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Introduction 
 

Developing countries contribute the greatest share for chronically 

undernourished people, especially in the sub-Saharan Africa, where 

23.8% people remain undernourished which is the highest prevalence of 

any region in the world [1]. Result from recent DHS survey in Ethiopia 

portrayed high malnutrition levels for children under five years. The 

Survey revealed that the prevalence of stunting was 40.1% [2]. Moreover, 

analysis of the survey data on infant and young child feeding practices in 

Ethiopia showed that only 4% of youngest children aged 6-23 months are 

fed in accordance with IYCF practices, and 5% of children were fed 

according to minimum standards with respect to food diversity (four or 

more food groups). Furthermore, 47.9% of the children were fed at least 

the minimum number of times on the previous day [3]. 

Children are the most vulnerable to the long-term damage resulting from 

undernutrition between conception and their second birthday. The 

aftermath of under-nutrition is growth failure, weak immunity, 

intellectual underdevelopment and thus death results. This is caused by 

insufficient dietary intake, ill-health or both. These two factors interact to 

worsen malnutrition in a child [4]. Moreover, each of these is strongly 

affected by poverty [5]. It is hypothesized that higher dietary diversity 

score can improve the nutritional status of children, suggesting that 

diversity may indeed reflect higher dietary quality and greater likelihood 

of meeting daily energy and nutrient requirements. Furthermore, it is 

hypothesized that DDS can play a mediating role in the association 

between HFI and child undernutrition. 

In the past several studies examined the association between nutritional 

status and dietary intake of children. For instance, the study conducted in 

Ghana presented that child nutritional status improved with increased DDS 

and resulting that children in low DDS associated with underweight, 

stunting and wasting [6]. Similarly, the study conducted in Iran and India 

showed that children with low DDS were underweight [7]. Besides, a 

study conducted in South African children showed there was a strong 

relationship between DDS, and stunting and underweight [8]. Similarly, 

other studies conducted in Bangladesh, Senegal, Kenya, Vietnam, and 

Ethiopia, as well as analysis of 11 countries demographic and health 

 
Globalize your Research 

 
Ahmed A. Abdurahman 

  Open Access    Research Article  

Abstract 

Background: Consuming scarce and poorly diversified diet, along with inadequate breastfeeding, contribute seriously to the 

complete scope of child undernutrition like stunting, wasting, underweight and micronutrient deficiency. 

Objective: To determine the association between dietary diversity score (DDS) and nutritional status among children aged 24 

to 59 months in Haromaya district, Ethiopia. 

Methods: Children aged 24-59 months (N= 453) were enrolled in this cross-sectional study with a representative sample of 

households selected by a multistage sampling procedure in Haromaya district. Anthropometry and 24hr dietary recall were 

administered. Multinomial logistic regression models were applied to select variables that are candidate for multivariable model. 

Structural equation modeling was applied to test the mediatory effect of DDS on the relationship between household food 

insecurity (HFI) and child nutritional status. 

Results: The mean DDS was 3.62 (SD 1.09), and 50% of the children indicated poor and average DDS with only 20% children 

in very good DDS. By logistic regression analysis and after adjusting for the confounding factors, poor DDS was highly significant 

predictor of wasting, stunting and underweight (AOR = 4.09, C.I = 1.31 - 12.76, p = .01), (AOR = 2.28, C.I = 1.11 - 4.69, p = .03) 

and (AOR = 2.48, C.I = 1.17 - 5.24, p = .02) respectively. HFI had a significant direct effect on wasting though no significant 

indirect effect on wasting through mediation variable, DDS, (β1 reduced from 0.06 (S.E. = 0.027, p < .05) to 0.05 (S.E. = 0.028, 

p > .05). 

Conclusion: Poor DDS was a predictor of wasting, stunting and underweight. Additionally, DDS had a role in the association 

between HFI and nutritional status. 
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surveys, revealed that DDS had significant correlations with stunting and 

underweight [9-13]. 

However, in a study conducted in rural Bangladesh, even though a 

positive association was observed between DDS and wasting in children 

aged 12 – 23 months, there was a negative association observed in children 

aged 6 – 11 months [14]. Furthermore, studies conducted in Senegal, 

Democratic Congo and Burundi presented poor association noticed 

between DDS and stunting, underweight nor wasting [15,16]. In a recent 

study conducted in Tobago findings indicated that DDS and Food variety 

score were not significantly associated with any of the nutritional indices 

[17]. Likewise, in a study conducted in Ethiopia displayed, there was no 

relationship between DDS and stunting among children aged 6 - 23 

months [18]. 

Nevertheless, the investigation on this issue has been limited and scant in 

Ethiopia, even though Ethiopia is known to be among countries with very 

high prevalence of child undernutrition. Moreover, Ethiopia is one of the 

countries with limited data about the association between DDS and child 

nutritional status among the few studies that have been done in Haromaya 

district. Though, such data are crucial in providing valuable evidence and 

information on the status of child dietary practices and its’ association with 

child nutritional status in the study area. In addition, this result can identify 

areas of intervention to alleviate child malnutrition in general, and child 

dietary practices, in particular. Therefore, this study was initiated with the 

aim to explore the relationship between DDS and preschool child 

nutritional status and to explore the mediatory role of DDS in the 

relationship between HFI and child nutritional status in Haromaya district, 

East Hararghe Zone, Ethiopia. 

Materials and Methods 

 
Study Design: 

This study was conducted in Haromaya district of the Eastern Hararghe 

Zone, Oromia Regional State of Ethiopia. Data for this study was collected 

from a community based cross-sectional survey designed to test the 

association between DDS and nutritional status among children aged 24-

59 months in Haromaya district from July to September 2015. 

The participants of this study were mothers or care takers and child with 

the following inclusion criteria: mothers or care takers of children who had 

children aged 24 – 59 months, and accepted to participate in the study. 

Mothers or caretakers of children who had permanent resident (more than 

6 months) in the study area. 

Sample Size and Sampling Procedure 

The sample size was determined based on previously published Ethiopian 

Demographic Health Survey report (EDHS), the prevalence of stunted 

children aged under five years in Oromiya region was 37.5 percent [2]. 

Therefore, 37.5 percent was used in the sample size calculation using the 

formula for estimation of single proportion; the sample was multiplied by 

a design effect of 1.25, and a non-response rate of 20%, giving the sample 

size of 453. 

A multistage sampling procedure was employed to select the required 

households (n=453). In the first stage six kebeles (Kebele is the smallest 

administrative unit of Ethiopia similar to a ward, a neighborhood or a 

localized and delimited group of people) were selected from a total of 33 

rural kebeles by using a random sampling technique. In the secondstage, 

thirty villages were randomly selected with a probability proportional to 

their population from the six kebeles, based on data from Haromaya 

district health office. Within each village, households were selected by a 

systematic random sampling from the list of all the heads of households 

currently living in the village. Our sampling interval was 1,700 (i.e. 

cumulative population divided by number of sites). Then, choice of 

starting point from the households’ list was carried out by a random 

system. If the selected household had more than one child aged 24 to 59 

months, only the youngest child was included in the survey to avoid intra- 

household correlation in our data. 

Data Collection Procedures 

Data was collected by three field teams which have three persons per team 

through a structured coded questionnaire. All data collectors were trained 

for two days on the study instruments and participated in one round of field 

testing before the actual work commenced. The performance of the field 

staffs during data collection was supervised and monitored by principal 

investigator. 

The mother of the child or other caretaker was requested to give 

information about socio-demographic characteristics, socio-economic 

status (adapted from EDHS), 24 hour dietary recall and food insecurity 

questions. Of the 453 children eligible for the sample household 

questionnaire, 453 mothers completed the interviews (response rate 

among sample households = 100%). 

Household food security 

Household food insecurity was measured by using the validated 

Household Food Insecurity Access Scale (HFIAS) for Ethiopia [19, 20]. 

The mothers were asked nine questions related to the household’s practice 

of food insecurity in the last 30 days earlier the survey. 

Anthropometric measurements 

Children’s height, weight, MUAC and Triceps skinfold were measured by 

following standard recommended procedures [21]. Weights of the 

children were measured by using weighing scales that were precise to 100 

gram. Locally manufactured collapsible length/height boards, which were 

precise to 1 mm were used to measure standing height of children aged 

greater than or equal to 24 months. Mid Upper Arm Circumference 

(MUAC) was measured using non-stretchable tape on left mid upper arm 

to the nearest 1 mm. It was diagnosed if a bilateral depression (pitting) 

remained after the pressure is released. The triceps skinfold thickness 

were measured to the nearest millimeter with Lange skinfold caliper 

(Cambridge Scientific Industries, Inc, Cambridge, MD). 

The nutritional status indicators, weight-for-length, weight-for-age, 

height-for-age, arm circumference-for-age, triceps skinfold-for-age, and 

Body Mass Index for age were compared with reference data from World 

Health Organization standards [22]. To assure data quality, at the end of 

each day the data collected was checked by the supervisor using ENA 

SMART software (ENA version 2011). 

The World Health Organization’s (WHO) Anthro Plus software (version 

3.2.2, 2011) was used to calculate and analyze the nutritional status of the 

children. Six indicators were measured by this software: weight-for- 

height (WHZ), weight-for-age (WAZ), height-for-age (HAZ), mid upper 

arm circumference-for-age (MUACZ), triceps skinfold-for-age (TSZ), 

and Body Mass Index-for-age (BAZ). The indicators were calculated by 
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standard deviation (SD) or Z-score for all children. Weight for age, height 

for age, weight for height, arm circumference-for-age and triceps skinfold-

for-age less than -3SD is classified as severely underweight, severely 

stunted and severely wasted, respectively. Weight for age, height for age, 

weight for height, arm circumference-for-age and triceps skinfold-for-age 

between -3SD to -2SD is classified as moderately underweight, 

moderately stunted and moderately wasted, respectively. Children with 

Weight for age, height for age, weight for height, mid arm circumference-

for-age, body mass index for age or triceps skinfold-for- age between -

2SD to + 2SD were classified as normal weight, normal height, normal 

skinfold and normal Body Mass Index, respectively. Weigh-for-age, 

height-for-age, weight-for-height and body mass index- for-age more than 

+2SD are indicative of overweight, tall stature and obesity, respectively. 

Dietary diversity score 

(DDS) and Food Variety Score (FVS) were assessed by 24 hour dietary 

recall. The diet was classified according to nine food groups as 

recommended by FAO [23], which included: (1) Starchy staples; (2) Dark 

green leafy vegetables; (3) Other vitamin A rich fruits and vegetables; (4) 

Other fruits and vegetables; (5) Organ meat; (6) Meat and fish; (7) Eggs; 

(8) Legumes, nuts and seeds; and (9) Milk and milk products. Other 

remaining items such as salt, tea, sugar, vegetable oil and sweets were not 

included in DDS and FVS calculations. 

The FVS is defined as the number of food items consumed over a 24 h 

period, from a possible total of 41 items .The possible total (n = 41) 

reflects all the different types of food items eaten by this sample of 

children, food from Starchy staples (11), Dark green leafy vegetables (2), 

Other vitamin A rich fruits and vegetables (7), Other fruits and vegetables 

(7), Meat and fish (3), Eggs (1), Legumes, nuts and seeds (7), and Milk 

and milk products (3). Food groups in the dietary diversity questionnaire 

were combined into a single food group to create the DDS. The potential 

score range is 0-9 for DDS. 

Dietary diversity scores were computed from the quantitative dietary 

assessment. Mean dietary score for each child over the period was 

computed and divided into quartiles based on the distribution within the 

sample. Individuals with scores below the 25th quartiles were classified 

to have poor DDS; those between 25th and 50th quartile as having average 

DDS; 50th to 75th quartile as having good DDS and those above 75th 

quartile as of very good DDS. 

Statistical Analyses 

Statistical analysis was conducted with SPSS 18 software (SPSS Ltd, 

Quarry bay, Hong Kong, PASW-statistics 18). Descriptive characteristics 

of variables were assessed by means, frequencies and proportions. Chi 

square test was used to test the relationship between DDS and nutritional 

status in normal and undernourished. Then Multinomial logistic 

regression models were applied to select variables that are candidate for 

multivariable model. The variables that were significantly associated with 

the nutritional indices of the child (HAZ, WAZ, WHZ, BAZ, MUACZ and 

TSZ) on the bivariate analysis were used in the multivariable ordinal 

logistic regression model to identify their independent effect. The 

anthropometric results were also presented as proportions and the output 

of the logistic regression as adjusted odds ratios (AOR) with 95% 

confidence intervals (C.I). Associations were considered as statistically 

significant at p-values less than 0.05 (p<0.05). 

We examined the mediating effect of child DDS in the association between 

HFI and child under nutrition using structural equation modeling (SEM). 

First, we evaluate the direct effect of HFI on the nutritional status, then after 

determining β value, we included the mediating variable, child DDS, into 

the model. Then, based on the finding of the difference on β values and 

the significant level, mediation effect was determined. 

Ethical Consideration 

The study had Ethical approval from both institutions; Tehran University 

of Medical Sciences (TUMS) research ethical review board (Ethical 

Approval code: 9313421008-145687), and Oromiya regional health office 

(Ethiopia) research and ethical review Committee (Ref. No.: 

BEFO/AHBTH1/1-8/3834). Both oral and written informed consent were 

obtained from each study participants after thoroughly describing the 

objective of the study and benefits of the study. 

Results 

 
Basic Characteristics of the Study Patricipants 

The mean age, height, weight, MUAC and Triceps skin fold of the study 

participants was 34.87 (SD 9.17) months, 85.16 (SD 8.79) cm, 11.90 (SD 

2.26) kg, 13.78 (SD 1.27) cm and 8.18 (SD 2.11) mm, respectively (Table 

1). 

 

Variables N (%) Mean (SD) 

Sex of Household Head   

Male 422 (93.2)  

Female 31 (6.8)  

Mothers Age in year  32.12 (6.21) 

< 20 years 14(3.1)  

20-24 30(6.6)  

25-29 110(24.3)  

30-34 112(24.7)  

>=35 186(41.1)  

Mother current marital status   

Married 419 (92.5)  

Separated 22 (4.9)  

Widowed 12 (2.6)  

Mother Educational Status   

None 386 (85.2)  
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Primary & Secondary (Grade 1-12) 67 (14.8)  

Size of the family in the household 
 6.36 (2.22) 

<5 174 (38.4)  

5-8 206 (45.5)  

>8 73 (16.1)  

Child Sex   

Male 221 (48.8)  

Female 232 (51.2)  

Child Age in month  34.87 (9.17) 

24-35 195(43)  

36-47 174(38.4)  

48-59 84(18.5)  

Household SES   

Lowest 207(45.7)  

Middle 163(36)  

Highest 83(18.3)  

 

Dietary Diversity Score 
 

In the 24 hours earlier the survey, majority of the children had consumed food items from three or less food groups indicating low DDS. The mean DDS 

of this study was 3.62 (SD 1.09) and 13% of the children showed poor dietary diversity score with only 20 percent having consumed very good dietary 

diversity score (Figure 1). 
 

 

Food Variety Score 
 

Among the food groups consumed by the children, the top three highest consumptions were starchy staples (100 percent), Nuts and seeds (93.6 percent), 

and other fruits and vegetable groups (83.7 percent) (Figure 2). 

Note.  SD: Standard Deviation 

Table 1: Basic characteristics of study participants (n=453), Haromaya, 2015 

Dietary Diverersity in 

Very 
Good 

Poo 
r 

Goo 
d 

Averag 
e 

Poor Average Good Very 

Figure 1. Dietary Diversity Score of children 24-59 months in Haromaya, 2015 
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  Figure 2: Percent of Food Groups consumed by children aged 24-59 months as per the 24 hours recall in Haromaya, 2015  

The findings from this study showed that the mean FVS was 5.34 (SD 

1.77) with ranging from 1 to 14 food item consumed within the 24 hour 

preceding the survey. Around 60 percent of children were consume five 

and less food item per a day. 

The survey report showed that high prevalence of stunting and 

underweight was observed in children having average DDS (38.9%, both). 

The result also revealed that the prevalence of wasting was high in good 

DDS children (35 %). However, the proportion of stunting, wasting and 

underweight was low in children scored very good DDS (18.4 %, 12.5 

% and 54.9 %, respectively). 

 

Association between Dietary Diversity Score and Nutritional 

Indicators 

A chi-square test of independence was executed to examine the 

association between dietary diversity score and child nutritional status. 

Accordingly, the relation between poor DDS and wasting (WHZ) was 

significant, 2 (df = 3, N = 453) = 10.45, p = 0.01. Children who have 

average to very good DDS were less likely to develop wasting than were 

poorly DDS children (Table 2). Moreover, there was a significant 

association between Body mass index for age z-score (BAZ) and poor 

DDS, 2 (df = 3, N = 453) = 8.03, p = 0.04 (Table 2). 

Variable WHZ [n (%)] WAZ [n (%)] BAZ [n (%)] 

Normal Undernou 

rished (<- 

2SD) 

 
 

p 

Normal Undernou 

rished (<- 

2SD) 

 
 

p 

Normal Undernou 

rished (<- 

2SD) 

 
 

p 

 
Dietary Diversity Score 

   
.01 

   
.02 

   
0.04 

Poor DDS 48(81.4) 11(18.6)  34(59.6) 23(40.4)  48(84.2) 9(15.8)  

Average DDS 157(94) 10(6) 116(72.5) 44(27.5) 151(94.4) 9(5.6) 

Good DDS 121(89.6) 14(10.4) 107(81.1) 25(18.9) 119(90.2) 13(9.8) 

Very Good DDS 87(94.6) 5(5.4) 68(76.4) 21(23.6) 85(95.5) 4(4.5) 

Sex of Household Head  
386 

(91.5) 

 
36 (8.5) 

.50a  
300(73.2) 

 
110(26.8) 

.06  
 

380 (92.7) 

 
 

30 (7.3) 

.06a 

Male 

Female 27 (87.1) 4 (12.9)  25(89.3) 3(10.7)  23 (82.1) 5 17.9)  

Age of Mother (Year)   .63   .22   .22 
 

Organ meat

Meat and Fish 

Egg 
 

s

Other vitamin A rich vegetables and 

fruits 

Dair 

y Vitamin A rich dark green 
 

vegetables Other fruits and 

 20 40 60 

Percent 

80 10 12 

F
o
o
d
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< 20 12 (85.7) 2 (14.3)  8 (61.5) 5 (38.5)  10 (76.9) 3 (23.1)  

20-24 26 (86.7) 4 (13.3) 18 (60.0) 12 (40.0) 26 (86.7) 4 (13.3) 

25-29 101 

(91.8) 

9 (8.2) 82 (76.6) 25 (23.4) 
99 (92.5) 8 (7.5) 

30-34 100 

(89.3) 

12 (10.7) 77 (72.0) 30 (28.0) 
99 (92.5) 8 (7.5) 

>=35 173 

(93.0) 

13 (7.0) 139 (77.2) 41 (22.8) 
168 (93.3) 12 (6.7) 

Maternal Marital Status   .76a   .03   .09a 

Married 383(91.4) 36 (8.6) 297(73) 110(27) 
377 (92.6) 

30 

(7.4) 

Separated/Widow 

ed/Others 

30 (88.2) 4 (11.8) 28(90.3) 3(9.7) 
26 (83.9) 5 (16.1) 

Maternal Educational 

Status 

  .67   .22   
.53 

None 351 (90.9) 35 (9.1) 272 (73.1) 100 (26.9) 341 (91.7) 31 (8.3) 

Primary/Seconda 

ry/More 

62 (92.5) 5 (7.5) 53 (80.3) 13 (19.7) 
62 (93.9) 4 (6.1) 

Child Age (Months)   .26   .98   .50 

24-35 178 

(91.3) 

17 (8.7) 140 (74.5) 48 (25.5) 
173 (92.0) 15 (8.0) 

36-47 162(93.1) 12 (6.9) 123 (73.7) 44 (26.3) 156 (93.4) 11 (6.6) 

48-59 73 (86.9) 11 (13.1) 62 (74.7) 21 (25.3) 74 (89.2) 9 (10.8) 

Child Sex   .07   .02   .15 

Male 196 (88.7) 25 (11.3) 147 (69.3) 65 (30.7) 191 (90.1) 21 (9.9) 

Female 217 (93.5) 15 (6.5) 178 (78.8) 48 (21.2) 212 (93.8) 14 (6.2) 

Size of the Family   .56   .05   .41 

<5 156 (89.7) 18 (10.3) 116(67.8) 55(32.2) 155 (90.6) 16 (9.4) 

5-8 191 (92.7) 15 (7.3) 153(77.7) 44(22.3) 185 (93.9) 12 (6.1) 

>8 66 (90.4) 7 (9.6) 56(80) 14(20) 63 (90.0) 7 (10.0) 

 

 

WHZ: weight for height z-score, DDS: Dietary Diversity Score 

Boldface: p < .05 (chi-square test [2]) 
 

On the other hand, underweight (WAZ) was significantly associated with 

poor DDS, 2 (df = 3, N = 453) = 10.02, p = 0.02 (Table 1). Likewise, no 

significant relationship was found between DDS and stunting (HAZ), 2 

(df = 3, N = 453) = 5.02, p =0.17 (data not presented). 

A logistic regression was conducted to determine the relationship between 

the main independent variables, dietary diversity score, as well other 

confounding factors (Sex of household head, child age, child sex and size 

of the family) with nutritional status of the child. Poor DDS was 

significantly associated with wasting and underweight (p = 0.02, both). 

After adjusting for all hypothesized confounding factors, the pooled 

analysis revealed that child in poor DDS were four times more likely than 

child in very good DDS to be wasted and two times to be stunted and 

underweight than child in very good DDS. Therefore, poor DDS was a 

highly significant predictor of wasting, stunting, underweight and chronic 

energy deficient (AOR=4.09, C.I=1.31-12.76), (AOR=2.28, C.I=1.11- 

4.69), (AOR=2.48, C.I=1.17-5.24) and (AOR=4.09, C.I=1.16-14.34) 

respectively. (Table 3). 

Note. a Fisher's Exact Test 

Table 2: Distribution of WHZ, WAZ & BAZ by DDS in 24-59 months aged children in Haromaya district, 2015 
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  Crudes OR  Adjusted OR  

 Variable 
B (S.E) 

Odds Ratio (95% 
C.I) P 

 
B (S.E) 

Odds Ratio 
(95% C.I) P 

 
 

WHZ 

 
DDS 

       

Poor 1.38 (0.57)* 3.99 (1.31-2.15) .01 1.41 (0.58)* 4.09 (1.31-12.76) .01 

Average 0.10 (0.56) 1.11 (0.37-3.35) .85 -0.01 (0.57) 0.99 (0.32-3.04) .99 

Good 0.70 (0.54) 2.01 (0.69-5.79) .19 0.73 (0.55) 2.07 (0.71-6.04) .18 

 
 

HAZ 

 
DDS 

       

Poor 0.64 (0.36) 1.90 (0.95-3.82) .07 0.82 (0.37)* 2.28 (1.11-4.69) .03 

Average 0.39 (0.27) 1.48 (0.88-2.50) .14 0.40 (0.27) 1.49 (0.88-2.54) .14 

Good 0.08 (0.27) 1.08 (0.63-1.85) .76 0.13 (0.28) 1.15 (0.66-1.98) .62 

 
 

WAZ 

 
DDS 

       

Poor 0.78 (0.37)* 2.19 (1.06-4.50) .03 0.91 (0.38)* 2.48 (1.17-5.24) .02 

Average 0.21 (0.31) 1.23 (0.67-2.24) .50 0.14 (0.31) 1.15 (0.62-2.13) .65 

Good -0.28 (0.33) 0.76 (0.39-1.46) .40 -0.24 (0.34) 0.78 (0.40-1.53) .47 

 
 

BAZ 

 
DDS 

       

Poor 1.38 (0.66)* 3.98 (1.16-3.63) .03 1.40 (0.64)* 4.09 (1.16-14.34) .03 

Average 0.24 (0.62) 1.27 (0.38-4.24) .70 0.19 (0.62) 1.21 (0.35-4.09) .76 

Good 0.84 (0.59) 2.32 (0.73-7.37) .15 0.87 (0.59) 2.38 (0.74-7.65) .14 

 

HFIA: Household Food Insecurity Access, DDS: Dietary Diversity Score 

WHZ: weight for height z-score, HAZ: Height for Age z-score, WAZ: weight for Age z-score, BAZ: Body Mass Index for Age z-score, MUACZ: 

Mid Upper Arm Circumference for Age z-score, TSZ: Triceps Skinfold for Age z-score 

Adjusted for: Sex of household head, child age, child sex and size of the family 
 

Mediatory Effect of Dietary Diversity 

 

The result of structural equation model showed that before dietary 

diversity score enters the model, the direct effect of household food 

insecurity on wasting was, β estimate = 0.06 (S.E. = 0.027) and the result 

is significant (p < 0.05), but after the mediator (DDS) variable enters the 

model, it shows that β1 reduced from 0.06 (S.E. = 0.027) to 0.05 (S.E. = 

0.028) and the result was not significant (p > 0.05). Therefore, household 

food insecurity had significant effect on dietary diversity score but dietary 

diversity score had no significant effect on wasting (WHZ), so the type of 

mediation was complete mediation, since the direct effect of household 

food insecurity on wasting was not significant after DDS enters the model 

even though, β1 was reduced. Thus, we can conclude that HFI had 

significant direct effect on wasting though  no significant indirect effect on 

wasting through mediation variable, DDS (Figure 3). 

Note. Boldface: p < .05 

Table 3: Logistic Regression predicting likelihood of reporting Under-nutrition 
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Similarly, the same result was obtained after the mediatory variable 
(DDS) enters the model of HFI and MUACZ (data not presented). 

On the other hand, partial mediation was observed on the association 

between HFI and BAZ while DDS was entered into the model, β1 reduced 

from 0.063 (S.E. = 0.026) to 0.056 (S.E. = 0.027) and the p-value was 

similar and significant before and after the mediatory, and also HFI had 

significant effect on DDS, however DDS had no significant effect on BAZ. 

Thus, these showed that DDS had played a partial mediation (data not 

presented). However, the result for the other nutritional indices (HAZ, 

WAZ and TSZ) showed that the direct effect of HFI on these nutritional 

indices was not significant (p >0.05). 

Discussion 

It was hypothesized that dietary diversity score had significant effect on 

the nutritional status of children. This result clearly showed DDS is 

associated with WHZ, WAZ, HAZ and BAZ after adjusting for the 

confounding factors (Sex of household head, child age, child sex and size 

of the family). On the other hand, DDS was hypothesized to have 

mediatory effect on the relation between HFI and child nutritional status. 

Importantly, these findings demonstrated that DDS had a complete 

mediatory effect on the association between HFI and wasting. 

Child dietary diversity score reflects how different kinds of foods usually 

consumed by the child. On average, 83.7 percent of the children included 

in this study consumed 3 or less food groups the earlier day to the study. 

Even though, there is no exact recommendations concerning the ideal 

number of foods or food groups that a preschool age child should eat [24], 

there is an agreement that higher or very good dietary diversity score is 

needed and that a greater number of food groups can help meet daily 

requirements for a variety of nutrients [25] The result of this study showed 

that children with poor DDS were found to be 13% which is similar with 
studies conducted in other part of Ethiopia (10.8 percent) and Burkina 

Faso (12.9 percent) [14,26], but lower with study conducted in 

Bangladesh (32 percent) [10]. 

Moreover, the mean DDS of our study was 3.62 which is similar to South 

Africa and Egypt (3.6, both) [8,27], but lower than the study conducted in 

Ghana (4.6) [6]. Furthermore, this result showed that DDS varies with age 

of children, pointing the prevalence of poor DDS high in age group of 24- 

35 months. These might be due to different feeding practice with a custom 

of cooking limited varieties of food for the family, absence of adequate 

knowledge about nutritional requirements for children, limited household 

food availability, and low purchasing ability for food as well as increment 

on price of consumable goods in Ethiopia. 

Association between Dietary Diversity Score and Nutritional Status 
 

The analysis showed that poor dietary diversity score was a predicator of 

the three nutritional indices (stunting, wasting and underweight), in which 

children in poor DDS were four times more likely than children in very 

good DDS to be wasted and two times to be stunted and underweight than 

children in very good DDS, after controlling for all hypothesized 

confounding factors. In line with our findings, several studies have shown 

that dietary diversity score is positively related with stunting, wasting and 

underweight [8,9,28-31]. Likewise, it was hypothesized that higher DDS 

is associated with improved nutritional status, our result was also 

demonstrated this too, thus we accept the hypothesis. 

Association between Household Food Insecurity, Dietary Diversity 

and Nutritional Status 

GFI=0.938 & AGFI=0.875; GFI & AGFI value close to 1 indicates the model proper goodness of fit. 

Figure 3: Mediatory effect of DDS on the relation between HFI and WHZ 
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It was hypothesized that DDS have a mediatory role on the relationship 

between household food insecurity and child nutritional status. Previous 

studies conducted in Ethiopia and Vietnam reported that, Dietary diversity 

score had mediatory effect on the relationship between food security and 

nutritional status in Vietnam, however a smaller effect appeared in 

Ethiopia [32]. Contradictory, studies conducted in Bangladesh, Ethiopia 

and Vietnam reported that Child DDS did not mediate the association 

between HFI and undernutrition [33]. However, in the present study DDS 

had a complete mediatory effect on the relation between HFI and wasting. 

Accordingly, we accepted the hypothesis that DDS have a mediatory role 

on the relationship between HFI and child nutritional status, only wasting. 

The major strengths of the current study include the availability of 

information on potential confounders and mediators. In addition, this is 

the first study to assess the mediatory role of DDS on the association 

between HFI and nutritional status among preschool children in Ethiopia, 

particularly, Haromaya district. However, this study has some limitations. 

First, as it was a cross-sectional study, we cannot prove any cause-effect 

relations between DDS and child nutritional status; some of the variables 

believed to affect nutritional status are not addressed by the present study. 

A prospective approach is needed to determine DDS as a cause of 

malnutrition. Second, in this study the target age group was children aged 

24 -59 months, therefore the findings of this study are representative for 

only this age groups. 

In conclusion, the present study provided that pre-school aged children 

lacked diversity of food, and that the intake of animal source foods was 

very low as well as inadequate intake of energy and essential nutrients. 

The result also revealed that poor DDS was a predictor of wasting, 

stunting, underweight and chronic energy deficient. Furthermore, this 

study highlights the role of DDS in the association between household 

food insecurity and nutritional status. 

Considering these findings, it is crucial for the national strategies on 

nutrition interventions to bring about substantive and sustainable changes 

leading to improvement of the nutritional situation of the most vulnerable 

groups in the poorest households as well as those in the most affected 

areas. In designing nutrition interventions, some practical considerations 

should be kept in mind and it is important to translate the national food 

and nutrition strategies into practical achievable goals that meet the needs 

of the most vulnerable households, with a view to improve inappropriate 

child dietary practices through creating access to and promote utilization 

of diversified foods. 

This information can be used by the health authorities and policy makers 

in the area to plan health and nutrition interventions, and to alleviate child 

malnutrition in the country in general, and child dietary practices, in 

Haromaya district in particular. 

Acknowledgements 
 

We would like to express our gratitude and appreciation to all participants 

and staffs of Haromaya district health office who assisted in this study. 

Financial Support 
 

This work was supported by Tehran University of Medical Sciences, 

International Campus (TUMS-IC), Tehran, Iran (grant number 94-01- 

103-28587). 

Conflict of Interest 
 

There are no competing financial interests in relation to current study. 

 

Authorship 
 

Ahmed Abdulahi wrote the proposal, contacted the authorities involved in 

the study, supervised the data collection in the fieldwork, data entry, data 

analysis and wrote the initial draft manuscript. Dr. Khadijeh Mirzaei, Dr. 

Ahmed Reza Dorosty and Dr. A Rahimiforoushani participated and 

advised in the design of the study. All the participated authors approved 

the final manuscripts after reviewing of the manuscripts. 

References 
 

1. FAO W. (2014) The State of Food Insecurity in the World 2014: 

Strengthening the enabling environment to improve food security 

and nutrition. FAO, Rome. 

2. EMDHS. "Ethiopia Mini Demographic and Health Survey, 

(Nutritional status of children). Central Statistical Agency Addis 

Ababa, Ethiopia." pp. 55–60. 2014. 

3. CSA. Ethiopia Demographic and Health Survey 2011. Central 

Statistical Agency. 2012:380. 

4. UNICEF. Strategy for improved nutrition of children and women 

in developing countries: Unicef; 1990. 

5. Black R.E., Allen L.H., Bhutta Z.A., Caulfield L.E., De Onis M., 

et al. (2008) Maternal and child undernutrition: global and 

regional exposures and health consequences. The lancet. 

371(9608):243-260. 
6. Nti C.A., (2011) Dietary Diversity is associated with nutrient 

intakes and nutritional status of children in Ghana. Asian Journal 

of Medical Sciences. 2(2):105-109. 

7. Hooshmand S., Udipi S., (2013) Dietary Diversity and Nutritional 

Status of Urban Primary School Children from Iran and India. J 

Nutrition Disorders Ther S. 12:2161-0509. 
8. Steyn N., Nel J., Nantel G., Kennedy G., Labadarios D.,( 2006) 

Food variety and dietary diversity scores in children: are they good 

indicators of dietary adequacy? Public Health Nutrition. 

9(05):644-650. 

9. Arimond M., Ruel MT., (2004) Dietary diversity is associated 

with child nutritional status: evidence from 11 demographic and 

health surveys. The Journal of Nutrition. 134(10):2579-2585. 
10. Rah J., Akhter N., Semba R., De Pee S., Bloem M., et al. (2010) 

Low dietary diversity is a predictor of child stunting in rural 

Bangladesh. European Journal of Clinical Nutrition. 64(12):1393- 

1398. 

11. Bork K., Cames C., Barigou S., Cournil A., Diallo A.,( 2012) A 

summary index of feeding practices is positively associated with 

height-for-age, but only marginally with linear growth, in rural 

Senegalese infants and toddlers. The Journal of Nutrition. 

142(6):1116-1122. 

12. Ekesa B.N., Walingo M.K., Abukutsa-Onyango M.,(2009) 

Dietary diversity, nutrition status and morbidity of pre-school 

children in Matungu division, Western Kenya. International 

Journal of Food Safety, Nutrition and Public Health. 2(2):131- 144. 

13. Nguyen P.H., Avula R., Ruel M.T., Saha K.K., Ali D., et al.( 2013) 

Maternal and child dietary diversity are associated in Bangladesh, 

Vietnam, and Ethiopia. The Journal of Nutrition. 

2013;143(7):1176-1183. 

14. Sawadogo P.S, Martin-Prével Y., Savy M., Kameli Y., Traissac P., 

et al. (2006) An infant and child feeding index is associated 

http://www.auctoresonline.org/
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.sciencedirect.com/science/article/pii/S0140673607616900
https://www.nepjol.info/index.php/AJMS/article/view/4179
https://www.nepjol.info/index.php/AJMS/article/view/4179
https://www.nepjol.info/index.php/AJMS/article/view/4179
https://www.nepjol.info/index.php/AJMS/article/view/4179
https://www.nepjol.info/index.php/AJMS/article/view/4179
https://www.nepjol.info/index.php/AJMS/article/view/4179
https://www.nepjol.info/index.php/AJMS/article/view/4179
https://pdfs.semanticscholar.org/e0f7/e1d37f4accd1e2dfee678b6bd380d93a65ed.pdf
https://pdfs.semanticscholar.org/e0f7/e1d37f4accd1e2dfee678b6bd380d93a65ed.pdf
https://pdfs.semanticscholar.org/e0f7/e1d37f4accd1e2dfee678b6bd380d93a65ed.pdf
https://pdfs.semanticscholar.org/e0f7/e1d37f4accd1e2dfee678b6bd380d93a65ed.pdf
https://pdfs.semanticscholar.org/e0f7/e1d37f4accd1e2dfee678b6bd380d93a65ed.pdf
https://pdfs.semanticscholar.org/e0f7/e1d37f4accd1e2dfee678b6bd380d93a65ed.pdf
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-and-dietary-diversity-scores-in-children-are-they-good-indicators-of-dietary-adequacy/369C0198716A89F501B9881A80566CDB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-and-dietary-diversity-scores-in-children-are-they-good-indicators-of-dietary-adequacy/369C0198716A89F501B9881A80566CDB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-and-dietary-diversity-scores-in-children-are-they-good-indicators-of-dietary-adequacy/369C0198716A89F501B9881A80566CDB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-and-dietary-diversity-scores-in-children-are-they-good-indicators-of-dietary-adequacy/369C0198716A89F501B9881A80566CDB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-and-dietary-diversity-scores-in-children-are-they-good-indicators-of-dietary-adequacy/369C0198716A89F501B9881A80566CDB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-and-dietary-diversity-scores-in-children-are-they-good-indicators-of-dietary-adequacy/369C0198716A89F501B9881A80566CDB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-and-dietary-diversity-scores-in-children-are-they-good-indicators-of-dietary-adequacy/369C0198716A89F501B9881A80566CDB
https://academic.oup.com/jn/article/134/10/2579/4688437
https://academic.oup.com/jn/article/134/10/2579/4688437
https://academic.oup.com/jn/article/134/10/2579/4688437
https://academic.oup.com/jn/article/134/10/2579/4688437
https://academic.oup.com/jn/article/134/10/2579/4688437
https://www.nature.com/articles/ejcn2010171
https://www.nature.com/articles/ejcn2010171
https://www.nature.com/articles/ejcn2010171
https://www.nature.com/articles/ejcn2010171
https://www.nature.com/articles/ejcn2010171
https://www.nature.com/articles/ejcn2010171
https://www.nature.com/articles/ejcn2010171
https://www.nature.com/articles/ejcn2010171
https://www.nature.com/articles/ejcn2010171
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article/142/6/1116/4689049
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/143/7/1176/4574513
https://academic.oup.com/jn/article-abstract/136/3/656/4664239
https://academic.oup.com/jn/article-abstract/136/3/656/4664239
https://academic.oup.com/jn/article-abstract/136/3/656/4664239


Clinical Research and Clinical Trials Copy rights@ Ahmed A. Abdurahman 

Auctores Publishing – Volume 1(1)-003 www.auctoresonline.org 

Page 10 of 12 

 

 

 
 

with the nutritional status of 6-to 23-month-old children in rural 

Burkina Faso. The Journal of Nutrition. 136(3):656-663. 

15. Ntab B., Simondon K.B., Milet J., Cissé B., Sokhna C., et al.( 2005) 

A young child feeding index is not associated with either height-

for-age or height velocity in rural Senegalese children. The Journal 

of Nutrition. 135(3):457-464. 

16. Ekesa B., Blomme G., Garming H., (2011)Dietary diversity and 

nutritional status of pre-school children from Musa-dependent 

households in Gitega (Burundi) and Butembo (Democratic 

Republic of Congo). African Journal of Food, Agriculture, 

Nutrition and Development. 11(4). 

17. Sealey-Potts C., Potts A., (2014)An Assessment of Dietary 

Diversity and Nutritional Status of Preschool Children. Austin 

Journal Nutrition Food Science. 2(7):1040. 

18. Tessema M., Belachew T., Ersino G., (2013)Feeding patterns and 

stunting during early childhood in rural communities of Sidama, 

South Ethiopia. Pan African Medical Journal. 14(1). 

19. Coates J., Anne Swindale and Paula Bilinsky. (2007) Household 

Food Insecurity Access Scale (HFIAS) for Measurement of Food 

Access: Indicator Guide. VERSION 3. Washington, DC: Food and 

NutritionTechnical Assistance Project, Academy for Educational 

Development. VERSION 3 

20. Gebreyesus S.H., Lunde T., Mariam D.H., Woldehanna T., 

Lindtjørn B., (2015) Is the adapted Household Food Insecurity 

Access Scale (HFIAS) developed internationally to measure food 

insecurity valid in urban and rural households of Ethiopia? BMC 

Nutrition. 1(1):1. 

21. WHO. (1995)Physical status: The use of and interpretation of 

anthropometry, Report of a WHO Expert Committee. 

22. Onis M., (2006) Complementary feeding in the WHO multicentre 

growth reference study. Acta Paediatrica. 95(S450):27-37. 

23. FAO.,(2013) Guidelines for measuring household and individual 

Dietary diversity. 

24. Dary O., Hurrell R.,(2002) Guidelines on food fortification with 

micronutrients. 2006:12. 

25.  

Arimond M., Ruel M.T., Progress in developing an infant and 

child feeding index: an example using the Ethiopia Demographic 

and Health Survey 2000. Discussion Paper,. 

26. Aemro M., Mesele M., Birhanu Z., Atenafu A.,( 2013) Dietary 

Diversity and Meal Frequency Practices among Infant and Young 

Children Aged 6-23 Months in Ethiopia: A Secondary Analysis of 

Ethiopian Demographic and Health Survey 2011. Journal of 

Nutrition and Metabolism. 2013:782931. 

27. Kavle J.A., Flax V.L., Abdelmegeid A., Salah F., Hafez S., et al. 

(2015)Factors associated with early growth in Egyptian infants: 

implications for addressing the dual burden of malnutrition. 

Maternal & Child Nutrition. 

28. Paudel R., Pradhan B., Wagle R., Pahari D., Onta S., (2013) Risk 

factors for stunting among children: a community based case 

control study in Nepal. Kathmandu University Medical Journal. 

10(3):18-24. 
29. Saaka M., Osman S.M., (2013) Does Household Food Insecurity 

Affect the Nutritional Status of Preschool Children Aged 6–36 

Months? International Journal of Population Research. 

30. Hatløy A., Hallund J., Diarra M.M., Oshaug A., (2000) Food 

variety, socioeconomic status and nutritional status in urban and 

rural areas in Koutiala (Mali). Public Health Nutrition. 3(01):57- 

65. 

31. Motbainor A., Worku A., Kumie A., (2015) Stunting Is Associated 

with Food Diversity while Wasting with Food Insecurity among 

Underfive Children in East and West Gojjam Zones of Amhara 

Region, Ethiopia. PloS One. 10(8):e0133542. 

32. Humphries D.L., Dearden K.A., Crookston B.T., Fernald L.C., 

Stein A.D., et al. (2015) Cross-Sectional and Longitudinal 

Associations between Household Food Security and Child 

Anthropometry at Ages 5 and 8 Years in Ethiopia, India, Peru, and 

Vietnam. The Journal of Nutrition. 145(8):1924-1933. 

33. Ali D., Saha K.K., Nguyen P.H., Diressie M.T., Ruel M.T., et al. 

(2013) Household food insecurity is associated with higher child 

undernutrition in Bangladesh, Ethiopia, and Vietnam, but the 

effect is not mediated by child dietary diversity. The Journal of 

Nutrition. 143(12):2015-21. 

 

 

 

 

 

 

 

 

 

 

 

 

This work is licensed under Creative 

Commons Attribution 4.0 License 
 

To Submit Your Article Click Here: 

 
DOI: 10.31579/crct.2019/001 

Submit Manuscript 

Ready to submit your research? Choose Auctores and benefit from: 

 fast, convenient online submission 

 rigorous peer review by experienced research in your field 

 rapid publication on acceptance 

 authors retain copyrights 

 unique DOI for all articles 

 immediate, unrestricted online access At 

Auctores, research is always in progress. 

Learn more www.auctoresonline.org/journals/clinical-research-and- 

clinical-trials 

http://www.auctoresonline.org/
https://academic.oup.com/jn/article-abstract/136/3/656/4664239
https://academic.oup.com/jn/article-abstract/136/3/656/4664239
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://academic.oup.com/jn/article-abstract/135/3/457/4663707
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/ajfand/article/view/69141
https://www.ajol.info/index.php/pamj/article/view/88307
https://www.ajol.info/index.php/pamj/article/view/88307
https://www.ajol.info/index.php/pamj/article/view/88307
https://www.ajol.info/index.php/pamj/article/view/88307
https://www.ajol.info/index.php/pamj/article/view/88307
https://www.ajol.info/index.php/pamj/article/view/88307
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://link.springer.com/article/10.1186/2055-0928-1-2
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1651-2227.2006.tb02373.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1651-2227.2006.tb02373.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1651-2227.2006.tb02373.x
http://www.unscn.org/layout/modules/resources/files/fortification_eng.pdf
http://www.unscn.org/layout/modules/resources/files/fortification_eng.pdf
http://www.unscn.org/layout/modules/resources/files/fortification_eng.pdf
https://ageconsearch.umn.edu/record/16388/
https://ageconsearch.umn.edu/record/16388/
https://ageconsearch.umn.edu/record/16388/
https://ageconsearch.umn.edu/record/16388/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://www.hindawi.com/journals/jnme/2013/782931/
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12213
https://www.nepjol.info/index.php/KUMJ/article/view/8012
https://www.nepjol.info/index.php/KUMJ/article/view/8012
https://www.nepjol.info/index.php/KUMJ/article/view/8012
https://www.nepjol.info/index.php/KUMJ/article/view/8012
https://www.nepjol.info/index.php/KUMJ/article/view/8012
https://www.nepjol.info/index.php/KUMJ/article/view/8012
https://www.nepjol.info/index.php/KUMJ/article/view/8012
https://www.nepjol.info/index.php/KUMJ/article/view/8012
https://www.hindawi.com/journals/ijpr/2013/304169/
https://www.hindawi.com/journals/ijpr/2013/304169/
https://www.hindawi.com/journals/ijpr/2013/304169/
https://www.hindawi.com/journals/ijpr/2013/304169/
https://www.hindawi.com/journals/ijpr/2013/304169/
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-socioeconomic-status-and-nutritional-status-in-urban-and-rural-areas-in-koutiala-mali/FA412E1CF5F693F1CF8357C047FF25AB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-socioeconomic-status-and-nutritional-status-in-urban-and-rural-areas-in-koutiala-mali/FA412E1CF5F693F1CF8357C047FF25AB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-socioeconomic-status-and-nutritional-status-in-urban-and-rural-areas-in-koutiala-mali/FA412E1CF5F693F1CF8357C047FF25AB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-socioeconomic-status-and-nutritional-status-in-urban-and-rural-areas-in-koutiala-mali/FA412E1CF5F693F1CF8357C047FF25AB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-socioeconomic-status-and-nutritional-status-in-urban-and-rural-areas-in-koutiala-mali/FA412E1CF5F693F1CF8357C047FF25AB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-socioeconomic-status-and-nutritional-status-in-urban-and-rural-areas-in-koutiala-mali/FA412E1CF5F693F1CF8357C047FF25AB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-socioeconomic-status-and-nutritional-status-in-urban-and-rural-areas-in-koutiala-mali/FA412E1CF5F693F1CF8357C047FF25AB
https://www.cambridge.org/core/journals/public-health-nutrition/article/food-variety-socioeconomic-status-and-nutritional-status-in-urban-and-rural-areas-in-koutiala-mali/FA412E1CF5F693F1CF8357C047FF25AB
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4540277/
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://academic.oup.com/jn/article-abstract/143/12/2015/4571664
https://www.auctoresonline.org/manuscript
http://www.auctoresonline.org/journals/clinical-research-and-

