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Background: Food insecurity and associated malnutrition result in serious health problems in 

developing countries. This study determined levels of maternal undernutrition and its association 

with food insecurity in northwest Ethiopia.

Materials and methods: This was a community-based comparative cross-sectional study 

conducted May 24–July 20, 2013. Multistage random sampling was used to select 4,110 samples. 

Availability of Ethiopia’s Productive Safety Net Programme was used for grouping the study 

areas. A food-security access scale developed by the Food and Nutrition Technical Assistant 

project was used to measure food security. Sociodemographic data were collected using a 

structured questionnaire. A binary logistic regression model was used to assess the association 

of food insecurity and maternal undernutrition.

Results: From the total participants, 12.6% (95% confidence interval [CI] 11.6%–13.6%) had a 

body mass index (BMI) ,18.5 kg/m2. Comparison of maternal undernutrition in the two study 

areas revealed 8.8% (95% CI 7.6%–10.2%) in the program area and 16.4% (95% CI 14.8%–18.1%) 

in nonprogram areas were undernourished. Severe food insecurity was significantly associated 

with BMI of mothers (adjusted odds ratios [AORs] 3.6 and 2.31, 95% CI 2.32–5.57 and 1.52–3.5, 

respectively) in both program and nonprogram areas. Mild (AOR 1.77, 95% CI 1.21–2.6) and 

moderate (AOR 1.6, 95% CI 1.18–2.16) food insecurity significantly associated with maternal 

undernutrition in nonprogram areas. In the same way, all forms of food insecurity significantly 

associated with maternal middle upper-arm circumference in both program and nonprogram areas. 

The odds of mothers who did not exercise decision-making practice on the household income was 

also 4.13 times higher than those who did (AOR 4.13, 95% CI 2.2–7.77) in the program area.

Conclusion: Food insecurity significantly associated with both maternal BMI and middle 

upper-arm circumference in both study areas. Female authority also significantly associated with 

BMI of the mothers in the program area. Maternal nutrition-intervention programs should focus 

on women-empowerment strategies that enable them to decide on the income for household-

nutrition provision.

Keywords: food insecurity, undernutrition, BMI, MUAC, Ethiopia, food-security, maternal 

nutrition

Introduction
Food insecurity can be defined as a state or condition in which people experience 

limited or uncertain physical and economic access to safe, sufficient, and nutritious 

food to meet their dietary needs or food preferences for a productive, healthy, and 
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active life.1–3 Food insecurity and associated malnutrition 

result in serious health problems and loss of human poten-

tial toward development in developing countries.3 Potential 

public health consequences of food insecurity are not only 

restricted to hunger and acute malnutrition but also include 

severe chronic disease, such as hypertension, hyperlipidemia, 

and reduced health and quality of life.1,4

Food insecurity remains highly prevalent in developing 

countries, and over the past two decades it has increas-

ingly been recognized as a serious public health problem 

in both developing and developed countries.4 Based on the 

recent estimates of the Food and Agriculture Organization, 

842 million people, accounting for about 12% of the global 

population, were unable to meet their dietary energy require-

ments. This shows that around one in eight people in the 

world is likely to have suffered from chronic food shortage 

or not having sufficient food for an active and healthy life.5 

Although levels of food insecurity decreased globally, the 

difference was only 0.6% between 2010 and 2012 (14.9%) 

and 2011 and 2013 (14.3%) according to reports of under-

nourishment in developing countries.5,6

Research findings have shown that the level of food 

insecurity is still very high and needs special attention. In 

low-income households of Los Angeles, for instance, the 

food insecurity level was 24.4%.4 In Canada, a study done 

to differentiate the sociodemographic risk factors between 

aboriginal and nonaboriginal households revealed 33% of 

aboriginal households were food-insecure compared with 

9% of nonaboriginal households.7

Levels of food insecurity in developing countries are still 

substantially higher than developed countries. In Kenya, a 

recent study showed that of all households involved, 70.1% 

were severely food-insecure, 21.9% were moderately food-

insecure, and 3.7% were mildly food-insecure, whereas 

food-secure accounted for only 4.3%.3

According to a recent cross-sectional study done in Farta 

district, Ethiopia, about 70.7% of total study participants 

were categorized as food-insecure.8 Similarly, a study done in 

Addis Ababa city showed that 58.16% of the total households 

were below the food-insecurity cutoff point.9 According to 

another longitudinal study result in Ethiopia on adolescent 

food-security levels, there were different food-insecurity 

magnitudes identified during the study period. Overall, 20.5% 

of adolescents were food-insecure in the first-round survey, 

while the proportion of adolescents with food insecurity 

increased to 48.4% 1 year later. During the 1-year follow-up 

period, more than half (54.8%) of the youth encountered 

transient food insecurity.10

Different literature has shown that food insecurity is 

found to be a significant modifiable determinant of maternal 

nutritional status that resulted in undernutrition at differ-

ent levels. For example, a study in Colombia showed that 

food insecurity was a significant determinant of maternal 

underweight.11 Another study in Guatemala showed that the 

nutritional status of women of reproductive age, explained by 

short stature (height 145 cm), was associated with greater 

food insecurity; however, there was no significant difference 

in the body mass index (BMI) of women from households 

classified as moderately or severely food-insecure.12 Simi-

larly, a study result in Jordan showed food-insecure women 

with hunger were at higher risk of malnutrition.13

Many developing countries women have a weight-for-

height (BMI) outcome of 18.5 kg/m2. The 2011 Ethiopian 

Demographic and Health Survey (EDHS) and study results 

from Tigray region, Ethiopia showed that the prevalence of 

maternal undernutrition was 27% and 25%, respectively.14,15 

The government of Ethiopia designed and implemented 

the Productive Safety Net Programme as a response to 

chronic food-insecurity problems, an intensive and innova-

tive strategy in addition to other measures to address the 

problem.16 The program targeted poor and food-insecure 

households.17

Women are more likely to suffer from nutritional defi-

ciencies than other household members for many reasons, 

including food insecurity. Evidence-based information 

regarding maternal undernutrition and the association of 

food insecurity with maternal nutrition is lacking. Informa-

tion on female undernutrition and associated factors is defi-

nitely needed for designing intervention programs aimed at 

maternal nutrition improvements. Therefore, this study was 

conducted to determine levels of maternal undernutrition and 

to assess the association of food insecurity with maternal 

nutrition in study areas grouped into two study populations, 

based on the availability of the safety-net program.

Materials and methods
Study area and period
The study was conducted in Amhara regional state, which 

covers some 157,647 km2 across northwestern and eastern 

Ethiopia and has a total projected population of 20,018,999 

(10,011,795 males and 10,007,204 females), based on the 

2007 census.18,19 The region is divided into a number of high-

land blocks separated by deep river valleys and the eastern and 

western escarpments and their associated lowlands.19 Specifi-

cally, the study was conducted in the East and West Gojjam 

zones of the region. East Gojjam has a total population of 
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2,451,959 (1,199,952 males and 1,252,006 females). West 

Gojjam has a total population of 2,474,254 (1,220,477 males 

and 1,253,777 females).18 The mean annual temperatures of 

the region are 22°C–27°C in the lowlands and 10°C–22°C 

in the highlands up to 3,000 m above sea level.19 Within the 

region, four major cereal systems have been recognized: the 

sorghum–maize system in the lowland agroecological zone, 

the wheat–teff system in the single-rain-season area of the 

midland agroecological zone, the wheat–teff system in the 

double rain seasons of the midland agroecological zone, and 

the barley system in the highland agroecological zone.19 The 

study considered two zones classified by their agricultural 

production: one with the Productive Safety Net Programme 

and one without the program.

Study design, sample-size determination, 
and sampling techniques
A community-based comparative cross-sectional study 

design was used to determine the level of maternal under-

nutrition and the association between food insecurity and 

undernutrition. The comparison was used for food-security 

determination in the two study areas. Households in the 

study areas were used as a sampling unit, and all necessary 

data were drawn from the mothers. The two groups were 

considered based on the availability of the Productive Safety 

Net Programme: group 1 with the program and group 2  

without the program. The current study used the sample 

size determined for another larger study that was used to 

determine nutritional status of children aged under 5 years 

and the association between food insecurity and child under-

nutrition (the detail is available elsewhere).20 The required 

sample size for the other study was 4,110 households, and the 

adequacy of the sample size for the current study to address 

both levels of maternal nutritional status and the association 

between food insecurity and maternal undernutrition was 

checked and found to be sufficient. With similar assump-

tions and presence of food insecurity as an exposure and 

maternal undernutrition (33% for program area and 27% 

for nonprogram area) as an outcome variable, the estimated 

sample size was 3,017 households, which is less than the 

current sample. Therefore, a sample of 4,110 was considered 

sufficient for the analysis.

Multistage random sampling technique was employed 

to reach and select the final study units. In the first place, 

the two zones (East and West Gojjam) were selected pur-

posely by taking into account the variability and absence 

of the Productive Safety Net Programme in the two zones. 

East Gojjam was selected as it has the program, while West 

Gojjam is considered a nonprogram area. Six districts from 

the two zones (three from each zone) were selected. All three 

districts in East Gojjam covered by the program (Enebsie 

Sar Midir, Goncha Siso Enese, and Shebel Berenta) were 

selected and included in the study. Three districts in West 

Gojjam (Mecha, North Achefer, and Jabi Tehinan) were 

selected randomly from the total 14 districts. The two zones 

are more comparable on many sociocultural characteristics 

than the other zones of the region.

Once the six districts (three from each zone) had been 

identified, kebeles (the smallest administrative unit in the 

country) were randomly selected from these selected districts. 

The kebeles were selected based on agroecological zones 

and urban/rural settings. Four town kebeles (two from each 

zone), three rural highland kebeles (two from the nonpro-

gram area, and one from the program area; it was proposed 

to include two highland kebeles from the program area, but 

unfortunately there was only one highland kebele covered 

by the program). The other eleven rural midland kebeles (six 

from the program area and five from the nonprogram area) 

and six rural lowland kebeles (three from each area) were 

selected randomly.

Then, the total sample size was distributed to the kebeles 

proportionally. The households from these kebeles were 

selected using systematic random sampling using household 

registration as a sampling frame. For the program area, 

program registration was used as a sampling frame. The 

total number of households in each kebele was divided by 

the allocated sample size to get the sampling interval. The 

first household was identified by lottery, and then the spin 

of a bottle. When there were no children aged under 5 years 

in the identified household, the next household was used as 

a sampling unit. This was done because the data-collection 

process included children aged under 5 years. When there 

was more than one mother with children aged under 5 years 

in the same household, one mother was selected by lottery.

Data-collection tools and techniques
A structured questionnaire adapted from different standard 

questionnaires15,21 and anthropometric measuring devices 

were used to collect the data. Some of the areas in the ques-

tionnaire included sociodemographic characteristics, such 

as household head, marital status, family size, educational 

level, occupation, female authority, household monthly 

income, household food security/insecurity, and food/dietary 

diversity.

Female-authority information was collected by asking 

the respondent mothers whether they had the right to 
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exercise decision-making practices on the household income. 

Specifically, respondents asked whether they sold income-

generating items and bought food supplies for household 

consumption by themselves or not. Two alternative answers 

(0 for no and 1 for yes) were given to them.

Anthropometric data were collected using the procedure 

stipulated by the World Health Organization/United Nations 

Children’s Fund for taking anthropometric measurements. 

The height of the mother was measured using an adjustable 

wooden measuring board, specifically designed to provide 

accurate measurements (to the nearest 0.1 cm) in developing-

country field situations. Similarly, the weight of the mother 

was measured by using a Seca 876 scale. The weight and 

height data were used to calculate the BMI, which is defined 

as weight in kilograms divided by the height in meters 

squared (kg/m2). A BMI result of 18.5–24.9 was taken as 

normal, and 17–18.49, 16–16.99, and 16 or less were taken 

as mild (grade I), moderate (grade II), and severe (grade III) 

undernutrition, respectively. On the other hand, BMI values 

of 25–29.9 and 30 were defined as overweight and obese, 

respectively.22,23 Middle upper-arm circumference (MUAC) 

was measured on the left arm, at the midpoint between the 

elbow and the shoulder. The arm was relaxed and hanging 

down the side of the body. MUAC measuring tape was placed 

around the arm. The value was read from the window of the 

tape without pinching the arm or leaving the tape loose. An 

MUAC of less than 23 cm was considered to be a sign of 

poor nutrition.22–24

Household food-security (access) information was col-

lected by using the questionnaire adopted from the House-

hold Food Insecurity Access Scale, which was developed 

by the Food and Nutrition Technical Assistance project.25 

This instrument consists of nine questions that measure 

uncertainty on obtaining food, limited access to high-quality 

foods, and reduction in food quantity in the past 4 weeks. The 

precoded options were never (0 points), rarely (once or twice 

in the past 4 weeks; 1 point), sometimes (three to ten times in 

the past 4 weeks; 2 points), and often (more than ten times in  

the past 4 weeks; 3 points). Scores for answers to these ques-

tions were summed (0–27), and thus a higher value signified 

a worse condition with more household food insecurity.25 

Food diversity was measured by adapting a questionnaire 

from other standard questionnaires26,27 using the 12 food 

groups of dietary diversity. The respondents were asked to 

recall the food items eaten by the household in the previous 

7 days. Households who had consumed at least four food 

groups in the specified period were considered as having 

diversified food. The questionnaire was pretested in a similar 

setting after translation into the local language – Amharic. In 

the process of adapting the questionnaire to the local setting 

and preparing the 12 food groups, emphasis was given to 

including each food item consumed in the local population, 

taking into account the raw materials used to prepare the 

meal or the dish. The respondents were asked to recall and 

list all the dishes the household members had eaten during the 

week. First, the data collectors let the participants describe 

the dish types and food items consumed in the household in 

this period, and then the list of the food groups in the ques-

tionnaire was explained to be sure that no meal had been 

forgotten. The 12 food groups and the items included in each 

group included cereals and cereal products (pasta, macaroni, 

injera, bread, porridge [kolo, nfro]), meat, offal (goat, camel, 

beef, chicken/poultry), eggs, roots, tubers (potatoes, sweet 

potatoes, arrowroot), vegetables (leafy vegetables like cab-

bage, spinach, Habesha Gomen, tomatoes, carrots, onions), 

fruit (mango, apple, papaya, banana, orange, strawberry), 

pulses/legumes, nuts (beans, lentils, peas, guaya), milk and 

milk products (cheese, yogurt, milk powder), oils/fats (fat, 

butter, ghee, margarine), sugar and honey, fish and seafood 

(fried/boiled/roasted), and miscellaneous (including fenu-

greek, ginger, mace, and pepper). The data collectors were 

well trained to differentiate easily in which food group 

the items mentioned by the respondents would be. During 

training, data collectors became familiar with (and demon-

strated understanding well) the meaning of the local terms 

to differentiate easily and classify in which food groups they 

could be included. The data collectors and supervisors were 

university-graduate Bachelor of Science holders.

Data-quality control
To assure the quality of the data and to make sure all 

assessment-team members were able to administer the ques-

tionnaires properly, 5-day rigorous training of enumerators 

and supervisors was done. Before actual data collection was 

undertaken, data collectors and supervisors carried out role-

play routines and then pretest field activities. At the end of 

every data-collection day, each questionnaire was examined 

for its completeness and consistency by the field supervisors 

and the principal investigator, and pertinent feedback was 

given to the data collectors and supervisors.

Data management and analysis
The data were coded, entered, and cleaned with Epi Info 

version 3.5.3 and exported to SPSS version 20 for further 

analysis. Descriptive summaries of frequencies, proportions, 

percentages, mean, standard deviations, and prevalence were 
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determined. To identify predictor variables for maternal 

nutritional status, a logistic regression model was employed. 

For determinant-variable identification, first bivariate logistic 

regression analyses were carried out to identify candidate 

variables with a P-value 0.25 in the bivariate model, and 

then all independent variables with P-values 0.25 were 

entered into the multivariate model.28 At this step, model 

fitness and the presence of multicollinearity were assessed. 

The model fitness was checked by observing the difference 

of the -2 log-likelihood ratio between the model with only 

the constant and with the predictors. Moreover, Hosmer–

Lemeshow goodness-of-fit test was used. The significance 

of each predictor in the equation was also assessed by Wald 

statistical test at a significance level of P0.05.

Ethical clearance
Ethical clearance was obtained from the Institutional 

Review Board (IRB) of the College of Health Sciences of 

Addis Ababa University and the Amhara Regional Health 

Bureau. Participation in the study was on a voluntary basis, 

and written consent, signed or verified by fingerprint, was 

obtained from study participants. The consent form was 

attached with each questionnaire, and before the interview 

each study participant gave her/his consent. Prior to the 

questions, the data collectors read the consent form that 

was available on the front page of the questionnaire, and the 

respondents mentioned their willingness and the question-

ing continued on a voluntary basis. The consent form was 

approved by the IRB and the regional health bureau during 

ethical approval processes. The IRB approved this research 

with meeting 050/2013 and protocol 051/12/SPH. Privacy 

and confidentiality were maintained.

Results
Sociodemographic characteristics
Among the 4,110 households visited, 3,964 respondents 

(response rate 96.5%) gave complete responses. The age 

distribution of the respondents was 15–49 years; the majority 

were in the 20- to 29-year age-group (53.6%), and the 

fewest were in the 15- to 19-year age-group (1.3%). A total 

of 1,985 (50.1%) respondents were from the program area, 

and the other 1,979 (49.9%) were from the nonprogram 

area. From the total participants, 86.8% from the program 

area and 78.8% from the nonprogram area had no formal 

education exposure.

Generally, about 86% of the respondents were rural 

residents; of these, 96.9% were from the program area and 

75.7% from the nonprogram area. Of the fathers, 69.6% were 

farmers and 1.6% lived on different activities, such as tailor, 

weaver, blacksmith, carpenter, church servant, woodwork, 

and pension. Similarly, about 1.9% of mothers were local 

beer and liquor sellers and students (Table 1). The agroeco-

logical zone distribution of the respondents was 363 (9.2%) 

from the highlands (elevation 2,400 m), 2,373 (59.9%) 

from the mid-highlands (elevation 1,500–2,400 m), and 1,228 

(31%) from the lowlands (elevation 1,500 m).

Maternal nutritional status
The mean (± standard deviation) BMI, height, weight, and 

MUAC of the mothers were 20.97 (2.3) kg/m2, 156.5 (8.2) cm, 

51.3 (5.9) kg, and 23.2 (1.9) cm, respectively. Of the total par-

ticipants, 12.6% (95% confidence interval [CI] 11.6%–13.6%) 

had a BMI less than 18.5 kg/m2. Mothers with height 145 cm 

and weight 45 kg were 9.5% and 12.8%, respectively. 

Almost 9% (8.8%, 95% CI 7.6%–10.2%) of mothers from 

the program area and 16.4% (95% CI 14.8%–18.1%) of 

mothers from the nonprogram area were undernourished. 

Of the total participants included in the study, 52.9% had 

less than 23 cm MUAC. Comparing MUACs of the mothers 

between the two areas showed that 56.2% and 49.6% were 

from program and nonprogram areas, respectively.

Association of food insecurity with 
maternal undernutrition
Based on the logistic regression model, in the program area, 

the odds of becoming undernourished were 4.13 times higher 

among mothers who did not have authority in the household 

to decide on household income than mothers who had such 

authority (adjusted odds ratio [AOR] 4.13, 95% CI 2.2–7.77; 

Table 2). This variable was not significantly associated with 

maternal undernutrition in the nonprogram area. On the other 

hand, residential area significantly associated with maternal 

undernutrition in the nonprogram area but not in the program 

area. The odds of undernutrition among rural resident moth-

ers were 1.5 times higher than the odds of urban mothers 

(AOR 1.5, 95% CI 1.1–2.12).

The odds of undernutrition in severely food-insecure 

households were 3.6 times higher than food-secure house-

hold mothers in the program area (Table 2) and 2.31 times 

higher in the nonprogram area (Table 3) (AOR 3.6, 95% CI 

2.32–5.57; AOR 2.31, 95% CI 1.52–3.5) for program and 

nonprogram areas, respectively. In the same way, in the 

nonprogram area the odds of undernutrition among mildly 

food-insecure household mothers was 1.77 times higher than 

mothers in food-secure households. The odds of undernutri-

tion in moderately food-insecure household mothers were 
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1.6 times higher than food-secure household mothers: mild 

(AOR 1.77, 95% CI 1.21–2.6), moderate (AOR 1.6, 95% CI 

1.18–2.16) (Table 3).

In addition to the BMI of mothers, this research assessed 

the association of maternal MUAC with food insecurity. All 

forms of food insecurity were significantly associated with 

maternal MUAC in both program and nonprogram areas. 

The odds of MUAC less than 23 cm in mildly food-insecure 

households were 2.41 times higher than in food-secure 

households in the program area and 1.77 times higher in the 

nonprogram area (AOR 2.41, 95% CI 1.75–3.33 and AOR 

1.77, 95% CI 1.21–2.6 for program and nonprogram areas, 

respectively) (Tables 4 and 5). Food diversity and number 

of meals the mother ate per day were the other variables 

significantly associated with MUAC of the mothers in the 

nonprogram area (AOR 1.39, 95% CI 1.14–1.69 and AOR 

1.3, 95% CI 1.1–1.58, respectively) (Table 5).

Discussion
The prevalence of undernutrition among mothers was 

12.6%, which was very much lower than the 2011 Ethiopian 

Demographic and Health Survey findings (27%).15 The 

probable reason for this discrepancy were interventions on 

maternal health and nutrition and other woman-empowering 

Table 1 Sociodemographic characteristics of study population with program (n=1,985) and without program (n=1,979)

Variables Program area Nonprogram area Total

Number Percentage Number Percentage Number Percentage

Household head
Female 291 14.7 277 14 568 14.3
Male 1,694 85.3 1,702 86 3,396 85.7
Marital status
Married 1,689 85.1 1,721 87 3,410 86
Divorced 231 11.6 157 7.9 388 9.8
Widowed 46 2.3 57 2.9 103 2.6
Separated 7 0.4 20 1 27 0.7
Single 12 0.6 24 1.2 36 0.9
Family size
2–4 979 49.3 893 45.1 1,872 47.2
5 1,006 50.7 1,086 54.9 2,092 52.8
Maternal education
None 1,722 86.8 1,559 78.8 3,281 82.8
Formal education 263 13.2 420 21.2 683 17.2
Paternal education
None 1,322 76.6 1,205 67.5 2,527 72
Formal education 404 23.4 580 32.5 984 28
Maternal occupation
Housewife 765 38.5 1,042 52.7 1,807 45.6
Farmer 1,021 51.8 570 28.8 1,591 40.1
Private employee 4 0.2 17 0.9 21 0.5
Merchant 188 9.5 245 12.4 433 10.9
Government employee 12 0.6 63 3.2 75 1.9
Day laborer 21 1.1 78 3.9 99 2.5
Other 37 1.9 37 1.9 74 1.9
Paternal occupation
Farmer 1,514 76.3 1,244 63 2,758 69.6
Merchant 178 9 305 15.4 483 12.2
Private employee 9 0.5 55 2.8 64 1.6
Day laborer 28 1.4 90 4.6 118 3
Government employee 32 1.6 111 5.6 143 3.6
Other 11 0.6 52 2.6 63 1.6
Residence
Rural 1,917 96.9 1,499 75.7 3,416 86.2
Urban 68 3.4 480 24.3 548 13.8
Family monthly income
Birr 80–400
Birr 403–560
Birr 561–800
Birr 810–9,000

797
468
486
234

40.2
23.6
24.5
11.8

429
294
656
600

21.7
14.9
33.1
30.3

1,226
762
1,142
834

30.9
19.2
28.8
21
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Table 2 Logistic regression of associations of food insecurity and mother BMI in program area

Characteristics Mother BMI 18.5 kg/m2

n (%) Crude OR (95% CI) Adjusted OR (95% CI)

Female authority
Yes
No

159 (8.3)
16 (26.2)

1
3.95 (2.18–7.14)***

1
4.13 (2.20–7.77)***

Residential area
Urban
Rural

5 (10)
171 (8.9)

1
1.57 (0.56–4.36)

1
1.22 (0.43–3.52)

Family size
4
4

100 (10.2)
75 (7.5)

1
0.71 (0.52–0.97)*

1
0.65 (0.47–0.9)*

Agroecology
Dega
Woyna dega
Kola

14 (15.1)
66 (7.6)
95 (9.2)

1
0.47 (0.25–0.87)*
0.57 (0.31–1.05)

1
0.47 (0.25–0.9)*
0.48 (0.25–0.9)*

Food-security status
Secure
Mildly insecure
Moderately insecure
Severely insecure

54 (6.7)
17 (7.7)
39 (6.5)
65 (19.7)

1
1.06 (0.6–1.87)
0.97 (0.63–1.48)
3.43 (2.33–5.06)***

1
1.16 (0.65–2.06)
1 (0.63–1.55)
3.6 (2.32–5.57)***

Food diversity
7
7

167 (8.8)
8 (9.4)

1
1.08 (0.51–2.27)

1
0.98 (0.69–1.41)

Number of meals/day
3
3

83 (7.7)
92 (10.1)

1
1.35 (0.99–1.85)

1
0.96 (0.67–1.36)

Notes: *P0.05; ***P0.001. Dega, elevation 2,400 m; woyna dega, elevation 1,500–4,200 m; kola, elevation 1,500 m.
Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval.

Table 3 Logistic regression of associations of food insecurity and mother BMI in nonprogram area

Characteristics Mother BMI 18.5 kg/m2

n (%) Crude OR (95% CI) Adjusted OR (95% CI)

Female authority
Yes
No

313 (16.6)
11 (12.4)

1
0.71 (0.37, 1.35)

1
0.68 (0.35, 1.31)

Residential area
Urban
Rural

54 (11.2)
270 (18.1)

1
1.74 (1.27, 2.38)**

1
1.50 (1.10, 2.12)*

Family size
4
4

138 (15.5)
186 (17.2)

1
0.88 (0.69, 1.13)

1
1.10 (0.83, 1.37)

Agroecology
Dega
Woyna dega
Kola

85 (31.5)
218 (14.5)
21 (10.6)

1
0.37 (0.27, 0.50)***
0.26 (0.15, 0.43)***

1
0.45 (0.32, 0.63)***
0.31 (0.18, 0.54)***

Food-security status
Secure
Mildly insecure
Moderately insecure
Severely insecure

114 (11.9)
59 (26)
110 (18.2)
41 (22.2)

1
2.60 (1.83, 3.71)***
1.65 (1.24, 2.19)***
2.11 (1.42, 3.14)***

1
1.77 (1.21, 2.60)**
1.60 (1.18, 2.16)**
2.31 (1.52, 3.50)***

Food diversity
7
7

319 (16.3)
5 (33.3)

1
2.57 (0.83, 7.58)

1
1.16 (0.90, 1.51)

Number of meals/day
3
3

163 (20)
161 (20)

1
1.54 (1.21, 1.96)**

1
1.29 (0.99, 1.66)

Notes: *P0.05; **P0.01; ***P0.001. Dega, elevation 2,400 m; woyna dega, elevation 1,500–4,200 m; kola, elevation 1,500 m.
Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval.
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Table 4 Logistic regression of associations of food insecurity and mother MUAC in program area

Characteristics MUAC 23 cm

n (%) Crude OR (95% CI) Adjusted OR (95% CI)

Female authority
Yes
No

1,071 (55.7)
75 (73.6)

1
2.24 (1.26–3.99)**

1
2.22 (1.21–4.1)**

Residential area
Urban
Rural

26 (38.2)
1,090 (56.9)

1
2.13 (1.3–3.5)**

1
1.11 (0.66–1.88)

Family size
4
4

529 (54)
587 (58.3)

1
1.13 (0.7–1)

1
1.1 (0.88–1.28)

Agroecology
Dega
Woyna dega
Kola

49 (52.7)
391 (45.3)
676 (65.7)

1
0.74 (0.42–1.14)
1.72 (1.12–2.64)

1
0.86 (0.55–1.34)
1.64 (1.06–2.55)*

Food-security status
Secure
Mildly insecure
Moderately insecure
Severely insecure

378 (46.7)
156 (64.7)
329 (54.5)
253 (76.7)

1
2.1 (1.56–3.83)***
1.37 (1.11–2.7)*
3.76 (2.81–5.02)***

1
1.98 (1.46–2.7)***
1.28 (1.02–1.62)*
2.63 (1.92–3.6)***

Food diversity
7
7

1,051 (55.3)
65 (76.5)

1
2.63 (1.58–4.37)***

1
1.05 (0.85–1.29)

Number of meals/day
3
3

494 (45.8)
622 (68.6)

1
2.58 (1.15–3.1)***

1
2 (1.64–2.44)

Notes: *P0.05; **P0.01; ***P0.001. Dega, elevation 2,400 m; woyna dega, elevation 1,500–4,200 m; kola, elevation 1,500 m.
Abbreviations: MUAC, middle upper-arm circumference; OR, odds ratio; CI, confidence interval.

Table 5 Logistic regression of associations of food insecurity and mother MUAC in nonprogram area

Characteristics MUAC 23 cm

n (%) Crude OR (95% CI) Adjusted OR (95% CI)

Female authority
Yes
No

927 (49)
54 (66.7)

1
1.6 (1.04–2.48)*

1
1.35 (0.86–2.12)

Residential area
Urban
Rural

172 (35.8)
809 (54)

1
2.1 (1.7–2.6)***

1
2.17 (1.71–2.75)***

Family size
4
4

411 (46)
570 (52.5)

1
1.3 (1.09–1.55)**

1
1.18 (0.98–1.43)

Agroecology
Dega
Woyna dega
Kola

166 (61.5)
740 (49)
75 (37.7)

1
0.6 (0.46–0.79)***
0.38 (0.26–0.55)***

1
0.87 (0.65–1.17)
0.47 (0.31–0.7)***

Food-security status
Secure
Mildly insecure
Moderately insecure
Severely insecure

398 (41.4)
155 (68)
314 (52)
114 (61.6)

1
3.01 (2.22–4.09)***
1.53 (1.25–1.88)***
2.28 (1.65–3.14)***

1
2.41 (1.75–3.33)***
1.52 (1.22–2.89)***
2.58 (1.84–3.63)***

Food diversity
7
7

969 (49.3)
12 (80)

1
4.11 (1.16–14.6)*

1
1.39 (1.14–1.69)***

Number of meals/day
3
3

545 (46.5)
436 (54.1)

1
1.36 (1.13–1.63)***

1
1.3 (1.1–1.58)**

Notes: *P0.05; **P0.01; ***P0.001. Dega, elevation 2,400 m; woyna dega, elevation 1,500–4,200 m; kola, elevation 1,500 m.
Abbreviations: MUAC, middle upper-arm circumference; OR, odds ratio; CI, confidence interval.
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supported by the research finding that women in households 

that did not exercise decision-making practices on the house-

hold income were more likely to be undernourished than 

women who did. This could be explained in such a way that 

authorized women have the right to decide on the income of 

the household and may allocate the required budget to buy 

better and nutritious foods, and in addition when females 

authorized in the household there could be fairer distribution 

of food among the household. The evidence is consistent in 

that female authority or decision-making practices between 

the two areas showed statistically significant (χ2=7.32, 

P0.01) differences, and this may have resulted from the 

presence of the program. This is because the program invites 

and encourages female beneficiaries to be involved with 

payment and build their own assets.

Susceptibility to food insecurity is a familiar feature along 

the semiarid lowlands and degraded high lands of Ethiopia, 

where rural households rely on rain-fed agriculture.34 In both 

study areas, households in the highland agroecological zones 

were more likely to be food insecure than lowland zones, but 

there was no difference between lowland and mid-highland 

households. These findings are similar to other studies done 

in different parts of Ethiopia in which households in the 

highland agroecological zone were more likely to become 

food-insecure than households in lowlands.33,34 Most high-

land areas are mountainous and prone to soil erosion and 

degradation, and these could be risk factors for a reduction 

in agricultural productivity. In Ethiopia, soil erosion and 

degradation are common events, since there are no sustain-

able soil- and water-management practices. Soil erosion and 

degradation substantially affect food security.35 In relation to 

this, there were nutritional status differences in mothers that 

lived in different agroecological zones. Again, in both study 

areas, mothers from households who lived in highland agro-

ecological zones were more likely to become undernourished 

than mothers who lived in lowland agroecological zones. 

This nutritional difference between the two agroecological 

zones might be explained by the food-security status of the 

households in the two agroecological zones. This condition is 

supported by the fact that more mothers from food-insecure 

households become undernourished than mothers from food-

secure households.

The study also showed that urban dwellers were less likely 

to be undernourished than their counterparts. This finding is 

supported by studies done in Bangladesh and Nigeria.36,37 

This might be due to the fact that urban dwellers have better 

access to nutrition information and have better educational 

levels than rural residents, which in turn has a significant 

association with maternal nutritional status.36,38 Therefore, 

programs of the government and other agents to have an 

effect on maternal nutritional status. The national nutri-

tion strategy of Ethiopia also gave special focus and 

priorities to pregnant and lactating mothers that could 

serve as undernutrition-reduction methods.29 This woman-

empowerment contribution on the reduction of women 

undernutrition was supported by this research finding in 

that mothers who did not have authority (decision-making 

practice of mothers on incomes) in the household were 

more likely to be undernourished than women who had it in  

the household.

Inequalities among humans and household food insecurity 

breach the basic human right to freedom from hunger with 

enough nutritious and safe food.30 The current study showed 

that both forms of food insecurity were significant deter-

minants of maternal nutritional status in the nonprogram 

area and severe forms in the program area. Using BMI as 

an undernutrition indication, mothers in households that 

faced forms of food insecurity (mild, moderate, and severe) 

in the nonprogram area were more likely to be undernour-

ished compared to mothers within food-secure households. 

Similarly, mothers from severely food-insecure households 

in the program area were more likely to be undernourished 

than mothers from food-secure households. This finding is 

consistent with other studies done in Jordan and Canada.13,31–33 

All the studies showed that mothers in food-insecure house-

holds were at greater risk of being undernourished than 

mothers in food-secure households.

It is expected that food security is the basic requirement 

to ensure optimal nutrition and to prevent hunger and under-

nutrition.30 Although it is understood that food insecurity was 

the significant determinant of maternal undernutrition, the 

proportion of undernourished women in the nonprogram area, 

which was considered food-secure, was found to be higher 

than the program area, where the safety-net program is run-

ning. These results, in which there were more undernourished 

mothers in the nonprogram area than the program area, could 

be explained by the safety-net program making its own contri-

bution related to nutrition information. For example, mothers 

might receive nutrition-related information with which they 

enhance their knowledge of appropriate household-feeding 

practices. Research has also shown that efforts to improve 

diet quality among food-insecure households beyond physi-

cal access to their food is required to reduce the prevalence 

of insufficient nutrition.33

Moreover, this study result may be explained by house-

holds that are food-secure not having quality diets in terms of 

dietary diversity, and there could be inequality in distribution 

of food among the household members. The last concept was 
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urban mothers have better nutrition-related knowledge, which 

might contribute to better feeding practices.

To summarize, although food security is considered a 

prerequisite for optimal nutrition, by itself it is not sufficient 

for optimal nutrition attainment. By its very nature, the 

nutritional status of a certain community might be affected 

by different interrelated factors. Within the same scenario, 

different variables had different effects on the nutritional 

status of mothers in the two study sites of this research. 

The effect or association differences of the variables for 

the two areas could be explained by the nutritional status of 

mothers being affected by other variables not addressed by 

this research, including health service-related factors, envi-

ronmental health-related factors, and infectious disease.

Conclusion and recommendations
Based on the study results, there was maternal undernu-

trition in both study areas. Among the studied variables, 

food insecurity, female authority, agroecology, number of 

meals the mothers ate per day, and residential area were 

significantly associated with maternal BMI and MUAC. 

When mothers become authorized in the household, they 

might get a chance to decide on expenditure and distribute 

the available food among the family fairly. Therefore, at the 

district level, agricultural offices and administrative bodies 

need to design and implement effectively women-owned 

and -controlled income-generating activities like production 

of vegetables, poultry, eggs, milk, and milk products. There 

was a significant difference between urban and rural mothers’ 

nutritional status. This difference might have resulted from 

variations in educational level and availability and dis-

semination of nutrition-related education between the two 

settings. Therefore, nutrition-related education that empha-

sizes rural settings should be designed and implemented. 

It is also fundamentally important to design and implement 

food-insecurity intervention programs in both study areas 

to alleviate maternal undernutrition. Moreover, maternal 

undernutrition-intervention programs should be designed 

differently in different agroecological zones.
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