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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. The WHO 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 from mild 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 from Wolayta 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 and methods

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 random method 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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