
Any other fruits? 

Yes ______         

No ______ 

     

9.  
Liver, kidney, heart, or 

other organ meat? 

Yes ______         

No ______ 

     

10.  
Any meat, such as beef, 

pork, lamb, goat, chicken? 

Yes ______         

No ______ 

     

11.  
Eggs? 

Yes ______         

No ______ 

     

12.  
Fish? 

Yes ______        

No ______ 

     

13.  
Any foods made from 

beans, peas, lentils,  nuts? 

Yes ______         

No ______ 

     

14.  
Cheese, milk, yoghurt or 

other food made from 

milk? 

Yes ______        

No ______ 

      

15.  
Other fats or oils (e.g., Yes ______              



vegetable oil, ghee, 

shenokibe) or foods made 

with them? 

No ______ 

16.  
Sugar and other sugary 

products (e.g. chocolates, 

biscuit, sweets, candies, 

soda) 

Yes ______        

No ______ 

      

17.  
Sugar and other sugary 

products (e.g. chocolates, 

biscuit, sweets, candies, 

soda) 

Yes ______        

No ______ 

      

18.   

Any other foods that I have not mentioned?  

 

Yes _____(specify) _______________________________ 

No ______ 

 

SECTION EIGHT: Measure and record the result of anthropometric measurements 

for the mother and the child  

  First measurement Second measurement Average Remark 

1.  Weight of the mother     

2.  Height of the mother     

3.  MUAC of the mother      

4.  Hemoglobin level of the 

mother (in g/dl)           ____________________  g/dl 

  First measurement Second measurement Average Remark 

1.  Weight of the child     

2.  Length of the child      

3.  MUAC of the child      

4.  Haemoglobin level of the 

child (in g/dl)           ____________________  g/dl 
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kept until 31.12.2023. The data must be stored as de-identified data, i.e. a file with key identifiable
information stored separately from the file containing other data. The data must, be either deleted or



anonymised within 6 months after this date.

Appeals process
The decision of the Committee may be appealed to the National Committee for Research Ethics in Norway.
The appeal must be submitted to the Regional Committee for Research Ethics, Section B, South East
Norway, The deadline for appeal is three weeks from the date on which you receive this letter.>

Med vennlig hilsen

Finn Wisløff
Professor em. dr. med.
Leder

Hege Cathrine Finholt, PhD
Rådgiver

Kopi til: Bente.Moen@uib.no, post@uib.no, tsige_behailu@yahoo.com, bernt.lindtjorn@cih.uib.no
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