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Abstract

Little is known about the relationship between food insecurity and sleep
problems in low- and middle-income countries (LMICs), while the mediators
of this association are largely unknown. Therefore, we investigated the
association between food insecurity and insomnia-related symptoms in six
LMICs (i.e., China, Ghana, India, Mexico, Russia, South Africa), and the
potential mediators of this relationship. Cross-sectional, nationally
representative data from the Study on Global AGEing and Adult Health
(SAGE; 2007-2010) were analyzed. Past 12-month food insecurity was
assessed with two questions on frequency of eating less and hunger owing to
lack of food. Insomnia-related symptoms referred to severe or extreme sleep
problems in the past 30 days. Multivariable logistic regression and mediation
analysis were conducted. Data on 42,489 adults aged >18 years were analyzed
(mean [SD] age 43.8 [14.4] years; 50.1%

females). The prevalence of any food insecurity and insomnia-related
symptoms was 11.9% and 4.4%, respectively. After adjustment, compared to
no food insecurity, moderate (OR=1.53, 95%CI=1.11-2.10) and severe food
insecurity (OR=2.35, 95% CI=1.56-3.55) were significantly associated with
insomnia-related symptoms. Anxiety, perceived stress, and depression
mediated 27.7%, 13.5%, and 12.5% of the relationship between any food
insecurity and  insomnia-related  symptoms,  respectively  (total
percentage=43.3%). Food insecurity was positively associated with insomnia-
related symptoms in adults from six LMICs. Anxiety, perceived stress, and
depression explained a substantial proportion of this relationship. Addressing
food insecurity itself or the identified potential mediators among people with
food insecurity may lead to reduction in sleep problems among adults in

LMICs, pending confirmation with longitudinal studies.

Keywords: food insecurity; sleep problems; insomnia-related symptoms; low- and middle-

income countries; epidemiology
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Introduction

Sleep problems, also known as sleep disturbances, correspond to a wide range of sleep-related
symptoms, such as difficulties in falling asleep, waking up multiple times during the night, and
feeling tired during the day (National Health Service, 2022). The prevalence of sleep problems
is high in the general population and can reach 19% in low- and middle-income countries
(LMICs) (Koyanagi and Stickley, 2015). Sleep problems are associated with increased risks
for chronic physical conditions (e.g., type 2 diabetes (Yao et al., 2021)), poor mental health
(e.g., depression (Li et al., 2016)), and higher mortality (Li et al., 2014). Some literature also
shows that sleep problems are risk factors for unemployment and decreased work productivity
(Kagan et al., 2021). The deleterious effects of sleep problems at the individual and population
levels may be particularly pronounced in LMICs, where the treatment and management of sleep
problems are frequently insufficient (Aragon-Arreola et al., 2016). In this context, the

identification of risk factors for sleep problems in LMICs is of utmost importance.

One potentially important but understudied risk factor for sleep problems, especially in the
context of LMICs, is food insecurity, which is defined as the inability or the insufficient ability
to access enough food for normal growth and healthy life (Schroeder and Smaldone, 2015). In
2018, approximately 9.2% of the world population was severely food insecure, and this
prevalence was higher in LMICs than in high-income countries (HICs) (Roser and Ritchie,
2019). The relationship between food insecurity and sleep problems may be mediated by poor

mental health, deficits in nutrients, and immunological dysregulations (Ding et al., 2015).

In the last decade, several studies have focused on the association between food insecurity and
sleep (Bermudez-Milléan et al., 2016; Ding et al., 2015; Do et al., 2021; Gyasi et al., 2022;
Isaura et al., 2020; Jordan et al., 2016; Liu et al., 2014; Nagata et al., 2019; Troxel et al., 2020;
Wang, 2021). A cross-sectional analysis of 223,561 adolescents from 68 countries found a
significant association between severe food insecurity and sleep disturbance in 48 of the
participating countries, and the odds ratio (OR) ranged from 1.84 (95% CI1=1.36-2.32) to 2.03
(95% Cl=1.64-2.42) in LMICs (Wang, 2021). Another cross-sectional study, including 10,901
adults from the United States, revealed that very low food security was positively and
significantly associated with sleep complaints compared with full food security (OR=1.99,

95% Cl=1.36-2.92) (Ding et al., 2015). Finally, in a sample of 785 individuals from that same

country, there was a positive association between food insecurity and future shorter actigraphy
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assessed sleep duration, poorer sleep efficiency, and poorer subjective sleep quality (Troxel et
al., 2020).

Although this previous body of research has advanced the field, most of the studies were
conducted in the United States (Bermudez-Millan et al., 2016; Ding et al., 2015; Do et al.,
2021; Liu et al., 2014; Nagata et al., 2019; Troxel et al., 2020), and their results may not be
generalizable to other countries, particularly LMICs. In addition, most of the research from
LMICs focused on specific populations (e.g., adolescents (Wang, 2021), working-age adults
(Isaura et al., 2020), and older adults (Gyasi et al., 2022)), while data were collected from a
single country in all studies except one (Wang, 2021). Besides this, little is known about the
potential mediating role of mental health factors, such as perceived stress, anxiety, and
depression, in the relationship between food insecurity and sleep problems. For example,
people with chronic food insecurity may be particularly vulnerable to anxiety (Whittle et al.,
2019), and symptoms of anxiety (e.g., excessive worry and apprehensive expectation) have
been found to be involved in the genesis of sleep problems (Mellman, 2006). Preliminary data
from a small sample of people with type 2 diabetes suggest that these variables partially mediate
the relationship between food insecurity and sleep quality (Bermudez-Millan et al., 2016).
However, the generalizability of this study is limited since it was restricted to those with type

2 diabetes. Thus, there is a need for data from general population studies.

Therefore, the aim of this study, including 42,489 adults aged >18 years from six LMICs (i.e.,
China, Ghana, India, Mexico, Russia, and South Africa), was to investigate the association
between food insecurity and insomnia-related symptoms, and the mediating role of perceived
stress, anxiety, and depression in this relationship. It was hypothesized that food insecurity
would be associated with higher odds for insomnia-related symptoms, and that a substantial

proportion of this association would be explained by perceived stress, anxiety, and depression
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Materials & methods

Study participants

This study used data from the Study on Global AGEing and Adult Health (SAGE). Six
countries (i.e., China, Ghana, India, Mexico, Russia, and South Africa) participated in the
survey between 2007 and 2010. Details on the methodology of the SAGE study have been
described in previous literature (Kowal et al., 2012). When the survey was conducted, Ghana
was the only country classified as low-income by the World Bank, while China and India were
lower middle-income countries. China became an upper middle-income country in 2010. The
three other participating countries (i.e., Mexico, Russia, and South Africa) were upper middle-
income countries. Nationally representative samples were obtained through a multistage
clustered sampling design. Samples included adults aged >18 years, with those aged >50 years
being oversampled. Face-to-face interviews were conducted by trained interviewers with the
use of a standard questionnaire. The questionnaire was translated using a standard procedure
to ensure comparability between countries. The survey response rate ranged from 53% in
Mexico to 93% in China. Sampling weights that took into account the population structure
were constructed based on the reports of the United Nations Statistical Division. Finally, the
WHO Ethical Review Committee and local ethics research review boards provided ethical

approval, while all participants gave written informed consent.

Insomnia-related symptoms

The following question was used to assess insomnia-related symptoms: “Overall in the last 30
days, how much of a problem did you have with sleeping, such as falling asleep, waking up
frequently during the night or waking up too early in the morning?”, with five answer options
(i.e., “none”, “mild”, “moderate”, “severe”, and “extreme”). Participants were considered to
have insomnia-related symptoms if they answered “severe” or “extreme”. The same survey
question and definition have been used in previous research (Koyanagi et al., 2014). We
focused on severe/extreme sleep problems as these are likely to cause substantial burden for

the individual, while the use of extreme categories can potentially increase specificity.

Food insecurity
The following two questions were used to define food insecurity: (a) “In the last 12 months,
how often did you ever eat less than you felt you should because there wasn’t enough food?”;

and (b) “In the last 12 months, were you ever hungry, but didn’t eat because you couldn’t afford
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enough food?”. There were five answer options for each question (i.e., “every month” [coded
as 1], “almost every month” [coded as 2], “some months, but not every month” [coded as 3],
“only in 1 or 2 months” [coded as 4], and “never” [coded as 5]). These questions are similar to
those available in food security questionnaires, such as the U.S. Household Food Security
Survey Module and the National Health and Nutrition Examination Survey (NHANES) Food
Security Module. Following a previous SAGE publication (Schrock et al., 2017), participants
were considered severely food insecure if they answered 1 through 3 to both questions or if
they answered 1 to either question. Participants were considered moderately food insecure if
they did not fulfil the criteria for severe food insecurity and answered 2 through 4 for either
question. Finally, participants were considered food secure if they answered 5 to both
questions. Food insecurity was also used as a dichotomous variable in some analyses (i.e.,
moderate or severe food insecurity versus no food insecurity) to obtain stable estimates or for

the sake of interpretability.

Mediators

The mediators (i.e., perceived stress, anxiety, and depression) in the association between food
insecurity and insomnia-related symptoms were selected based on previous literature
suggesting that these factors can be the consequence of food insecurity and a cause of sleep
problems (Alvaro et al., 2013; Bermudez-Millan et al., 2016; Mellman, 2006; Murphy and
Peterson, 2015; Palar et al., 2015; Selvamani and Arokiasamy, 2021; Whittle et al., 2019;
Yap et al., 2020). The assessment of past 30-day perceived stress relied on two questions
from the Perceived Stress Scale (Cohen et al., 1983). In the present study, scores ranged from
two to 10, with higher scores indicating higher stress levels (DeVylder et al., 2016). The
following question was used to assess anxiety symptoms: “Overall in the past 30 days, how
much of a problem did you have with worry or anxiety?”, with five answer options (i.e.,
“none”, “mild”, “moderate”, “severe”, and “extreme”). Participants were considered to have
anxiety if they answered “severe” or “extreme” (Stubbs et al., 2017). Finally, past 12-month
DSM-1V depression was defined using questions from the World Mental Health Survey

version of the Composite International Diagnostic Interview (Vancampfort et al., 2018).

Control variables
Control variables were selected based on previous literature (Ding et al., 2015), and included
age, sex (i.e., female or male), highest level of education achieved (i.e., <primary, secondary,

or tertiary), wealth quintile based on income (i.e., poorest, poorer, middle, richer, or richest),
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unemployment, marital status (i.e., married/cohabiting, never married, or
separated/divorced/widowed), setting (i.e., urban or rural), smoking (i.e., never, past, or
current), alcohol consumption, physical activity, body mass index (BMI), and number of
chronic physical conditions. Participants were considered unemployed if they had not been
engaged in paid work for at least two days in the last seven days. Heavy drinking was defined
as the consumption of at least four (female adults) and five drinks (male adults) of any alcoholic
beverage per day on at least one day in the past seven days (Romano et al., 2021). Non-heavy
drinking corresponded to the consumption of alcohol not meeting these criteria. The Global
Physical Activity Questionnaire was used to assess levels of physical activity, and based on
conventional cut-offs, physical activity was analyzed as a three-category variable (i.e., low,
moderate, and high levels of physical activity) (Bull et al., 2009). BMI was calculated as weight
in kilograms divided by height in meters squared based on measured weight and height. BMI
was further categorized into four groups: underweight (i.e., <18.5 kg/m?), normal weight (i.e.,
18.5-24.9 kg/m?), overweight (i.e., 25.0-29.9 kg/m?), and obesity (i.e., >30.0 kg/m?) (World
Health Organization, 2000). Data on 11 chronic physical conditions were available: angina,
arthritis, asthma, chronic back pain, chronic lung disease, diabetes, edentulism, hearing
problem, hypertension, stroke, and visual impairment. Table S1 (Appendix) provides details
on the diagnosis of these conditions. The number of chronic conditions was summed and

categorized as 0, 1, and >2.

Statistical analysis

The statistical analysis was done with Stata 14.2 (Stata Corp LP, College station, Texas).
Differences in sample characteristics were tested by Chi-squared tests and Student’s t-tests for
categorical and continuous variables, respectively. Multivariable logistic regression analysis
was conducted to assess the association between food insecurity (i.e., no, moderate, and severe
food insecurity; exposure) and insomnia-related symptoms (outcome). Sex-stratified analyses
were also performed, as a previous publication showed that this association might differ by sex
(Ding et al., 2015). Country-wise analysis was conducted to assess the between-country
heterogeneity in the association between any food insecurity (i.e., moderate or severe food
insecurity) and insomnia-related symptoms. We used a dichotomous variable on food
insecurity for this analysis to obtain stable estimates as the sample size was small in each
country. The Higgin’s 1%, which represents the degree of heterogeneity not explained by

sampling error, was further calculated. Values of 25%, 50%, and 75% correspond to low,
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moderate, and high levels of heterogeneity, respectively (Higgins et al., 2003). An overall

estimate was obtained based on country-wise estimates by meta-analysis with random effects.

The role played by perceived stress, anxiety, and depression in the association between any
food insecurity and insomnia-related symptoms in the overall sample was further studied using
mediation analysis. A dichotomous food insecurity variable was used for this analysis as the
aim was to obtain a single estimate for the mediated percentage to ease interpretability. The
khb (Karlson Holm Breen) command in Stata was used for the mediation analysis (Breen et al.,
2013). Applicable to logistic regression models, this method decomposes the total effect (i.e.,
unadjusted for the mediator) of a variable into direct and indirect effects. Based on the Karlson
Holm Breen method, the percentage of the main association explained by the mediator (i.e.,
mediated percentage) can also be calculated. Each potential mediator (i.e., perceived stress,
anxiety, and depression) was included in the model individually, except for the analysis where

all potential mediators were included simultaneously in the model.

All regression analyses, including the mediation analysis, were adjusted for age, sex, education,
wealth, unemployment, marital status, setting, smoking, alcohol consumption, physical
activity, BMI, number of chronic physical conditions, and country, with the exception of the
sex-stratified and country-wise analyses which were not adjusted for sex and country,
respectively. Following a previous SAGE publication, adjustment for country was done by
including dummy variables for each country in the model (Koyanagi et al., 2014). In order to
assess the influence of multicollinearity, we calculated the variance inflation factor (VIF) value
for each independent variable. The highest VIF was 2.47, which is much lower than the
commonly used cutoff of 10 (O’brien, 2007), indicating that multicollinearity was unlikely to
be a problem in our analyses. Under 2.3% of the data were missing for all the variables included
in our study, with the exception of alcohol consumption (4.2%), body mass index (5.8%), and
number of chronic physical conditions (4.3%). The sample weighting and the complex study
design were taken into account, while missing data were handled using complete-case analysis.
Results from the regression analyses are presented as ORs with 95% Cls. Two-sided p-

values<0.050 were considered statistically significant.

Results

Journal of Sleep Research
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There were 42,489 individuals aged >18 years included in this study (mean [SD] age 43.8
[14.4] years; 50.1% females). The sample sizes of each country were: China, n=14,813; Ghana,
n=5,110; India, n=11,230; Mexico, n=2,756; Russia, n=4,355; and South Africa, n=4,225. The
prevalence of moderate and severe food insecurity was 6.8% and 5.1%, respectively, while that
of insomnia-related symptoms was 4.4%. The prevalence of insomnia-related symptoms varied
between countries: China 1.6%, Ghana 3.3%, India 7.0%, Mexico 1.9%, Russia 5.0%, and
South Africa 6.8%. The sample characteristics are shown in Table 1. The prevalence of female
sex, lower levels of education and wealth, unemployment, marital status of
separated/divorced/widowed, rural setting, past and current smoking, low physical activity,
underweight, obesity, >2 chronic physical conditions, anxiety, and depression were higher
among those with insomnia-related symptoms, while they were also older and with higher
levels of perceived stress. The prevalence of insomnia-related symptoms increased linearly
with worsening food insecurity status in the overall sample and also sex-stratified samples
(Figure 1). For example, the prevalence of insomnia-related symptoms was only 3.6% among
those without food insecurity, but this increased to 12.6% among those with severe food
insecurity in the overall sample. After adjustment for potential confounders, compared to no
food insecurity, moderate (OR=1.53, 95% CIl=1.11-2.10) and severe food insecurity (OR=2.35,
95% CI=1.56-3.55) were associated with significantly higher odds for insomnia-related
symptoms (Table 2). Moderate food insecurity was not significantly associated with insomnia
related symptoms among females, but among males, it was associated with a significant 2.54
(95% CI1=1.48-4.37) times higher odds for insomnia-related symptoms. Country-wise analysis
showed that any food insecurity was positively associated with insomnia-related symptoms in
all countries (i.e., OR>1) (Figure 2). However, a high level of between-country heterogeneity
was observed (1>=77.7%), with the association being weakest in Mexico (OR=1.04; 95%
CI=0.52-2.10) and most pronounced in South Africa (OR=7.05; 95% CI=3.58-13.87). The
overall estimate based on a meta-analysis with random effects was OR=2.13 (95%
CI=1.233.67). Finally, mediation analysis showed that anxiety explained the largest proportion
of the association between any food insecurity and insomnia-related symptoms (mediated
percentage=27.7%), followed by perceived stress (13.5%), and depression (12.5%; Table 3).

Collectively, these variables explained 43.3% of the association.

Discussion

Main findings
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In this study, including more than 42,000 adults from six LMICs, the prevalence of insomnia
related symptoms increased with increasing food insecurity. This finding was corroborated in
the multivariable logistic regression analysis, with severe food insecurity (versus no food
insecurity) being associated with significant 2.35 and 2.74 times higher odds for insomnia-
related symptoms in the overall sample and male sample, respectively. Finally, anxiety,
perceived stress, and depression individually explained 13%-28% of the relationship, with
these three factors collectively explaining 43% of the association. To the best of our
knowledge, this is the first multi-country study on this topic in the adult population, while it is
the first community-based study to investigate the role played by several mental health factors

in the association.

Interpretation of the findings

Several previous studies from LMICs have examined the relationship between food insecurity
and sleep problems or other sleep outcomes (e.g., sleep quality and sleep duration) (Gyasi et
al., 2022; Isaura et al., 2020; Jordan et al., 2016). For example, a study of 1,201 adults aged
>50 years from Ghana showed that moderate and severe food insecurity were significantly
associated with poor sleep quality after adjusting for several potential confounding factors
(Gyasi et al., 2022). In another study, including 20,212 middle-aged adults from Indonesia,
there was a positive and significant relationship between food insecurity and sleep
disturbances (adjusted OR=1.32, 95% CI1=1.02-1.70) (Isaura et al., 2020). A third Mexican
study, using data from 11,356 individuals aged 18-69 years, revealed that severe food
insecurity was associated with sleep duration <6 hours per night compared with 7-8 hours
(OR=1.83, 95% CI1=1.37-2.43) (Jordan et al., 2016). The present study not only corroborates
these findings obtained in single LMICs, but is also in line with the results of other studies
conducted in HICs (Bermudez-Millan et al., 2016; Ding et al., 2015; Do et al., 2021; Liu et
al., 2014; Nagata et al., 2019; Troxel et al., 2020) and the only multi-country study of
adolescents from both LMICs and HICs (Wang, 2021). Interestingly, the present findings
further show that the significant association between food insecurity and sleep problems exists

among adults at the multi-country level in LMICs.

Several hypotheses may be proposed as for the underlying mechanism linking food insecurity
and sleep problems. In this study, anxiety, perceived stress, and depression explained 28%,
14%, and 13% of the relationship between food insecurity and insomnia-related symptoms,

respectively. The present finding aligns with the preliminary results of a study of 121 Latinos
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with type 2 diabetes, as depressive symptoms, anxiety symptoms, and diabetes distress (i.e.,
emotional distress from living with diabetes) significantly mediated the association between
household food insecurity and suboptimal sleep quality (Bermddez-Millan et al., 2016).
Interestingly, previous research has found that food insecurity is longitudinally associated with
anxiety, potentially via negative feelings and malnutrition caused by chronic low intakes of
vegetables and fruits (Whittle et al., 2019), while anxiety is a risk factor for future sleep
problems (Alvaro et al., 2013; Mellman, 2006). Several anxiety disorders (e.g., generalized
anxiety disorder and post-traumatic stress disorder) have bidirectional relationships with sleep
disturbances, which may involve hypermetabolism of multiple brain regions (e.g., locus
coeruleus, limbic system, and thalamus), dopaminergic hypoactivity, and changes in the
strength of binding of y-aminobutyric acid (GABA) receptors (Chellappa and Aeschbach,
2022). The literature has also reported a strong relationship between food insecurity and
perceived stress, and this relationship may be explained by multiple factors such as
socioeconomic disparity, poor diet, and insufficient social support (Selvamani and
Arokiasamy, 2021). Meanwhile, stress has been identified as a predictor of decreased sleep
quantity, with hyperactivation of the hypothalamic-pituitary-adrenal axis and pre-sleep
cognitive arousals likely playing a major role in the association (Yap et al., 2020). Finally, there
is also some data showing a longitudinal relationship between food insecurity and
depressive symptoms, potentially via a feeling of low self-efficacy, worries about physical
health, and deficit in nutrients (e.g., fatty acids, vitamin B9, and vitamin B12) (Palar et al.,
2015). In turn, depressive symptoms can lead to poor sleep health through the dysregulation of
monoamines and hypercortisolemia (Murphy and Peterson, 2015). Taking these results
together, impaired mental health likely plays an essential role in the association between food
insecurity and sleep problems.

It is also important to note that since perceived stress, anxiety, and depression explained around
43% of the relationship, other factors are also likely to be involved. For example, food
insecurity is a risk factor for deficiency in multiple nutrients such as vitamins, calcium, and
zinc (Zarei et al., 2021), while nutrient deficiency (e.g., vitamin D deficiency) could have a
deleterious impact on sleep via chronic pain and immunological dysregulations (Gao et al.,
2018). Besides, food insecurity is associated with increased inflammation (Gowda et al., 2012),
and inflammation and sleep problems are intimately related, although the mechanisms of the
association remain insufficiently understood up until now (Simpson and Dinges, 2007). Sleep

environment should also be considered when investigating the effects of food insecurity on
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insomnia-related symptoms as a confounding factor. Indeed, sleep environment is correlated
with both diet (St-Onge et al., 2019) and sleep problems (Johnson et al., 2018).

Our study also suggests that there may be sex differences in the relationship between food
insecurity and insomnia-related symptoms, as moderate food insecurity was positively
associated with insomnia-related symptoms in men but not women. While the mechanism
underlying this sex difference is unknown, some data indicate that sex hormones (i.e., estrogen
and testosterone) may influence quality of sleep (Mong and Cusmano, 2016), and these
hormones may play a differential role in the association between food insecurity and insomnia-

related symptoms by sex.

Interestingly, there was high level of between-country heterogeneity in the association between
any food insecurity and insomnia-related symptoms, with ORs ranging from 1.04 (95%
CI=0.52-2.10) in Mexico to 7.05 (95% CI1=3.58-13.87) in South Africa. This result suggests
that the association between food insecurity and insomnia-related symptoms may involve
factors that are country-specific (e.g., level of nutrient deficiency caused by food insecurity and
availability of treatments for sleep problems). Besides, differences in the severity of food
insecurity may exist between countries, which could explain the high between-country
heterogeneity observed in this study. Finally, sleep and its perception are likely impacted by
cultural factors, which vary between different countries and regions of the world (Knutson,
2013).

Public health implications and directions for future research

Our study showed that food insecurity is significantly associated with insomnia-related
symptoms among adults in LMICs. Although causality or temporal associations cannot be
determined because of the cross-sectional nature of the study, our study results suggest that
interventions to reduce food insecurity itself or the potential mediators identified in our study
(i.e., anxiety, perceived stress, and depression) among those with food insecurity may help
reduce sleep problems in LMICs. A recent Cochrane review indicates that unconditional cash
transfers can improve food security in these countries, whereas the effectiveness of other
interventions (e.g., food vouchers and social support) remains debated (Durao et al., 2020). It
is also critical to manage the negative impact of food insecurity on mental health. This aim can
be achieved by implementing mental health policies and laws, providing financial resources,

planning specialized services, and promoting adequate training in low- and middle-income
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regions (Rathod et al., 2017). Finally, future longitudinal research on this topic from LMICs
is necessary to determine direction of associations and provide further insight into potential

causality.

Strengths and limitations

The strengths of this study are the large sample size and the use of nationally representative
data from six LMICs. Nonetheless, the study findings should be interpreted in light of several
limitations. First, data were collected between 2007 and 2010, and the association between
food insecurity and insomnia-related symptoms may have changed in the last decade. Second,
food insecurity was assessed with two questions only, and additional questions would have
allowed for a more accurate measure of food insecurity. Third, there is no standardized
definition for sleep problems, and the definition used in the present study focused on insomnia
related symptoms (i.e., falling asleep, waking up frequently during the night, and waking up
too early in the morning). It is important to note that the prevalence of insomnia-related
symptoms was relatively low in the sample due to the use of extreme categories to define this
condition. Thus, the use of other criteria would have led to higher prevalence. Fourth, there
was no data on sleep environment (e.g., darkness, noise, and temperature), despite the fact that
sleep environment may be associated with both food insecurity and insomnia-related

symptoms.

Fifth, this study only included adults living in households, and the results may, therefore, not
be generalized to homeless or institutionalized people. Finally, this research was of cross-

sectional nature, and thus, causality of the relationship could not be investigated.

Conclusion

In this study of approximately 42,500 adults aged >18 years from six LMICs (i.e., China,
Ghana, India, Mexico, Russia, and South Africa), there was a positive and significant
association between food insecurity and insomnia-related symptoms, while anxiety, perceived
stress, and depression collectively explained approximately 43% of the relationship. Future
longitudinal studies are needed to corroborate or invalidate these results, while future research
should also identify other mediators involved in the association between food insecurity and

sleep problems.
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