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Abstract

Background

Although the consequences of food insecurity on physical health and nutritional status of

youth living have been reported, its effect on their mental health remains less investigated

in developing countries. The aim of this study was to examine the pathways through

which food insecurity is associated with poor mental health status among youth living in

Ethiopia.

Methods

We used data from Jimma Longitudinal Family Survey of Youth (JLFSY) collected in 2009/

10. A total of 1,521 youth were included in the analysis. We measured food insecurity using

a 5-items scale and common mental disorders using the 20-item Self-Reporting Question-

naire (SRQ-20). Structural and generalized equation modeling using maximum likelihood

estimation method was used to analyze the data.

Results

The prevalence of common mental disorders was 30.8% (95% CI: 28.6, 33.2). Food inse-

curity was independently associated with common mental disorders (β = 0.323, P<0.05).

Most (91.8%) of the effect of food insecurity on common mental disorders was direct and

only 8.2% of their relationship was partially mediated by physical health. In addition, poor

self-rated health (β = 0.285, P<0.05), high socioeconomic status (β = -0.076, P<0.05),

parental education (β = 0.183, P<0.05), living in urban area (β = 0.139, P<0.05), and

female-headed household (β = 0.192, P<0.05) were associated with common mental

disorders.
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Conclusions

Food insecurity is directly associated with common mental disorders among youth in Ethio-

pia. Interventions that aim to improve mental health status of youth should consider strate-

gies to improve access to sufficient, safe and nutritious food.

Introduction

Common mental disorders (CMDs) refer to mental problems that may not fall into standard

diagnostic criteria. They are characterized by symptoms of sleeplessness, exhaustion, irritabil-

ity, poor memory, difficulty in concentrating and somatic complaints [1, 2], but may also

include disorders classified within the International Classification of Diseases-10 as “neurotic,

stress-related, somatoform disorders” and “mood disorders” that usually manifest with the

occurrence of a combination of non-specific anxiety, depressive and somatic symptoms [3].

Globally, CMDs account approximately 13% of burden of diseases [4].

Previous studies have shown that the causes of CMDs are multi factorial and include, but

are not limited to, biological, social and economic factors [2, 5–10]. Food insecurity is one of

the social determinants of mental health reported in both developed and developing countries

[7, 11–16]. Food insecurity is defined as lack of access to safe and sufficient food by all people

at all times or uncertainty about acquiring acceptable food in socially acceptable ways[17].

The biological and social consequences of food insecurity have been reported among adults,

pregnant women, mothers and young children. It compromises intake of energy and nutrients,

lowers physical performance, increases risk of chronic conditions and it is also associated with

poor nutritional status, developmental outcomes, health and poor cognitive performance

[11, 13, 18–20].

A growing body of evidence demonstrates that the consequences of food insecurity extend

to mental health problems [21, 22]. Previous studies from developing countries also report the

impact of food insecurity on mental health [16, 23–26]. Nonetheless, there are gaps in existing

literature. First, available evidence is based on household level food security status and the

responses of the head of the household or mothers. Asking a mother or head of the household

might be reasonable for young children since intake of food at this age depends on parental

factors and their psychopathology (e.g. parental mental health status, feeding practices, caring

and parenting style and other familial characteristics)[14, 15]. Effects of food insecurity in later

adolescence however, might be independent of family characteristics. In addition, food insecu-

rity measured at the household level may not be linked to an individual own food insecurity

experience during adolescence. Therefore, we assumed individual level experience of food

insecurity to be a better indicator to predict health effects in individuals rather than relying on

the response of the head of the household or only focusing on household level food security

status. Secondly, the detrimental effect of food insecurity among youth living in low and mid-

dle income countries, where both food insecurity and mental health are common, has been

poorly studied. Most of the studies from reported the association of food insecurity with men-

tal health from low and middle income countries have focused on women, children and adults

[14, 19, 27, 28]. Thirdly, the mechanisms by which food insecurity is linked in to poor mental

health have not well investigated and can be organized in various hypotheses. First, the biologi-
cal perspective assumes that the causality of food insecurity and poor mental health status is

mediated by poor nutritional status. For instance, food insecurity affects health either directly

or indirectly through poor diet and nutritional status. In turn, diet and nutritional status
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predict physical health, quality of life and health status [14, 15, 20, 29, 30]. Other studies have

also demonstrated that food insecure children have a poorer nutritional intake (e.g. micronu-

trients, fiber, energy and carbohydrates) [11, 31–33]. Secondly, the psycho-emotional perspec-

tive assumes that food insecurity leads to psychological problems such as extreme stress,

psychological distress that could lead to poor self-rated health status. This poor self-rated

health status in turn is associated with poor mental health such as depression. In other words,

those who are food insecure could experience negative emotions which are translated inside

the body and can contribute to poor mental health [34–37]. As a third hypothesis, the role of

poor physical health or exposure to morbidities in mediating the relationship between food

insecurity and mental health is proposed. Food insecurity could affect physical health. Poor

physical health in turn poor physical health influences mental health. For instance, studies

have shown that children in food insecure households are more likely to have frequent stom-

ach-aches, headaches and poor developmental outcomes. This frequent exposure to morbidi-

ties in turn impacted their mental health status [12, 20, 22, 30, 38, 39]. Others studies have also

argued that food insecurity could be directly linked to poor mental health status independent

of other factors and or without involvement of a mediator [20, 40]. For instance, Vozoris NT.

et.al. (2003) and Cook et. al. (2004) suggested that food insecurity is associated with adverse

health outcomes in children even when it does not involve reductions in the quantity of food

intake[19, 30]. This may be due to both food insecurity and children’s poor mental health have

common causes such as parental psychopathology, low socio economic status [15, 16, 38, 40,

41] (Fig 1).

Although associations of food insecurity and mental health have been reported by many lit-

erature, few of them have tested all the model components simultaneously. As both food inse-

curity and mental health are latent constructs, model that take in to account the latent

structure should be used. Therefore, the aim of this study was to examine the pathways

through which food insecurity is linked to youth mental health after controlling for other fac-

tors. It is expected that findings of this study will improve planning of interventions for pre-

vention of both mental health and food insecurity status.

Fig 1. Conceptual framework showing the link between food insecurity and youth common mental disorders, JLFSY, 2015.

doi:10.1371/journal.pone.0165931.g001
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Materials and Methods

Study setting, sampling and design

We used third round data from the Jimma Longitudinal Family Survey of Youth (JLFSY),

which is a representative cohort of adolescents living in Jimma Zone, Southwest Ethiopia.

The JLFSY study began in 2005 and is designed to examine the social and economic determi-

nants of adolescent’s health and well-being. The study area encompassed rural, semi-urban,

and urban communities to represent a range of agro ecological zones and development con-

texts. A total of six kebeles’ of Jimma Town, including three kebeles of nearby semi urban

towns, and 18 rural kebeles around each town, were purposively selected. A kebele is the

smallest administrative unit of Ethiopia similar to a ward, a neighborhood or a localized and

delimited group of people. Stratified random sampling was used to select household for

inclusion in each site.

A two-stage sampling plan was used to select eligible adolescents for the study. At the first

stage, households were randomly sampled from each study site. The sample size in each site

was determined by the relative proportion of the study population in the site and the overall

target sample size. At this stage a total of 3700 households with at least one male or one female

adolescent were identified. In the second stage, one adolescent aged 13 to 17 years was ran-

domly selected from each household using a Kish Table [13, 42]. Data were collected every one

and half years, and the data collection process took 2–3 months of duration. A total of 2,084

youths (1,059 boys and 1,025 girls) were followed over the last 10 years. The present analysis

was cross sectional and used only the third round data collected in the year 2009/10. A total of

1,521 youths aged 17–21 years with no missing information on the variable of interest were

included in the analyses. Ethical approval was obtained from Jimma University and Brown

University (USA). Informed verbal informed consent was obtained from both head of the

households and adolescents before the interview or measurement as approved by the ethics

committees.

Data collection methods

Data were collected using structured questionnaires developed in English and then translated

into Amharic and Afan Oromo languages. The Amharic and Afan Oromo versions were back-

translated into English to verify accuracy. Twelve interviewers and two supervisors who com-

pleted secondary level education were recruited considering their prior experiences and flu-

ency in Amharic and Afan Oromo languages.

The head of the household responded to the household questionnaire. The questionnaire

for adolescents focused on issues related to personal experiences of food insecurity, education,

health, nutrition and anthropometric measurements. The interview was conducted in a private

place by an interviewer of the same sex as the respondent. Adolescents were interviewed after

the interview with the household head was completed. The interviewers remained with the

same households and adolescent respondents throughout the study period. Prior to pre-testing

the forms, the interviewers and supervisors received one week of intensive training, and ques-

tionnaires were pre-tested in the study area to identify problems related to content, wording

and formatting. Supervisors kept track of the field procedures and checked the completed

questionnaires every day to ensure accuracy of the data collected.

Estimates of scale reliability

Both exploratory and confirmatory factor analyses were computed to identify factor variances

explaining the most and to check item loadings, scale reliability and model fitness respectively.
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To estimate scale reliability, Cronbach’s alpha was computed after confirmatory factor analysis

was performed using the following formula:

r ¼

P
ðliÞ2

P
ðliÞ2 þ

P
yiiþ 2

P
yij

where S(λi)2 is the squared sum of the unstandardized loadings called lambdas, Sθii is the

sum of unstandardized error variances called thetas, the 2 Sθij is two times the sum of unstan-

dardized covariance of the errors, if there is correlated error in the model. When there are no

correlated errors the equation reduces to r ¼

P
ðliÞ2

P
ðliÞ2þ

P
yii

Measurements

Food insecurity. Food insecurity was measured using a questionnaire previously devel-

oped, adapted and tested in the same study settings [13, 43–48]. Respondents were told to

think about their own food insecurity experience and then were asked whether they had expe-

rienced different conditions in the last three months (S1 Table). Food insecurity was treated as

latent exogenous exposure variable in the structural equation modeling.

Physical health. Physical health status was measured using a 10 item questionnaire asking

whether they had experienced health morbidities in the past two weeks prior to the data collec-

tion period (S1 Table). Responses to these morbidity questions were binary recoded “1” for

Yes and “0” for No. A row sum score was computed and log transformed. Thus, we used the

log transformed physical health score and treated it as a continuous mediator variable.

Self-rated health. Youth’s self-rated health status was assessed using a one-item question

where individuals were asked In general, how would you rate your health today? Possible

responses range from very good, good, moderate, to poor. Since responses were skewed, we

used a natural logarithm transformation and treated it as continuous variable when it was

included in the model (S1 Table).

Mental health

To assess mental health status (common mental disorders), we used Self-Reporting Question-

naire (SRQ-20) (S1 Table). The SRQ is a 20-item retrospective survey with yes/no answers that

measures psychiatric symptomatology. Development of the SRQ was reported by the World

Health Organization[49, 50]. The SRQ includes both somatic items (e.g., headaches, loss of

appetite, tiredness) and psychological items (e.g., feeling unhappy, nervous, and worthless). It

is used throughout low-and middle-income countries, including Ethiopia and many other

African settings [10, 16, 49, 51–53].

Fig 2 summarizes the prevalence of common mental disorders by sex using different cut

points. To determine the cases of poor mental health, a cut- off value of�6 was used in Ethio-

pia [10] although a number of studies in sub-Saharan Africa suggested a range of cut-off

points[51, 52, 54]. However, the SRQ-20 tool was not validated for the young population in

Ethiopia. Thus, we computed raw SRQ-score assuming each item had equal weights. We also

generated a "mental health index” using principal component analysis, assuming that each

item is weighed according to its contribution to the mental health status. Spearman’s correla-

tion between the mental health index and raw score was high (rho > 0.99, P< 0.001). We

therefore chose to use mental health index and treated it as a continuous variable in the struc-

tural equation modeling (SEM) analysis.
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Diet diversity

Dietary diversity was assessed using a food-frequency questionnaire containing 30-food items

[55–60]. Participants were asked to report the frequency of typical consumption of each food

using the past 3 months as a reference. Participants were coded as a “consumer” of a food item

if they had consumed the food item at least once per week. Factor analysis was performed to

generate a dietary diversity score where the higher score corresponds to higher level of diet

diversity. The detailed procedures were described in previously published work from similar

data sets [18, 44, 60].

Covariates

Potential covariates were identified a priori. These included age, gender, female-headed house-

hold, parental education, educational status of youth, household wealth and place of residence.

We computed the index of household socioeconomic status based on household ownership of

21 items. The index included items such as a functioning radio, television, cooking stove, vari-

ous furniture items, and farming implements [13]. The index ranges from 0 (not owning any

of the items) to 21 (owning all of the items). In addition, principal component analysis was

used to construct the wealth index, which was treated as continuous variable. Internal consis-

tency of the items was adequate (Cronbach’s alpha = 0.83).

Data analysis

The data entered were verified for missing values, outliers, and normality prior to analysis

using Stata Version 13.0 (Stata, Corp). Descriptive data were reported as percentage, means

and Standard deviations (SD).

For each of the exogenous and endogenous mediators and endogenous outcome variables,

reliability of each item was tested in respective of its constructs. Factor and principle compo-

nents analysis were used. Overall scale modification and removal of items was made based on

factor scoring, error terms and factor loading criteria. For each construct, only items having

greater than 0.4 factors loading were included and those items that were cross-loaded on more

than two factors were omitted. Finally, confirmatory factor analysis was done for the measure-

ment model to evaluate the relationship between each construct.

Fig 2. Prevalence of SRQ-20 Using Different Cut-Points by Gender, JLFSY 2015.

doi:10.1371/journal.pone.0165931.g002
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Both SEM and generalized structural equation modeling (GSEM) using maximum likeli-

hood estimation method were employed based on a conceptual hierarchical modeling

framework after adjusting for covariates[14, 61]. First, after controlling for covariates, the

independent effect of food insecurity on mental health was assessed (Model I). We added

self-rated health status to evaluate its effect on mental health (Model II). In Model III, the

effect of dietary diversity was estimated. Path coefficients for all parameters and their

significance levels were determined at each step. Finally, the mediation effect of physical

health was tested (Model IV). The goodness of fit test was checked using χ-test statistic,

Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA),

Standardized Root Mean square Residual (SRMR), Non Normed Fitted Index (NNFI),

Pclose and coefficient of determination (R2). Accordingly, CFI/NNFI value of >0.90,

RMSEA< = 0.08, Pclose>0.05, and SRMR<0.08 were used as standard criterion to deter-

mine model fitness. We improved the model using modification of indices and removing

non-significant paths and comparing the fit of multiple models using the Akaike Informa-

tion Criteria [62].

To test the effect of mediators, we followed procedures by Baron and Kenny (1986). First,

we observed the significant association between food insecurity and mental health. Then we

assessed whether food insecurity predicted mediating variables (physical health, self-rated

health and diet diversity score); and finally we checked independent association of mediators

on mental health status [63, 64].

The SEM for the mediation model for the ith subject was given by:

Zi ¼ β0 þ βxzXi þ εzi and Yi ¼ γ0 þ γzyZi þ γxyxi þ εyi

Where Zi was the physical health, self-rated health and diet diversity score, xi was food inse-

curity status, and Yi was our outcome of interest (CMDs).

We assumed that the error terms (εzi, εyi) were uncorrelated and normally distributed.

The direct effect was the pathway from the food insecurity to mental health while control-

ling for the physical health, self-rated health and diet diversity score (i.e. γxy is the direct

effect). Similarly, the indirect effect described the pathway from the food insecurity to the

mental health through physical health, self-rated health and diet diversity. This path was

represented by the product of βxz and γzy. Finally, the total effect was the sum of the direct

and indirect effects of the exogenous variable on the outcome, γxy + βxz
�γzy [65]. Using the

criteria set by Baron and Kenny [63, 64], interpretation of the role of mediators was

explained using standardized estimates of both direct and indirect paths. While estimating

the indirect effect, the full mediation was achieved if both were significant and if the direct

effect was not significant and close to zero. If that was not fulfilled, partial mediation was

reported (Fig 3).

Results

Socio-demographic characteristics

A total of 1,521 of sample were included in the main analysis. Out of these, 57.2% were males

and the mean (±SD) age of the respondents was 18.75 years (±1.37) for males and 18.73 years

(±1.35) for females. The CMDs was 30.85% (95% CI: 28.58, 33.22). There was a statistical sig-

nificance difference in CMDs by socio economic status (P = 0.014), education (P = 0.052),

parental education (P<0.0001), place of residence (P<0.0001) and head of the household

(P<0.0001) (Table 1).
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Internal consistency, model fitness and factor loadings

In the exploratory factor analysis of food insecurity, the first factor explained 80.9% of the vari-

ation in answers to these questions. Factor loading of the items varied from 0.57 to 0.93 and its

coefficient of reliability was also good (Cronbach’s alpha = 0.85). Similarly, the exploratory fac-

tor analysis for physical health measures showed that 70.4% of the proportion of variance was

explained by the first factor and the reliability test of items was acceptable (Cronbach’s

alpha = 0.77). Exploratory factor analysis of mental health items also showed that the first fac-

tor explained 76.9% of the total variance. After confirmatory factor analysis, the item reliability

scale was also acceptable (Cronbach’s alpha = 0.78) (Table 2).

Confirmatory factor analysis

The confirmatory factor loadings for the whole measurement models were significant at the

0.05 level. The overall fit of the measurement model was adequate (χ (18) = 128.686, p< 0.0001;

RMSEA = 0.064; NNFI = 0.973; CFI = 0.983; Pclose = 0.014; SRMR = 0.023; CD = 0.97;

R2 = 97.1; (Fig 4). Multicollinearity tests were also acceptable (mean Variance inflation fac-

tor = 1.29, minimum tolerance = 0.478; condition number = 15.95).

Structural equation model

The results of the SEM are depicted in Table 3 using estimates of path coefficients and stan-

dard errors with their p values. The overall fit of the structural model predicting mental health

was adequate based on the standard fit criteria (χ (31) = 172.33, P< 0.001; RMSEA = 0.05;

Fig 3. Shows the effect of food insecurity on youth common mental health status, the mediation role of physical health, self-rated

health and diet diversity, JLFYS, Southwest Ethiopia, 2015.

doi:10.1371/journal.pone.0165931.g003
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NNFI = 0.963; CFI = 0.979; Pclose = 0.15 CD = 0.972). Respondents who experienced food

insecurity had a higher likelihood of having CMDs (β = 0.323, P =<0.05) (Fig 5).

In this analysis, the pathway between food insecurity and physical health status was statisti-

cally significant (β = 0.11, P<0.05) and the pathway between physical health and mental health

status of youth was also significant (β = 0.21, P<0.05). However, there was no significant asso-

ciation between food insecurity and dietary intake (β = 0.02, P>0.05) or between dietary intake

and mental health ((β = -0.04, P>0.05). Similarly, the effect of food insecurity on self-rated

health status was not observed (β = 0.01, P>0.05), although the pathway between self-rated

health and mental health status was significant (β = 0.28, P<0.05). In addition, this study also

showed socioeconomic status (β-0.08, P<0.05), parental educational (β = 0.18, P<0.05), living

in urban areas (β = 0.14, P<0.05), and living in female headed household (β = 0.19, P<0.05)

were associated with CMDs. As the wealth of household increased, the likelihood of common

mental disorders decreased. Youths living in less educated family had a greater likelihood of

having common mental disorders. Youths living in urban areas had higher chance of develop-

ing common mental disorders than their rural counterparts (Table 3).

Table 1. Socio demographic characteristics of Youth (n = 1,521), Jimma Longitudinal Family Youth Survey (JLFSY), Southwest Ethiopia, 2015.

Characteristics CMDs P

Yes No

Sex 0.748

Male 271(31.19) 598(68.81)

Female 198(30.41) 453(69.59)

Religion 0.002

Muslim 250(18.15) 659(72.50)

Orthodox 189(36.35) 331(63.65)

Others* 30(32.97) 61 (67.03)

Age Mean (±SD) 18.74(±1.307) 18.75(±1.380)

Educational status

No schooling 29(23.02) 97(76.98) 0.057

Primary 84(28.38) 212(71.62)

Secondary and above 356(32.42) 742(67.58)

Parental education

No schooling 156(23.85) 498(76.15) <0.001

Primary 120(37.74) 198(62.26)

Secondary and above 193(35.22) 355(64.14)

Residence

Urban 211(39.22) 327(60.78) <0.001

Semi-Urban 142(32.49) 295(67.51)

Rural 116(21.28) 429(78.72)

SES <0.001

Low SES 177 (39.86) 267 (60.14)

Average SES 165 (31.61) 357 (68.39)

High SES 127(22.92) 427 (77.08)

Head of the household <0.001

Female 117(43.98) 149(56.02)

Male 352(28.07) 902(71.93)

* Others include Catholics, Protestant; CMD = Common Mental Disorders, SES = Socio Economic Status

doi:10.1371/journal.pone.0165931.t001
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Table 2. Internal consistencies, model fitness and factor loadings of food insecurity, physical health and mental health items, JLFSY, Southwest

Ethiopia, 2015.

Food insecurity Factor

loadings

Goodness of fit

In the last three months, how many days did you worry that you would run out of food or not have enough

money to buy food?

0.9059 • RMSEA = 0.07; LR,

X2pvalue = 0.003

• PClose = 0.147

• CFI = 0.997

• NNFI = 0.984

• CD = 94.9

• SRMR = 0.005

• Cronbach’s alpha = 0.85

In the last three months, how many days have you had to reduce the number of meals eaten in a day,

because of shortages of food or money?

0.9196

In the last three months, how many days have you had to reduce the size of meals eaten in a day,

because of shortages of food or money?

0.9373

In the last three months, how many days have you had to spend the whole day without eating, because

of shortages of food or money?

0.5746

In the last three months, how many days have you had to ask for food or money to buy food? 0.6133

Physical health

Think about the last time you were sick, did you have any of the following symptoms? (possible response

is 1. yes 0.No)

• RMSEA = 0.08

• PClose = 0.000

• LR,X2 pvalue = 0.000

• NNFI = 0.892

• CFI = 0.931

• SRMR = 0.039

• CD = 80.3

• Cronbach’s alpha = 0.77

1. Fever (hot body) 0.7596

2. Cough 0.5973

3. Difficult or fast breathing 0.5939

4. Diarrheal 0.5025

5. Vomiting 0.6028

6. Unable to eat or drink 0.7371

7. Abdominal pain 0.6996

8. Extreme sadness/worry 0.5744

Mental Health

Now I would like to ask you some more questions about your health and how you have felt during the last

30 days. For these questions we will use the red and green or yes and no section of the response card.

(Responses: 1. Yes 0. No)

SRQ1. In the last 30 days do you often have headaches? 0.4054 • RMSEA = 0.045

• LR,X2 pvalue = 0.000

• PClose = 0.97

• CFI = 0.887

• NNFI = 0.870

• SRMR = 0.037

• CD = 77.8

• Cronbach’s alpha = 0.78

SRQ2. In the last 30 days is your appetite poor? 0.4284

SRQ3. In the last 30 days do you have problems sleeping? 0.4893

SRQ4. In the last 30 days are you easily frightened? 0.4742

SRQ5. In the last 30 days do your hands shake? 0.5068

SRQ6. In the last 30 days do you feel nervous, tense or worried? 0.4018

SRQ8. In the last 30 days do you have trouble thinking clearly? 0.5558

SRQ9. In the last 30 days do you feel unhappy? 0.5351

SRQ10. In the last 30 days do you cry easily? 0.5225

SRQ11. In the last 30 days do you find it difficult to enjoy your daily activities? 0.5065

SRQ12. In the last 30 days do you find it difficult to make decisions? 0.5115

SRQ13. In the last 30 days are you not completing well your work? 0.4399

SRQ14. In the last 30 days are you unable to play a useful role in other people’s lives? 0.4485

SRQ15. In the last 30 days have you lost interest in things? 0.4314

SRQ17. In the last 30 days have you thought of ending your life? 0.5138

SRQ19. In the last 30 days do you have uncomfortable feelings in your stomach? 0.4457

Note: JLFSY = Jimma Longitudinal Family Survey of Youth; LR X2 = Likelihood Ratio Chi square test; CFI = Comparative Fit Index; RMSEA = Root

Mean Square Error of Approximation; SRMR = Standardized Root Mean square Residual; NNFI = Non Normed Fitted Index; CD = Coefficient of

Determination; SRQ = The Self Reporting Questionnaire

doi:10.1371/journal.pone.0165931.t002
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The total effect of food insecurity on mental health was 0.192. The direct component of this

total effect was 0.176, or in other words, 0.176 /0.192 = 0.917 or 91.8% of the effect of food inse-

curity on mental health is direct. By contrast, the indirect effect was 0.016, so that 8.2% of the

effect of food insecurity was partially mediated by physical health (Table 4).

Discussion

There is a growing body of evidence demonstrating an association between food insecurity

and mental health among children and adults [14, 16, 19, 27, 28]. Although there are few stud-

ies, we expected that the underlying relationships between food insecurity and mental health

would also hold true for youth. This paper adds values to prior knowledge by exploring the

relationship between food insecurity and mental health during late adolescence and early

adulthood in a context of low and middle income countries.

In the present study, the prevalence of common mental disorders was 30.8%. This was

much higher than in previous studies conducted in Ethiopia, which reported 21.6% among

university students [66], 25.8% among adult communities in Jimma Zone [67], and 17.7%

Fig 4. Measurement model of constructs, Jimma Longitudinal Family Survey of Youth, Southwest Ethiopia, 2015.

doi:10.1371/journal.pone.0165931.g004
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among adults living in Addis Ababa [5]. The observed prevalence however, was lower when

compared to the studies done among university students in Gonder and Hawassa which

reported 40.6% and 49.1% prevalence of common mental disorders respectively [68, 69]. The

differences might be due to the cut-off points used to compute prevalence estimates of CMDs.

For instance, studies in sub-Saharan Africa have used a range of cut-off points (commonly

they use 8, 4, 11 and 7) [51, 52, 54, 67, 68, 70].

Food insecurity was associated with CMDs independent of other covariates. The hypothe-

sized mechanisms by which food insecurity is linked to mental health range from biological

pathways, psycho emotional dimensions, parenting skills, and exposure to physical illness [11,

19, 71]. In the present study the pathway between food insecurity and mental health was

Table 3. Unstandardized Path coefficient estimates of food insecurity on youth common mental disorders, JLFSY, Southwest Ethiopia,2015.

Structural and

measurement model

Model I Path coefficient (SE) Model II Path coefficient (SE) Model III Path coefficient

(SE)

Model IV Path coefficient

(SE)

SEM GSEM SEM GSEM SEM GSEM SEM GSEM

Step I. Foodinsec—

>mental health

(Adjusted for

covariates)

0.355(.050)* 0.344 (.050)* 0.386 (.050)* 0.342 (.050)* 0.355(.050)* 0.343 (.050)* 0.330 (.049)* 0.323 (.049)*

Age 0.010 (.018) 0.006 (.018) 0.009 (.018) 0.005(.018) 0.009 (.018) 0.005(.018) 0.013 (.017) 0.009(.018)

SES(low) -0.129 (.025)* -0.089(.026)* -0.130 (.024)* -0.090 (.025)* -0.128(.025)* -0.088(.025)* -0.110(.024)* -0.076(.025)*

Sex(female) -0.031 (.050) -0.032(.050) -0.038(.050) -0.028(.049)

Female Headed

household

0.190(.067)* 0.194 (.067)* 0.197(.067)* 0.192 (.065)*

Parental education

(Primary)

0.179 (.069)* 0.184 (.060)* 0.189(.060)* 0.183 (.059)*

Education(primary) -0.011 (.064) -0.009 (.063) -0.006 (.063) -0.033 (.062)

Residence (urban) 0.190(.054)* 0.192 (.054)* .193(.054)* 0.139(.053)*

Step II. Model III + SRH 0.362 (.066)* 0.361 (.065)* 0.360(.066)* 0.360 (.065)* 0.292 (.065)* 0.285(.064)*

Foodinsec—>SRH 0.005(.019) 0.004 (.022) 0.005 (.019) 0.006 (.022) 0.005 (.019) 0.006 (.019)

Step IV. Model III+ DDS -0.038 (.024) -0.045 (.024) -0.036 (.023) -0.042 (.027)

Foodinsec—>DDS 0.044 (.052) 0.019 (.052) 0.044 (.052) 0.019 (.052)

Step V. Model IV

+ Physical health

0.218 (.024)* 0.208 (.028)*

Foodinsec—>physical

health

0.113 (.051)* 0.098 (.051)*

Goodness of fit

Likelihood ratio(x2)(df) 115.01(16) 138.10(20) 142.67(25) 172.33(31)

RMSEA 0.06 0.06 0.05 0.05

PClose 0.02 0.02 0.14 0.15

CFI .985 0.982 0.982 0.979

NNFI 0.974 0.969 0.968 0.963

SRMR 0.018 0.02 0.021 0.026

CD(R2) 0.972 0.972 0.972 0.972

Note: SEM = Structural Equation Model with Maximum Likelihood estimation Method; GSEM = Generalized Structural Equation Model using Maximum

Likelihood Estimation Method; SE = Standard Error; JLFSY = Jimma Longitudinal Family Survey of Youth; LR X2 = Likelihood Ratio Chi square test;

CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation; SRMR = Standardized Root Mean square Residual; NNFI = Non

Normed Fitted Index; CD = Coefficient of Determination; SRH = Self Rated Health; DDS = Dietary Diversity Score; Foodinsec = Food insecurity;

df = Degree of freedom

* Significant at P <0.05

doi:10.1371/journal.pone.0165931.t003
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mainly direct. In addition, this study revealed that physical health has also mediated the rela-

tionship between food insecurity and mental health, though this association explained a very

small percentage (8.2%). Similar studies have reported the mediating role of physical illness

[12, 20, 22, 26, 39, 40, 72]. In contrast, some studies reported other explanatory variables, such

as parental mental health status, parenting style, and dietary quality as mediators of the rela-

tionship [73–76]. These variables were not collected in our study.

In the present study, there was no observed effect of food insecurity on mental health

through reduced dietary intake. However, there are studies that reported food insecurity status

would result in lower intake of healthy foods and nutrients, which would ultimately result in

changes in health status [77–81]. This discrepancy might be due to differences in grouping,

selection of foods, cutoff points, classification systems, measurement tools and approaches

between the studies. For instance, some use simple counts of foods or food groups while others

take in to consideration the number of servings of different food groups in grouping foods.

There are also different types of measurement approaches (e.g. some measures overall variety

score (simple count of food items) and others focused on variety score among major food

groups). The disparities in the time of reference period for measurement might also affect the

results. Future research is required to understand the meditation role of low dietary intake in

explaining the causal pathway between adolescent food insecurity and mental health.

Fig 5. Full structural equation model showing the association between food insecurity and mental health, JLFYS, 2015.

doi:10.1371/journal.pone.0165931.g005

Table 4. Estimation of direct, indirect and total effect of food insecurity on youth common mental disorders, JLFSY, Southwest Ethiopia 2015.

Mental health status Direct effect (standardized β
coefficient

Indirect effect (standaridzed β
coefficient

Total effect (standaridzed β-

coefficient

Z P>|Z| Z P>|Z| Z P>|Z|

Physical health 0.24 9.86 <0.001 0.24 9.86 <0.001

Food insecurity 0.18 7.07 <0.001 .0158425 2.45 0.014 0.19 7.48 <0.001

Foodinsec!physical Health 0.07 2.53 0.012 0.07 2.53 0.010

doi:10.1371/journal.pone.0165931.t004
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Other social determinants of health such as low socio economic status [20], are also signifi-

cantly associated with CMDs. Previous studies showed that mental disorders are inversely

related to income and occur more commonly in families experiencing poverty [12, 14, 20, 26,

29]. The present study also revealed youths living in families with higher income were less

likely to have mental disorders compared with those living in lower income households. This

might support the social causation theory that tried to explain a wide array of mechanisms

through which socio economic status might affect psychopathology. The social causation the-

ory argues that the conditions of life are associated with low socio economic markedly increase

the risk of mental disorders either directly and or indirectly through social exclusion, height-

ened stress, decrease social capital, food insecurity and increased risk of violence [82, 83]. This

might highlight the importance of early intervention on social determinants of health such as

food insecurity before it persists into adulthood.

The present study also reported a higher proportion of common mental disorders among

youth living in urban areas compared to their rural counterparts. A similar finding was

observed from studies done in Goa, India [84], Addis Ababa [5] and Malawi [85], showing

that those living in urban areas had a higher prevalence of CMDs compared to those living in

rural areas. This might be due to rapid changes in social structures, including a highly pressur-

ized living style due to economic vulnerability, job satisfaction, social circumstances and type

of employment that could influence psychological conditions. Critical investigation of the

effect of urbanization on mental health status in the time of social and economic transforma-

tion is needed to explore this association further.

This study has some strengths. To the best of the authors’ knowledge, this is the first report

attempting to employ the use of structural equation model to understand the link between

food insecurity and CMDs among youth living in Ethiopia. The study also relatively used large

sample size. The findings contribute to growing scientific evidence on the impact of food inse-

curity on the well-being of youth by estimating direct, indirect and the total effect of food inse-

curity on their mental health status. Although the model does not make causal assertion, it

assesses the relationships with mental health conditions. In addition, most of the previous

studies that uncovered the effect of food insecurity on youth mental health were from devel-

oped countries, and the issues in low- and middle-income countries have been underrepre-

sented. However, this study has some limitations. The first one is the inherent limitation of a

cross sectional study design in drawing causal inferences and temporality. We cannot rule out

reverse causality, as CMDs are known to produce food insecurity vice versa. Secondly,

although we tried to control our analyses for covariates, we cannot entirely rule out the possi-

bility of other confounders and or other explanatory models in determining the association

between food insecurity and mental health status. We only assessed a limited set of variables

that could explain their relationships. The hypothesized association is not the only model that

could be used to examine the link between food insecurity and mental health in the youth pop-

ulation. Alternative models (e.g. adding parental psychopathology) could be used to explore

other relationships.

We have both unexplained variance in measuring both food insecurity (e1) and mental

health measures (e2). We hope that there are various variables in common that will influence

both food insecurity and mental health, e.g. economic hardship, parental mental health prob-

lems, depression status of the mothers, poverty, and parenting style. One way to fit the model

is to use instrumental variables that directly influence food insecurity but do not directly influ-

ence mental health and vice versa (then to use the predicted values to estimate the effect of

food insecurity on mental health or the effect of mental health on food insecurity). These vari-

ables were not present in the data set. Readers should take the issues of model specification

and endogeneity (omitted variable bias) into account.
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Conclusions

In this study, food insecurity was associated with common mental disorders among youth in

Ethiopia. The pathway was mainly direct, suggesting that lack of access to reliable and suffi-

cient amounts of food not only affected youths’ physical health and nutritional status but also

their mental health. The implications of these findings are far-reaching. First, exploring such

evidence might indicates the social inequalities at earliest age and or the long-term trajectories

of food insecurity that could persist into poor health status in adulthood. Second, this evidence

could direct program planners, policy makers to design proper interventions for prevention of

both mental health and food insecurity status. It gives insights on the importance of consider-

ing strategies to improve access to sufficient, safe, and nutritious food to curtail the detrimental

effect of food insecurity on physical and mental health of youth. Further analysis will aim to

verify these results with additional sources of data to see the longitudinal effect of exposures to

food insecurity on mental health, and examine other plausible models to better understand the

mechanism by which food insecurity is linked to poor mental health. Additional investigation

is also recommended to verify the mediation role of time varying measures, whether changes

in the mediator are more likely to precede the change in mental health status, and to what

extent temporal order of change over time leads to plausible conclusions about the mediation

and their relationship.

Supporting Information

S1 Table. Lists of questions to measure food insecurity, physical health, self-rated health

and mental health status, JLFYS, Southwestern Ethiopia, 2015.

(DOCX)

Acknowledgments

We would like to thank Packard Foundation, Campton Foundation, the National Institutes of

Health, and the National Science Foundation. We would like to extend our gratitude to the

research team members Prof Abebe Gebremariam, Prof Kifle W/micheal, Mr. Fasil Tessema

and Prof. Dennis Hogan. In addition, we are also grateful to VILR-OUS program (Belgium),

all data collectors, data clerks and study participants.

Author Contributions

Conceptualization: MGJ DL TB CH PK.

Data curation: MGJ DL TB CH CL PK.

Formal analysis: MGJ DL TB CL PK.

Funding acquisition: DL TB CH PK.

Investigation: MGJ DL TB CH.

Methodology: MGJ DL TB RV ND PK.

Project administration: MGJ DL TB.

Resources: DL TB CH ND.

Software: MGJ DL TB RV ND.

Supervision: DL TB PK.

The Relationships between Food Insecurity and Mental Health during Late Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0165931 November 15, 2016 15 / 20

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0165931.s001


Validation: MGJ DL TB CL.

Visualization: MGJ DL CL TB RV.

Writing – original draft: MGJ DL TB.

Writing – review & editing: MGJ PK DL CH CL TB RV ND.

References
1. Almeida ADM, Godinho TM, Bitencourt AGV, Teles MS, Silva AS, Fonseca DC, et al. Common mental

disorders among medical students. Jornal Brasileiro de Psiquiatria. 2007; 56(4):245–51. doi: 10.1590/

S0047-20852007000400002

2. Fekadu A, Medhin G, Selamu M, Hailemariam M, Alem A, Giorgis TW, et al. Population level mental dis-

tress in rural Ethiopia. BMC Psychiatry. 2014; 14(1):194. doi: 10.1186/1471-244X-14-194 PMID:

24999041; PubMed Central PMCID: PMC4227077.

3. Jacob K, Patel V. Classification of mental disorders: a global mental health perspective. The Lancet.

2014; 383(9926):1433–5.

4. World Health Organization N. The Global Burden of Disease: 2004 update. Update. 2008;2010:146.

5. Gelaye B, Lemma S, Deyassa N, Bahretibeb Y, Tesfaye M, Berhane Y, et al. Prevalence and correlates

of mental distress among working adults in ethiopia. Clinical practice and epidemiology in mental health:

CP & EMH. 2012; 8:126–33. doi: 10.2174/1745017901208010126 PMID: 23166564

6. Alemu WG, Malefiya YD. Prevalence and associated factors of common mental disorders among

patients admitted in Gondar university hospital medical and surgical wards, northwest Ethiopia, 2013.

2014; 2(3):43–9.

7. Allen J, Balfour R, Bell R, Marmot M. Social determinants of mental health. Int Rev Psychiatry. 2014; 26

(4):392–407. doi: 10.3109/09540261.2014.928270 PMID: 25137105.

8. Tampubolon G, Hanandita W. Poverty and mental health in Indonesia. Soc Sci Med. 2014; 106:20–7.

doi: 10.1016/j.socscimed.2014.01.012 PMID: 24524962.

9. Patel V, Flisher AJ, Nikapota A, Malhotra S. Promoting child and adolescent mental health in low and

middle income countries. Journal of Child Psychology and Psychiatry and Allied Disciplines. 2008; 49

(3):313–34. doi: 10.1111/j.1469-7610.2007.01824.x PMID: 18093112

10. Hanlon C, Medhin G, Alem A, Araya M, Abdulahi A, Hughes M, et al. Detecting perinatal common men-

tal disorders in Ethiopia: validation of the self-reporting questionnaire and Edinburgh Postnatal Depres-

sion Scale. Journal of affective disorders. 2008; 108(3):251–62. doi: 10.1016/j.jad.2007.10.023 PMID:

18055019

11. Tarasuk V, Mitchell A, McLaren L, McIntyre L. Chronic Physical and Mental Health Conditions among

Adults May Increase Vulnerability to Household Food Insecurity 1–3. 2013;(C: ). doi: 10.3945/jn.113.

178483 PMID: 23986364

12. Collins L. The impact of food insecurity on women’s mental health: how it negatively affects children’s

health and development. Journal of the Motherhood Initiative for Research and Community Involve-

ment. 2009; 11(1).

13. Hadley C, Lindstrom D, Tessema F, Belachew T. Gender bias in the food insecurity experience of Ethio-

pian adolescents. Social Science and Medicine. 2008; 66(2):427–38. doi: 10.1016/j.socscimed.2007.

08.025 PMID: 17931763

14. Ashiabi GS, Neal KKO. Is Household Food Insecurity Predictive of Health Status in Early Adolescence?

A Structural Analysis Using the 2002 NSAF Data Set. 2007; 5(4):76–91.

15. Ashiabi GS, O’Neal KK. Children’s health status: Examining the associations among income poverty,

material hardship, and parental factors. PLoS ONE. 2007; 2(9). doi: 10.1371/journal.pone.0000940

PMID: 17895981

16. Cole SM, Tembo G. The effect of food insecurity on mental health: Panel evidence from rural Zambia.

Social Science and Medicine. 2011; 73(7):1071–9. doi: 10.1016/j.socscimed.2011.07.012 PMID:

21852028

17. Fao. The State of Food Insecurity in the World2004. 43- p.

18. Belachew T, Hadley C, Lindstrom D, Gebremariam A, Michael KW, Getachew Y, et al. Gender differ-

ences in food insecurity and morbidity among adolescents in southwest Ethiopia. Pediatrics. 2011; 127

(2):e398–405. doi: 10.1542/peds.2010-0944 PMID: 21220395; PubMed Central PMCID:

PMC3387862.

The Relationships between Food Insecurity and Mental Health during Late Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0165931 November 15, 2016 16 / 20

http://dx.doi.org/10.1590/S0047-20852007000400002
http://dx.doi.org/10.1590/S0047-20852007000400002
http://dx.doi.org/10.1186/1471-244X-14-194
http://www.ncbi.nlm.nih.gov/pubmed/24999041
http://dx.doi.org/10.2174/1745017901208010126
http://www.ncbi.nlm.nih.gov/pubmed/23166564
http://dx.doi.org/10.3109/09540261.2014.928270
http://www.ncbi.nlm.nih.gov/pubmed/25137105
http://dx.doi.org/10.1016/j.socscimed.2014.01.012
http://www.ncbi.nlm.nih.gov/pubmed/24524962
http://dx.doi.org/10.1111/j.1469-7610.2007.01824.x
http://www.ncbi.nlm.nih.gov/pubmed/18093112
http://dx.doi.org/10.1016/j.jad.2007.10.023
http://www.ncbi.nlm.nih.gov/pubmed/18055019
http://dx.doi.org/10.3945/jn.113.178483
http://dx.doi.org/10.3945/jn.113.178483
http://www.ncbi.nlm.nih.gov/pubmed/23986364
http://dx.doi.org/10.1016/j.socscimed.2007.08.025
http://dx.doi.org/10.1016/j.socscimed.2007.08.025
http://www.ncbi.nlm.nih.gov/pubmed/17931763
http://dx.doi.org/10.1371/journal.pone.0000940
http://www.ncbi.nlm.nih.gov/pubmed/17895981
http://dx.doi.org/10.1016/j.socscimed.2011.07.012
http://www.ncbi.nlm.nih.gov/pubmed/21852028
http://dx.doi.org/10.1542/peds.2010-0944
http://www.ncbi.nlm.nih.gov/pubmed/21220395


19. Vozoris NT, Tarasuk VS. Household food insufficiency is associated with poorer health. The Journal of

nutrition. 2003; 133(1):120–6. PMID: 12514278

20. Alaimo K, Olson CM, Frongillo EA Jr, Briefel RR. Food insufficiency, family income, and health in US

preschool and school-aged children. American Journal of Public Health. 2001; 91(5):781–6. doi: 10.

2105/AJPH.91.5.781 PMID: 11344887

21. Patel V, Kleinman A. Poverty and common mental disorders in developing countries. Bulletin of the

World Health Organization. 2003; 81(8):609–15. Article. PMID: 14576893

22. Heflin CM, Siefert K, Williams DR. Food insufficiency and women’s mental health: Findings from a 3-

year panel of welfare recipients. Social Science and Medicine. 2005; 61(9):1971–82. doi: 10.1016/j.

socscimed.2005.04.014 PMID: 15927331

23. Weaver LJ, Hadley C. Moving beyond hunger and nutrition: a systematic review of the evidence linking

food insecurity and mental health in developing countries. Ecology of food and nutrition. 2009; 48

(4):263–84. doi: 10.1080/03670240903001167 PMID: 21883069

24. Hadley C, Tegegn A, Tessema F, Cowan J, Asefa M, Galea S. Food insecurity, stressful life events and

symptoms of anxiety and depression in east Africa: evidence from the Gilgel Gibe growth and develop-

ment study. Journal of epidemiology and community health. 2008; 62(11):980–6. doi: 10.1136/jech.

2007.068460 PMID: 18854502

25. Hadley C, Mulder MB, Fitzherbert E. Seasonal food insecurity and perceived social support in rural Tan-

zania. Public health nutrition. 2007; 10(6):544–51. doi: 10.1017/S1368980007246725 PMID: 17381917

26. Sorsdahl K, Slopen N, Siefert K, Seedat S, Stein DJ, Williams DR. Household food insufficiency and

mental health in South Africa. Journal of epidemiology and community health. 2011; 65(5):426–31. doi:

10.1136/jech.2009.091462 PMID: 20427548

27. Weinreb L, Wehler C, Perloff J, Scott R, Hosmer D, Sagor L, et al. Hunger: Its Impact on Children ‘ s

Health and Mental Health. October. 2002; 110(4):1–9.

28. Alaimo K, Olson CM, Frongillo E. Food insufficiency and American school-aged children’s cognitive,

academic, and psychosocial development. Pediatrics. 2001; 108(1):44–53. PMID: 11433053

29. Campbell CC. Food insecurity: a nutritional outcome or a predictor variable? The Journal of nutrition.

1991; 121(3):408–15. PMID: 2002411

30. Cook JT, Frank DA, Berkowitz C, Black MM, Casey PH, Cutts DB, et al. Food insecurity is associated

with adverse health outcomes among human infants and toddlers. The Journal of nutrition. 2004; 134

(6):1432–8. PMID: 15173408

31. Tarasuk V, McIntyre L, Li J. Low-income women’s dietary intakes are sensitive to the depletion of

household resources in one month. J Nutr. 2007; 137(8):1980–7. PMID: 17634274.

32. Carter KN, Blakely T, Collings S, Imlach Gunasekara F, Richardson K. What is the association between

wealth and mental health? Journal of epidemiology and community health. 2009; 63(3):221–6. doi: 10.

1136/jech.2008.079483 PMID: 19028729

33. Rose D, Oliveira V. Nutrient intakes of individuals from food-insufficient households in the United States.

American Journal of Public Health. 1997; 87(12):1956–61. doi: 10.2105/AJPH.87.12.1956 PMID:

9431283

34. Alaimo K, Olson CM, Frongillo E. Family food insufficiency, but not low family income, is positively asso-

ciated with dysthymia and suicide symptoms in adolescents. The Journal of nutrition. 2002; 132

(4):719–25. PMID: 11925467

35. Chilton M, Black MM, Berkowitz C, Casey PH, Cook J, Cutts D, et al. Food insecurity and risk of poor

health among US-born children of immigrants. American Journal of Public Health. 2009; 99(3):556–62.

doi: 10.2105/AJPH.2008.144394 PMID: 19106417

36. Jyoti DF, Frongillo EA, Jones SJ. Food insecurity affects school children’s academic performance,

weight gain, and social skills. J Nutr. 2005; 135(12):2831–9. PMID: 16317128.

37. McEwen BS. Central effects of stress hormones in health and disease: Understanding the protective

and damaging effects of stress and stress mediators. European Journal of Pharmacology. 2008; 583

(2–3):174–85. doi: 10.1016/j.ejphar.2007.11.071 PMID: 18282566

38. Heflin CM, Siefert K, Williams DR. Food insufficiency and women’s mental health: findings from a 3-

year panel of welfare recipients. Social science & medicine. 2005; 61(9):1971–82.

39. Bhattacharya J, Currie J, Haider S. Poverty, food insecurity, and nutritional outcomes in children and

adults. Journal of Health Economics. 2004; 23(4):839–62. doi: 10.1016/j.jhealeco.2003.12.008 PMID:

15587700

40. Siefert K, Heflin CM, Corcoran ME, Williams DR. Food insufficiency and physical and mental health in a

longitudinal survey of welfare recipients. Journal of health and social behavior. 2004; 45(2):171–86. doi:

10.1177/002214650404500204 PMID: 15305758

The Relationships between Food Insecurity and Mental Health during Late Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0165931 November 15, 2016 17 / 20

http://www.ncbi.nlm.nih.gov/pubmed/12514278
http://dx.doi.org/10.2105/AJPH.91.5.781
http://dx.doi.org/10.2105/AJPH.91.5.781
http://www.ncbi.nlm.nih.gov/pubmed/11344887
http://www.ncbi.nlm.nih.gov/pubmed/14576893
http://dx.doi.org/10.1016/j.socscimed.2005.04.014
http://dx.doi.org/10.1016/j.socscimed.2005.04.014
http://www.ncbi.nlm.nih.gov/pubmed/15927331
http://dx.doi.org/10.1080/03670240903001167
http://www.ncbi.nlm.nih.gov/pubmed/21883069
http://dx.doi.org/10.1136/jech.2007.068460
http://dx.doi.org/10.1136/jech.2007.068460
http://www.ncbi.nlm.nih.gov/pubmed/18854502
http://dx.doi.org/10.1017/S1368980007246725
http://www.ncbi.nlm.nih.gov/pubmed/17381917
http://dx.doi.org/10.1136/jech.2009.091462
http://www.ncbi.nlm.nih.gov/pubmed/20427548
http://www.ncbi.nlm.nih.gov/pubmed/11433053
http://www.ncbi.nlm.nih.gov/pubmed/2002411
http://www.ncbi.nlm.nih.gov/pubmed/15173408
http://www.ncbi.nlm.nih.gov/pubmed/17634274
http://dx.doi.org/10.1136/jech.2008.079483
http://dx.doi.org/10.1136/jech.2008.079483
http://www.ncbi.nlm.nih.gov/pubmed/19028729
http://dx.doi.org/10.2105/AJPH.87.12.1956
http://www.ncbi.nlm.nih.gov/pubmed/9431283
http://www.ncbi.nlm.nih.gov/pubmed/11925467
http://dx.doi.org/10.2105/AJPH.2008.144394
http://www.ncbi.nlm.nih.gov/pubmed/19106417
http://www.ncbi.nlm.nih.gov/pubmed/16317128
http://dx.doi.org/10.1016/j.ejphar.2007.11.071
http://www.ncbi.nlm.nih.gov/pubmed/18282566
http://dx.doi.org/10.1016/j.jhealeco.2003.12.008
http://www.ncbi.nlm.nih.gov/pubmed/15587700
http://dx.doi.org/10.1177/002214650404500204
http://www.ncbi.nlm.nih.gov/pubmed/15305758


41. Lund C. Poverty and mental health: Towards a research agenda for low and middle-income countries.

Commentary on Tampubolon and Hanandita (2014). Social Science and Medicine. 2014; 111:134–6.

doi: 10.1016/j.socscimed.2014.04.010 PMID: 24767968

42. Kish L. A procedure for objective respondent selection within the household. Journal of the American

Statistical Association. 1949; 44(247):380–7.

43. Belachew T, Hadley C, Lindstrom D, Gebremariam A, Lachat C, Kolsteren P. Food insecurity, school

absenteeism and educational attainment of adolescents in Jimma Zone Southwest Ethiopia: a longitudi-

nal study. Nutrition journal. 2011; 10(1):29. doi: 10.1186/1475-2891-10-29 PMID: 21477343

44. Belachew T, Lindstrom D, Gebremariam A, Jira C, Hattori M, Lachat C, et al. Predictors of chronic food

insecurity among adolescents in Southwest Ethiopia: a longitudinal study. Nutrition journal. 2011; 12

(1):604. doi: 10.1186/1471-2458-12-604 PMID: 22863140

45. Hackett M, Melgar-Quinonez H, Uribe MCA. Internal validity of a household food security scale is con-

sistent among diverse populations participating in a food supplement program in Colombia. BMC public

health. 2008; 8:175. doi: 10.1186/1471-2458-8-175 PMID: 18500988

46. Webb P, Coates J, Frongillo E, Rogers BL, Swindale A, Bilinsky P. Measuring household food insecu-

rity: why it’s so important and yet so difficult to do. The Journal of nutrition. 2006; 136(5):1404S–8S.

136/5/1404S [pii]. PMID: 16614437

47. Coates J, Frongillo E, Rogers BL, Webb P, Wilde PE, Houser R. Commonalities in the experience of

household food insecurity across cultures: what are measures missing? The Journal of nutrition. 2006;

136(5):1438S–48S. PMID: 16614441

48. Quizán T, Castro M, Contreras A, Saucedo MS, Frongillo EA, Ortega MI. Food Insecurity: Development

and Validation of an Experience-Based Measurement Tool Among Households of Northwest Mexico.

The FASEB Journal. 2007; 21(5):A312–A.

49. Mari JJ, Williams P. A validity study of a psychiatric screening questionnaire (SRQ-20) in primary care

in the city of Sao Paulo. The British Journal of Psychiatry. 1986; 148(1):23–6.

50. Beusenberg M, Orley JH, Organization WH. A User’s guide to the self reporting questionnaire (SRQ.

1994.

51. Aidoo M, Harpham T. The explanatory models of mental health amongst low-income women and health

care practitioners in Lusaka, Zambia. Health policy and planning. 2001; 16(2):206–13. doi: 10.1093/

heapol/16.2.206 PMID: 11358923

52. Stewart RC, Kauye F, Umar E, Vokhiwa M, Bunn J, Fitzgerald M, et al. Validation of a Chichewa version

of the self-reporting questionnaire (SRQ) as a brief screening measure for maternal depressive disorder

in Malawi, Africa. Journal of Affective Disorders. 2009; 112(1):126–34.

53. Giang KB, Allebeck P, Kullgren G, Tuan NV. The Vietnamese version of the Self Reporting Question-

naire 20 (SRQ-20) in detecting mental disorders in rural Vietnam: a validation study. The International

journal of social psychiatry. 2006; 52(2):175–84. doi: 10.1177/0020764006061251 PMID: 16615249

54. Harpham T, Reichenheim M, Oser R, Thomas E, Hamid N, Jaswal S, et al. Measuring mental health in

a cost-effective manner. Health Policy and Planning. 2003; 18(3):344–9. doi: 10.1093/heapol/czg041

PMID: 12917276

55. Marques-Vidal P, Ross A, Wynn E, Rezzi S, Paccaud F, Decarli B. Reproducibility and relative validity

of a food-frequency questionnaire for French-speaking Swiss adults. Food and Nutrition Research.

2011; 55:1–8. doi: 10.3402/fnr.v55i0.5905 PMID: 21562629

56. Liu L, Wang PP, Roebothan B, Ryan A, Tucker CS, Colbourne J, et al. Assessing the validity of a self-

administered food-frequency questionnaire (FFQ) in the adult population of Newfoundland and Labra-

dor, Canada. Nutrition journal. 2013; 12:49. doi: 10.1186/1475-2891-12-49 PMID: 23590645

57. Cheng Y, Yan H, Dibley MJ, Shen Y, Li Q, Zeng L. Validity and reproducibility of a semi-quantitative

food frequency questionnaire for use among pregnant women in rural China. Asia Pacific journal of clini-

cal nutrition. 2008; 17(1):166–77. PMID: 18364342

58. Jackson MD, Walker SP, Younger NM, Bennett FI. Use of a food frequency questionnaire to assess

diets of Jamaican adults: validation and correlation with biomarkers. Nutrition journal. 2011; 10(1):28.

doi: 10.1186/1475-2891-10-28 PMID: 21477338

59. Belachew T, Lindstrom D, Hadley C, Gebremariam A, Kasahun W, Kolsteren P. Food insecurity and lin-

ear growth of adolescents in Jimma Zone, Southwest Ethiopia. Nutrition journal. 2013; 12(1):55. doi: 10.

1186/1475-2891-12-55 PMID: 23634785

60. Belachew T, Lindstrom D, Gebremariam A, Hogan D, Lachat C, Huybregts L, et al. Food Insecurity,

Food Based Coping Strategies and Suboptimal Dietary Practices of Adolescents in Jimma Zone South-

west Ethiopia. PLoS ONE. 2013; 8(3):1–9. doi: 10.1371/journal.pone.0057643 PMID: 23554864

61. Victora CG, Huttly SR, Fuchs SC, Olinto MTA. The Role of Conceptual Frameworks in Epidemiological

Analysis: A Hierarchical Approach. 1997; 26(1):224–7.

The Relationships between Food Insecurity and Mental Health during Late Adolescence

PLOS ONE | DOI:10.1371/journal.pone.0165931 November 15, 2016 18 / 20

http://dx.doi.org/10.1016/j.socscimed.2014.04.010
http://www.ncbi.nlm.nih.gov/pubmed/24767968
http://dx.doi.org/10.1186/1475-2891-10-29
http://www.ncbi.nlm.nih.gov/pubmed/21477343
http://dx.doi.org/10.1186/1471-2458-12-604
http://www.ncbi.nlm.nih.gov/pubmed/22863140
http://dx.doi.org/10.1186/1471-2458-8-175
http://www.ncbi.nlm.nih.gov/pubmed/18500988
http://www.ncbi.nlm.nih.gov/pubmed/16614437
http://www.ncbi.nlm.nih.gov/pubmed/16614441
http://dx.doi.org/10.1093/heapol/16.2.206
http://dx.doi.org/10.1093/heapol/16.2.206
http://www.ncbi.nlm.nih.gov/pubmed/11358923
http://dx.doi.org/10.1177/0020764006061251
http://www.ncbi.nlm.nih.gov/pubmed/16615249
http://dx.doi.org/10.1093/heapol/czg041
http://www.ncbi.nlm.nih.gov/pubmed/12917276
http://dx.doi.org/10.3402/fnr.v55i0.5905
http://www.ncbi.nlm.nih.gov/pubmed/21562629
http://dx.doi.org/10.1186/1475-2891-12-49
http://www.ncbi.nlm.nih.gov/pubmed/23590645
http://www.ncbi.nlm.nih.gov/pubmed/18364342
http://dx.doi.org/10.1186/1475-2891-10-28
http://www.ncbi.nlm.nih.gov/pubmed/21477338
http://dx.doi.org/10.1186/1475-2891-12-55
http://dx.doi.org/10.1186/1475-2891-12-55
http://www.ncbi.nlm.nih.gov/pubmed/23634785
http://dx.doi.org/10.1371/journal.pone.0057643
http://www.ncbi.nlm.nih.gov/pubmed/23554864


62. Schermelleh-Engel K, Moosbrugger H, Müller H. Evaluating the Fit of Structural Equation Models:

Tests of Significance and Descriptive Goodness-of-Fit Measures. Methods of Psychological Research

Online. 2003; 8(2):23–74.

63. Hayes AF. Beyond Baron and Kenny: Statistical Mediation Analysis in the New Millennium. Communi-

cation Monographs. 2009; 76(4):408–20. doi: 10.1080/03637750903310360

64. Rucker DD, Preacher KJ, Tormala ZL, Petty RE. Mediation Analysis in Social Psychology: Current

Practices and New Recommendations. Social and Personality Psychology Compass. 2011; 5(6):359–

71. doi: 10.1111/j.1751-9004.2011.00355.x

65. Gunzler D, Chen T, Wu P, Zhang H. Introduction to mediation analysis with structural equation model-

ing. Shanghai Archives of Psychiatry. 2013; 25(6):390–4. doi: 10.3969/j.issn.1002-0829.2013.06.009

PMID: 24991183

66. Dessie Y, Ebrahim J, Awoke T. Mental distress among university students in Ethiopia: a cross sectional

survey. The Pan African Medical Journal. 2013; 15:95. doi: 10.11604/pamj.2013.15.95.2173 PMID:

24198889

67. Damena T, Mossie A, Tesfaye M. Khat Chewing and Mental Distress: A Community Based Study, in

Jimma City, Southwestern Ethiopia. Ethiopian Journal of Health Sciences. 2011; 21(1):37–45. doi: 10.

4314/ejhs.v21i1.69042 PMID: 22434984

68. Dachew BA, Azale Bisetegn T, Berhe Gebremariam R. Prevalence of Mental Distress and Associated

Factors among Undergraduate Students of University of Gondar, Northwest Ethiopia: A Cross-Sec-

tional Institutional Based Study. Plos One. 2015; 10(3):e0119464–e. doi: 10.1371/journal.pone.

0119464 PMID: 25794278

69. Tesfaye A. Prevalence and correlates of mental distress among regular undergraduate students of

Hawassa University: a cross sectional survey. 2009. p. 85–94.

70. Harpham T, Snoxell S, Grant E, Rodriguez C. Common mental disorders in a young urban population in

Colombia. The British journal of psychiatry: the journal of mental science. 2005; 187:161–7. doi: 10.

1192/bjp.187.2.161 PMID: 16055828

71. Olson CM. Symposium: Advances in Measuring Food Insecurity and Hunger in the US Introduction.

The Journal of nutrition. 1999; 129(2S Suppl):504S. PMID: 10064318

72. Seligman HK, Laraia B, Kushel MB. Food Insecurity Is Associated with Chronic Disease among Low-

Income. The Journal of nutrition. 2009; 140:304–10.

73. Psid ID, Oshima KMM, Kim Y. Does Household Food Insecurity Affect Parental Characteristics and

Child Behavior? Evidence from the Panel Study of Parental Characteristics and Child Behavior?: Evi-

dence from the Panel Study of Income Dynamics (PSID). 2010;(09: ).

74. Huang J, Oshima KMM, Kim Y. Does food insecurity affect parental characteristics and child behavior?

Testing mediation effects. The Social service review. 2010; 84(3):381–401. doi: 10.1086/655821 PMID:

20873019

75. Bronte-Tinkew J, Zaslow M, Capps R, Horowitz A, McNamara M. Food insecurity works through

depression, parenting, and infant feeding to influence overweight and health in toddlers. The Journal of

nutrition. 2007; 137(9):2160–5. PMID: 17709458

76. Roustit C, Campoy E, Chaix B, Chauvin P. Exploring mediating factors in the association between

parental psychological distress and psychosocial maladjustment in adolescence. European Child and

Adolescent Psychiatry. 2010; 19(7):597–604. doi: 10.1007/s00787-010-0094-8 PMID: 20127380

77. Jacka FN, Kremer PJ, Berk M, de Silva-Sanigorski AM, Moodie M, Leslie ER, et al. A prospective study

of diet quality and mental health in adolescents. PLoS ONE. 2011; 6(9):1–7. doi: 10.1371/journal.pone.

0024805 PMID: 21957462
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