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ABSTRACT

Background: The aim of the present study was to investigate associations between food
insecurity with suicidal ideation and suicide attempts in adults aged >50 years from six
lowand middle-income countries (LMICs). Methods: Cross-sectional, community-based data
from the World Health Organization’s Study on Global Ageing and Adult Health were
analyzed. Self-reported information on past 12-month suicidal ideation and suicide attempts
was collected. Past 12-month food insecurity was assessed with two questions on frequency
of eating less and hunger due to lack of food. Multivariable logistic regression analysis was
conducted to assess the association between food insecurity and suicidal ideation or suicide
attempts. Results: The final analytical sample included 34,129 individuals aged >50 years
[mean (SD) age 62.4 (16.0) years; 52.1% females]. Compared to no food insecurity, severe
food insecurity was associated with a significant 2.78 (95%Cl=1.73-4.45) times higher odds
for suicidal ideation, while moderate and severe food insecurity were associated with 2.59
(95%Cl=1.35-4.97) and 5.15 (95%ClI=2.52-10.53) times higher odds for suicide attempts,
respectively. Limitations: The cross-sectional design, the use of self-reported wish to die as a
measure of suicide ideation, and that suicidal ideation and suicide attempts were only
assessed among those who had depressive symptoms, could be considered limitations of
our study. Conclusions: Food insecurity was positively associated with suicidal ideation and
suicide attempts. Targeting food insecurity among older adults in LMICs may lead to
reduction in suicidal ideation and suicide attempts, although future longitudinal studies are

warranted to confirm this.



INTRODUCTION

Globally, approximately 800,000 people die from suicide each year and 79% of global
suicides occur in low- and middle-income countries (LMICs) (World Health Organisation,
2021). Previous research has indicated that older adults are at higher risk of suicide compared
to younger adults (De Leo et al., 2002). Concerningly, a study of global suicide rates found

that suicide rates increase with age over the age of 60 (Shah et al., 2016).

A suicide attempt may be defined as a nonfatal self-directed potentially injurious behavior
with any intent to die as a result of the behavior (O’Connor et al., 2013), and is considered to
be the single most important risk factor for completed suicides (Naghavi, M., 2019). Suicidal
ideations include contemplations, wishes, and preoccupations with death and suicide
(Harmer, B., 2021). Importantly, suicidal ideations often precede suicide attempts (Harmer,
B., 20213. Interestingly, the prevalence of suicidal ideation varies across populations of older
adults, ranging from 0.7% in older primary care patients to 26% in acute medically ill older
adult inpatients (Callahan, C. M et al., 1996; Shah, A et al., 2000). In a recent study which
examined suicidal ideation and behavior within community and health facility settings across
five LMICs (Ethiopia, Uganda, South Africa, India, and Nepal), 10.3% of the sample
presenting at primary care facilities reported suicidal ideation within the past twelve months,
and 2.2% of the sample had attempted suicide in the same period. Within the community
samples, the prevalence of suicidal ideation ranged from 3.5% to 11.1%, however suicidal
ideation was more prevalent in the primary care facility samples, and ranged from 5.0% to
14.8% (Jordans, M., et al. 2018). This is of particular importance as suicides are more

prevalent in LMICs (World Health Organisation, 2021).



It is clear that intervention and policy are needed to curb the high prevalence of suicidal
ideation and suicide attempts among older adults in LMICs, as this may also ultimately lead
to reduction in completed suicides. However, to develop future intervention and policy,
further research is required to identify the correlates of suicidal ideation and suicide attempts
among older adults in LMICs. Several correlates of these have already been identified in
older adults and include physical diseases, mental health complications, sleep difficulties,
mobility restrictions, poorer quality of life, and severe functional limitations. (Smith, L et al.,
2021; Callahan CM et al., 1996; O'Riley AA et al., 2014; Liao SJ et al., 2018; Sirey JA et al.,
2008; Murat A et al., 2019; Conejero I et al., 2018; Chiu HF et al., 2012). However, one

understudied but potentially important correlate is that of food insecurity.

Food insecurity may be defined as limited or uncertain availability of nutritionally

adequate and safe foods or limited or uncertain ability to acquire food in socially acceptable
ways (Bickel G et al., 2000). Food insecurity may increase risk for suicidal thoughts and
behaviors through multiple pathways. For example, inadequate nutrition, stress, and stigma
associated with food insecurity, could result in poorer mental health which increases the risk
for suicides and related behavior. Moreover, food insecurity in older adults has been
associated with frailty (Jones A., 2017), and this condition is positively associated with

suicidal behaviors (Bickford D et al., 2021).

Despite this, only a small literature base exists exploring the association between food
insecurity and suicidal thoughts or behavior, with all adult studies being conducted in high-
income countries, while the only study from a LMIC focused solely on adolescents (Shayo
FK et al., 2019). Specifically, one cross-sectional study conducted in Canada (n = 5,270)

found that among adults aged 18 years and over, suicidal ideation was significantly



associated with moderate and severe food insecurity (Davison KM et al., 2015). In another
study, which used a nationally representative sample of U.S. adults (n = 288,730), it was
found that those included in the Supplemental Nutrition Assistance Program had a greater
prevalence of suicide-related outcomes compared to those not included (Bergmans RS et al.,
2020). Finally, one study consisting of 179,771 adolescents from 44 countries including
LMICs found that hunger is a global problem, which is associated with higher odds for

suicide attempts among adolescents (Koyanagi, A., et al., 2019).

However, to our knowledge, no studies exist which focus on older adults and specifically
older adults who reside in LMICs. This is of importance as food insecurity is common in
LMICs (Smith, MD., & Meade, B., 2019) and the prevalence of both food insecurity and
suicide is high among older adults (Pirrie, M et al., 2020; De Leo D et al., 2002). Therefore,
the aim of the present study was to investigate the associations of food insecurity with
suicidal ideation and suicide attempts in a sample of 34,129 individuals aged >50 years from

six LMICs (China, Ghana, India, Mexico, Russia, South Africa).

METHODS

The survey

Data from the Study on Global Ageing and Adult Health (SAGE) were analyzed. These data
are publicly available through https://www.who.int/data/data-collection-tools/study-on-
global-ageing-and-adult-health. This survey was conducted in China, Ghana, India, Mexico,
Russia, and South Africa between 2007 and 2010. Ghana was classified as a low-income
country, and China and India were classified as lower middle-income countries, while the
remaining countries were classified as upper-middle income countries based on the World

Bank Classification at the time of the survey.



A multistage clustered sampling design method was used to collect data from a nationally
representative sample of adults aged >18 years, with oversampling of those aged >50 years.
Face-to-face interviews were conducted by a trained interviewer, and a standard translation
was used to ensure consistency across countries. Response rates ranged across countries with
the highest response rate in China (93%), and the lowest response rate in Mexico (53%). To
adjust for the population structure as reported by the United Nations Statistical Division,
sampling weights were constructed. Further details of the survey methodology have been

published elsewhere (Kowal P et al., 2012).

Ethical approval

Ethical approval was obtained from the WHO Ethical Review Committee and local ethics
research review boards (Shanghai Municipal Centre for Disease Control and Prevention,
Shanghai, China; Ghana Medical School, Accra, Ghana; International Institute of Population
Sciences, Mumbai, India; National Institute of Public Health, Cuernavaca, Mexico; School of
Preventive and Social Medicine, Russian Academy of Medical Sciences, Moscow, Russia;
and Human Sciences Research Council, Pretoria, South Africa). Written informed consent

was obtained from all participants.

Suicidal ideation and suicide attempts

The assessment of suicidal ideation and suicide attempts was guided by previous SAGE
publications (Cabello M et al., 2020; Ghose B et al., 2019; Smith L et al., 2021), using a
modified version of the depression module of the WHO Composite International Diagnostic

Interview (Kessler RC & Ustun TB., 2004). Individuals who screened positive in the

depression module were asked further questions relating to suicidal thoughts and behavior.



To be identified as a positive screen, participants had to report having a minimum of one of
the three following conditions for longer than two weeks in the past 12 months: sadness, loss
of interest, or low energy. To identify suicidal ideation, participants were asked “Did you
think of death, or wish you were dead?” and to identify suicide attempts, participants were
asked “During this period, did you ever try to end your life?” with ‘yes’ and ‘no’ answer

options (Cabello M et al., 2020; Ghose B et al., 2019).

Food insecurity

Food insecurity was defined by the two following questions: “In the last 12 months, how
often did you ever eat less than you felt you should because there wasn’t enough food?” and
“In the last 12 months, were you ever hungry, but didn’t eat because you couldn’t afford
enough food?”” Both of these questions had as response options: every month (coded=1);
almost every month (coded=2); some months, but not every month (coded=3); only in 1 or 2
months (coded=4); never (coded=5). These items were based on similar items found in food
security questionnaires such as the US Household Food Security Survey Module and
National Health and Nutrition Examination Survey (NHANES) Food Security module. As in
a previous SAGE study, those who answered 1 through 3 to both questions or answered 1 to
either item were categorized as severely food insecure. Those who did not fulfill the criteria
for severe food insecurity but answered 2 through 4 for either question were coded as
moderately food insecure. Those who answered 5 to both items were categorized as food
secure (Schrock JM et al., 2017). We also used the dichotomous variable of any food

insecurity (i.e., moderate/severe or none) in some analyses.



Control variables

Control variables were selected based on their previously reported association with food
insecurity and suicidality (Montgomery J et al., 2017; Reitzel LR et al., 2020; Smith L et al.,
2021; Borges G et al., 2017), and included sex, age, wealth quintiles based on income, years
of education received, unemployment (engaged in paid work >2 days in last 7 days: Y/N),
smoking (never, current, past), alcohol consumption in the past 30 days (Y/N), physical
activity, and poor self-rated health (Y/N). Levels of physical activity were assessed with the
Global Physical Activity Questionnaire and were classified as low, moderate, and high based
on conventional cut-offs (Bull FC et al., 2009). Self-rated health was evaluated by the
question ‘In general, how would you rate your health today?’ Those who answered ‘bad’ or

‘very bad’ were considered to have poor self-rated health.

Statistical analysis

Statistical analysis was performed with Stata 14.1 (Stata Corp LP, College station, Texas).
The analysis was conducted among adults aged >50 years. Difference in sample
characteristics between those with and without any food insecurity was tested by Chi-squared
tests and Student’s #-tests for categorical and continuous variables, respectively.
Multivariable logistic regression analysis was done to assess the association between the
three-category food insecurity variable (i.e., none, moderate, severe) (exposure variable) and
suicidal ideation or suicide attempts (outcome variables) using the overall sample. We also
conducted an analysis with “isolated suicidal ideation as the outcome by excluding people
who reported a suicide attempt from the analysis (Devylder JE et al., 2015). Furthermore, in
order to assess whether there is between-country heterogeneity in the association between
any food insecurity (i.e., moderate/severe food insecurity) and suicidal ideation or suicide

attempts, we conducted country-wise multivariable logistic regression analysis and calculated



the Higgins’s I” based on estimates from each country. The Higgins’s I* 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 (Higgins & Thompson,
2002). A pooled estimate was obtained by fixed-effect meta-analysis. All regression analyses
were adjusted for sex, age, wealth, education, unemployment, smoking, alcohol consumption,
physical activity, self-rated health, and country, with the exception of the country-wise
analyses which were not adjusted for country. Adjustment for country was done by including
dummy variables for each country in the model as in previous SAGE publications. All
variables were included in the models as categorical variables with the exception of age and
education (continuous variables). The sample weighting and the complex study design were
taken into account in the analyses to obtain nationally representative estimates. Results from
the regression analyses are presented as odds ratios (ORs) with 95% confidence intervals

(ClIs). The level of statistical significance was set at P<0.05.

RESULTS

The final sample included 34,129 individuals aged >50 years (China n=13,175; Ghana
n=4,305; India n=6,560; Mexico n=2,313; Russia n=3,938; South Africa n=3,838). Sample
characteristics are presented in Table 1. Overall, the mean (SD) age was 62.4 (16.0) years
and 52.1% were females. The overall prevalence of moderate and severe food insecurity were
6.7% and 5.1%, respectively, while those of suicidal ideation and suicide attempts were 3.4%
and 0.6%, respectively. The prevalence of suicidal ideation, suicide attempts, females, lower
levels of wealth, current smoking, high level of physical activity, and poor self-rated health
were higher among those with any food insecurity, while the prevalence of alcohol
consumption was lower in this group. Furthermore, those with any food insecurity had fewer

years of education. The prevalence of food insecurity, suicidal ideation, and suicide attempts



by country are shown in Table S1 of the Appendix. The prevalence of moderate food
insecurity ranged from 0.9% in China to 23.5% in Ghana, while that of severe food insecurity
ranged from 0.3% in China to 21.5% in South Africa. The range in prevalence for suicidal
ideation and suicide attempts were 0.7% (China) to 7.6% (Mexico), and 0.3% (China) to
4.6% (Mexico), respectively. The prevalence of both suicidal ideation and suicide attempts
increased with increasing severity of food insecurity (Figure 1). For example, the prevalence
of suicide attempts was only 0.4% among those without food insecurity but this increased to

2.7% among those with severe food insecurity.

The association between food insecurity and suicidal ideation and suicide attempts estimated
by multivariable logistic regression is shown in Table II. Compared to no food insecurity,
severe food insecurity was associated with a significant 2.78 (95%CI=1.73-4.45) times higher
odds for suicidal ideation. Furthermore, compared to no food insecurity, moderate and severe
food insecurity were associated with 2.59 (95%CI=1.35-4.97) and 5.15 (95%CI=2.52-10.53)
times higher odds for suicide attempts, respectively. The corresponding figures for isolated
suicidal ideation were 1.22 (95%CI=0.77-1.93) for moderate food insecurity, and 2.32
(95%CI=1.36-3.95) for severe food insecurity (data shown only in text). The country-wise
association between any food insecurity and suicidal ideation estimated by multivariable
logistic regression is shown in Figure 2, and the corresponding association for suicide
attempts is shown in Figure 3. The level of between-country heterogeneity based on the
was 0.0% (95%CI=0%-75%) and 17.4% (95%CI=0%-62%) for suicidal ideation and suicide

attempts, respectively.

10



DISCUSSION

Main findings

In this large sample of older adults from six LMICs (China, Ghana, India, Mexico, Russia,
South Africa), it was found that when compared to no food insecurity, severe food insecurity
was associated with 2.78 times higher odds for suicidal ideation, while moderate and severe
food insecurity were associated with 2.59 and 5.1 times higher odds for suicide attempts,

respectively.

Interpretation of the findings

The present findings are in line with previous literature that has found associations between
food insecurity and suicidal thoughts or behaviors among adults in high-income countries and
adolescents in LMICs (Davison KM et al., 2015; Bergmans RS et al., 2020). Our findings
also address a knowledge gap in the previous literature by demonstrating that an association
exists in older adults residing in LMICs. This is of importance as older adults are at the
greatest risk of suicide and the greatest proportion of suicides occur in LMICs, while food
insecurity is also more common in this setting (Shah, A et al., 2016; World Health

Organisation, 2019).

There are multiple plausible pathways that could explain the association between food
insecurity and suicidal thoughts and behaviors. Firstly, as previously mentioned, poor
nutrition, stress, and shame in food insecurity may lead to increased risk for mental health
problems (Jones AD., 2019), and mental health problems are an important risk factor for
suicidal behaviors (Nepon, J. et al., 2010; Miller, M., & Hemenway, D., 2008). In terms of
poor nutrition, food scarcity influences people to shift to food that is more affordable but

lower in nutrients (e.g., high fat, high carbohydrate, low vitamins) or have low caloric intake
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(Smith L et al., 20215 Pilgrim A et al., 2012). Previous studies have shown that fast food
consumption is positively associated with suicide attempts (Jacob, L et al., 2020). This
association may be driven by fast food consumption leading to inflammation, insulin
resistance, and increasing vulnerability to traumatic stress via alterations in brain structure
and function (Jacob, L et al., 2020). Furthermore, low caloric intake has been associated with
impaired hypothalamic-pituitary-adrenal (HPA) axis reactivity to stress (Macht, M., 1996),
and this in turn may lead to an increased risk for suicidality (Berardelli I et al., 2020). Next,
food insecurity may potentially cause frailty that in turn is associated with suicidal thoughts
(Pérez-Zepeda MU et al., 2016; Bickford D et al., 2021) via depression severity and
comorbidities (Bickford D et al., 2021). Finally, food insecurity has been associated with
loneliness and a lack of social support both of which may partially contribute to a higher risk

of suicidal behaviors (Burris M et al., 2021).

Public health implications

The results of our study indicate that addressing food insecurity in LMICs may lead to
reduction in suicidal thoughts and behaviors. Addressing food insecurity in such economic
settings requires strong governmental, societal and international community efforts. It is
possible to draw on learnings from high-income countries to begin to address food insecurity
in LMICs. For example, in many high-income countries, initiatives exist such as “Meals on
Wheels” which have been identified as promising in combating undernutrition among older
adults (Goeminne, PC et al., 2012). Moreover, such schemes can be utilized to tackle
isolation (Meals on Wheels America., N.d) and thus may be able to address other risk factors
relating to suicidal behavior among older adults. However, whether such schemes would be

successful in LMICs remains untested.
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Strengths and limitations

Strengths of the study include the use of a large sample of older adults from six LMICs.
However, findings should be interpreted in light of the study limitations. First, the study is
cross-sectional, and therefore, it is not known whether the relationship between food
insecurity and suicidal ideation or suicide attempts is bidirectional. For example, a suicide
attempt may result in serious injury that in turn may lead to unemployment and consequently
food insecurity, particularly in LMICs. Second, the majority of the data analyzed relied on
self-report, which could be influenced by reporting bias. It is also possible that cultural
differences may have resulted in different interpretations at the survey questions. Third, the
measure of suicidal ideation used was related to wish to die, which has been differentiated
from active suicidal ideation. However, the presence of wishes to die has been reported as
clinically important as the presence of active suicidal ideation (Cabello M et al., 2020).
Fourth, the study may have underestimated those with suicidal ideation and suicide attempts,
as suicidal ideation and suicide attempts were only assessed among those who had depressive
symptoms (sadness, loss of interest or low energy). However, depressive symptoms are
common in people with suicidal behavior (Wang YH et al., 2017). Finally, the estimates on
suicidality obtained for each country had wide confidence intervals and often lacked
precision. Future studies with larger sample size are necessary to obtain country-wise

estimates with more precision.

Conclusions
Food insecurity is positively associated with suicidal ideation and suicide attempts among
older adults in LMICs, with odds for suicide attempts being more than five times higher in

those with severe insecurity (vs. no food insecurity). Future interventional or longitudinal
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studies are warranted to examine whether addressing food insecurity in LMICs among older

adults may reduce levels of suicidal ideation and suicide attempts.
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Table I Sample characteristics (overall and by any food insecurity)

Any food insecurity

Characteristic Overall No Yes P-value?

Suicidal ideation No 96.6 97.3 91.5 <0.001
Yes 3.4 2.7 8.5

Suicide attempts No 99.4 99.6 97.8 <0.001
Yes 0.6 0.4 22

Sex Female 52.1 51.3 57.4 0.003
Male 47.9 48.7 42.6

Age (years) Mean (SD) 62.4(16.0) 62.4(15.6) 61.9(18.8) 0.250

Wealth Poorest 17.1 14.6 35.6 <0.001
Poorer 19 17.9 26.5
Middle 19.5 19.9 17.0
Richer 21.3 22.3 14.3
Richest 23.1 253 6.6

Education (years) Mean (SD) 6.0 (8.9) 6.2 (8.6) 4.2 (10.1) <0.001

Unemployed No 42.7 42.9 41.3 0.525
Yes 57.3 57.1 58.7

Smoking Never 58.6 59.5 51.0 <0.001
Current 34.9 33.8 42.9
Quit 6.6 6.6 6.1

Alcohol consumption No 81.3 80.9 84.1 0.023
Yes 18.7 19.1 15.9

Physical activity High 49.1 48.0 57.4 <0.001
Moderate 22.8 23.7 15.5
Low 28.1 28.2 27.0

Self-rated health Not poor 78.2 79.4 69.5 <0.001
Poor 21.8 20.6 30.5

Abbreviation: SD Standard deviation.
Data are % unless otherwise stated.
2P-value was based on Chi-squared tests and Students’ #-tests for categorical and continuous variables,

respectively.
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Table II Association between food insecurity (or covariates) and suicidal
ideation/suicide attempts (outcomes) estimated by multivariable logistic regression

Suicidal ideation Suicide attempts
Characteristic OR 95%CI OR 95%CI
Food insecurity None 1.00 1.00

Moderate  1.35 [0.90,2.02] 2.59%*  [1.35,4.97]
Severe  2.78%%* [1.73,445] 5.15%%* [2.52,10.53]

Sex Female 1.00 1.00

Male 0.43*** 10.31,0.62] 0.33**  [0.15,0.76]
Age (years) 1.00 [0.98,1.02] 1.02 [0.99,1.06]
Wealth Poorest 1.00 1.00

Poorer  1.50 [0.95237] 145 [0.69,3.05]
Middle 1.2 [0.80,1.88]  1.58 [0.78,3.20]
Richer  0.93 [0.63,139] 1.62 [0.71,3.70]
Richest  0.88 [0.60,1.29] 1.26 [0.59,2.68]

Education (years) 1.03 [0.99,1.07] 1.00 [0.93,1.07]
Unemployed No 1.00 1.00

Yes 1.24 [0.93,1.67] 1.23 [0.70,2.14]
Smoking Never 1.00 1.00

Current  1.15 [0.85,1.56] 1.52 [0.76,3.04]

Quit 2.10%*  [1.29,3.42] 3.47**  [1.64,7.36]
Alcohol consumption No 1.00 1.00

Yes 1.12 [0.71,1.77]  2.38%* [1.11,5.14]
Physical activity High 1.00 1.00

Moderate 1.15 [0.85,1.54] 0.93 [0.51,1.69]

Low 0.93 [0.66,1.31] 1.01 [0.63,1.63]
Self-rated health Notpoor  1.00 1.00
Poor 3.38%**  11.90,6.01] 3.14*** [2.00,4.93]

Abbreviation: OR Odds ratio; CI Confidence interval
Models are mutually adjusted for all covariates in the Table and country.
* p<0.05, ** p<0.01, *** p<0.001
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Figure 1 Prevalence of suicidal ideation and suicide attempts by level of food insecurity
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%

Country OR (95%CI)  Weight
South Africa 127 (0.48, 3.40) 6.76
Russia . : 1.92 (0.55, 6.66) 4.24
India —-—-— 1.97 (1.32, 2.94) 40.51
China 229 (0.81, 6.43) 6.14
Ghana —— 2.93 (1.8, 4.57) 33.25
Mexico E * 3.74 (1.60, 8.73) 9.10
Overall (I-squared = 0.0%, p = 0.489) @ 2.33 (1.80, 3.01) 100.00
T E T
115 1 8.73

Figure 2 Country-wise association between any food insecurity and suicidal ideation

estimated by multivariable logistic regression

Abbreviation: OR Odds ratio; CI Confidence interval

Models are adjusted for age, sex, wealth, education, unemployment, physical activity, alcohol consumption,
smoking, and poor self-rated health.

Overall estimate is based on meta-analysis with fixed effects.
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%

Country OR (95% CI) Weight
South Africa . : 1.30(0.28,5.99) 8.28
China — 2.57(0.70,9.47) 11.36
Mexico : 3.25(0.56,19.05) 6.20
India —— 3.66 (1.88,7.12) 43.58
Ghana ————  7.55(275,20.72) 18.99
Russia i v 9.95(2.73,36.21) 11.60
Overall (I-squared = 17.4%, p=0.301) <> 4,13 (2.66,6.41) 100.00
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Figure 3 Country-wise association between any food insecurity and suicide attempts

estimated by multivariable logistic regression

Abbreviation: OR Odds ratio; CI Confidence interval

Models are adjusted for age, sex, wealth, education, unemployment, physical activity, alcohol consumption,
smoking, and poor self-rated health.

Overall estimate is based on meta-analysis with fixed effects.
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