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Abstract 

Background  Food insecurity is prevalent in Canada and may influence mental health, particularly among females. 
The present study examined the joint effect of female sex and food insecurity on mood disorders.

Methods  The study used data from 104,420 adults aged 18 years or older who participated in the 2017/2018 
Canadian Community Health Survey (CCHS). Log-binomial models explored the independent and joint associations 
of female sex and food insecurity with the prevalence of self-reported mood disorder. Prevalence ratios (PRs) and 95% 
confidence intervals (CIs) were estimated. Relative excess risk due to interaction (RERI), attributable proportion (AP), 
and synergy index (S) were used to assess the additive interaction of female sex and food insecurity. The complex 
survey design was taken into consideration.

Results  The prevalence of mood disorder was 6.7% for males and 11.4% for females, with an adjusted prevalence 
ratio being 1.59 (95% CI 1.51, 1.68) for females versus males. Mood disorder was associated with moderate food 
insecurity (PR 2.06, 95% CI 1.91, 2.23) and severe food insecurity (PR 3.29, 95% CI 3.06, 3.55). There was a significant 
additive interaction between female sex and food insecurity in association with the prevalence of mood disorders 
among females aged 18 to 39 years (RERI 1.19, 95% CI 0.27,2.08).

Conclusion  Food insecurity was associated with an increased prevalence of mood disorders, especially in younger 
females. Interventions that facilitate access to food while being cognizant of the socioeconomic vulnerabilities 
of females may have substantial benefits for the prevention and management of mood disorders.
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Introduction
Food insecurity is a growing and concerning phenome-
non in Canada [1]. Food insecurity, as defined by Health 
Canada, is “the inability to acquire or consume an ade-
quate diet quality or sufficient quantity of food in socially 
acceptable ways, or the uncertainty that one will be able 
to do so“ [2]. Between 2017 and 2018, approximately 
12.7% of Canadian households experienced food insecu-
rity [3], and a cross-sectional study from the Canadian 
perspectives survey series during the COVID-19 pan-
demic revealed that 14.6% of Canadians live in house-
holds facing varying degrees of food insecurity [4]. This 
situation raises significant concerns as it violates fun-
damental human rights, undermines empowerment 
and socioeconomic development, and constrains public 
health efforts [5, 6].

Numerous studies have established connections 
between food insecurity and various health and well-
being outcomes in high-income countries like Canada. 
They include physical health problems such as diabe-
tes, malnutrition and cardiovascular diseases [7, 8], as 
well as socioeconomic challenges such as diminished 
work productivity and income levels [7]. Additionally, 
food insecurity has been linked to general mental health 
conditions such as depression, stress, anxiety, insom-
nia, suicidal attempts and ideation [9–13]. For instance, 
Pound and Chen’s (2021) analysis of the CCHS 2015–
2016 data showed association between food insecurity 
and perceived poor or fair mental health among Cana-
dian adults, especially among younger and middle-aged 
females. However, there remains a significant research 
gap regarding the examination of prominent and specific 
mental health outcomes, particularly mood disorders, 
and their potential variations among subpopulations 
using nationally representative data. In Canada, mood 
disorders are among the most prevalent mental illnesses, 
with an estimated 11.6% of the population aged 18 years 
or older reporting these disorders, and an additional 27% 
indicating that the disorders have affected their lives [14, 
15]. These disorders have consistently exhibited a higher 
prevalence among females in Canada. Recent research 
has further underscored the disproportionate impact of 
these outcomes on females compared to males, partially 
attributed to the connection between food security and 
financial ability, with females overrepresented in low-
income groups [1, 12, 13, 16, 17].

To address this research gap, the present study exam-
ined the additive interaction between female sex and 
food insecurity in relation to self-reported mood disorder 
among adults using data from the Canadian Community 
Health Survey (CCHS) and a methodology applied else-
where [13, 18]. We hypothesized that the combination 
of female sex and food insecurity will have a synergistic 

effect on self-reported mood disorder. This study will 
provide a nuanced understanding of the relationship 
between food insecurity and self-reported mood disor-
ders, with the goal of identifying individuals who may 
benefit more from interventions that improve access to 
food resources and focus on the prevention, early detec-
tion, and management of mood disorders.

Methods
Design
This cross-sectional study utilized secondary data from 
the 2017–2018 Canadian Community Health Survey [18] 
public use microdata file and examined the joint effect 
of female sex and food insecurity on self-reported mood 
disorder [18]. It follows the guidelines of Strengthening 
of the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) [19] and Reporting of Studies Conducted 
Using Observational Routinely Collected Health Data 
(RECORD) [20]. The CCHS is a nationally representative 
survey that uses a complex survey design to sample the 
participants [21].

Study population and variables
The CCHS survey collects data on health status, utiliza-
tion of the health system, and health determinants of the 
Canadian population [18]. Data are collected on people 
aged 12 years and older in all provinces and territories 
but excludes residents of Indian reserves, healthcare 
institutions, some remote areas and full-time members 
of the Canadian armed forces [18]. The current analysis 
used data from 104,420 Canadian adults aged 18 years 
or above who participated in the 2017–2018 CCHS. We 
excluded participants who were under 18 years of age 
(n = 8,621) or who did not respond to the question on 
mood disorders (n = 249).

The outcome variable was self-reported mood disorder. 
This was dichotomized based on a “Yes” or “No” response 
to the question, “Do you have a mood disorder such as 
depression, bipolar disorder, mania or dysthymia?”.

Our exposures of interest were food security and 
sex. Food insecurity was based on a set of 10 questions 
that described the food security of a household’s adult 
members in the previous 12 months. Study participants 
were grouped into three categories: [1] food secure 
(none or one affirmative response indicating difficulty 
with income-related food access); [2] moderately food 
insecure (two to five affirmative responses of indicat-
ing compromise in the quality and/or quantity of food 
consumed); and [3] severely food insecure (six or more 
affirmative responses indicating compromise in the qual-
ity and/or quantity of food consumed) [18]. Sex was self-
reported as being male or female.
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Covariates were those identified in the literature as sta-
tistically associated with mental health [1, 5–10] and food 
security status [1–6], as available in the CCHS dataset. 
These included age (18–29, 30–39, 40–49, 50–59, 60–69, 
70–79, 80 + years), annual household income (<$40,000, 
$40,000–79,999, ≥ $80, 000), marital status (single, mar-
ried, divorced), education level (less than secondary 
school graduation, secondary school graduation, post-
secondary education), race (white, non-white), and social 
provisions (having, not having a positive and meaningful 
type of support, a composite measure derived from five 
sub-scales that include guidance, integration, attach-
ment, reassurance of worth, and reliable alliance).

Statistical analysis
We accounted for the complex survey design of the 
CCHS by applying sampling weights and average design 
effect for point and variance estimates. The chi-square 
significance test was used to examine associations 
between our variables of interest and self-reported mood 
disorders, and a p-value of < 0.05 determined statistical 
significance.

We used a log-binomial regression model to examine 
sex and food insecurity in association with the prevalence 
of self-reported mood disorder. We also assessed if this 
relationship was modified by age. Age was assessed as 
an effect modifier with a p-value of < 0.05 considered as 
being statistically significant; hence age-specific analyses 
were conducted in younger adults (18–39 years), middle-
aged adults (40–59 years) and older adults (60 + years). 
Prevalence ratios were generated with their 95% confi-
dence intervals (CIs). Model parameters were estimated 
using maximum likelihood estimation.

We assessed the interaction of sex and food insecurity 
in association with self-reported mood disorders on the 
additive scale. The additive scale was chosen because it 
reliably identifies the target individuals to intervene to 
achieve a significant public health impact [22, 23]. The 
assessment of additive interaction was done using the 
relative excess risk due to interaction (RERI), attributable 
portion due to interaction (AP) and synergy index (S) and 
their respective 95% CIs measures [24]. The determina-
tion of the presence of additive interaction was based 
on whether the RERI and AP were significantly different 
from 0 and the synergy index was significantly different 
from 1. Statistical analyses were performed using SAS 9.4 
software (SAS Institute).

Results
Table 1 presents the prevalence of self-reported mood 
disorders across various categories of our variables 
of interest. All the study variables were significantly 
associated with the prevalence of self-reported mood 

disorder (p < 0. 0001). The prevalence of self-reported 
mood disorders was 4.7% higher among females than 
males. Individuals with severe food insecurity had 
a higher prevalence of self-reported mood disorder 
(38.7%) compared to people who were moderately 
food-insecure (19.8%), and those who were food-secure 
(7.7%). When we examined the prevalence of self-
reported mood disorders among the joint exposure of 
sex and food security, females who were severely food 
insecure had the highest prevalence of self-reported 
mood disorder (43.4%) (Fig. 1).

Table 1  Prevalence of self-reported mood disorder by sex and 
other risk factors in the Canadian population

a Weighted to the Canadian population

Variable No. Cases of 
Mood 
disorders

%a P-value

Sex
  Male 47,856 3642 6.7 < 0.0001

  Female 56,564 6980 11.4

Food security
  Food secure 95,399 8027 7.7 < 0.0001

  Moderately food insecure 5650 1240 19.8

  Severely food insecure 3371 1355 38.7

Age (years)
  18–29 13,948 1618 10.0 < 0.0001

  30–39 15,710 1675 8.9

  40–49 14,302 1653 9.6

  50–59 1798 2250 10.3

  60–69 20,867 2078 9.1

  70–79 14,095 979 6.3

  80+ 7510 369 5.7

Marital Status
  Single 24,089 3401 12.4 < 0.0001

  Married 57,318 4355 7.1

  Divorced 23,013 2866 12.4

Family income
  <$40, 000 27,893 4292 14.2 < 0.0001

  $40,000–79,000 31,114 2952 9.2

  ≥ $80,000 45,413 3378 7.1

Race
  Non-White 12,090 707 5.1 < 0.0001

  White 92,330 9915 10.2

Highest level of education
  < Secondary school 15,963 1749 10.6 < 0.0001

  Secondary school completed 24,635 2854 10.6

  >Secondary school 63,822 6019 8.3

Having social provisions
  No 73,035 7204 8.8 < 0.0001

  Yes 31,385 3418 10.0
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Table  2 shows the prevalence ratios for mood disor-
der in relation to sex and food security status from the 
log-binomial regression analysis. In the adjusted model 
for the effects of female sex and food insecurity, females 
had a significantly higher prevalence of self-reported 
mood disorder than males (PR 1.59, 95% CI 1.51, 1.68). 
The prevalence of mood disorder was also significantly 
higher for those with moderate food insecurity (PR 2.06, 
95% CI 1.91, 2.23) and severe food insecurity (PR 3.29, 
95% CI 3.06, 3.55) compared with food secure individu-
als. In the adjusted model for the joint effect of female 
sex and food insecurity, the overall prevalence ratio 
for self-reported mood disorder for females experienc-
ing severe food insecurity was 5.12 (95% CI 4.66, 5.61) 
compared with food-secure men. Relative to men with 
food security in each age group, the adjusted preva-
lence ratios for self-reported mood disorder for females 
experiencing severe food insecurity were 5.97 (95% CI 
5.21, 6.79) for younger adults (18–39 years), 4.78 (95% 
CI 4.17, 5.44) for middle-aged adults (40–59 years), and 
4.23 (95% CI 2.86, 5.86) for older adults (60 + years).

Table  3 shows the additive interaction between 
female sex and food insecurity measured by RERI, AP, 
and S index [24]. The results show a significant syn-
ergism between female sex and severe food insecu-
rity on the prevalence of self-reported mood disorder. 
The synergistic effect was still present but only in the 
younger adults (18–39 years) when stratified by age 
(RERI 1.19, 95% CI 0.29, 2.08; AP 0.20, 95% CI 0.06, 
0.34; S 1.31, 95% 1.06, 1.63).

Discussion
In this study, adults with food insecurity, moderate or 
severe, had a significantly higher prevalence of self-
reported mood disorder compared to those who were 

food secure. Self-reported mood disorder, defined as 
individuals who reported having depression, bipolar, 
mania, or dysthymia, was more prevalent in females 
(18.1%) than in males (11.4%). There was a synergism 
between female sex and food insecurity in relation to self-
reported mood disorder. Food insecurity may influence 
the psychological functioning of adults, and food insecu-
rity is a significant stressor, preeminent in the worry and 
anxiety usually associated with it [1, 10, 13, 25–27]. There 
is evidence that limited food accessibility is associated 
with a rise in cortisol levels. High cortisol levels factor in 
chronic psychosocial distress, which alters mood, cogni-
tion, and behaviour [26–30].

Conversely, individuals with severe food insecurity 
may be at a higher risk of inadequate consumption of 
essential nutrients that can substantially impact mental 
health, as seen in previous studies [31]. Another plausible 
reason that females are more likely to self-report mood 
disorders due to food insecurity could be income levels, 
as income is a strong determinant of food security [1, 17, 
32], and females are disproportionately represented in 
low-income groups [1, 12, 13, 16, 17]. Income provides 
purchasing power, and lack of it can be a considerable 
stressor [1], especially for females whose gender roles 
prescribe them to be the primary providers of food and 
nourishment in the family. Prolonged unavailability of 
income can result in chronic stress, further contributing 
to poor mental health outcomes [1, 17, 32]. Alternatively, 
mood disorders could hinder females from effectively 
participating in the labour market, exacerbating their 
vulnerability to food insecurity [1, 33] and thus rendering 
them into a vicious cycle of poverty and mental health 
vulnerabilities.

The strong dose-response association between food 
insecurity and self-reported mood disorder in our study 

Fig. 1  Prevalence of self-reported mood disorder according to joint exposure of sex and food security in Canadian adults
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Table 2  Unadjusted and adjusted prevalence ratios (PRs) and 95% confidence intervals (CIs) for the associations of sex and food 
security status with self-reported mood disorder

Definitions: PR Prevalence ratio, CI Confidence interval
a Model 1 variables: Main exposures only (sex and food security status, or the combination sex and food security status)
b Model 2 variables: Main exposures (sex and food security status or the combination of sex and food security), age, marital status, race, education, and household 
income

Model 1
Unadjusteda

Model 2
Adjustedb

Variable PR (95% CI) PR (95% CI)

Sex

  Male Reference Reference

  Female 1.61 (1.53, 1.70) 1.59 (1.51, 1.68)

Food security

  Food secure Reference Reference

  Moderately food insecure 2.44 (2.26, 2.62) 2.06 (1.91, 2.23)

  Severely food insecure 4.84 (4.51, 5.17) 3.29 (3.06, 3.55)

Joint exposure of sex and food security

  Overall

  Male

    Food secure Reference Reference

    Moderately food insecure 2.42 (2.09, 2.78) 2.12 (1.84, 2.42)

    Severely food insecure 5.66 (5.01, 6.35) 3.82 (3.37, 4.29)

  Female

    Food secure 1.66 (1.57, 1.76) 1.65 (1.55, 1.75)

    Moderately food insecure 4.05 (3.67, 4.44) 3.35 (3.04, 3.69)

    Severely food insecure 7.52 (6.86, 8.21) 5.12 (4.66, 5.61)

  Ages 18 to 39

    Male

    Food secure Reference

    Moderately food insecure 2.54 (2.05, 3.09) 2.33 (1.88, 2.84)

    Severely food insecure 5.41 (4.44, 6.49) 3.90 (3.20, 4.68)

  Female

    Food secure 1.81 (1.64, 2.00) 1.88 (1.70, 2.08)

    Moderately food insecure 4.22 (3.65, 4.85) 3.74 (3.24, 4.30)

    Severely food insecure 8.20 (7.15, 9.36) 5.97 (5.21, 6.79)

Age 40 to 59 years

  Male

    Food secure Reference

    Moderately food insecure 2.54 (1.88, 2.84) 2.24 (1.82, 2.72)

    Severely food insecure 5.91 (5.01, 6.89) 3.96 (3.36, 4.61)

  Female

    Food secure 1.70 (1.56, 1.86) 1.66 (1.52, 1.81)

    Moderately food insecure 4.01 (3.47, 4.60) 3.29 (2.85, 3.77)

    Severely food insecure 7.21 (6.29, 8.20) 4.78 (4.17, 5.44)

Ages 60+
  Male

    Food secure Reference

    Moderately food insecure 1.10 (0.48, 2.09) 1.02 (0.45, 1.92)

    Severely food insecure 4.32 (2.18, 7.19) 3.55 (1.81, 5.80)

  Female

    Food secure 1.37 (1.20, 1.58) 1.21 (1.06, 1.40)

    Moderately food insecure 3.37 (2.36, 4.57) 2.59 (1.83, 3.53)

    Severely food insecure 5.38 (3.62, 7.50) 4.23 (2.86, 5.86)
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is consistent with the results of prior studies [13, 25, 34, 
35]. However, given the cross-sectional design of this 
study, a causal relationship between food insecurity and 
self-reported mood disorder cannot be ascertained.

Our findings also showed a synergism between female 
sex and severe food insecurity, although this was only 
statistically significant among young females. This 
observation aligns with previous studies [1, 12, 13, 16, 
35], notably the study conducted by Pound and Chen 
(2021) using a similar methodology and the 2015–2016 
CCHS dataset. They identified an additive interaction 
between female sex and food insecurity, with a higher 
risk observed among middle-aged females. These find-
ings suggest that females are at greater risk for mood dis-
orders concerning food insecurity. Plausible reasons why 
young adult females are at higher risk are not entirely 
clear. Some studies have suggested that early adulthood 
transitions such as independence, employment, new rela-
tionships, and motherhood can take a toll on the psycho-
logical functioning of young females [36]. In contrast, 
middle-aged and older females tend to exhibit greater 
financial stability due to established careers, accumulated 
savings, social safety net programs and larger social sup-
port networks [37–40].

In Canada, wage differentials between males and 
females [41] may also be a factor, as females tend to have 
lower pay and to work in part-time jobs [42] to accom-
modate their domestic and child-raising chores [43], all 
of which may add to their mental stress. Such factors, 
combined with stressful situations like food insecurity, 
may have an adverse impact on mental health. Hence, 
given that access to food can be modified, interventions 
targeted at this group, food assistance programs [44], 

social support, and income and employment incen-
tives may have substantial benefits for the prevention 
and management of mood disorders. Evidence from the 
literature shows that food assistance programs have the 
potential to reduce households’ food-related hardships 
and offsets emotional and psychological distress [45–
47]. More research is needed to investigate the different 
mood responses of males and females to food insecurity 
and the possible interventions to address them.

Limitations
The present study has some limitations. First, given 
that mood disorder and food security status were self-
reported, there could be a recall and reporting bias. 
However, we expect recall and reporting bias to be simi-
lar among participants who reported mood disorders or 
not. Secondly, the CCHS data collection tool provides an 
indicator of the quantitative food security situations and 
economic access to food. Therefore, these measures are 
likely to miss relevant mental health components such 
as the social desirability of food acquisition strategies 
[1, 48]. For example, food banks may help alleviate food 
insecurity, but people may avoid using them because of 
the stigma attached to accessing food there, or food may 
be inappropriate for specific religious or cultural groups 
or those with special dietary needs. Not measuring these 
factors may have resulted in our underestimating the 
impact of food insecurity on mood disorder. Thirdly, the 
cross-sectional nature of this study does not allow for 
establishing the causal relationship between the joint 
exposure of female sex and food insecurity and mood 
disorder. This study might also be subjected to selection 
bias as the CCHS excludes data on residents of Indian 

Table 3  The joint effect of female sex and severe food insecurity on self-reported mood disorders overall and stratified by age

Abbreviations:AP Attributable portion due to interaction, CI Confidence interval,

RERI Relative excess risk due to interaction

Additive interaction (95% CI)

Exposure RERI AP S index

Overall
  Female v. male sex with moderate food insecurity 0.58 (0.05, 1.10) 0.17 (0.03, 0.31) 1.32 (1.03, 1.70)
  Female v. male sex with severe food insecurity 0.66 (0.11, 1.27) 0.13 (0.03, 0.23) 1.19 (1.03, 1.38)
Ages 18 to 39 years
  Female v. male sex with moderate food insecurity 0.53 (-0.09, 1.16) 0.14 (-0.02, 0.30) 1.24 (0.96, 1.61)

  Female v. male sex with severe food insecurity 1.19 (0.29, 2.08) 0.20 (0.06, 0.34) 1.31 (1.06, 1.63)
Ages 40 to 49 years
  Female v. male sex with moderate food insecurity 0.38 (-0.20, 0.97) 0.12 (-0.05, 0.29) 1.20 (0.90, 1.60)

  Female v. male sex with severe food insecurity 0.16 (-0.59, 0.91) 0.03 (-0.12, 0.19) 1.04 (0.85, 1.28)

Ages 60 + years
  Female v. male sex with moderate food insecurity 1.35 (0.27, 2.43) 0.52 (0.20, 0.84) 6.64 (0.27, 163.69)

  Female v. male sex with severe food insecurity 0.47 (-1.99, 2.92) 0.11 (-0.45, 0.67) 1.17 (0.50, 2.73)
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reserves, healthcare institutions and full-time members 
of the Canadian armed. Additionally, the findings cannot 
be fully explained based on the available data due to the 
lack of specific information on reasons for food insecu-
rity among adults or categorization by factors such as sex 
or age. Finally, it is important to note that the CCHS data 
used in this study predates the COVID-19 pandemic. 
Therefore, caution should be exercised when generalizing 
the obtained results to the current general population. 
Notwithstanding its limitations, the use of a large sample 
size, along with the application of bootstrap weights from 
the CCHS data, is a definite strength of this study and 
also makes the results nationally representative.

Conclusion
Our study findings provide evidence for a significant syn-
ergistic effect between female sex and severe food inse-
curity, leading to a higher prevalence of self-reported 
mood disorders, especially in young adults. These results 
underscore the particular vulnerability of young females 
to mood disorders associated with food insecurity. To 
effectively address this issue, it is essential to develop 
comprehensive interventions that address both mental 
health and food needs, with careful consideration of the 
distinct challenges faced by various age groups, particu-
larly for females.

Acknowledgements
Not Applicable.

Authors’ contributions
J.S contributed to the design of the study, performed the data analysis, inter-
preted the results, and drafted the manuscript. Y.C contributed to the study 
design, analysis, interpretation, and critical revision of the manuscript. G.A, 
P.A, C.V, and E.A contributed to the interpretation and critical revision of the 
manuscript. All authors read and approved the final manuscript.

Funding
No Funding.

Availability of data and materials
Public Use Data (Link: https://​www150.​statc​an.​gc.​ca/​n1/​en/​catal​ogue/​82M00​
13X20​20001).

Code Availability
Yes.

Declarations

Ethics approval and consent to participate
This study did not need ethics approval.

Competing interests
The authors declare no competing interests.

Author details
1 School of Epidemiology and Public Health, University of Ottawa, 9 Seguin 
Street, Gloucester, ON K1J 6P4 Ottawa, Canada. 2 Department of Geography 
and Planning, University of Saskatchewan, Saskatchewan, Canada. 3 Depart-
ment of International Development Studies, St Mary’s University, Halifax, 

Canada. 4 Kentucky Cabinet for Health and Family Services, Kentucky Depart-
ment for Public Health, Frankfort, USA. 

Received: 20 December 2022   Accepted: 14 July 2023

References
	1.	 Maynard M, Andrade L, Packull-McCormick S, Perlman CM, Leos-Toro 

C, Kirkpatrick SI. Food insecurity and mental health among females in 
high-income countries. Int J Environ Res Public Health. 2018;15(7):1424.

	2.	 Canada Health. Government of Canada. 2010 [cited 2022 Aug 30]. 
Household food insecurity in Canada: Overview. Available from: 
https://​www.​canada.​ca/​en/​health-​canada/​servi​ces/​food-​nutri​tion/​
food-​nutri​tion-​surve​illan​ce/​health-​nutri​tion-​surve​ys/​canad​ian-​commu​
nity-​health-​survey-​cchs/​house​hold-​food-​insec​urity-​canada-​overv​iew.​
html.

	3.	 Tarasuk V, Mitchell A. (2020). Household food insecurity in Canada, 2017-
18. Retrieved from https://​proof.​utoro​nto.​ca/​wp-​conte​nt/​uploa​ds/​2020/​
03/​House​hold-​Food-​Insec​urity-​in-​Canada-​2017-​2018-​Full-​Repor​tpdf.​pdf

	4.	 Polsky JY, Gilmour H. Food insecurity and mental health during the 
COVID-19 pandemic. Health Rep. 2020;31(12):3–11.

	5.	 FAO, IFAD, UNICEF, WFP, WHO. The state of food Security and nutrition in 
the world 2017. Building resilience for peace and food security. [Internet]. 
FAO; 2017 [cited 2022 Aug 20]. Available from: http://​www.​fao.​org/3/​a-​
I7695e.​pdf.

	6.	 Food and Agriculture Organization (United Nations). The state of food 
security and nutrition in the world 2021 [Internet]. [cited 2022 Aug 30]. 
Available from: https://​www.​fao.​org/​publi​catio​ns/​sofi/​2021/​en/.

	7.	 Weaver LJ, Meek D, Hadley C. Exploring the role of culture in the link 
between mental health and food insecurity: a case study from Brazil. 
Annals of anthropological practice. 2014;38(2):250–68.

	8.	 Gucciardi E, Vogt JA, Demelo M, Stewart DE. Exploration of the relation-
ship between household food insecurity and iiabetes in Canada. Diabe-
tes Care. 2009;32(12):2218–24.

	9.	 Koyanagi A, Stubbs B, Oh H, Veronese N, Smith L, Haro JM, et al. Food 
insecurity (hunger) and suicide attempts among 179,771 adolescents 
attending school from 9 high-income, 31 middle-income, and 4 low-
income countries: a cross-sectional study. J Affect Disord. 2019;248:91–8.

	10.	 Davison KM, Marshall-Fabien GL, Tecson A. Association of moderate and 
severe food insecurity with suicidal ideation in adults: national survey 
data from three canadian provinces. Soc Psychiatry Psychiatr Epidemiol. 
2015;50(6):963–72.

	11.	 Kamdar NP, Horning ML, Geraci JC, Uzdavines AW, Helmer DA, Hundt 
NE. Risk for depression and suicidal ideation among food insecure US 
veterans: data from the National Health and Nutrition Examination Study. 
Soc Psychiatry Psychiatr Epidemiol. 2021;56(12):2175–84.

	12.	 Jessiman-Perreault G, McIntyre L. Household food insecurity narrows the 
sex gap in five adverse mental health outcomes among canadian adults. 
Int J Environ Res Public Health. 2019;16(3):319.

	13.	 Pound CM, Chen Y. Female sex and food insecurity in relation to self-
reported poor or fair mental health in canadian adults: a cross-sectional 
study using national survey data. CMAJ open. 2021;9(1):E71–8.

	14.	 Public Health Agency of Canada. Mood and anxiety disorders in Canada 
[Internet]. 2015 [cited 2022 Nov 14]. Available from: https://​www.​canada.​
ca/​en/​public-​health/​servi​ces/​publi​catio​ns/​disea​ses-​condi​tions/​mood-​
anxie​ty-​disor​ders-​canada.​html.

	15.	 Canadian Mental Health Association. Mood Disorders [Internet]. [cited 
2022 Nov 14]. Available from: https://​cmha.​bc.​ca/​docum​ents/​mood-​disor​
ders-2/.

	16.	 Martin MS, Maddocks E, Chen Y, Gilman SE, Colman I. Food insecurity 
and mental illness: disproportionate impacts in the context of perceived 
stress and social isolation. Public Health. 2016;132:86–91.

	17.	 Sareen J, Afifi TO, McMillan KA, Asmundson GJG. Relationship between 
household income and mental disorders: findings from a population-
based longitudinal study. Arch Gen Psychiatry. 2011;68(4):419–27.

	18.	 Statistics Canada. Canadian Community Health Survey - Annual compo-
nent (CCHS) 2017–2018. Ottawa: Statistics Canada; 2020. [cited 2022 Dec 
4] Available from: https://​www23.​statc​an.​gc.​ca/​imdb/​p3Ins​tr.​pl?​Funct​
ion=​getIn​strum​entLi​st&​Item_​Id=​83913​0&​UL=​AV.

https://www150.statcan.gc.ca/n1/en/catalogue/82M0013X2020001
https://www150.statcan.gc.ca/n1/en/catalogue/82M0013X2020001
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/household-food-insecurity-canada-overview.html
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/household-food-insecurity-canada-overview.html
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/household-food-insecurity-canada-overview.html
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/household-food-insecurity-canada-overview.html
https://proof.utoronto.ca/wp-content/uploads/2020/03/Household-Food-Insecurity-in-Canada-2017-2018-Full-Reportpdf.pdf
https://proof.utoronto.ca/wp-content/uploads/2020/03/Household-Food-Insecurity-in-Canada-2017-2018-Full-Reportpdf.pdf
http://www.fao.org/3/a-I7695e.pdf
http://www.fao.org/3/a-I7695e.pdf
https://www.fao.org/publications/sofi/2021/en/
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/mood-anxiety-disorders-canada.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/mood-anxiety-disorders-canada.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/mood-anxiety-disorders-canada.html
https://cmha.bc.ca/documents/mood-disorders-2/
https://cmha.bc.ca/documents/mood-disorders-2/
https://www23.statcan.gc.ca/imdb/p3Instr.pl?Function=getInstrumentList&Item_Id=839130&UL=AV
https://www23.statcan.gc.ca/imdb/p3Instr.pl?Function=getInstrumentList&Item_Id=839130&UL=AV


Page 8 of 8Sakeah et al. BMC Nutrition            (2023) 9:91 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	19.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. Strengthening the reporting of observational studies in epidemiology 
(STROBE) statement: guidelines for reporting observational studies. BMJ. 
2007;335(7624):806–8.

	20.	 Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, 
et al. The reporting of studies conducted using observational routinely-
collected health data (RECORD) statement. PLoS Med. 2015;12(10).

	21.	 Beland Y. Canadian Community Health Survey – Methodological over-
view. Health Rep. 2002;13(3):9–14.

	22.	 Blot WJ, Day NE. Synergism and interaction: are they equivalent? Am J 
Epidemiol. 1979;110(1):99–100.

	23.	 Rothman KJ, Greenland S, Walker AM. Concepts of interaction. Am J 
Epidemiol. 1980;112(4):467–70.

	24.	 Hosmer DW, Lemeshow S. Confidence interval estimation of interaction. 
Epidemiol (Cambridge Mass). 1992;3(5):452–6.

	25.	 Lee JW, Shin WK, Kim Y, Kotozaki Y. Impact of sex and marital status on the 
prevalence of perceived depression in association with food insecurity. 
PLoS ONE. 2020;15(6):e0234105–5.

	26.	 Bermúdez-Millán A, Wagner JA, Feinn RS, Segura-Pérez S, Damio G, 
Chhabra J, et al. Inflammation and stress biomarkers mediate the associa-
tion between household food insecurity and insulin resistance among 
Latinos with type 2 diabetes. J Nutr. 2019;149(6):982–8.

	27.	 Bermúdez-Millán A, Damio G, Cruz J, D’Angelo K, Segura-Pérez S, Hromi-
Fiedler A, et al. Stress and the social determinants of maternal health 
among puerto rican women: a CBPR approach. J Health Care Poor Under-
served. 2011;22(4):1315.

	28.	 Coplan JD, Gupta NK, Karim A, Rozenboym A, Smith EL, Kral JG, et al. 
Maternal hypothalamic-pituitary-adrenal axis response to foraging uncer-
tainty: a model of individual vs. social allostasis and the” Superorganism 
Hypothesis. PLoS ONE. 2017;12(9):e0184340.

	29.	 McEwen BS. Protective and damaging effects of stress mediators. N Engl J 
Med. 1998;338(3):171–9.

	30.	 Checkley S. Neuroendocrine mechanisms and the precipitation of 
depression by life events. Br J Psychiatry. 1992;160(S15):7–17.

	31.	 Davison KM, Kaplan BJ. Nutrient intakes are correlated with overall 
psychiatric functioning in adults with mood disorders. Can J Psychiatry. 
2012;57(2):85–92.

	32.	 Loopstra R, Tarasuk V. Severity of Household Food Insecurity is sensitive 
to change in Household Income and Employment Status among low-
income families. J Nutr. 2013;143(8):1316–23.

	33.	 McIntyre L, Pow J, Emery JH. A path analysis of recurrently food-insecure 
Canadians discerns employment, income, and negative health effects. J 
Poverty. 2015;19(1):71–87.

	34.	 Tuthill EL, Sheira LA, Palar K, Frongillo EA, Wilson TE, Adedimeji A, et al. 
Persistent food insecurity is associated with adverse mental health 
among women living with or at risk of HIV in the United States. J Nutr. 
2019;149(2):240–8.

	35.	 Jessiman-Perreault G, McIntyre L. The household food insecurity gradient 
and potential reductions in adverse population mental health outcomes 
in canadian adults. SSM - population health. 2017;3(C):464–72.

	36.	 Lee C, Gramotnev H. Life transitions and mental health in a national 
cohort of young australian women. Dev Psychol. 2007;43(4):877.

	37.	 Walker RJ, Garacci E, Dawson AZ, Williams JS, Ozieh M, Egede LE. Trends 
in food insecurity in the United States from 2011–2017: dispari-
ties by age, sex, race/ethnicity, and income. Popul health Manage. 
2021;24(4):496–501.

	38.	 Gundersen C, Kreider B, Pepper J. The economics of food insecurity in the 
United States. Appl Economic Perspect Policy. 2011;33(3):281–303.

	39.	 McIntyre L, Dutton DJ, Kwok C, Emery JH. Reduction of food insecurity 
among low-income canadian seniors as a likely impact of a guaranteed 
annual income. Can Public Policy. 2016;42(3):274–86.

	40.	 Tarasuk V, Fafard St-Germain AA, Mitchell A. Geographic and socio-demo-
graphic predictors of household food insecurity in Canada, 2011–12. BMC 
Public Health. 2019;19(1):1–12.

	41.	 Government of Canada SC. Average and median gender pay ratio in 
annual wages, salaries and commissions [Internet]. 2022 [cited 2022 Nov 
14]. Available from: https://​www150.​statc​an.​gc.​ca/​t1/​tbl1/​en/​tv.​action?​
pid=​14100​32401.

	42.	 Pelletier R, Patterson M, Moyser M. The Gender Wage Gap in Canada: 
1998 to 2018. Labour Statistics: Research Papers. Ottawa: Statistics 
Canada;  2019. Catalogue no. 75-004-M-2019004.

	43.	 Melissa Moyser. Measuring and Analyzing the Gender Pay Gap: A Con-
ceptual and Methodological Overview [Internet]. 2019 [cited 2022 Nov 
14]. Available from: https://​www150.​statc​an.​gc.​ca/​n1/​pub/​45-​20-​0002/​
45200​00220​19001-​eng.​htm.

	44.	 Committee on Examination of the Adequacy of Food Resources and 
SNAP Allotments, Food and Nutrition Board, Committee on National 
Statistics, Institute of Medicine, National Research Council. Supplemental 
Nutrition Assistance Program: Examining the Evidence to Define Benefit 
Adequacy [Internet]. Caswell JA, Yaktine AL, editors. Washington (DC): 
National Academies Press (US); 2013. [cited 2023 Jan 20]. Available from: 
http://​www.​ncbi.​nlm.​nih.​gov/​books/​NBK20​6911/.

	45.	 Ratcliffe C, McKernan SM, Zhang S. How much does the Supplemental 
Nutrition Assistance Program reduce food insecurity? Am J Agric Econ. 
2011;93(4):1082–98.

	46.	 Munger AL, Hofferth SL, Grutzmacher SK. The Role of the Supplemen-
tal Nutrition Assistance Program in the Relationship Between Food 
Insecurity and Probability of Maternal Depression. Journal of Hunger & 
Environmental Nutrition. 2016;11(2):147–61.

	47.	 Oddo VM, Mabli J. Association of participation in the Supplemental Nutri-
tion Assistance Program and Psychological Distress. Am J Public Health. 
2015;105(6):e30–5.

	48.	 Pak TY. Welfare stigma as a risk factor for major depressive disorder: 
evidence from the Supplemental Nutrition Assistance Program. J Affect 
Disorders. 2020;1(260):53–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410032401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410032401
https://www150.statcan.gc.ca/n1/pub/45-20-0002/452000022019001-eng.htm
https://www150.statcan.gc.ca/n1/pub/45-20-0002/452000022019001-eng.htm
http://www.ncbi.nlm.nih.gov/books/NBK206911/

	The joint effect of female sex and food insecurity on self-reported mood disorder among Canadian adults: the Canadian community health survey
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Design
	Study population and variables
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


