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Abstract: Purpose: Little is known about the role of food insecurity (FIS) on depressive symptoms among adolescents. Thus, this study aimed to explore the association between FIS and depressive symptoms among adolescents aged 12–15 years from low- and middle-income countries across the world. Methods: Data from the Global school-based Student Health Survey were analyzed in 51,702 adolescents [mean (SD) age 13.8 (1.0) years; 49.3% girls). Self-reported measures assessed depressive symptoms during the past 12 months, and food insecurity. Participants reporting yes for depressive symptoms. FIS was categorized into five levels, including ‘never’, ‘rarely’, ‘sometimes’, ‘most of the time’ and ‘always’. Multivariable logistic regression analysis was performed, and a country-wise meta-analysis was undertaken to compare country difference in the associations between FIS and depressive symptoms. Results: The prevalence of depressive symptoms was 30.0%, respectively. Compared with those reporting never for FIS, adolescents with increased severity of FIS were more likely to report depressive symptoms regardless of gender. Country-wise meta-analysis demonstrated that having FIS versus not having FIS was associated with 60% greater odds for depressive symptoms (OR = 1.60; 95% CI: 1.52–1.69) but with a moderate between-country heterogeneity (I2 = 12.7%). Conclusion: The current study indicates that alleviating FIS may be an effective prevention against depressive symptoms among adolescents from LMICs. Future studies should adopt improved study design to confirm or negate our research findings, which informs more efficient public mental health interventions.
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1  Introduction

Depression refers to low mood and anhedonia as the core symptoms, with abnormal weight gain and loss, insomnia or drowsiness as additional symptoms a mood dysregulation [1]. Globally, more than 264 million people of all ages suffer from depressive symptoms, which has caused a serious social and economic burden [2]. It is predicted that by 2030, depression will has become the first leading cause of the global burden of disease factors [3].

Adolescence is not only a period of the first appearance and rapid development of individual depressive symptoms [4,5], but also a period of high incidence and prevalence of depressive symptoms [6], which is more likely to link with later severe depressive disorders. With this regard, an increasing number of studies focusing on depression in adolescents has been conducted for exploring effective approaches to against this mental health disorder [7,8]. Recently, two meta-analysis studies have found that the prevalence of depressive symptoms in adolescents ranged between 5.3%–29.2% and 2.2%–20% [9,10]. The higher prevalence of depressive symptoms is liked with adverse health outcomes, like suicidality [11], serious social and cognitive impairments [12], school dropout [13], smoking and alcohol abuse [14]. Therefore, adolescent’ depressive symptoms is an urgent health problem that should be prevented.

To better understand adolescents’ depressive symptoms, it is necessary to determine its correlates and determinants, which is conducive to design and implement effective mental health interventions. There are various correlates of depressive symptoms in adolescents [15–19]. Food insecurity (FIS) can be defined as the inability to obtain sufficient or appropriate food because of financial constraints [20]. According to the previous studies, food insecurity was associated with poorer physical health (e.g., headache, stomachache, difficulty of breathing [21]) and mental health (e.g., depression and anxiety [22], non-cognitive performance [23], suicide ideation [24]). However, little is known about the association between food insecurity and depressive symptoms in adolescents, to the date and author’s knowledge. Compared with it, in adults, much evidence has shown that FIS was an important of depressive symptoms. For example, data from 2015 Korean Community Health Survey revealed the association between FIS and experience of depressive symptoms in people aged over 18 years [25]. Among Mexican population, there was evidence on the association between FIS and depressive symptoms [26]. A 2018 review focusing on females from high income countries concluded that FIS may contribute to depressive symptoms [27]. In a review study with meta-analysis, the authors found that FIS was positively associated with higher risks of depression (OR = 1.40; 95%CI: 1.30–1.58) [28]. These evidences may inform researchers to hypothesize that FIS associates with depressive symptoms in adolescents. Owing to insufficient evidence based on adolescents, it is needed to conduct more studies in this population.

In addition to the above-mentioned research gaps, there are other considerations for this study. It is well-recognized that adolescents from low- and middle-income countries (LMICs) are highly likely to be exposed to FIS, which in turn make these adolescents subject to health burden, including mental and emotional health risks [29–31]. However, previous studies paid less attention on those from LMICs. To address the aforementioned research gaps in the literature, this study aimed to explore the associations between FIS and depressive symptoms in adolescents from LMICs.

2  Methods

2.1 Study Survey

Publicly available data from the Global school-based Student Health Survey (GSHS) were analyzed. Details on this survey can be found at http://www.who.int/chp/gshs and http://www.cdc.gov/gshs. Briefly, the GSHS was jointly developed by the World Health Organization and the United States Centers for Disease Control and Prevention (its associated the Youth Risk Behavior Survey, YRBS) and other United Nations allies. The core aim of the survey was to assess and quantify risk and protective factors of major non-communicable diseases. The survey used a standardized two-stage probability sampling design for the selection process within each participating country. For the first stage, schools were selected with probability proportional to size sampling. The second stage involved the random selection of classrooms which included students within each selected school. All students in the selected classrooms were eligible to participate in the survey regardless of age.

Data collection was performed during one regular class period. The questionnaire was translated into the local language in each country and consisted of multiple-choice response options. Students recorded their response on computer scanned sheets. All GSHS surveys were approved, in each country, by both a national government administration (most often the Ministry of Health or Education) and an institutional review board or ethics committee. Student privacy was protected through anonymous and voluntary participation, and informed consent was obtained as appropriate from the students, parents, and/or school officials. Data were weighted for non-response and probability selection. Country survey having variables of active school travel and depressive symptoms were included into this study. Because the GSHS is an iterative survey study with updates every 4 or 5 years, the latest dataset of each survey was included in the present analysis (year: 2003–2008).

2.2 Food Insecurity (Exposure)

Food insecurity was assessed by the question “During the past 30 days, how often did you go hungry because there was not enough food in your home?” The answers consisted of always, most of the time, sometimes, rarely, and never. This item was used in the previous studies [19,32,33]. In the present study, we classify variable of food insecurity into two groups, yes (always, most of the time, sometimes) vs. no (rarely and never) where some parts of analysis are needed and appropriate. There is evidence to support the question’s reliability and validity based on the Youth Risk Behavior Survey (https://www.cdc.gov/mmwr/pdf/rr/rr6201.pdf), which shows acceptable validity and reliability.

2.3 Depressive Symptom (Outcome)

Depressive symptoms were assessed by one single question “During the past 12 months, did you ever feel so sad or hopeless almost every day for two weeks or more in a row that you stopped doing your usual activities?” Responses were yes and no. Participants answering yes were considered as having depressive symptoms, in line with previous studies [19,34,35]. There is evidence to support the question’s reliability and validity based on the Youth Risk Behavior Survey (https://www.cdc.gov/mmwr/pdf/rr/rr6201.pdf), which shows acceptable validity and reliability.

2.4 Control Variables

Gender, age, physical activity and sedentary behavior were regarded as covariates based on previously published research [19,32–35]. To assess levels of physical activity, a reliable and valid measure was used. The questions asked about the number of days with physical activity of at least 60 min during the past 7 days. Sedentary behavior was assessed with the question “How much time do you spend during a typical or usual day sitting and watching television, playing computer games, talking with friends, or doing other sitting activities?” with answer options: <1, 1–2, 3–4, 5–6, 7–8, and ≥ 8 h/day.

2.5 Statistical Analysis

All the statistical analyses were performed with STATA 16.1. For descriptive analyses, the prevalence of FIS and depressive symptoms was estimated, respectively. The prevalence of FIS and depressive symptoms by gender and country was also calculated. Multivariable logistic regression analysis was implemented to assess the association between FIS and depressive symptoms (overall, by gender and country). The regression was analysis was adjusted for age, gender, physical activity, sedentary behavior, as well as country, with the exception of the gender-stratified and country-wise analyses which were not adjusted for gender and country, respectively.

Random effects meta-analysis was used to generate pooled estimates of the association between FIS and depressive symptoms for the overall sample and sex-stratified sample, using DerSimonian and Laird method. To assess the level of between-country heterogeneity, the Higgin’s I2 statistic was calculated based on country-wise estimates. This represents the degree of heterogeneity that is not explained by sampling error with a value of <40% often considered as negligible and 40%–60% as moderate heterogeneity. A pooled estimate was obtained by combining the estimates for each country into a random effect meta-analysis. All variables were included in the regression analyses as categorical variables with the exception of age and PA (continuous variables). Taylor linearization methods were used in all analyses to account for the sample weighting and complex study design. Results from the logistic regression analyses are presented as odds ratios with 95% confidence intervals (CIs). The statistical significance level was p < 0.05 with being two sided.

3  Results

Tab. 1 shows sample characteristics and prevalence of FIS and depressive symptoms in study participants from 26 LMICs in this study. In total, 51,702 adolescents aged 12–15 years were included in the analyses. Among these adolescents, 50.1% participants reported food insecurity at being ‘never’, and the prevalence of reporting being ‘rarely’, ‘sometimes’, ‘most of the time’ and ‘always’ for depressive symptoms were 21.2%, 22.5%, 4.1% and 2.1%, respectively. Besides, 30.1% of adolescents reported having depressive symptoms affirmatively. The prevalence of FIS and depressive symptoms by each included country can be found at Tab. 1.

Table 1: Sample characteristics and prevalence of food insecurity and depressive symptoms in this study
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Fig. 1 illustrates the prevalence of depressive symptoms by levels of FIS. Among adolescents, 25.8% of participants reported having depressive symptoms, and more females have depressive symptoms than males (27.7% > 23.6%). Among food insecure adolescents, those adolescents who are food insecure most of the time present highest percentage of having depressive symptoms compared with counterparts of other three levels of food insecurity (most of the time: 45.2% > always: 41.8% > sometimes: 35.9% > rarely: 29.9%). More female adolescents have depressive symptoms than males in four levels of food insecurity group (most of the time: 48.5% > 42.3%; always: 45.5% > 40.2%; sometimes: 38.0% > 33.7%; rarely: 30.3% > 29.5%). In addition, percentages of having depressive symptoms among females are all above overall ones, while percentages of males are all below overall ones, regardless of levels of FIS.
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Figure 1: The prevalence of depressive symptoms by levels of food insecurity

Tab. 2 shows the results for the associations between FIS and depressive symptoms. Adolescents with any level of food insecurity were more likely to report having depressive symptoms than counterparts with lower levels of FIS, regardless of gender (rarely: OR = 1.3, 95%CI: 1.2–1.4; sometimes: OR = 1.6, 95%CI: 1.5–1.8; most of the time: OR = 2.1, 95%CI: 1.8–2.4; always: OR = 2.0, 95%CI: 1.6–2.4). From the observation of OR values, adolescents who reported food insecurity with most of the time have highest likelihood of having depressive symptoms for both male (OR = 2.1, 95%CI: 1.7–2.6) and female (OR = 2.1, 95%CI: 1.7–2.5).

Table 2: Associations between food insecurity and depressive symptoms (overall and by sex)
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Fig. 2 demonstrates the results with country-wise for the associations between FIS and depressive symptoms. The pooled estimate from a meta-analysis for all the samples was 1.60 (95%CI: 1.52–1.69) with a small level of between-country heterogeneity (I2 = 12.7%). There was no significant heterogeneity between countries included in this study (p = 0.279).
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Figure 2: Country-wise association between food insecurity (binary variable) and depressive symptoms estimated by multivariable logistic regression. Notes: OR = Odds ratio; CI = confidence interval; Models were adjusted for overall estimate was calculated by meta-analysis with random effects

4  Discussion

To our knowledge, our study is the first to examine the association between FIS and depressive symptoms in adolescents from LMICs and this study found that higher severity of FIS was significantly and positively associated with depressive symptoms in the studied population regardless of sex. The present study mainly found that the higher severity of FIS, the higher likelihood to be depressive except for the severity of FIS of being always. Moreover, there was a small country-wise inconsistency in the association between FIS and depressive symptoms. As previously published studies were mainly based on adult or other populations (e.g., pregnant women) [28,31,36–38], the current study could provide some would-be insightful and practical implications on policy of depressive symptoms in adolescents, especially for those who are from LMICs.

There has been much evidence to demonstrate the association between FIS and depressive symptoms in different populations, which is consistent with the present study. In young adults, there was a positive association between FIS and depressive symptoms [39,40]. A recent study based on Canadian adult populations indicated that household FIS was positively and significantly associated with depressive symptoms [41]. Two studies based on pregnant women also reported an association between FIS and depression [37,38]. In some population with specific diseases (e.g., like people with HIV), the association remains significant [42–44]. However, to our knowledge, little is known about the association in adolescents, especially from those living in LMICs. Across the literature, only one study consisting of adolescents and using parental reported household FIS, the authors found that FIS was associated with an increased risk of parent-assessed mental health status [45]. In a study with nationally representative samples from American suggested that children living with being food insecure were more likely to be diagnosed as depressive symptoms compared with those who live without food security [30]. Based on the mentioned-above evidence that can support our research finding that FIS was associated with depressive symptoms, our study adds more evidence to corroborate this association in adolescents. The abovementioned evidence suggests FIS, which particularly occurs in LMICs, are a risk factor of individuals’ mental illness. Considering our study participants were from LMICs, the current study is of great importance to mental health promotion of young people with poor socioeconomic status.

Although our study assumed FIS as independent and found its positive association with depressive symptoms in adolescents from LMICs, some previous studies found that depressive symptoms might be a factor of FIS in adults [27,46,47]. Despite having such evidence, we cannot deny the adverse impacts of FIS on depressive symptoms. Of note, based on our study and previous research findings from cross-sectional study, it is urgently required to explore the causal relationship between FIS and depressive symptoms, which can advance knowledge in the relevant research fields.

The possible reasons to support the significant association between FIS and depressive symptoms in this study are discussed below, which may help understand the underlying mechanism for the association. FIS would lead to worry and anxiety, which in turn makes people feel stressed and then developing as a factor of depressive symptoms [27]. In LMICs, it is highly likely that higher severity of FIS would make adolescent worry about their hungry and nutrition status, which contributes to their depressive symptoms. Another similar explanation is that FIS may make people feel deprivation and alienation [43]. From the perspective of social relationship, FIS also results in psycho-emotional burden by weakening social relationships because of low self-efficacy and a sense of helplessness [28,31]. Those factors may cause depressive symptoms. However, these assumed interpretations are mainly based on adults rather than adolescents, more studies are required to explore the age-specific mechanism for the association between FIS and depressive symptoms. Some evidence has demonstrated that young people with FIS are more likely to be exposed to emotional problems, like, which are contributors of depressive symptoms. Nevertheless, more insightful studies are required to answer why young people with FIS have higher odds for depressive symptoms.

The current study found a small percentage of heterogeneity resulted from country-wise comparison in the association between FIS and depressive symptoms (I2 = 12.7%). This research finding indicated that the association between FIS and depressive symptoms may not be varied by different countries. Possible reason for this small country-wise inconsistency of the association between FIS and depressive symptoms in our study involves study participants. In the current study, study participants were from LMICs, which implies that study participants were more likely to exposed to FIS and in turn tended to report depressive symptoms.

4.1 Limitation and Strengths

The research findings revealed here must be interpreted in light of some limitations. First, the study was a cross-sectional epidemiological survey, which fails to make casual inference for the association between FIS and depressive symptoms in adolescents. Future longitudinal studies are required to further confirm the association. Another limitation is the measures for FIS and depressive symptoms, which is subject to recall bias including measurement error and social desirability. Third, it is well-known that depressive symptoms of adolescents are also influenced by more other factors, but in our study, we failed to collect the relevant data. However, the strengths of this study include large-size sample and data from a multinational perspective. This research finding is useful in helping mental health promotion in a wider range of countries because of the higher generalization. Future research is urgently required to confirm the association between FI and depressive symptoms in adolescents based on casual-inference study. Moreover, to better establish the association, more accurate measures should be used.

5  Conclusion

This study offers evidence on the association between food insecurity and depressive symptoms in adolescents aged 12–15 yeas from low- and middle-income countries. Specifically, the high prevalence of food insecurity was reported in this study. And higher severity of food insecurity may increase the odds for depressive symptoms in adolescents. This significant association was not varied greatly by different countries. Based on the research findings, it is suggested that alleviating food insecurity of adolescents from low- and middle-income countries may be an effective approach to reduce health burden resulted from depression regardless of country-based situations.
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Rarely 1.3 1.2 1.4 1.4 1.2 1.7 1.2 1.0 1.3
Sometimes 1.6 1.5 1.8 1.6 1.4 1.8 1.7 1.4 1.9
Most of the time 2.1 1.8 2.4 2.1 1.7 2.6 2.1 1.7 2.5
Always 2.0 1.6 2.4 2.0 1.6 2.7 1.9 1.5 2.5

Note: OR: odd ratio; CI: confidence interval; Reference group: reporting never’.
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Country N Year Response Food insecurity (%) Depressive
rate (%) Never Rarely Sometimes Most of  Always symptoms (7o)
the time

Argentina 1403 2007 77.1 68.3 188 104 1.2 1.4 29.6
Botswana 1252 2005 95 369 69 41.9 8.8 5.5 39.4
Chile 1900 2004 85 752 17.1 6.0 1.2 0.5 30.8
China 2126 2003 99 583 283 11.1 1.8 0.5 18.3
Djibouti 913 2007 83 534 7.7 20.3 5.7 12.9 37.7
Ecuador 1716 2007 85.6 604 296 7.2 1.5 1.3 25.4
Egypt 4475 2006 87 579 225 145 34 1.7 353
Grenada 1127 2007 78 57.5 135 218 5.1 2.2 232
Guyana 980 2004 80 572 119 225 4.1 4.3 32.8
India 6553 2007 83 66.5 16.7 132 2.3 1.4 24.4
Indonesia 2939 2007 93.1 357 27.1 315 4.5 1.2 21
Jordan 1490 2007 100 49.7 212 159 7.8 5.4 37.1
Kenya 2403 2005 84 386 134 338 10.0 4.2 47.9
Morocco 1838 2006 84 547 174 188 7.1 2.0 37.2
Philippines 3792 2003 79 3.0 28.1 334 5.0 2.5 40.2
Seychelles 969 2007 82 414 156 263 10.8 59 32.1
Sri Lanka 2388 2008 89 67.1 13.0 132 2.8 3.9 31.8
St Lucia 1000 2007 82 56.6 17.2  20.7 43 1.1 233
St Vincent 1022 2007 84 59.1 11.0 232 3.8 3.0 27.5
Tanzania 1635 2006 87 72.0 166 7.6 2.3 1.4 24
Thailand 2490 2008 93 474 225 266 1.7 1.8 16.6
Tunisia 2391 2008 83 59.1 149 183 5.1 2.6 36.1
Uganda 1646 2003 69 48.5 12.8 30.0 4.5 4.2 39.7
Uruguay 421 2006 71.2 809 119 53 0.3 1.6 17.6
Venezuela 1867 2004 86 77.8 9.1 9.3 0.8 3.0 22
Zambia 966 2004 70 18.0 99 42.6 21.7 7.8 514
Overall 51702 / / 50.1 212 225 4.1 2.1 30.1

Note: The prevalence of food insecurity and depressive symptoms was weighed.





