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ABSTRACT

This study aimed to investigate the association between adult food insecurity (FI) and symptoms of generalized
anxiety disorder (GAD) and major depressive disorder (MDD) in two Brazilian cities during the coronavirus
disease (COVID-19) pandemic. This study used data derived from a cross-sectional survey of 1693 adults. In-
terviews were conducted using an electronic questionnaire. The FI was measured using the Brazilian Food
Insecurity Scale. The Generalized Anxiety Disorder-7 was used to measure the symptoms of GAD. The Patient
Health Questionnaire-9 was used for MDD symptoms. The association between FI, GAD, and MDD symptoms was
investigated using a Poisson regression model with robust variance to estimate the prevalence ratio and 95%
confidence interval (95% CI). In regression models, a linear association between FI levels and outcomes was
observed, with severe food insecurity having a 3.56 higher prevalence of GAD symptoms (95% CI: 2.23, 5.68)
and a 3.03 higher prevalence of MDD (95% CI: 1.55, 5.90). In the stratified analyses, worse results were observed
for females and males, individuals with non-white race/skin color, those without children, and those with lower
monthly family income. In conclusion, the FI was associated with symptoms of GAD and MDD, and the socio-
demographic characteristics interfered in this association. Therefore, we recommend the improvement of public
health and social protection policies for food-insecure people.

1. Introduction

(Prochazka et al., 2020) and access to essential supplies (Fang et al.,
2021).

The complex scenario of coping with the coronavirus disease
(COVID-19) pandemic poses a huge challenge to epidemiological sur-
veillance and public policy management (Fang et al., 2021). The World
Health Organization (WHO) recommended various measures to curb the
disease proliferation, including personal protective measures (e.g., hand
hygiene) and physical distancing measures (e.g., isolation of cases and
quarantine). Furthermore, lockdown or shutdown measures were
implemented, resulting in movement restrictions, geographical area
quarantines, school closures, and international travel restrictions (WHO
- World Health Organization, 2020a). Moreover, the continued
COVID-19 pandemic has caused the closure of work-posts, layoffs, and
reduced working hours, directly affecting monthly family income

In Brazil, omissions and delays in applying specific interventions
within the scope of public health policies to contain the disease may
have contributed to an increase in infection and death rates (Mundt,
2021). These events had devastating impacts on the economy and
exacerbated the extant food and nutrition insecurity in Brazil (Costa
etal., 2021). Increased unemployment rates and inflation, which mainly
affects food items, have caused many families to experience food inse-
curity (FI) (Costa et al., 2021). FI is defined as a lack of physical, social,
economic, and regular access to food, with insufficient quality and
quantity to meet the nutritional needs of individuals and populations
(FAO, 2021; HLPE - Panel of Experts on Food Security and nutrition,
2020a; Pourmotabbed et al., 2020).

Abbreviations: FI, Food Insecurity; GAD, Generalized Anxiety Disorder; MDD, Major Depressive Disorder.
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The Brazilian Food Insecurity Scale (EBIA) is the primary tool used to
assess FI in Brazil (Reichenheim et al., 2016; Salles-Costa et al., 2022).
This tool measures the experience of food insecurity based on anxiety or
doubt about the future availability of food, damage to the quality and
quantity of food, and the impossibility of acquiring food due to a lack of
money (Salles-Costa et al., 2022). FI is a growing problem in many
countries and reflects the deterioration of the improvement the popu-
lation nutrition achieved over the past few years (FAO et al., 2021).
Moreover, the experience of hunger was already increasing globally
even before the COVID-19 pandemic impacted the economy, the
reduction in family income, and the supply chain (FAO et al., 2021). The
same occurs in Brazil, where a recent study on trends and disparities in
severe Food Insecurity reported that severe FI increased from 2013 to
2018 and was experienced by over 1 million new households in 2018
(Salles-Costa et al., 2022).

FI can impact nutritional status, and can lead to psychological
suffering owing to the inability to feed oneself and one’s family (Pour-
motabbed et al., 2020). FI adversely impacts mental health and increases
the occurrence of symptoms of generalized anxiety disorder (GAD) and
symptoms of major depressive disorder (MDD) (Pourmotabbed et al.,
2020). Furthermore, deficiency in nutrient intake as a result of FI
(Jomaa et al., 2017; Kirkpatrick & Tarasuk, 2008) can negatively im-
pacts brain functionality and compromise cognition and emotions
(Lachance & Ramsey, 2015; Ximenes-da-Silva & Guedes, 2020).

Due to COVID-19, MDD cases increased by 27.6%, while GAD cases
increased by 25.6% globally, according to a systematic review (Santo-
mauro et al., 2021). GAD and MDD are associated with changes in mood,
disposition, emotions, and way of life in the general population, and
have multifactorial causality (Pourmotabbed et al., 2020). Both are
disabling disorders that often occur simultaneously (Goodwin & Stein,
2021). GAD is characterized by excessive preoccupation with various
events, unrest, tension, and irritability. MDD is characterized by loss of
interest and pleasure in performing activities, fatigue, difficulty
concentrating, insomnia or excessive sleepiness, and suicidal ideation
(Goodwin & Stein, 2021).

Considering the influence of mental health on quality of life (Rahman
et al., 2021), it is critical to examine the association between FI and
symptoms of GAD and MDD during the COVID-19 pandemic period. This
is especially true because it is difficult to monitor the number of GAD
and MDD diagnoses due to the lower use of health services by the
population. Given the above, this study aimed to (1) analyze potential
associations between FI and GAD symptoms and MDD, and (2) compare
the potential associations of sociodemographic factors such as sex,
race/skin color, having children, and the financial impact of COVID-19.

We hypothesized that there would be a positive association between
the severity of food insecurity and symptoms of GAD and MDD and that
sociodemographic factors could influence this association. Our hy-
pothesis was based on the following findings: first, females have been
described as more vulnerable to poor or fair mental health in relation to
FI (Pound & Chen, 2021). Second, differences in race/skin color are
associated with a lack of access to culturally appropriate food and ser-
vices; higher rates of precarious employment and unemployment; and
other factors that affect events related to health and well-being, such as
FI and access to health services (Odoms-Young, 2018, Hernandez, L. O.,
Ayala-Guzman, 2022). Third, there is a lower prevalence of food secu-
rity in households with children (IBGE, 2020; Paquin et al., 2021),
which can subsequently impact parental mental health due to their
inability to provide food for their children (Fang et al., 2021; Pourmo-
tabbed et al., 2020). Finally, low-income households are particularly
vulnerable to FI during the COVID-19 pandemic (Leddy et al., 2020).
Moreover, financial losses can also contribute to mental disorders (Fang
et al., 2021).

Additionally, there is little evidence of an association between FI and
mental health in stressful contexts, such as the COVID-19 pandemic
(Fang et al., 2021; Polsky & Gilmour, 2020; Sundermeir et al., 2021),
especially in Brazil (Santos et al., 2021). Therefore, including these
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variables in this study’s analyses is justified by the intensification of
inequalities during the COVID-19 pandemic, and the interdependence
between sociodemographic characteristics and FI (Tarasuk, St-Germain,
& Mitchell, 2019) and mental disorders (Cheah et al., 2020).

2. Methods

This cross-sectional study was part of a study entitled “Epidemio-
logical surveillance of COVID-19 in the Inconfidentes Region/MG”
(COVID-Inconfidentes Project).

2.1. COVID-Inconfidentes Project

The COVID-Inconfidentes Project was a household seroepidemio-
logical survey conducted in the cities of Ouro Preto and Mariana in the
Quadrilatero Ferrifero region of southeastern Brazil. The study was con-
ducted in three stages between October and December 2020.

This is a population survey with a probabilistic sample. The sample
size calculation was based on the 2010 population estimate (IBGE, 2013)
for each city, 95% confidence level, design effect equal to 1.5, estimated
proportion of infection, and precision. In addition, for each city, a 20%
recomposition percentage was added to the sample size, considering the
potential losses.

A three-stage conglomerate sampling design was adopted: census
sector, household, and resident to be interviewed. These were selected
through probability proportional to the number of households, system-
atic sampling, and by drawing lots, respectively. To ensure the repre-
sentativeness of the different socioeconomic levels of the sample, strata
were defined according to the average monthly income available in the
2010 census for each city (IBGE, 2013).

The inclusion criteria for the study were adults (aged 18 years and
older) with permanent residence in the urban areas of Ouro Preto and
Mariana, cognitive ability, and venous access for serological testing. The
exclusion criteria were individuals under 18 years old, residents of social
centers and long-stay institutions, quarantine due to current diagnosis of
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infec-
tion, cognitive impairment, and infeasibility of collecting blood samples
due to difficult venous access.

During the collection period, 5252 households were approached. A
total of 1789 randomly selected participants agreed to participate in the
survey.

2.2. Data collection

Participant data were obtained through interviews conducted by
trained interviewers, who administered a questionnaire on an electronic
device in the Data Goal® applicative. Questionnaire was constructed
based on previously validated tools. Participants completed a Portu-
guese structured questionnaire with closed and open-ended questions
about sociodemographic characteristics, life habits and health behav-
iors, health conditions and food intake. Furthermore, blood was
collected through venipuncture for laboratory tests for SARS CoV-2
infection and other biochemical analyses. Although data were
collected face-to-face, all recommendations of the national protocols to
curb the spread of coronavirus were adopted, including the use of per-
sonal protection equipment.

A previous study by Meireles et al. (2021) provides detailed infor-
mation about the methodology and questionnaire of the study.

2.3. Analytic sample

Individuals who did not respond to the questionnaire (n = 9), those
with incomplete information on the scales evaluating the symptoms of
GAD (n = 44) and MDD (n = 25), and those whose responses did not
contain information for calculating sample weight (n = 18) were
excluded from the study. Therefore, the final sample comprised 1693
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participants.
2.4. Measures

2.4.1. Mental health

The symptoms of GAD and MDD were measured using the General-
ized Anxiety Disorder 7-item (GAD-7) and Patient Health Questionnaire-
9-item (PHQ-9) scales. The GAD-7 was validated in Brazilian adults in
community settings by Moreno et al. (2016). It was also recently vali-
dated for adults in Brazil through the application of exploratory factor
analysis by Monteiro et al. (2020). Moreover, Santos et al. (2013) vali-
dated the PHQ-9 in adults from the general population in Brazil. The
respective scales estimate the presence of GAD symptoms and MDD
through the sum of scores based on self-reports. The Likert scale includes
questions regarding the symptoms of anxiety and depression in the last
two weeks. Scores range from O to 3 points depending on the frequency
of symptoms. A cut-off score of >10 was used to confirm the presence of
symptoms of GAD and MDD (Kroenke et al., 2001; Spitzer et al., 2006).

2.4.2. Food insecurity

Food insecurity was measured using the Brazilian Food Insecurity
Scale (EBIA), validated for the Brazilian population (Pérez-Escamilla &
Segall-Correa, 2008; Salles- Costa et al., 2022). It is a psychometric scale
that examines a family’s access to food and assesses the perception and
experience of hunger in the household during the previous three
months. It used 14 closed questions with yes or no answers. Each posi-
tive (yes) and negative (no) answer was assigned a value of 1 and 0,
respectively.

The EBIA analysis was performed through the sum of affirmative
answers, followed by the classification of the FI severity. The categories
were as follows: (1) food security: condition of regular and permanent
access to food; (2) mild food insecurity: some uncertainty about access to
food; (3) moderate food insecurity: quantitative reduction of food for the
family; and (4) severe food insecurity: disruption of eating patterns and
experience of hunger. This classification was based on the following cut-
off points (IBGE, 2020):

- Household that scored zero: food security.

- Households with residents over 18 years of age: 1 to 3 points for mild
food insecurity, 4 to 5 points for moderate food insecurity, and 6 to 8
points for severe food insecurity.

- Households with residents under the age of 18 years: 1-5 points for
mild food insecurity, 6-9 points for moderate food insecurity, and
10-14 points for severe food insecurity.

2.5. Descriptive variables and covariates

Socioeconomic and demographic data were evaluated as covariates.
Specifically, sex (dichotomous nominal variable - female, male); age
(ordinal variable —18 to 34 years, 35-59 years, > 60 years); race/skin
color (dichotomous nominal variable - white or non-white); and having
children under 18 years old (dichotomous nominal variable - yes, no).
Education (ordinal variable - no schooling, < 9 years of schooling, > 9
years of schooling); employment (dichotomous nominal variable - yes,
no); the impact of the pandemic on family income (dichotomous nom-
inal variable - no impact on income/had little impact/increased, has
decreased a lot); the number of residents in the household (ordinal
variable - < 4, >4 and <10, >10); and marital status (dichotomous
nominal variable - married, unmarried). Current family income was an
ordinal variable categorized according to the number of minimum
wages received (<2 minimum wages, > 2 and <4 minimum wages, > 4
minimum wages). In Brazil, the minimum wage is the lowest salary that
employers can legally pay to their employees and is used as a reference
nationally.

Life habits, behaviors, and health conditions were also evaluated.
Specifically, SARS-CoV-2 infection (dichotomous nominal variable - yes,

SSM - Population Health 19 (2022) 101156

no). Physical activity (dichotomous nominal variable - inactive, active);
those who had at least 150 min per week of moderately intense physical
activity or at least 75 min per week of vigorously intense physical ac-
tivity were classified as active (WHO - World Health Organization,
2010). Smoking (dichotomous nominal variable - yes, no) and con-
sumption of alcoholic beverages (dichotomous nominal variable - yes,
no). Sun exposure was an ordinal variable (low, adequate, high),
wherein sun exposure of fewer than 3 times a week or less than 20 min a
week was considered low, exposure between 20 and 59 min for at least
three times a week was classified as adequate, and exposure greater than
or equal to 3 times a week with a duration greater than or equal to 60
min was considered high (Lee, Kim, & Lee, 2020; Lee et al., 2020).
Finally, sleep quality was an ordinal variable, with scores from 0 to 4
indicating good sleep quality, scores from 5 to 10 indicating poor sleep
quality, and scores above 10 indicating a sleep disorder (Bertolazi et al.,
2009).

2.6. Statistical analysis

The collected data were subjected to consolidation and subsequent
consistency analysis. To adjust the natural weights of the design and/or
correction of problems caused by absence or refusal to answer, the
sample weight was calculated. In this calculation, the probabilities of
inclusion of the elements in the sample were analyzed, considering the
probabilities of the census sector, the household, and an individual aged
18 years or older being drawn.

Pearson’s chi-squared test was used to test the association between
the two categorical variables. In this study, the symptoms of GAD and
MDD were the dependent variables, and FI was the independent vari-
able. To verify the association between the dependent and independent
variables, Poisson regression with robust variance was used to deter-
mine the prevalence ratio (PR) and 95% confidence interval (95% CI).
Covariates related to the dependent variables were used for adjustment
purposes according to the literature (current family income) or bivariate
analysis (sex, age, race/skin color, number of residents, and quality of
sleep).

The estimates of PR for GAD symptoms and MDD were stratified by
sex, race/skin color, having children, current family income, and
financial impact of COVID-19. They were also adjusted to remove only
stratification variables from each analysis. For this purpose, different FI
levels were grouped (mild, moderate, severe), and food security was
used as a reference category. Furthermore, an interaction analysis was
conducted to investigate the interaction effect of sex and race/skin color
with FL. These analyzes were based on data from the literature. FI acts in
synergism with sex (Lee, Kim, & Lee, 2020) and race/skin color (Mar-
in-Leon et al., 2011).

Statistical analyses were performed using STATA software (version
13.0; Stata Corporation, College Station, Texas, USA) with a statistical
significance of 5%.

2.7. Ethical considerations

This study followed the guidelines and regulatory norms for research
involving human subjects and the seroepidemiological investigation
protocol for SARS-CoV-2 infection by the WHO (WHO, 2020b).
Furthermore, the study was approved by the Research Ethics Committee
of the Federal University of Minas Gerais (Protocol No. 4.135.077 and
No.4.292.475), and all participants signed a free informed consent form.

3. Results
3.1. Sociodemographic characteristics
Most participants were female (51.1%), 35-59 years old (45.9%),

and married (53.4%). Regarding race/skin color, 73.9% identified
themselves as non-white. In addition, most participants reported having
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>9 years of schooling (70.1%), were employed (53.7%), and <4 resi-
dents in the household (76.3%).

3.2. Bivariate analysis

Among the 1693 participants who completed the questionnaire,
23.3% identified symptoms of GAD, and 15.6% identified MDD
(Table 1).

The prevalence of GAD symptoms was associated with the female sex
(y2 = 34.737, p = 0.010) and a greater number of residents in the
household (2 = 30.723, p = 0.019). The prevalence of MDD was
associated with female sex (y2 = 70.916, p < 0.001), white race/skin
color (y2 = 22.204, p = 0.048), a greater number of residents in the
household (y2 = 31.086, p = 0.008), and the absence of a partner (¥2 =
17.639, p = 0.036). In addition, the presence of GAD symptoms and
MDD was more frequent among participants who experienced some
level of food insecurity in the household, and those with poor sleep
quality or sleep disorders (Table 1).

Regarding FI, 37.5% of participants experienced some level of food
insecurity (mild, moderate, or severe). Table 1 shows that 62.5%,
34.6%, 2.22%, and 0.8% of participants lived in a household that was
food secure, mildly food insecure, moderately food insecure, and
severely food insecure, respectively.

3.3. Multivariable models

In the multivariable model, FI levels were linearly associated with
the dependent variables. Regarding the prevalence of GAD symptoms
and MDD based on levels of food insecurity (Table 2), those who re-
ported mild food insecurity (PR: 1.40, 95% CI: 1.05, 1.87), moderate
food insecurity (PR: 2.61, 95% CI: 1.71, 4.00) and severe food insecurity
(PR: 3.56, 95% CI: 2.23, 5.68) had a higher prevalence of GAD symp-
toms than those with food security.

Regarding MDD, those who reported mild food insecurity (PR: 2.13,
95% CI: 1.51, 3.00), moderate food insecurity (PR: 2.80, 95% CI: 1.72,
4.55), and severe food insecurity (PR: 3.03, 95% CI: 1.55, 5.90) had a
higher prevalence of MDD than those with food security (Table 2).
Additionally, there was an association between FI with emotions and
self-perceived mental health conditions, as presented in Supplementary
Material.

FI was associated with GAD symptoms among female participants,
participants with non-white race/skin color, and those with a family
income of <4 minimum wages. Moreover, the association between FI
and GAD symptoms was not restricted to participants who had children
or reduced family income during the pandemic (Fig. 1). When testing
the interaction between FI and sex (PR: 0.66, 95% CI: 0.30, 1.44) and FI
and race/skin color (PR: 1.97, 95% CI: 0.85, 4.55) with GAD symptoms,
we did not observe any interaction between them.

Concerning MDD, FI was associated with the prevalence among
participants with non-white race/skin color, those who did not have
children under the age of 18 years, and those with a family income of
<10 minimum wages. The association between FI and MDD was not
exclusive to those who had reduced family income during the pandemic,
or to female participants. In our study, the strength of the association
between FI and MDD was greater among males (PR: 2.72, 95% CI: 1.18,
6.25 ys PR: 2.05, 95% CI: 1.46, 2.89). Additionally, the strength of the
association was greater among participants with a family income of <4
minimum wages (PR: 6.11, 95% CI: 3.11, 11.98) and among those whose
family income was greatly reduced due to the pandemic (PR: 3.23, 95%
CI: 1.52, 6.84) (Fig. 2). Similar to GAD, we did not observe the inter-
action between FI and sex (PR: 1.22, 95% CI: 0.37, 3.90) and between FI
and race/skin color (PR: 2.34, 95% CI: 0.79, 6.89) with MDD.

4. Discussion

This study investigated the association between FI and symptoms of
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GAD and MDD in two Brazilian cities during the coronavirus disease
(COVID-19) pandemic. The results suggest that FI during the pandemic
was associated with symptoms of GAD and MDD. Regarding the study
hypothesis, a positive association proportional to severity was observed
between FI and GAD and MDD symptoms, which confirms previous
findings that addressed the association between lack of food access and
mental health deterioration (Fang et al., 2021; Polsky & Gilmour, 2020;
Sundermeir et al., 2021). However, this study explored how the social
and economic factors affect the association between FI and mental
health. Given the above, specific results were observed for both sexes,
individuals with non-white race/skin color, without children, and with
lower monthly family income. Therefore, the findings from this study
are consistent with prior research, and these results are important
because they provide necessary information for the expansion and
improvement of public health and social protection policies that pro-
moting food security.

According to additional analyses (Supplementary Material), our re-
sults indicated that FI participants experienced more negative emotions,
such as little interest or pleasure in performing activities, suicidal
ideation, depressed mood or lack of perspective, sleep disturbances,
trouble relaxing, and excessive worry. This is consistent with other
studies (Jones, 2017). According to Jones (2017), FI is associated with
higher and lower chances of experiencing negative and positive mental
health conditions, respectively. For example, the higher prevalence of
negative psychosocial conditions among these individuals may result in
guilt, exclusion, difficulty in acquiring food, and feeling powerless
regarding the challenging situation that they face (Pourmotabbed et al.,
2020). This result supports the notion that FI is associated with mental
disorders (Fang et al., 2021; Maynard et al., 2018).

Other aspects that increase the negative impact of FI on mental
health are shame, uncertainty about food access; anxiety; and stigma
associated with dependence on assistance programs, actions, or dona-
tions that condition access to food (Fang et al., 2021; Manfrinato et al.,
2021). These are important factors for the occurrence of GAD symptoms
and MDD (Fang et al., 2021). Consistent with this point, a cross-sectional
study conducted in the United States among 2714 low-income re-
spondents found a positive association between the receipt of charitable
food and symptoms of mental disorders. Individuals who received this
support were 39% and 37% more likely to have symptoms of anxiety and
depression, respectively (Fang et al., 2021).

In addition to socioeconomic and psychosocial issues, FI can inter-
fere with the nutritional status of individuals and with adequate nutrient
intake (Jomaa et al., 2017; Kirkpatrick & Tarasuk, 2008). The impair-
ment of adequate food intake can negatively interfere with brain activity
because the brain has very high metabolic and nutrient demands to
function (Camandola & Mattson, 2017; Lachance & Ramsey, 2015). This
perspective enables us to understand the magnitude of the association
between FI and GAD and MDD symptoms, which also comprise nutri-
tional and physiological factors. Therefore, insufficient access to
adequate quantity and quality of food can affect this association. Thus,
public health measures should focus on improving food systems and
access to food, especially for families living with low income or expe-
riencing financial difficulties.

In the present study, when we conducted stratified analyses ac-
cording to sociodemographic characteristics of the participants, we
observed that FI had a stronger association with the prevalence of GAD
and MDD symptoms. Overall, studies show that females are more likely
than males to suffer from common mental disorders, such as anxiety and
depression (Filgueiras & Stults-Kolehmainen, 2021; Otten et al., 2021;
Schuch et al., 2014; WHO - World Health Organization, 2017). The
observed association for females is complex and intertwined with their
greater susceptibility to the social and economic consequences that have
been exacerbated by the COVID-19 pandemic (Santomauro et al., 2021).
Financial disadvantages can be produced by structural inequality be-
tween males and females, such as fewer stable jobs and lower wages
(Santomauro et al., 2021). Women are thus vulnerable to the acquisition
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Table 1
- Sociodemographic characteristics, life habits, behaviors, and health conditions based on the presence of GAD symptoms and MDD, COVID-Inconfidentes Survey
(2020).

Total

Variables Generalized Anxiety disorder symptoms p- Major depressive disorder symptoms p-
values* values*
% (95% Yes No Yes No
@D % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Sex

Female 51.10 64.10 47.15 0.010 74.88 46.70 <0.001
(43.82-58.33) (49.52-76.47) (40.11-54.31) (65.17-82.61) (38.88-54.68)

Male 48.9 35.90 52.85 25.12 53.30
(41.67-56.18)  (23.53-50.48) (45.69-59.89) (17.39-34.83) (45.32-61.12)

Age (years)

18- 34 36.52 41.25 35.09 42.12 35.49
(31.92-41.38)  (28.74-55.01) (28.70-42.05) (29.96-55.31) (29.97-41.42)

35-59 45.87 49.76 44.69 0.126 47.15 45.63 0.219
(41.34-50.47)  (38.00-61.55) (38.22-51.34) (36.28-58.29) (40.37-51.00)

>60 17.61 8.98 (5.72-13.83) 20.23 10.74 (6.70-16.77)  18.88
(14.46-21.28) (16.42-24.65) (15.06-23.40)

Race/skin color

White 26.10 26.40 26.01 0.942 37.88 23.91 0.048
(20.98-31.97)  (17.89-37.13) (20.39-32.55) (25.52-52.03) (18.44-30.39)

Non-white 73.90 73.60 73.99 62.12 76.09
(68.03-79.02)  (62.87-82.11) (67.45-79.61) (47.97-74.48) (69.61-81.56)

Education level (years of schooling

No schooling 1.53 2.40 (0.56-9.79) 1.27 (0.46-3.46) 3.95 (1.04-13.85) 1.09 (00.36-3.22)
(0.66-3.51)

<9 28.35 22.18 30.23 0.329 23.24 2.93 (24.08-35.12)  0.185
(23.82-33.37)  (15.41-30.85) (23.84-37.49) (15.58-33.17)

>9 70.11 75.42 68.5 (6.14-74.83) 72.82 69.61
(65.15-74.64)  (67.13-82.17) (61.66-81.69) (63.78-74.88)

Work status

Not Working/Housework 46.34 46.21 46.38 0.982 55.14 44.71 0.092
(41.68-51.06)  (35.06-57.74) (39.83-53.06) (43.99-65.80) (39.70-49.84)

Currently Employed 53.66 53.79 53.62 44.86 55.29
(48.94-58.32) (42.26-64.94) (46.94-60.17) (34.20-56.01) (50.16-60.30)

Family income"

<2 minimum wages 40.59 34.26 42.56 38.42 40.98
(35.20-46.21)  (24.72-45.26) (35.17-50.29) (27.30-50.90) (35.00-47.24)

>2 to < 4 minimum wages 31.99 32.78 31.74 0.420 29.6 (20.67-40.43) 32.41 0.665
(26.81-37.64)  (23.92-43.06) (26.50-37.49) (26.72-38.68)

>4 minimum wages 27.42 32.96 25.70 31.98 26.61 (21.21-32.8)
(22.41-33.08) (19.71-49.60) (19.95-32.45) (21.06-45.30)

Income during the pandemic

No impact on income/had little impact/ 77.93 75.55 (6.59-83.16)  78.66 0.480 76.94 78.12 0.809

increased (73.17-82.06) (73.55-83.01) (67.11-84.51) (72.82-82.62)

Has decreased a lot 22.07 24.45 (16.84-3.41) 21.34 23.06 21.88
(17.94-26.83) (16.99-26.45) (15.49-32.89) (17.38-27.18)

Number of residents in the household

<4 76.32 70.21 78.17 67.98 77.86
(71.19-80.78)  (57.27-80.56) (73.13-82.49) (54.51-79.00) (72.92-82.12)

>4 to <10 23.16 27.72 (1.81-39.95)  21.78 0.019 29.55 21.98 0.008
(18.85-28.11) (17.46-26.82) (19.35-42.30) (17.74-26.89)

>10 0.52 2.07 (0.56-7.39) 0.05 (0.07-0.38) 2.47 (0.52-10.84) 0.16 (0.03-0.73)
(0.15-1.76)

Food insecurity?®

Food security 62.48 49.71 66.35 41.70 66.32
(56.14-68.41)  (38.05-61.40) (59.93-72.22) (30.22-54.16) (59.35-72.64)

Mild food insecurity 34.56 42.81 32.05 <0.001 50.97 31.52 0.001
(29.00-40.57) (32.51-53.78) (26.36-38.34) (39.11-62.72) (25.52-38.21)

Moderate food insecurity 2.22 5.01 (2.61-9.41) 1.37 (0.71-2.61) 5.25 (2.67-10.07) 1.66 (0.87-3.13)
(1.35-3.63)

Severe food insecurity 0.75 2.47 (1.22-4.95) 0.23 (0.10-0.49) 2.07 (0.88-4.78) 0.5 (0.22-1.13)
(0.42-1.33)

Marital status

Married 53.41 49.77 54.51 0.412 41.57 55.60 0.036
(47.38-59.34)  (37.92-61.64) (48.59-60.32) (30.71-53.31) (49.04-61.97)

Unmarried 46.59 50.23 45.49 58.43 44.40
(40.66-52.62)  (38.36-62.08) (39.68-51.41) (46.69-69.29) (38.03-50.96)

SARS-CoV-2 infection

No 95.19 95.02 95.25 96.42 94.97
(93.57-96.42)  (91.14-97.25) (93.53-96.53) (92.93-98.22) (93.06-96.37)

Yes 4.81 4.98 (2.75-8.86) 4.75 (3.47-6.47) 0.881 3.58 (1.78-7.07) 5.03 (6.63-6.94) 0.382
(3.58-6.43)

Physical activity level®

Active 34.66 35.01 34.55 0.936 29.53 35.60 0.386

(27.42-42.69)

(22.73-49.65) (27.92-45.85)

(20.20-40.97)

(27.39-44.76)

(continued on next page)
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Table 1 (continued)
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Variables

Total Generalized Anxiety disorder symptoms p- Major depressive disorder symptoms p-
values* values*
%  (95% Yes No Yes No
b % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Inactive 65.34 64.99 65.45 70.47 64.40
(57.31-72.58)  (50.35-77.27) (58.15-72.08) (59.03-79.80) (55.24-72.61)

Smoking

No 84.10 86.42 83.40 0.315 82.22 84.45 0.614
(79.54-87.70)  (81.03-90.45) (78.04-87.65) (72.79-88.88) (79.32-88.49)

Yes 15.9 13.58 (9.55-18.97)  16.60 17.78 15.55
(12.20-20.46) (12.35-21.96) (11.12-27.21) (11.51-20.68)

Physical activity level®

Active 34.66 35.01 34.55 0.936 29.53 35.60 0.386
(27.42-42.69)  (22.73-49.65) (27.92-45.85) (20.20-40.97) (27.39-44.76)

Inactive 65.34 64.99 65.45 70.47 64.40
(57.31-72.58)  (50.35-77.27) (58.15-72.08) (59.03-79.80) (55.24-72.61)

Alcohol intake

No 40.77 39.50 41.16 0.749 52.19 38.66 0.602
(35.10-46,70)  (29.76-50.14) (35.31-47.27) (39.47-64.64) (32.65-45.03)

Yes 59.23 60.50 58.84 47.81 61.34
(53.30-64.90)  (49.86-70.24) (52.73-64.69) (35.36-60.53) (54.97-67.35)

Sun exposure®

Low 8.28 4.02 (2.28-0.07) 9.58 (7.19-56.47) 0.064 4.58 (2.56-8.07) 8.97 (6.78-11.77) 0.166
(6.38-10.69)

Adequate 52.55 59.99 50.29 62.49 50.71
(45.88-59.12)  (46.37-72.22) (44.09-56.47) (49.14-74.17) (43.08-58.30)

High 39.17 35.99 40.14 32.93 40.33
(32.43-46.35)  (23.56-50.62) (34.30-46.26) (21,46-46.88) (32.67-48.49)

Sleep quality®

Good 47.03 28.21 52.75 7.85 (4.68-12.89) 54.28
(43.14-50.96) (15.90-44.96) (46.69-58.72) (50.01-58.49)

Bad 34.27 41.60 32.04 0.014 46.57 31.99 <0.001
(30.01-38.79)  (30.85-53.21) (25.77-39.04) (35.81-57.65) (27.24-37.15)

Sleep disorder 18.70 30.19 15.21 45.58 (34.25-57.9) 13.72

(14.95-23.13)

(22.52-39.16)

(11.33-20.12)

(10.32-18.02)

Notes: * p-value from Pearson’s chi-squared test. "Family income: minimum wage value (2020): BRL 1045.00 ~ USD 194.25 (1 USD = 5.3797 BRL). ® Food insecurity:
scores = 0 food security (to all households), scores 1 to 3 = mild food insecurity, scores 4 to 5 = moderate food insecurity, scores 6 to 8 = severe food insecurity (to
households with residents over 18 years); and scores 1 to 5 = mild food insecurity, scores 6 to 9 = moderate food insecurity, scores 10 to 14 = severe food insecurity (to
households with residents under the age of 18 years); ® Physical activity level - active: >150 min of moderate physical activity or>75 min of vigorous physical activity
(WHO - World Health Organization, 2010). ¢ Sun exposure: low sun exposure = duration <20 min or frequency <3 times a week, adequate sun exposure = duration of
20-59 min and frequency>3 times a week and high sun exposure = duration>60 min or frequency > 3 times a week. ° Sleep quality: scores of 0-4 = good sleep quality,
scores of 5-10 = bad sleep quality and scores >10 = sleep disorder.

Table 2
- Estimate of the prevalence ratio of food insecurity according to the presence of symptoms of GAD and MDD, COVID-Inconfidentes Survey (2020).
Generalized anxiety disorder p- values* Major depressive disorder p- values™
PR (95% CI) PR (95% CI)

Food security 1 (Ref) 1 (Ref)
Mild food insecurity 1.56 (1.11-2.19) 0.012 2.21 (1.36-3.59) 0.002
Moderate food insecurity 2.84 (1.77-4.56) <0.001 3.55 (1.86-6.76) <0.001
Severe food insecurity 4.14 (2.93-5.87) <0.001 4.15 (1.91-9.01) <0.001
Adjustment 1
Food security 1 (Ref) 1 (Ref)
Mild food insecurity 1.49 (1.07-2.08) 0.019 2.03 (1.34-3.07) 0.001
Moderate food insecurity 2.70 (1.78-4.12) <0.001 3.23 (1.89-5.52) <0.001
Severe food insecurity 3.56 (2.64-4.79) <0.001 3.14 (1.42-6.94) 0.005
Adjustment 2
Food security 1 (Ref) 1 (Ref)
Mild food insecurity 1.48 (1.02-2.14) 0.041 2.14 (1.28-3.55) 0.004
Moderate food insecurity 2.77 (1.70-4.50) <0.001 3.49 (1.83-6.66) <0.001
Severe food insecurity 3.99 (2.75-5.78) <0.001 4.05 (1.92-8.56) <0.001
Adjustment 3
Food security 1 (Ref) 1 (Ref)
Mild food insecurity 1.40 (1.05-1.87) 0.021 2.13 (1.51-3.00) <0.001
Moderate food insecurity 2.61 (1.71-4.00) <0.001 2.80 (1.72-4.55) <0.001
Severe food insecurity 3.56 (2.23-5.68) <0.001 3.03 (1.55-5.90) 0.001

Notes: *p-value from Poisson Regression with robust variance. Adjustment 1: sex; Adjustment 2: age (years); Adjustment 3: sex, age, race/skin color, number of
residents in the household, sleep quality and family income. Food insecurity: scores = 0 food security (to all households), scores 1 to 3 = mild food insecurity, scores 4
to 5 = moderate food insecurity, scores 6 to 8 = severe food insecurity (to households with residents over 18 years); and scores 1 to 5 = mild food insecurity, scores 6 to
9 = moderate food insecurity, scores 10 to 14 = severe food insecurity (to households with residents under the age of 18 years).
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<4 minimum wages

>4 to < 10 minimum wages
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Fig. 1. Association of food insecurity with general-
ized anxiety disorder symptoms stratified by sex,
race/skin color, having children or no children, cur-
rent family income, and financial impact of COVID-
19. COVID-Inconfidentes Survey (2020). (For inter-
pretation of the references to color in this figure
legend, the reader is referred to the Web version of
this article.)

Note: Models adjusted for sex, age, race/skin color,
number of residents in the household, sleep quality

88— (PR: 1.18,95% CI: 0.70, 1.98)
———&—— (PR: 1.19, 95% CI: 0.63, 2.25)

——&— (PR:1.47,95%CI: 1.12, 1.93)

(PR: 2.68, 95% CI: 1.54, 4.66)
and family income. The stratification variable was
removed from each analysis. Different FI levels were
grouped (mild, moderate, severe), and food security
was used as a reference category.

Fig. 2. Association of food insecurity with major
depressive disorder symptoms stratified by sex, race/
skin color, having children or no children, current
family income, and financial impact of COVID-19.
COVID-Inconfidentes Survey (2020). (For interpreta-
tion of the references to color in this figure legend,
the reader is referred to the Web version of this
article.)

Note: Models adjusted for sex, age, race/skin color,
number of residents in the household, sleep quality

increased
Income has decreased a lot (PR:2.12,95%CI: 1.21,3.72)
0 1 2 3 4 5
Prevalence Ratio
Female —m— (PR:2.05,95% CI: 1.46, 2.89)
Male a1 (PR:2.72,95%CI: 1.18,6.25)
White +—m—  (PR: 1.45, 95% CI: 0.88, 2.40)
Non-white —a— (PR:2.9],95%CI: 1.85,4.57)
No children —&— (PR:2.55,95%CI: 1.62,4.01)
Having children —a—— (PR: 1.65,95% CI: 0.99, 2.77

<4 minimum wages =

>4 to < 10 minimum wages —a——- (PR:2.17,95%CI: 1.25,3.76)

> 10 minimum wages $—eT—

(PR: 1.29, 95% CI: 0.65, 2.55)

No impact on income/ had little impact w1 (PR:-230,95%CIL: 1.64,323)
increased

Income has decreased a lot ——-t—————— (PR:3.23,95%CI: 1.52, 6.84)

and family income. The stratification variable was
removed from each analysis. Different FI levels were
grouped (mild, moderate, severe), and food security
was used as a reference category.

(PR: 6.11,95% CI: 3.11, 11.98)

0 1 2 3 4 5 6 7 8 9
Prevalence Ratio

10 11 12

of adequate and healthy food and are more exposed to FI (Visser &
Wangu, 2021).

Evidence indicates that the implications of FI on female mental
health tend to be also more evident (Pound & Chen, 2021; Visser &
Wangu, 2021). Although the reason for this is unclear, several factors
may explain this point. First, the negative emotions of FI may be pre-
dominantly felt by females (Pound & Chen, 2021), who are commonly
the primary caregivers and suppliers of food in their families (Pound &
Chen, 2021; Visser & Wangu, 2021). Second, females commonly prior-
itize the supply of food to the family and consume smaller amounts of
food (Visser & Wangu, 2021). This may trigger feelings of deprivation or
restricted food choices, and incite psychological distress (Myers, 2020).
Moreover, this period impacted the routine of females more, especially
regarding the responsibilities of the home, caring for the family, sick
relatives, and children - including monitoring school activities (Santo-
mauro et al., 2021). With social restriction measures, there was also a
substantial increase in domestic violence cases (Piquero et al., 2021),
thus increasing the mental health burden.

Notably, males are more strongly affected by MDD in relation to FIL.
Although epidemiological studies show a lower prevalence of depression
among males, the suicide rate, which is closely related to the severity of
depression, is higher among males than females (Ridge et al., 2021).
From this perspective, males tend not to report or to underestimate the

13

symptoms of mental disorders and are less likely to access psychological
therapies, leading to the underreporting of cases (Affleck et al., 2018).
These data show a possible bias in the literature and legitimize the need
to focus on prevention and promotion strategies in mental health ac-
cording to sex. Equally, our results support that public policies aimed to
FI should consider data disaggregated by sex (Botreau & Cohen, 2019).

The association observed for non-white race/skin color can be
explained by social inequities and unequal access to health services,
which is a historical problem (Odoms-Young, 2018). In Brazil, evidence
indicates that differences perpetuate and continue to make black and
pardo people vulnerable and marginalized regarding access to the labor
market, cases of violence, income distribution, educational level, and
housing conditions (IBGE, 2019). Additionally, structural racism and
discrimination are associated with FI (Odoms-Young, 2018, Hernandez,
L. O., Ayala-Guzman, 2022), which can exacerbate the deterioration of
mental health. Therefore, the fight against social inequalities in Brazil
needs to be studied in the formulation and implementation of public
policies aimed at reducing discrepancies.

In the present study, an association between FI and MDD was
observed among those who did not have children. According to data
from a large national survey, the greatest vulnerability to FI is observed
in households with children and/or adolescents (IBGE, 2020). Thus,
adults’ concern in providing food for their children can generate a
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greater psychological overload and favor the occurrence of mental dis-
orders. Regarding our results, it is hypothesized that these childless in-
dividuals do not benefit from government programs to socially
vulnerable families who have school-age children, such as “Bolsa Fam-
ilia” (Manfrinato et al., 2021) and food kits distributed during the
pandemic with resources from the “Programa Nacional de Alimentacao
Escolar” (MAPA - Ministério da Agricultura Pecuaria e Abastecimento;
Ministério da Educacao, 2020).

Finally, family income is an important predictor of material depri-
vation and FI, and symptoms of mental disorder are more pronounced in
low-income families (Polsky & Gilmour, 2020). In the present study, we
observed that there was an association between FI and symptoms of GAD
and MDD even among families whose income was not impacted by the
pandemic or whose income had increased. Although this result was
unexpected, it is not surprising from the perspective of Brazilian eco-
nomic scenario. Recently, inflation has skyrocketed, causing increases in
the prices of fuel, electricity, cooking gas, and food — especially fresh
products — the production of which is hampered by seasonal changes
(Banco Central do Brasil, 2021). Therefore, although some families have
related an increase in their monthly income, this adjustment was not
proportional to the increase in inflation, and purchasing power was
reduced throughout the Brazilian population (Costa et al., 2021; FAO
et al., 2021).

This study had some limitations. First, its cross-sectional design did
not allow for assessment of the causality of the observed associations.
Residual confounding by unmeasured factors cannot be completely
precluded, such as receiving benefits from assistance programs or
receiving local government basic food baskets. In addition, health in-
equities in Brazil due to the social and environmental context and dif-
ferences in the distribution of health resources among different
population groups were not measured. However, several confounding
factors associated with dependent variables were adjusted. Additionally,
as this was a local study, these results may not represent the Brazilian
reality in general, or that of other populations. However, considering
that there are specific psychosocial stressors in each region (Jones,
2017), the results obtained in this study may contribute to the
cross-cultural consistency of the theme.

We highlight that the data of the present study were derived from a
population survey conducted during the pandemic, which is an impor-
tant source of information on the sanitary situation and health de-
terminants. Additionally, probabilistic sample selection and sample
weight provided statistical power to the study, as well as internal and
external validity.

5. Conclusion

The results of this study showed a positive association between FI
during the pandemic and symptoms of GAD and MDD. Furthermore,
individuals with non-white race/skin color, without children, and with a
lower monthly family income showed stronger associations. The same
was found for women in relation to GAD symptoms and MDD in men.

Measures aimed at reducing FI in Brazil must involve encouraging
family farming, increasing social assistance and public policies for
employment and income generation. In addition, the public policies to
combat FI must be considered not only in the context of socioeconomic
disparities and the human right to adequate food but also regarding the
prevention of health problems, such as nutritional deficiencies and, as
presented in this study, in relation to mental health. Therefore, we
recommend the construction of coping actions for the insufficiency or
lack of access to adequate food, the development of new screening
methods, and the expansion and improvement of more targeted mental
health care policies for food-insecure people. Moreover, longitudinal
studies are needed to explore the consequences of FI on the development
of GAD and MDD symptom:s.
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