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F ood insecurity is defined as the “inability to acquire 
or consume an adequate diet quality or sufficient 
quantity of food in socially acceptable ways, or the 

uncertainty that one will be able to do so.”1 In Canada, 
about 8%–12% of households are reported to experience 
food insecurity2,3 secondary to financial constraints. Food 
insecurity is linked to poverty, single-parent household sta-
tus, reliance on social assistance,4 low educational attain-
ment5 and smoking.6 Food insecurity may increase the risk 
of multiple adverse health consequences, including malnutri-
tion secondary to nutrient inadequacies,7 diabetes,8 cardio-
vascular disease9 and obesity.10 In addition, significant associ-
ations have been reported between food insecurity and 
mental health disorders, specifically mood and anxiety disor-
ders.4,11 One Canadian study reported a prevalence of mental 
illness of 35% among those with food insufficiency,12 in con-
trast to a prevalence of about 10% in the general Canadian 
population.13

Women have been described to be at increased risk com-
pared to men for poor mental health in relation to food inse-
curity4,14 irrespective of educational attainment15 and are more 
likely to experience food insecurity.16 In addition, single 
mothers are disproportionately affected by food insecurity,17 
with more than one-third of female lone-parent families expe-
riencing food insecurity in Canada in 2014,3 which raises con-
cerns for potential negative impacts on children’s physical and 
mental well-being.
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Background: Women with food insecurity are at higher risk for mental health disorders. This study examined the joint effect of 
female sex and food insecurity on self-reported poor or fair mental health in Canadian adults.

Methods: The analysis was based on data from adults (age ≥ 18 yr) who participated in the Canadian Community Health Survey 
(CCHS) 2015–2016. We determined past-year food security level (secure, moderately insecure or severely insecure) based on 
18 questions. We used log-binomial regression to explore associations of sex and food insecurity with self-reported poor or fair men-
tal health. We measured additive interaction between female sex and food insecurity using relative excess risk due to interaction 
(RERI).

Results: The overall response rate for the CCHS was 59.5%. Data for 61 446  respondents were analyzed. Poor or fair mental 
health was reported by 4107 participants (6.1% when weighted to the Canadian population). Increased risk of poor or fair mental 
health was associated with female sex (prevalence ratio [PR] 1.22, 95% confidence interval [CI] 1.12 to 1.31), and moderate 
(PR 2.50, 95% CI 2.21 to 2.82) and severe (PR 4.03, 95% CI 3.59 to 4.52) food insecurity. Significant additive interaction between 
female sex and severe food insecurity was found for those aged 40–64 years (RERI 1.38, 95% CI 0.29 to 2.47), and the PR for poor 
or fair mental health for severely food-insecure women was 5.55 (95% CI 4.48 to 6.89) compared to food-secure men of the same 
age group.

Interpretation: Poor or fair mental health is common in the food-insecure population, and there exists synergism between female 
sex and severe food insecurity among middle-aged people. This suggests the need to develop targeted mental health support strate-
gies for food-insecure people, specifically middle-aged women.
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We hypothesized that female sex and food insecurity have 
an additive interaction on perceived self-reported poor or fair 
mental health in Canadian adults, and our study aimed to 
examine this joint effect.

Methods

Data source
The current study was based on data from the Canadian 
Community Health Survey (CCHS) 2015–2016.18 The 
CCHS is a cross-sectional survey that gathers information 
related to the health status and determinants of health of the 
Canadian population.19 It collects data from people aged 
12 years or more in all 10 provinces and 3 territories. People 
living on reserves and other Aboriginal settlements, full-time 
members of the Canadian Forces, people living in institutions, 
children aged 12–17 living in foster care, and people living in 
the Nunavik Region and the Terres-Cries-de-la-Baie-James 
are excluded from the sampling frame (<  3% of the target 
Canadian population).18

Study population
All participating adults (aged ≥ 18 yr) with data on past-year 
food security status and perceived poor or fair mental health 
were included. We selected perceived mental health, as 
opposed to diagnosed mental health illness, as a health out-
come so as to include people who had not received a diagnosis 
from a health care provider but may still have been experienc-
ing poor or fair mental health. Around 15% of Canadians do 
not have a family physician,20 which makes access to care diffi-
cult for a subset of the population. Estimates based on diag-
nosed mental health disorders may therefore underestimate 
the association between food insecurity and mental health 
illness.

Measurement of mental health
Five levels of self-reported perceived mental health states 
(excellent, very good, good, fair and poor) are collected by the 
CCHS in response to the question “In general, would you say 
your mental health is … excellent/very good/good/fair/poor/
don’t know/refusal/not stated.”21 We focused on the group 
who reported poor or fair mental health.

Combined exposure of food insecurity and sex
The variable used in our study — household food security sta-
tus — was adopted from the Health Canada model of food 
security status levels published in 2007.22 This variable is based 
on a set of 18 questions and describes the food security situa-
tion of the household in the previous 12 months. It captures 
3 kinds of situations: food secure (0 or 1 indication of difficulty 
with income-related food access), moderately food insecure 
(indication of compromise in the quality or quantity, or both, 
of food consumed) and severely food insecure (indication of 
reduced food intake and disrupted eating patterns).21 To 
determine the effect of the joint exposure of sex and food secu-
rity, we grouped participants into 6 categories: male and food 
secure, male and moderately food insecure, male and severely 

food insecure, female and food secure, female and moderately 
food insecure, and female and severely food insecure. We used 
the “male and food secure” group as the reference.

Covariates
We performed a MEDLINE search of the literature to iden-
tify factors known to be associated with food insecu-
rity4–6,17,23–25 as well as factors associated with mental health 
issues.26–28 We chose factors associated with both for which 
data were available in the CCHS survey as covariates for our 
study. These included age (early adulthood [18–39 yr], middle 
age [40–64 yr], older age [≥ 65 yr]), marital status (married or 
common-law; widowed, divorced, separated or single), num-
ber of household members (1–2, 3–4, ≥ 5), educational level 
(less than secondary school, secondary school completed, 
more than secondary school) and smoking status (current 
smoker [daily or occasionally], former smoker, nonsmoker).

Statistical analysis
We used descriptive statistics to describe the distributions of the 
outcome, exposure of interest and covariables. We used the 
χ2 test for group comparisons, using p values accounting for the 
complex survey design. We determined population weighting as 
follows. We calculated a relative weight for each participant that 
was the sampling weight (provided by Statistics Canada) divided 
by the average weight of included participants. We determined 
an adjusted weight by dividing the relative weight by the square 
root of the average design effect of the CCHS survey. We used 
log-binomial regression to determine the prevalence of per-
ceived poor or fair mental health associated with sex and food 
insecurity, taking potential confounding factors into consider-
ation and stratified the estimates for the joint exposure of sex 
and food insecurity by age. We calculated crude and adjusted 
prevalence ratios (PRs) and their 95% confidence intervals (CIs).

To measure the additive interaction between female sex 
and food insecurity in association with perceived poor or fair 
mental health, we calculated relative excess risk due to inter-
action (RERI), attributable portion due to interaction (AP) 
and synergy index (S) and their respective 95% CIs.29 Relative 
excess risk due to interaction measures the proportion of 
increased risk for poor or fair mental health due to the inter-
action of female sex and food insecurity relative to the risk 
without exposure to either factor, AP measures the proportion 
of poor or fair mental health due to the interaction of both 
factors, and S measures the excess risk from the interaction 
relative to the excess risk expected without an interaction 
(sum of individual effects). Age was found to be an effect 
modifier at a p level of < 0.05, and, therefore, we provided 
age-specific additive interaction measures.

To account for the complex survey design (stratified and 
cluster sampling with unequal selection probabilities), we used 
adjusted weights that were calculated based on sampling 
weights and average design effect, for all the point and vari-
ance estimations.

Survey respondents who did not provide information on 
food security status or perceived poor or fair mental health 
were excluded. We performed listwise deletion for covariates 
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with missing values of less than 1%. We performed all statis-
tical analyses using SAS 9.4 software (SAS Institute).

Ethics approval
Ethics approval was not required for this study.

Results

A total of 61 446 participants were included in the analysis. 
Initially, 61 782 survey respondents had data available for the 
exposure (sex and food security status) and the outcome (per-
ceived poor or fair mental health) of interest. Smoking status 
was missing for 151 respondents, marital status for 147 and 
household size for 38. We created an additional category of 
“unknown” for education level, since 701 respondents (1.1%) 
had missing data for this variable (Figure 1). The overall 
response rate for the CCHS 2015–2016 was 59.5%.19

Perceived poor or fair mental health
Table 1 shows the prevalence of perceived poor or fair mental 
health and the distribution of food security status. Overall, 

4107 participants (6.1%) reported perceived poor or fair men-
tal health, and 5332 (7.6%) reported some degree of food 
insecurity. The prevalence of perceived poor or fair mental 
health increased with the level of food insecurity, more so for 
women (food secure 5.3%, moderately food insecure 15.6%, 
severely food insecure 32.5%) than men (4.5%, 14.4% and 
25.2%, respectively). The prevalence of perceived poor or fair 
mental health and the distribution of food security status by 
age are presented in Appendix 1 (available at www.cmajopen.
ca/content/9/1/E71/suppl/DC1).

Association of sex and food security status  
with perceived poor or fair mental health
Table 2 summarizes adjusted PRs for sex and food insecurity 
in association with self-reported poor or fair mental health. 
Overall, the prevalence of perceived poor or fair mental 
health was significantly higher among women than among 
men (PR 1.22, 95% CI 1.12 to 1.31) and among those with 
moderate (PR 2.50, 95% CI 2.21 to 2.82) or severe (PR 4.03, 
95% CI 3.59 to 4.52) food insecurity compared to those with-
out food insecurity. The adjusted PR for perceived poor or 

Missing  n = 2583Missing  n = 3443   

•
•
•
•

CCHS respondents
n = 109 659

Perceived mental health
n = 100 679 eligible

Gender
n = 109 659 eligible

Food security status
n = 66 613 eligible*

Food security status
n = 63 170

Perceived mental health
n = 98 096

Gender
n = 109 659

Combined exposures and
outcome

n = 61 782 

Respondents included
in analysis
n = 61 446

Missing data  n = 1037
Smoking status  n = 151   
Marital status  n = 147  
Household size  n = 38    
Education  n = 701†

Figure 1: Flow diagram showing selection of study participants. *Respondents aged 12–17 years were excluded when a most knowledgeable 
person was not identified. †Retained as “unknown” category. Note: CCHS = Canadian Community Health Survey.
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fair mental health for women experiencing severe food insecu-
rity compared to men with food security was 5.55 (95% CI 
4.48 to 6.89) for those aged 18–39, 4.94 (95% CI 4.06 to 6.02) 
for those aged 40–64, and 2.97 (95% CI 1.48 to 5.95) for 
those aged 65 or more (Table 2).

Additive interaction of sex and food security status 
in relation to perceived poor or fair mental health
Additive interaction measures are presented in Table 3. 
Overall, there was significant synergism between female sex 
and severe food insecurity in association with the risk of 

Table 1: Prevalence of perceived poor or fair mental health by sex, food security status and 
covariates*

Characteristic

No. of respondents

Prevalence, 
% p value

Overall 
n = 61 446

With perceived 
poor or fair 

mental health 
n = 4107

Food security status < 0.001

    Food secure 56 114 2907 4.9

    Moderately food insecure 3189 540 15.1

    Severely food insecure 2143 660 29.3

Sex 0.007

    Male 28 000 1788 5.4

    Female 33 446 2319 6.7

Food security status and sex < 0.001

    Male and food secure 25 894 1326 4.5

Male and moderately food insecure 1215 201 14.4

Male and severely food insecure 891 261 25.2

    Female and food secure 30 220 1581 5.3

Female and moderately food insecure 1974 339 15.6

Female and severely food insecure 1252 399 32.5

Age, yr < 0.001

    18–39 18 622 1282 6.5

    40–64 25 765 1949 6.3

    ≥ 65 17 059 876 4.8

Marital status < 0.001

    Married/common-law 34 299 1619 4.6

Widowed/divorced/separated/single 27 147 2488 8.7

No. of household members < 0.001

    1–2 41 782 2946 6.5

    3–4 15 409 914 5.7

    ≥ 5 4255 247 5.0

Education < 0.001

    Less than secondary 9675 997 9.9

    Secondary completed 13 823 932 6.1

    More than secondary 37 247 2136 5.4

    Unknown 701 42 5.7

Smoking < 0.001

    Current 12 169 1411 10.7

    Former 19 697 1186 5.5

    Never 29 580 1510 4.7

*All proportions are weighted to the Canadian population.
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perceived poor or fair mental health. When stratified by 
age, the synergistic effect was significant only for women 
aged 40–64  years (RERI 1.38, 95% CI 0.29 to 2.47; AP 
0.28, 95% CI 0.09 to 0.47; S 1.54, 95% 1.07 to 2.21) 
(Figure 2).

Interpretation

The prevalence of perceived poor or fair mental health in the 
current study was much higher in the moderately and severely 
food-insecure groups (15.1% and 29.3%, respectively) than in 
the food-secure group (4.9%). We observed an association 
between food insecurity and perceived poor or fair mental 
health in all age categories studied. In addition, for either level 
of food insecurity, point estimates of association measures 
were higher among females than among males, except for 
older adults.

The observed protective effect of age in women is interest-
ing. It could be that older women typically do not have chil-
dren living with them and therefore no longer need to worry 
about providing food for them, which would relieve some of 
the stress associated with food insecurity. We found an addi-
tive interaction between female sex and food insecurity, which 
suggests a synergistic effect on perceived poor or fair mental 
health. This synergism was significantly modified by age: 
when the results were stratified by age, an additive interaction 
between female sex and severe food insecurity was identified 
among those aged 40–64. There was a substantial increase in 
excess risk of perceived poor or fair mental health due to this 
interaction for women aged 40–64 years with severe food 
insecurity relative to the risk for food-secure men of the same 
age bracket.

The observed dose–response relation between severity of 
food insecurity and the risk of poor or fair mental health is 
consistent with a previous report.12

Given the cross-sectional nature of the CCHS, the direc-
tionality of the relation between food insecurity and poor or 
fair mental health cannot be established with certainty. 
Although the chronic stress of food insecurity is thought to 
lead to poor mental health outcomes,30 it is conceivable that 
poor mental health may result in food insecurity, owing to the 
impact of poor mental health on a person’s ability to maintain 
financial stability or manage a household.31

The observed additive interaction between female sex and 
food insecurity is consistent with previous reports showing 
that women are at greater risk for mental health issues in rela-
tion to food insecurity.4,15,16 Although the reason for this is 
unclear, it has been postulated that the chronic stress of food 
insecurity may be felt predominantly by women, as they often 
are the ones responsible for food preparation in a household.30 
The additive interaction was less marked in the younger age 
group (18–39 yr) and absent in the older age group (≥ 65 yr).

In a recent review of 31  studies of food insecurity and 
mental health in women in high-income countries, Maynard 
and colleagues4 noted the paucity of research focusing on 
older women. However, our study highlights the association 
of female sex and food insecurity in relation to poor or fair 

Table 2: Adjusted prevalence ratios for association of sex and 
food security status with perceived poor or fair mental health

Variable PR (95% CI)

Individual exposures of sex and food security*

Sex

    Male Reference

    Female 1.22 (1.12 to 1.31)

Food security

    Food secure Reference

    Moderately food insecure 2.50 (2.21 to 2.82)

    Severely food insecure 4.03 (3.59 to 4.52)

Joint exposure of sex and food security by age†

Overall

Male

    Food secure Reference

    Moderately food insecure 2.65 (2.19 to 3.21)

    Severely food insecure 3.78 (3.17 to 4.51)

Female

    Food secure 1.20 (1.10 to 1.32)

    Moderately food insecure 2.91 (2.49 to 3.41)

    Severely food insecure 5.05 (4.39 to 5.82)

Age 18–39 yr

Male

    Food secure Reference

    Moderately food insecure 2.11 (1.52 to 2.92)

    Severely food insecure 4.15 (3.19 to 5.40)

Female

    Food secure 1.43 (1.22 to 1.66)

    Moderately food insecure 3.48 (2.79 to 4.34)

    Severely food insecure 5.55 (4.48 to 6.89)

Age 40–64 yr

Male

    Food secure Reference

    Moderately food insecure 3.13 (2.43 to 4.03)

    Severely food insecure 3.42 (2.63 to 4.44)

Female

    Food secure 1.14 (0.99 to 1.32)

    Moderately food insecure 2.56 (1.99 to 3.28)

    Severely food insecure 4.94 (4.06 to 6.02)

Age ≥ 65 yr

Male

    Food secure Reference

    Moderately food insecure 3.79 (2.03 to 7.06)

    Severely food insecure 5.80 (3.02 to 11.11)

Female

    Food secure 0.94 (0.74 to 1.20)

    Moderately food insecure 2.13 (1.19 to 3.80)

    Severely food insecure 2.97 (1.48 to 5.95)

Note: CI = confidence interval, PR = prevalence ratio.
*Variables included in the model were sex, food security status, age, education, 
marital status, smoking and household size.
†Variables included in the models were the combination of sex and food security 
status, age (overall model only), education, marital status, smoking and 
household size.
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mental health in women aged 40–64 years, which emphasizes 
the need to develop interventions targeted to this age group. 
This synergism of female sex and food insecurity also has 

implications for children’s health, since maternal mental 
health is known to affect children’s development32,33 and many 
women aged 40–64 are of child-rearing age. In addition, 

Common reference category

Sex

Severe food insecurity

Sex and severe food insecurity

0

1

2

3

4

5

6

1 2 3 4

Exposure category

P
re

va
le

n
ce

 r
at

io

Figure 2: Synergism between female sex and severe food insecurity in association with self-reported perceived poor or fair mental health 
among respondents aged 40–64 years. Category 1 = reference, category 2 = risk of poor or fair mental health conferred by sex, category 3 = 
risk of poor or fair mental health conferred by severe food insecurity, category 4 =  risk of poor or fair mental health conferred by sex and severe 
food insecurity combined (additive interaction).

Table 3: Measures of additive interaction for sex and food security status in association with perceived poor or fair 
mental health, overall and stratified by age group

Exposure category

Additive interaction measure (95% CI)

RERI AP Synergy index

Overall

Severe food insecurity female v. male sex 1.07 (0.24 to 1.89) 0.21 (0.06 to 0.36) 1.36 (1.06 to 1.74)

Moderate food insecurity female v. male sex 0.05 (–0.57 to 0.68) 0.02 (–0.20 to 0.23) 1.03 (0.74 to 1.44)

Age, yr

18–39

Severe food insecurity female v. male sex 0.97 (–0.38 to 2.33) 0.18 (-0.05 to 0.40) 1.27 (0.90 to 1.79)

Moderate food insecurity female v. male sex 0.95 (0.02 to 1.87) 0.27 (0.04 to 0.51) 1.62 (0.97 to 2.70)

40–64

Severe food insecurity female v. male sex 1.38 (0.29 to 2.47) 0.28 (0.09 to 0.47) 1.54 (1.07 to 2.21)

Moderate food insecurity female v. male sex –0.72 (–1.65 to 0.22) –0.28 (–0.68 to 0.12) 0.68 (0.42 to 1.11)

≥ 65

Severe food insecurity female v. male sex –2.7 (–6.93 to 1.40) –0.93 (–2.70 to 0.84) 0.42 (0.12 to 1.47)

Moderate food insecurity female v. male sex –1.60 (–4.18 to 0.98) –0.75 (–2.18 to 0.68) 0.41 (0.11 to 1.55)

Note: AP = attributable portion due to interaction, CI = confidence interval, RERI = relative excess risk due to interaction.
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research focusing on older women affected by food insecurity 
would be helpful to explore potential resiliency factors that 
may confer a protective effect.

Given the current novel coronavirus situation and the very 
unstable financial climate, the prevalence of moderate and 
severe food insecurity is likely to increase substantially over 
the next few months, which may result in an even higher bur-
den of mental health issues in this subset of the Canadian 
population. There is therefore an urgent need to continue 
raising awareness regarding the prevalence of mental health 
illnesses in food-insecure people.

Limitations
The overall response rate was relatively low for the CCHS. 
This may have affected the magnitude of the relation between 
food insecurity, sex and poor or fair mental health, as food-
insecure people and those with poor or fair mental health may 
not prioritize participating in a survey. Aboriginal people liv-
ing on reserve, who are known to be at high risk for both food 
insecurity and poor or fair mental health,34 are excluded from 
the CCHS sampling frame. Homeless people, also at greater 
risk for food insecurity,35 are also excluded. Although it is not 
possible to predict with certainty the direction and magnitude 
of the impact these groups would have on our results, we 
hypothesize that their exclusion biases our results toward the 
null, given the high prevalence of food insecurity and poor or 
fair mental health in these groups.

The choice of outcome of interest, self-perceived poor or 
fair mental health (as compared to diagnosed mental health 
illness), can be considered both a limitation and a strength. 
Mental health disorders are known to be underdiagnosed in 
Canada.36 Also, although self-reporting of mental health states 
is not based on any strict criteria, it does allow the inclusion of 
people with poor or fair mental health that have not been 
diagnosed owing to a multitude of reasons, including lack of 
access to care. Although self-reported mental health states 
cannot be used to assess the prevalence of specific disorders 
such as depression and anxiety, it allows for broader inclusion 
of people at risk by potentially identifying clinically unappar-
ent issues.

Finally, because the CCHS is cross-sectional, temporality 
of the association cannot be established with certainty.

Conclusion
This study shows the high prevalence of poor or fair mental 
health in those who are food insecure and highlights the 
association between food insecurity and perceived poor or 
fair mental health. It also emphasizes the synergistic effect 
of female sex and food insecurity, associated with an excess 
risk of poor or fair mental health, in particular among 
women aged 40–64 years. Heightened consideration should 
be given to the development of innovative and far-reaching 
screening methods, as well as the implementation of strate-
gies to support the mental health of food-insecure people, 
specifically middle-aged women in light of their heightened 
risk of poor mental health outcomes in relation to food 
insecurity.
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