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Abstract
Objective: To examine the relationship between the dietary quality of Canadian
children and adults and household food insecurity status.
Design: Dietary intake was assessed with one 24-h recall. Households were
classified as food secure or marginally, moderately or severely food insecure based
on their responses to the Household Food Security Survey Module. We applied
multivariable analyses of variance to determine whether % energy from ultra-
processed foods, fruit and vegetable intake, Healthy Eating Index (HEI) scores,
macronutrient composition and micronutrient intakes per 1000 kcal differed by
food insecurity status after accounting for income, education and region.
Analyses were run separately for children 1–8 years and 9–18 years and men
and women 19–64 years of age.
Setting: Ten provinces in Canada.
Participants: Respondents to the 2015 Canadian Community Health Survey-
Nutrition, aged 1–64 years, with complete food insecurity data and non-zero
energy intakes, N 15 909.
Results: Among adults and children, % energy from ultra-processed foods was
strongly related to severity of food insecurity, but no significant trendwas observed
for fruit and vegetable intake or HEI score. Carbohydrate, total sugar, fat and
saturated fat intake/1000 kcal did not differ by food insecurity status, but there
was a significant negative trend in protein/1000 kcal among older children,
a positive trend in Na/1000 kcal among younger children and inverse associations
between food insecurity severity and several micronutrients/1000 kcal among
adults and older children.
Conclusions: With more severe household food insecurity, ultra-processed food
consumption was higher, and diet quality was generally lower among both adults
and children.
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Household food insecurity is a pervasive problem in
many affluent countries, including Canada. In 2017–2018,
12·7 % of Canadian households reported some food
insecurity(1), and the rate appears to have risen through
the COVID-19 pandemic(2). Household food insecurity
is a well-established social determinant of health in
Canada, associated with a myriad of adverse health out-
comes among children(3,4) and adults(5–12). The relationship
between household food insecurity and measures of
ill health is graded, with more severe food insecurity
associated with greater likelihood of physical and mental
health problems(12–14), hospitalisation(15–17) and premature
death(18,19). The pathways through which household food

insecurity impacts health and chronic disease management
are not well understood, but among them is likely the effect
of food insecurity on dietary intakes.

Several studies in high-income countries have reported
the greater likelihood of sub-optimal dietary intakes among
adults and children in food-insecure households(20–29).
Analyses of a population dietary intake survey conducted
in Canada in 2004 revealed heightened nutritional vulner-
ability among older children, adolescents and adults in
food-insecure households(28,30,31). A subsequent compari-
son with US data suggested that food insecurity was a
stronger marker of nutrient inadequacies in Canada than
in the USA(29). A second population survey conducted in
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2015 revealed both positive(32–36) and negative(34,35,37,38)

changes in the nutritional quality of Canadians’ dietary
intakes. To date, there has been no comprehensive analysis
of dietary intakes in relation to household food insecurity
status using the more recent data, but food insecurity has
been negatively associated with several indicators of
diet quality in studies of specific population subgroups
(e.g. school-aged children)(35,39–41). These studies have all
treated food insecurity as a simple binary variable, but
US research has revealed greater nutritional vulnerability
among individuals exposed to more severe household
food insecurity (a condition labelled ‘very low food
security’ in the USA)(21,27,42).

As household food insecurity rises in Canada(2) and the
Canadian government launches small-scale market and
voucher programmes to improve vulnerable households’
access to fresh produce(43), current nationally representa-
tive data on the nutritional implications of food insecurity
are needed. Themuchmore negative associations between
severe food insecurity and health in Canada(12,15,16,18,19,44),
coupled with evidence of the extreme financial hardships
that define this condition(45–48), suggest that food intakes
may be particularly compromised in severely food-
insecure households. Drawing on 24-h dietary intake recall
data from the population survey conducted in 2015, the
objective of the current study was to examine the relation-
ship between the dietary intakes of Canadian children and
adults and their household food insecurity status, consider-
ing multiple indicators of diet quality and applying a
four-level categorical variable(49) to differentiate the
severity of household food insecurity.

Methods

Study sample
The current study used data from the 2015 nutrition-
focused Canadian Community Health Survey (CCHS
2015 Nutrition) (n 20 487), a nationally representative
survey of Canadians 1 year of age and older, living in the
ten provinces(50). This survey consisted of an in-person
interview during which participants completed a 24-h
dietary intake recall and general health questionnaire

and had their height andweight measured. About one-third
of participants completed a second 24-h recall 3–10 d later.
Full-time members of the Canadian Armed Forces, people
living in the territories, on First Nations communities, in
institutions and in certain remote areas, and people experi-
encing homelessness were excluded from the survey(50).

The current study focused on individuals aged
1–64 years who completed the first 24-h recall, excluding
individuals with missing food insecurity data and those
with zero energy intakes. Additionally, we excluded adults
65 years and older because of the very low prevalence of
food insecurity among this age group, a phenomenon that
has been linked to the protective effects of the public
old-age pension programme in Canada(51). We also
excluded women who reported being pregnant or breast-
feeding because we were unable to apply the Healthy
Eating Index to this group. We excluded children who con-
sumed breastmilk because of our inability to quantify intakes
from this source. Our final sample size was 15 909.

Household food insecurity status
Household food insecurity status was assessed with the
eighteen-item Household Food Security Survey Module
(HFSSM)(52), completed by the most knowledgeable
member of the household 18 years and older. This module,
developed by the US Department of Agriculture to monitor
food insecurity in that country, captures a gradient of expe-
riences ranging from worry about running out of food, to
compromising the quality of food consumed, to reducing
the amount of food consumed or skipping meals, with all
questions specifying that the reason for compromise is
due to a lack of money(53). The HFSSM refers to the previous
12 months, with ten questions about adults’ experiences
and eight questions referring to children’s experiences.
We categorised household food insecurity status as a four-
level variable based on the number of affirmative responses,
applying Canada’s coding thresholds to define marginal,
moderate and severe food insecurity as outlined in Table 1.

Dietary recall data
The 24-h dietary intake recalls were conducted by trained
interviewers using an adaptation of the US Department of

Table 1 Determination of household food security status, based on the household food security survey module*

Status Interpretation
Ten item adult food
security scale

Eight item child food
security scale

Food secure No report of income-related problems of food access. No items affirmed No items affirmed
Marginal food
insecurity

Some indication of worry or an income-related
barrier to adequate, secure food access.

Affirmed no more than
1 item on either scale

Moderate food
insecurity

Compromise in quality and/or quantity of food
consumed by adults and/or children due to a lack of
money for food.

2 to 5 positive responses 2 to 4 positive responses

Severe food
insecurity

Disrupted eating patterns and reduced food intake
among adults and/or children.

6 or more positive
responses

5 or more positive
responses

*Based on Canada’s classification system for this module(49).
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Agriculture’s Automated Multiple Pass Method(50). Among
children 1-5 years of age, parents or guardians completed
the interview by proxy. Children aged 6–11 years com-
pleted the interviewwith their parent or guardian, and indi-
viduals aged 12 years and older completed the interview
individually(50). For the current study, we used the first
24-h recall completed by/for each participant. Food and
nutrient composition data were obtained from the 2015
Canadian Nutrient File(50).

Indicators of dietary quality
The healthfulness of food selection was assessed by
three measures closely related to Canada’s Dietary
Guidelines(54): (1) The Canadian Healthy Eating Index
(HEI-C)(55) provided a composite index of diet quality.
The HEI-C is based on the 2007 Canada’s Food Guide; it
has eleven subgroup scores which include adequacy and
moderation components and sum to a maximum possible
score of 100(55). Adequacy is based on the number of serv-
ings of food groups consumed; moderation is assessed by
comparing saturated fat, Na, solid fats, alcohol and sugar
intakes to prescribed thresholds(55); (2) fruit and vegetable
intake was assessed by applying the definitions of servings
provided in the 2007 Canada’s Food Guide(56) and (3) the
percent of energy from ultra-processed foods was deter-
mined by applying the Nova classification(57,58) to all foods
and beverages in the Food and Ingredient Details file and
associated Nutrition Survey System food codes assigned to
foods and ingredients in CCHS 2015 Nutrition(58). Although
this classification system differentiates unprocessed or
minimally processed foods, processed culinary ingredients,
processed foods and ultra-processed food and drink
products, the latter category has been most consistently
associated with adverse health outcomes(59–61). We there-
fore collapsed the first three categories to create a binary
variable and expressed ultra-processed food intake as a
percent contribution to total energy.

We also assessed individuals’ intakes of macronutrients,
saturated fat, total sugar, dietary fibre, Na and a broad
spectrum of micronutrients, including vitamin A, vitamin
C, vitamin D, thiamin, riboflavin, niacin, vitamin B6, folate,
vitamin B12, Ca, Fe, Mg, P, K and Zn because they were pre-
viously associated with food insecurity in Canada(28).
Because we were interested in the composition of the diet
rather than absolute nutrient intakes, we standardised
micronutrients and dietary fibre per 1000 kcal and
expressed protein, fat, saturated fat, carbohydrates and
total sugar as percent of total energy.

Socio-demographic characteristics
Covariates for education, income and region of residence
were included in multivariable analyses because these
demographic characteristics are related to household food
insecurity status(46) and self-reported dietary intakes(62–66)

in Canada. We applied a three-level categorical variable

denoting the highest level of educational attainment in
the household (defined as high school or less, some post-
secondary certification or university degree), assigning
respondents with missing data to the modal category.
We also included a binary variable to differentiate
households in the lowest income quintile from others.
Household income quintiles were determined for the
sample using self-reported income adjusted for household
size by dividing by the square root of the number of people
in the household to account for economies of scale. Statistics
Canada provided imputed values for all households
with missing income information. To capture major geo-
graphic differences in the sample, region was defined as
the Atlantic provinces (Newfoundland, Nova Scotia, New
Brunswick and Prince Edward Island), Quebec, Ontario,
the Prairies (Manitoba, Saskatchewan and Alberta) or
British Columbia.

Statistical analyses
All analyses were stratified by age and sex (among adults),
grouping children 1–8 years of age, children 9–18 years
of age, males 19–64 years of age and females 19–64 years
of age to facilitate the exploration of potential age and
sex differences. Prior Canadian research has revealed
differences in the extent and nature of nutritional vulner-
ability associated with moderate/severe household food
insecurity across age-sex groups(28). Additionally, several
studies have documented greater compromises in the
self-reported diets of adults than children in food-insecure
households(67,68). Our interest in examining diet quality
within age-sex groups had to be balanced by the need to
retain sufficient observations within groups to compare
intakes by severity of household food insecurity. We sep-
arated children by age rather than by sex because prior
Canadian research suggested that the relationship between
household food insecurity and children’s dietary intakes
differed more by age than sex(28).

Our analysis focused on a comparison of group mean
intakes from one 24-h recall by food insecurity statuswithin
these age and sex groupings. The mean of the observed
intakes on a single 24-h recall can be considered an
unbiased estimate of themean usual intake of the group(69),
assuming that the survey design has considered seasonality
and weekday, as was done in CCHS 2015 Nutrition.

Socio-demographic characteristics and dietary intake
variables were summarised by household food insecurity
status as proportions for categorical variables and
means with standard errors for continuous variables.
Socio-demographic characteristics were compared by
household food insecurity status within age/sex groups
using χ2 tests. We compared all dietary intake variables
by household food insecurity status using ANOVA, running
separate models for each age-sex stratum. Our initial
models adjusted for age and sex among the two groups
of children and age among the two adult groups. These
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models were then further adjusted for household socio-
demographic characteristics to determine how diet quality
related to severity of household food insecurity indepen-
dent of relevant confounders. To satisfy ANOVA’s require-
ment for normality, box-cox transformations were applied
to non-normally distributed variables. The Scheffe test was
applied to test for differences between least squares means
derived from the fully adjusted models by food insecurity
status, while accounting for multiple comparisons. Tests
for trend assessed whether there was a linear relationship
between groupmean intakes and the severity of household
food insecurity (as measured by the four-level categorical
variable) in the fully adjusted models.

To ensure population-representativeness, survey
weights were applied in all analyses, using a weighted
bootstrap technique to estimate variance. A P-value of
0·05 was considered significant. Statistical analyses were
performed using SAS 9.4 software (2013, SAS Institute Inc.).

Results

The prevalence of household food insecurity in this sample
was 13·8 %, with 4·4 % of individuals living in marginally
food-insecure households, 6·7 % in moderately food-
insecure households and 2·7 % in severely food-insecure
households. The distribution of household food insecurity
status differed across age/sex groups, with a lower preva-
lence of food security among children than adults (Fig. 1).
The distributions of household education and income
differed by household food security status among all
age/sex groups, with lower educational attainment among

food-insecure households and an increasing proportion of
households in the lowest income quintile as severity of
food insecurity worsened (Table 2).

Food selection and overall diet quality
Food insecurity status was strongly related to HEI-C scores,
the mean % energy from ultra-processed foods and fruit
and vegetable intakes across most groups when only age
and sex were taken into account (Table 3). After adjust-
ment for socio-demographic characteristics, there was no
significant trend in HEI-C scores or fruit and vegetable
intakes for any group, but moderate food insecurity was
associated with significantly lower HEI-C scores than
food security for children 1–8 years, men and women.
Additionally, fruit and vegetable intakes were lower among
younger children in moderately food-insecure households
compared with the food secure and among women in
severely food-insecure compared with moderately inse-
cure households (Table 3). Among all four age/sex groups,
the mean % energy from ultra-processed foods was
significantly higher among those with more severe food
insecurity, with significant trends for all groups (Table 3).
The difference between the mean % energy from
ultra-processed foods among food-secure and severely
food-insecure younger children, men and women was
approximately 10 percentage points.

Macronutrient, sugar, sodium and fibre intakes
There was no statistically significant difference in the mean
proportion of energy from fat, carbohydrate, sugar or satu-
rated fat by food insecurity status for any group (Table 4).
The only difference observed in Na intakes per 1000 kcal
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Fig. 1 (colour online) Prevalence of household food insecurity. , Food secure; , Marginal food insecurity; , Moderate food
insecurity; , Severe food security
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was among young children. Those in severely food
insecure households had higher mean intakes, and the
trend was significant (Ptrend= 0·018). However, in the fully
adjusted ANOVA model, mean Na intakes did not differ
significantly among younger children by household food
insecurity status (P= 0·097).

Compared with the food secure, protein comprised
a significantly lower proportion of energy among older
children in severely food-insecure households and men
in moderately food-insecure households, and there was
a significant trend in the % energy from protein for
older children (Ptrend= 0·010) (Table 4). Dietary fibre per
1000 kcal differed by food insecurity status only among
women, with a lower mean intake among those who were
severely food insecure and a significant negative trend
(Ptrend= 0·001).

Micronutrient intakes
Few statistically significant differences were observed
in micronutrient intakes by household food security
status among fully adjusted models across age-sex strata.
No statistically significant trends in micronutrient intakes
per 1000 kcal were observed for younger children, but

younger children in moderately insecure households had
significantly lower mean intakes of vitamins A, D, B6,
B12, Ca, P and K compared with the food secure and signifi-
cantly lower mean intakes per 1000 kcal of vitamin D,
riboflavin, vitamin B12, Ca, Mg and P than marginally
food-insecure children (Table 5). The Ca and P intakes/
1000 kcal of younger children in marginally food-insecure
households were, on average, significantly higher than
children in food-secure households (Table 5).

Among older children, severe food insecurity was asso-
ciated with significantly lower mean thiamin, niacin, P and
Zn intakes/1000 kcal, and there were significant trends for
thiamin, niacin, Mg and Zn (Ptrend= 0·021, 0·044, 0·039 and
0·006, respectively).

Among women, there was a significant trend for Mg
(Ptrend= 0·008), but no other significant differences in
mean micronutrient intakes/1000 kcal by food insecurity
status once socio-demographic characteristics were taken
into account (Table 5).

Among men, there were significant trends in vitamin C
and Zn intakes per 1000 kcal by food insecurity status
(Ptrend= 0·035 and 0·017, respectively) (Table 5).
Additionally, men in moderately food-insecure households
had significantly lower mean intakes of niacin, Mg, P and

Table 2 Household characteristics by age/sex and household food security status

Food-secure
Marginally food

insecure
Moderately

food insecure
Severely food

insecure

P > χ2% SE % SE % SE % SE

Younger Children, 1–8 years
Household education
High school or below 9·1 1·01 31·3 8·69 36·9 5·38 47·2 8·17 <0·001
Some postsecondary* 39·4 1·82 33·1 7·64 43·2 5·58 39·2 8·31
Bachelor’s degree or higher 51·4 1·95 35·7 8·70 19·9 4·61 13·6 5·53

Income quintile
1 14·0 1·31 50·6 8·77 59·9 5·44 70·3 7·83 <0·001
2 to 5 86·0 1·31 49·4 8·77 40·1 5·44 29·7 7·83

Older Children, 9–18 years
Household education
High school or below 15·4 1·13 25·2 5·01 36·9 3·98 36·1 6·43 <0·001
Some postsecondary* 38·2 1·41 46·7 5·86 38·6 3·99 58·5 6·68
Bachelor’s degree or higher 46·5 1·63 28·1 5·38 24·6 3·84 5·5 2·58

Income quintile
1 13·6 1·03 39·9 5·86 55·7 4·37 76·4 5·71 <0·001
2 to 5 86·4 1·03 60·1 5·86 44·3 4·37 23·6 5·71

Women, 19–64 years
Household education
High school or below 16·7 1·09 20·4 4·93 39·7 4·54 40·5 7·03 <0·001
Some postsecondary* 37·1 1·44 55·8 6·52 42·8 4·93 43·1 8·51
Bachelor’s degree or higher 46·2 1·55 23·8 5·11 17·6 4·39 16·4 5·45

Income quintile
1 11·2 0·88 31·4 6·08 45·4 4·77 76·9 5·07 <0·001
2 to 5 88·8 0·88 68·6 6·08 54·6 4·77 23·1 5·07

Men, 19–64 years
Household education
High school or below 16·3 1·16 30·3 6·40 37·0 4·76 58·7 9·03 <0·001
Some postsecondary* 40·5 1·67 55·0 7·04 38·1 4·88 28·8 7·72
Bachelor’s degree or higher 43·2 1·64 14·7 3·90 24·9 4·56 12·5 6·47

Income quintile
1 11·3 1·28 23·8 5·84 47·3 4·87 62·2 8·62 <0·001
2 to 5 88·7 1·28 76·2 5·84 52·7 4·87 37·8 8·62

*Trade certificate or diploma, college/CEGEP/other non-university certificate or diploma, university certificate or diploma below the bachelor’s level, or not stated.
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Table 3 Indicators of diet quality by age/sex and household food insecurity status

Food-secure
Marginally food

insecure
Moderately food

insecure
Severely food

insecure
P-value†
(model 1)

P-value‡
(model 2)

Ptrend

(model 2)Mean* SEM Mean* SEM Mean* SEM Mean* SEM

Healthy Eating Index – Canada 2005 score
Younger children, 2–8 years§ 71·5a 0·42 71·5a 1·80 65·0b 1·29 68·0a,b 1·71 <0·001 0·079 0·467
Older children, 9–18 years 62·7a 0·34 59·9a 1·36 60·8a 1·24 58·6a 1·87 0·014 0·149 0·159
Women, 19–64 years 62·9a 0·40 62·2a,b 1·95 57·8b 1·27 57·7a,b 1·83 <0·001 0·027 0·061
Men, 19–64 years 60·4a 0·43 56·8a 2·15 54·7b 1·31 56·8a,b 2·40 <0·001 0·008 0·196

Fruit & vegetables (servings)
Younger children, 1–8 years 4·0a 0·10 3·4a,b 0·31 2·9b 0·20 3·5a,b 0·56 0·001 0·148 0·436
Older children, 9–18 years 4·1a 0·09 4·4a 0·49 3·6a 0·28 4·3a 0·57 0·207 0·562 0·968
Women, 19–64 years 4·4a,b 0·10 3·8a,b 0·40 4·0a 0·30 3·0b 0·53 0·007 0·223 0·106
Men, 19–64 years 4·6a 0·10 4·1a 0·48 3·8a 0·31 3·7a 0·63 0·004 0·510 0·408

Ultra-processed intake (% energy)
Younger children, 1–8 years 41·6a 0·59 40·6a 3·46 50·2b 1·88 52·0b,c 2·77 <0·001 0·005 0·002
Older children, 9–18 years 46·8a 0·54 49·7a,b 1·89 47·3a,b 1·62 47·3b 1·62 0·073 0·062 0·049
Women, 19–64 years 37·6a 0·56 38·9a 1·98 40·9a 1·69 45·8b 2·40 0·002 0·029 0·003
Men, 19–64 years 37·5a 0·66 42·5a,b 2·87 46·7b 2·37 47·0b 3·70 <0·001 0·002 0·009

SEM, standard error of the mean.
*Separate models were run for each age-sex stratum. Means were derived from ANOVA, adjusted for age and sex (children’s models only).
†P-values were derived from ANOVA, adjusted for age and sex (children’s models only) with household food insecurity status entered as a four-level categorical variable.
‡P-values were derived from ANOVA, adjusted for age, sex (children’s models only), education, income and region, with household food insecurity status entered as a four-level categorical variable.
§Among children aged 2–8 years as Canada’s Food Guide 2007 recommendations were created for≥ 2 years.
a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0·05).
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Table 4 Macronutrient, fibre, sugar and sodium intakes by age/sex and household food insecurity status

Food-secure
Marginally food

insecure
Moderately food

insecure
Severely food

insecure
P-value†
(model 1)

P-value
(model 2)

Ptrend‡
(model 2)Mean* SEM Mean* SEM Mean* SEM Mean* SEM

Protein (% energy)
Younger children, 1–8 years 16·0a 0·16 15·3a 0·44 15·0a 0·39 15·2a 0·56 0·039 0·338 0·493
Older children, 9–18 years 16·0a 0·18 15·0a,b 0·50 15·5a 0·39 13·8b 0·50 0·001 0·027 0·010
Women, 19–64 years 17·3a 0·17 17·7a 0·81 17·3a 0·69 16·5a 0·71 0·689 0·786 0·407
Men19–64 years 17·7a 0·17 16·4a,b 0·57 16·1b 0·61 16·6a,b 0·88 0·011 0·015 0·167

Fat (% energy)
Younger children, 1–8 years 31·0a 0·25 30·1a 1·03 31·9a 0·97 31·9a 0·97 0·444 0·279 0·073
Older children, 9–18 years 31·7a 0·24 32·7a 1·11 31·5a 0·86 33·1a 1·20 0·502 0·297 0·268
Women, 19–64 years 32·9a 0·31 32·7a 1·05 32·8a 0·93 31·0a 1·18 0·445 0·737 0·357
Men, 19–64 years 32·7a 0·29 34·2a 1·68 32·1a 1·18 32·4a 1·53 0·787 0·772 0·607

Carbohydrates (% energy)
Younger children, 1–8 years 54·4a 0·35 55·9a 1·18 54·3a 1·17 53·6a 1·30 0·608 0·567 0·247
Older children, 9–18 years 53·4a 0·31 53·4a 1·16 54·2a 0·88 54·3a 1·39 0·804 0·965 0·789
Women, 19–64 years 48·8a 0·36 49·7a 1·34 50·0a 1·35 51·8a 1·93 0·312 0·681 0·319
Men, 19–64 years 47·2a 0·35 47·9a 1·97 48·5a 1·23 49·3a 2·01 0·555 0·960 0·646

Sugar (% energy)
Younger children, 1–8 years 25·7a 0·30 24·9a 1·90 24·6a 1·01 25·8a 1·33 0·700 0·443 0·704
Older children, 9–18 years 23·0a 0·27 22·8a 1·30 22·8a 0·79 23·7a 1·46 0·955 0·482 0·163
Women, 19–64 years 19·2a 0·29 19·4a 0·92 21·1a 1·03 22·0a 1·41 0·097 0·194 0·062
Men, 19–64 years 17·9a 0·25 19·6a 1·33 19·5a 1·26 19·4a 1·78 0·269 0·171 0·285

Fibre (g/1000 kcal)
Younger children, 1–8 years 9·0a 0·14 8·4a 0·49 8·0a 0·37 8·8a 0·42 0·063 0·382 0·326
Older children, 9–18 years 8·4a 0·09 8·4a 0·09 8·2a 0·56 7·7a 0·39 0·211 0·323 0·112
Women, 19–64 years 10·6a 0·16 9·3a,b 0·49 9·2a,b 0·43 8·0b 0·51 <0·001 0·002 0·001
Men, 19–64 years 8·8a 0·13 9·0a 0·63 8·1a 0·44 7·7a 0·53 0·055 0·245 0·130

Saturated fat (% energy)
Younger children, 1–8 years 11·8a 0·14 11·9a 0·71 11·9a 0·44 12·0a 0·69 0·987 0·947 0·669
Older children, 9–18 years 11·1a 0·11 10·7a 0·48 10·9a 0·39 10·7a 0·50 0·602 0·974 0·901
Women, 19–64 years 10·6a 0·13 10·7a 0·44 10·7a 0·39 9·6a 0·58 0·332 0·496 0·201
Men, 19–64 years 10·3a 0·11 11·4a 0·82 10·6a 0·48 9·8a 0·56 0·429 0·413 0·182

Na (mg/1000 kcal)
Younger children, 1–8 years 1299·1a 14·54 1329·8a,b 73·33 1403·1a,b 63·38 1522·7b 106·96 0·042 0·097 0·018
Older children, 9–18 years 1452·7a 13·88 1515·4a 50·42 1434·2a 44·72 1479·5a 74·59 0·572 0·591 0·951
Women, 19–64 years 1482·9a 18·75 1613·8a 147·37 1458·5a 45·11 1403·3a 53·39 0·591 0·769 0·405
Men, 19–64 years 1480·1a 16·41 1605·4a 116·26 1465·9a 63·31 1603·3a 180·79 0·765 0·740 0·802

SEM, standard error of the mean.
*Separate models were run for each age-sex stratum. Means were derived from ANOVA, adjusted for age and sex (children’s models only).
†P-values were derived from ANOVA, adjusted for age and sex (children’s models only) with household food insecurity status entered as a four-level categorical variable.
‡P-values were derived from ANOVA, adjusted for age, sex (children’s models only), education, income and region, with household food insecurity status entered as a 4-level categorical variable.
a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0·05).
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Table 5 Micronutrient intakes per 1000 kcal by age/sex and household food insecurity status

Food-secure
Marginally food

insecure
Moderately food

insecure
Severely food

insecure

P-value† (model 1) P-value‡ (model 2) Ptrend (model 2)Mean* SEM Mean* SEM Mean* SEM Mean* SEM

Vitamin A (RAE/1000 kcal)
Younger children, 1–8 years 401·3a 9·60 339·6a,b 27·27 342·9b 21·88 371·2a,b 28·80 0·007 0·106 0·757
Older children, 9–18 years 333·6a 10·61 319·6a 30·13 294·6a 18·30 254·6a 19·40 0·004 0·478 0·124
Women, 19–64 years 401·6a 15·00 372·9a 31·23 354·0a 37·89 336·4a 47·49 0·094 0·855 0·381
Men, 19–64 years 335·3a,b 11·45 356·8a 40·86 277·8b 27·58 298·4a,b 47·75 0·063 0·192 0·164

Vitamin C (mg/1000 kcal)
Younger children, 1–8 years 76·1a 2·09 63·1a 5·04 70·0a 6·88 78·2a 12·63 0·541 0·733 0·962
Older children, 9–18 years 60·6a 1·54 60·9a 5·94 55·7a 4·45 67·6a 7·21 0·161 0·221 0·597
Women, 19–64 years 64·3a 2·57 63·3a 6·82 58·8a 7·32 47·5a 6·12 0·046 0·354 0·331
Men, 19–64 years 50·1a,c 1·61 49·0a,b,c 10·82 49·5a,b 7·92 29·6b 4·89 0·005 0·089 0·035

Vitamin D (mcg/1000 kcal)
Younger children, 1–8 years 4·1a 0·09 4·9a 0·47 3·2b 0·22 3·8a,b 0·30 0·006 0·009 0·062
Older children, 9–18 years 2·9a 0·08 2·4a 0·22 2·6a 0·13 2·2a 0·20 0·077 0·343 0·503
Women, 19–64 years 2·6a 0·07 2·7a 0·23 3·0a 0·32 2·3a 0·21 0·473 0·474 0·428
Men, 19–64 years 2·4a 0·08 2·6a 0·50 2·1a 0·18 2·3a 0·45 0·379 0·553 0·259

Thiamin (mg/1000 kcal)
Younger children, 1–8 years 0·9a 0·01 0·9a 0·08 0·9a 0·03 0·9a 0·04 0·595 0·498 0·480
Older children, 9–18 years 0·9a 0·01 0·9a,b 0·06 0·9a,b 0·04 0·8b 0·04 0·072 0·131 0·021
Women, 19–64 years 0·9a 0·01 0·9a 0·04 0·9a 0·03 0·8a 0·04 0·881 0·715 0·739
Men, 19–64 years 0·8a 0·01 0·9a 0·04 0·8a 0·04 0·9a 0·07 0·635 0·594 0·686

Riboflavin (mg/1000 kcal)
Younger children, 1–8 years 1·2a 0·01 1·3a 0·07 1·1b 0·03 1·1a,b 0·05 0·008 0·034 0·081
Older children, 9–18 years 1·0a 0·01 0·9b 0·04 0·9a,b 0·02 0·9a,b 0·05 0·004 0·089 0·213
Women, 19–64 years 1·1a 0·01 1·1a 0·05 1·1a 0·04 1·1a 0·05 0·669 0·631 0·807
Men, 19–64 years 1·0a 0·01 1·0a 0·05 1·0a 0·05 1·0a 0·07 0·052 0·479 0·778

Niacin (mg/1000 kcal)
Younger children, 1–8 years 17·9a 0·19 17·0a 0·81 17·4a 0·55 16·9a 0·63 0·338 0·856 0·879
Older children, 9–18 years 19·1a 0·24 18·0a,b 0·68 18·6a,b 0·54 17·1b 0·61 0·065 0·143 0·044
Women, 19–64 years 21·2a 0·25 21·7a 1·18 22·3a 0·95 21·1a 0·85 0·602 0·575 0·771
Men, 19–64 years 22·1a 0·26 21·0a,b 0·99 20·3b 0·92 21·1a,b 0·96 0·027 0·097 0·537

Vitamin B6 (mg/1000 kcal)
Younger children, 1–8 years 0·8a 0·01 0·9a,b 0·09 0·7b 0·03 0·8a,b 0·05 0·004 0·017 0·084
Older children, 9–18 years 0·8a 0·01 0·8a 0·04 0·8a 0·05 0·7a 0·04 0·325 0·356 0·083
Women, 19–64 years 1·0a 0·01 0·9a 0·05 1·0a 0·05 0·9a 0·05 0·801 0·869 0·883
Men, 19–64 years 0·9a 0·01 0·9a 0·05 0·9a 0·05 0·8a 0·05 0·032 0·282 0·067

Folate (DFE/1000 kcal)
Younger children, 1–8 years 226·4a 3·13 249·6a 23·31 224·1a 9·61 216·7a 15·78 0·716 0·543 0·811
Older children, 9–18 years 239·9a 2·91 236·5a 11·58 232·1a 9·16 218·6a 10·89 0·366 0·454 0·155
Women, 19–64 years 252·8a 3·74 247·6a 13·78 230·2a 8·66 228·9a 12·53 0·028 0·678 0·361
Men, 19–64 years 237·4a 2·93 218·9a 12·20 218·2a 10·48 228·3a 15·91 0·088 0·252 0·664

Vitamin B12 (mcg/1000 kcal)
Younger children, 1–8 years 2·4a 0·04 2·5a 0·18 2·1b 0·13 2·2a,b 0·16 0·087 0·157 0·174
Older children, 9–18 years 2·2a 0·11 1·7a 0·14 1·9a 0·09 1·7a 0·16 0·009 0·078 0·211
Women, 19–64 years 2·2a 0·08 2·3a 0·22 2·4a 0·32 2·6a 0·44 0·390 0·653 0·385

1020
J
H
u
tch

in
so
n
an

d
V
T
arasu

k

https://doi.org/10.1017/S1368980021004031 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1368980021004031


Table 5 Continued

Food-secure
Marginally food

insecure
Moderately food

insecure
Severely food

insecure

P-value† (model 1) P-value‡ (model 2) Ptrend (model 2)Mean* SEM Mean* SEM Mean* SEM Mean* SEM

Men, 19–64 years 2·2a 0·06 2·1a 0·19 2·1a 0·11 2·1a 0·29 0·928 0·895 0·527
Calcium (mg/1000 kcal)
Younger children, 1–8 years 650·4a 8·85 727·4b 43·44 573·9c 24·32 621·8a,b,c 40·82 0·005 0·015 0·240
Older children, 9–18 years 492·8a 6·34 430·9a 22·51 452·0a 16·70 422·5a 24·27 0·003 0·423 0·595
Women, 19–64 years 450·0a 6·41 459·9a 24·01 418·2a 21·26 442·3a 27·41 0·335 0·510 0·897
Men, 19–64 years 401·0a 5·95 410·3a 35·96 380·5a 19·81 378·0a 28·11 0·539 0·772 0·619

Iron (mg/1000 kcal)
Younger children, 1–8 years 6·6a 0·09 7·0a 0·40 6·8a 0·31 6·5a 0·27 0·664 0·749 0·911
Older children, 9–18 years 6·7a 0·07 6·5a 0·26 6·5a 0·16 6·1a 0·21 0·078 0·278 0·092
Women, 19–64 years 6·9a 0·07 7·0a 0·32 6·3a 0·20 6·8a 0·34 0·060 0·357 0·919
Men, 19–64 years 6·6a 0·06 6·2a 0·24 6·3a 0·24 6·1a 0·34 0·080 0·121 0·184

Mg (mg/1000 kcal)
Younger children, 1–8 years 152·4a 1·28 153·0a 6·51 131·1b 2·40 148·2a 3·87 <.001 <.001 0·261
Older children, 9–18 years 141·9a 1·25 142·6a 4·54 138·5a 4·99 128·9a 5·46 0·043 0·227 0·039
Women, 19–64 years 180·7a 2·13 175·8a 7·57 168·1a,b 5·71 157·3b 5·85 0·001 0·064 0·008
Men, 19–64 years 167·4a 2·48 152·6a,b 5·77 148·5b 4·68 149·4a,b 4·59 <0·001 0·075 0·298

Phosphorous (mg/1000 kcal)
Younger children, 1–8 years 761·3a 6·47 827·0b 42·12 683·2c 19·26 755·3a,b 23·20 0·003 0·007 0·513
Older children, 9–18 years 685·6a 5·80 624·3b 17·28 660·4a,b 15·77 602·0b 21·73 <0·001 0·030 0·086
Women, 19–64 years 711·8a 7·56 693·7a 19·74 664·0a 17·02 677·6a 17·53 0·073 0·494 0·386
Men, 19–64 years 681·1a 5·79 688·6a,b 33·07 632·0b 16·32 655·1a,b 35·45 0·036 0·078 0·175

Potassium (mg/1000 kcal)
Younger children, 1–8 years 1498·7a 14·21 1469·7a,b 51·92 1300·7b 36·39 1399·8a,b 64·31 <0·0001 0·001 0·099
Older children, 9–18 years 1296·0a 11·13 1322·3a 67·85 1243·6a 46·28 1234·0a 53·84 0·291 0·605 0·337
Women, 19–64 years 1569·6a 18·93 1536·2a 54·29 1558·7a 47·67 1423·1a 51·43 0·094 0·283 0·211
Men, 19–64 years 1434·8a 14·19 1454·9a 84·28 1362·7a 47·11 1343·8a 74·64 0·053 0·524 0·414

Zinc (mg/1000 kcal)
Younger children, 1–8 years 5·1a 0·06 4·9a 0·14 4·8a 0·14 4·9a 0·19 0·104 0·612 0·685
Older children, 9–18 years 5·3a 0·08 5·0a,b 0·26 4·9a 0·12 4·4b 0·25 0·001 0·024 0·006
Women, 19–64 years 5·6a 0·07 6·0a 0·34 5·5a 0·26 5·3a 0·30 0·297 0·428 0·150
Men, 19–64 years 5·8a 0·08 5·5a,b 0·27 5·5b 0·22 5·2b 0·36 0·110 0·022 0·017

SEM, standard error of the mean; RAE, retinol activity equivalents; DFE, dietary folate equivalents.
*Separate models were run for each age-sex stratum. Means were derived from ANOVA, adjusted for age and sex (children’s models only).
†P-values were derived from ANOVA, adjusted for age and sex (children’s models only) with household food insecurity status entered as a four-level categorical variable.
‡P-values were derived from ANOVA, adjusted for age, sex (children’s models only), education, income and region, with household food insecurity status entered as a four-level categorical variable.
a,b,cMean values within a row with unlike superscript letters were significantly different (P< 0·05).
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Zn per 1000 kcal compared with the food secure (Table 5).
Furthermore, men in severely food insecure households
had significantly lower mean intakes of vitamin C and
Zn per 1000 kcal compared with men in food-secure
households (Table 5).

Discussion

Our findings suggest that household food insecurity status
is a predictor of poorer diet quality among men, women,
older children and younger children in Canada, even after
taking household income, geographic region and educa-
tion levels into account. Across all four groups, the mean
proportion of total energy from ultra-processed foods
was higher with more severe household food insecurity.
This did not translate into higher carbohydrate, sugar,
fat or saturated fat intakes or significant trends in HEI-C
scores or fruit and vegetable intakes. However, Na
intake/1000 kcal among younger children was positively
associated with severity of household food insecurity.
Although the specific micronutrients linked to food insecu-
rity status differed across age/sex groups, the pattern was
towards less nutrient dense dietary intakes among adults
and children with more severe household food insecurity,
with the most consistent results for men and older children.

Our observation of a graded relationship between the
severity of household food insecurity and multiple indica-
tors of diet quality among adults and older children is con-
sistent with examinations of food insecurity status and
dietary intakes in the USA(21,42). The only similar trend
observed among younger children was for Na/1000 kcal,
but we found multiple indications of poorer diet quality
among younger children in moderately food-insecure
households. While it is possible that parents successfully
buffered the effect of severe food insecurity on younger
children’s intakes(67), our findings may also have been
influenced by the small number of younger children in
severely food-insecure households and by biases in the
parental reporting of younger children’s dietary intakes
more generally(70).

The poorer dietary quality among children 9–18 years
with increasing severity of household food insecurity and
the significantly poorer quality of dietary intakes among
children 1–8 years inmoderately food-insecure households
suggest that the dietary intakes of children in Canada are
affected by household food insecurity. This finding differs
from earlier Canadian research showing moderate/severe
household food insecurity to be more strongly associated
with lower nutrient intakes and higher prevalence of
nutrient inadequacies among adults than children(28), but
there are important methodologic differences between
these two studies. Whereas we compared 1-d mean micro-
nutrient intakes per 1000 kcal to explore differences in diet
quality, this earlier study compared absolute and usual
nutrient intakes and the prevalence of inadequate nutrient

intakes(28). More analyses are needed to determinewhether
the nutritional vulnerability associated with household
food insecurity in Canada has changed over time for
different age groups.

We did not include nutrients from dietary supplements
in our calculations of micronutrients per 1000 kcal, but the
use of supplements is much lower among food-insecure
than food-secure Canadians(38,71). Given the evidence
that supplement use contributes to nutrient adequacy(38),
particularly among more affluent individuals(72), including
nutrient intakes from supplements would likely have
increased the observed differences between food-secure
and food-insecure groups.

The heightened vulnerability associated with more
severe food insecurity in the current study highlights
the importance of not treating food insecurity as a
simple binary variable when sample sizes are sufficient
to permit more extensive analysis. We found no significant
differences in the diet quality of adults in marginally
food-insecure households compared with food-secure
households and very few indications of differences among
older children. Among younger children, a reverse associ-
ation was observed for two micronutrients with marginal
food insecurity associatedwithmore nutrient dense intakes
than food security. Marginal food security has been associ-
ated with significantly poorer diet quality and usual intakes
for some nutrients among low-income adults in the
USA(21,22), but given Canada-US differences in the coding
of the Household Food Security Survey Module, the mar-
ginal category in the US traverses the ‘moderately food
insecure’ category applied in the current study. Marginal
food insecurity, as it is defined in Canada, may not relate
to dietary compromise in this country, but more compre-
hensive dietary assessment is required to reach this conclu-
sion. Our analyses are based on a single day of intake
data, with food insecurity measured retrospectively over
the prior 12 months. An assessment of dietary intakes that
extended over this same period might reveal more
differences by food insecurity status.

Canada does not have large-scale publicly funded food
assistance programmes like the USA, but smaller-scale,
community programmes intended to improve fruit and
vegetable access for vulnerable populations receive some
public support(43,73). This focus reflects the widely held
belief that fruit and vegetable intakes are compromised
in the context of household food insecurity, yet we found
few differences in fruit and vegetable intakes by household
food insecurity status. Household food insecurity status
most clearly differentiated individuals in terms of their
consumption of ultra-processed foods, a variable that
has rarely been examined in relation to food insecurity.
A positive association between food insecurity and the con-
sumption of highly processed foods has also been reported
in the USA(21), but studies in Brazil have yielded mixed
results(74,75), perhaps reflecting differences in context,
study design and measurements. The strong positive
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association between severity of household food insecurity
and the proportion of energy derived from ultra-processed
foods observed in our study among both adults and
children is consistent with research pointing to the
lower cost, higher satiety and greater availability of these
foods(58,76). A diet higher in unprocessed orminimally proc-
essed foods could be expected to cost more, putting it out
of reach for people struggling to afford food and potentially
heightening their risk of obesity(61,77) and diet-related
chronic diseases(59,78,79). With the exception of Na intakes
among younger children, we did not observe parallel
trends for Na, saturated fat or total sugar per 1000 kcal.
It is important to note, however, that the available data
precluded an examination of added sugars(50). Higher
intakes of added sugars have been associated with food
insecurity among children(27) and non-Hispanic white
adults(22) in the USA; this should be investigated in
Canada. As public health interventions to improve food-
insecure households’ access to fresh fruits and vegetables
continue to be launched(43), research is also needed to
determine how these programmes affect ultra-processed
food consumption.

Strengths of the current study include the large sample
size, examination of a wide spectrum of indicators of diet
quality and use of a validated, standardised scale of severity
to assess household food insecurity status. Our study also
has several limitations. First, our comparisons of group
means are based on a single 24-h recall. Although this pro-
vides a reasonably unbiased estimate of group mean usual
intakes(69), the high within-group variation in intakes based
on one 24-h measure undoubtedly attenuated our ability to
detect significant differences between groups. The collec-
tion of second 24-h recalls on only a third of the sample in
CCHS 2015 Nutrition precluded the reliable estimation and
analysis of usual intake distributions for adults and children
by household food insecurity status. The paucity of second
recalls in CCHS 2015 Nutrition limits the utility of this survey
for analyses of vulnerable population subgroups compared
with population surveys such as theUSNational Health and
Nutrition Surveys that collect two 24-h recalls on all partici-
pants. Second, while we have charted several significant
differences in groupmean intakes by food insecurity status,
more research is needed to determine the health implica-
tions of our findings. Specifically, population-representa-
tive studies with sufficient repeat measures of dietary
intake to support the estimation of usual intakes are
required to establish whether the differences in micronu-
trient density reported here translate into differences in risk
of inadequate nutrient intakes. Studies also need to be con-
ducted in Canada to examine the relationship between
household food insecurity status and clinical and biochemi-
cal measures of nutritional status and cardiometabolic risk.
Third, sample size limitations precluded analyses by race
or Indigenous identity. Given the markedly higher odds
of food insecurity among Black and Indigenous peoples
in Canada(46,80), race-based examinations of the nutritional

implications of food insecurity are warranted. Finally,
CCHS 2015-Nutrition omitted people living in the territories
and in First Nations communities.While these represent rel-
atively small fractions of the total population, they are at
particularly high risk of food insecurity(1,46,81). Research is
needed to understand how household food insecurity
relates to diet quality and other measures of nutritional
compromise in these particularly vulnerable groups.

Our observation of graded relationships between the
severity of household food insecurity and multiple indica-
tors of diet quality among adults and children is consistent
with US results(21,27,42), and with Canadian research chart-
ing the much greater probability of morbidity and mortality
among adults with more severe household food insecu-
rity(12,13,15,18). The greater ultra-processed food consump-
tion and lower nutrient density of dietary intakes among
adults and children in more severely food insecure
households also closely align with the significantly lower
incomes(46), lower food expenditures and more compro-
mised household expenditure patterns in general(45) and
much more extreme financial hardship(47,82) documented
with increasing severity of household food insecurity in
Canada. The poorer quality dietary intakes of adults and
children in severely food-insecure households can be
understood as one manifestation of the more pervasive
material deprivation that characterises these households.
More research is required to determine the full duration
of individuals’ exposures to moderate and severe house-
hold food insecurity and the short- and longer-term health
implications of the associated dietary compromises, but
it is important to recognise the potential for serious, nega-
tive consequences. A recent prospective cohort study in
Ontario, Canada, found that adults’ exposure to moder-
ate/severe household food insecurity was associated with
more than double the risk of subsequently developing type
2 diabetes(6). Canada has no population-based survey that
includes biochemical measures of nutritional status or
disease biomarkers and an assessment of household food
insecurity, but our results suggest a need for such research.
Analyses of US data have revealed highly significant asso-
ciations between food insecurity and nutrient deficiencies
among children(83,84), adolescents(85) and adults(86), as well
as associations with biomarkers of chronic disease(87–90)

and cumulative biological risk(91).
In conclusion, our findings suggest that household food

insecurity status is an important marker of poor dietary
intakes in Canada, raising questions about the nutritional
status and present and future health of people living in
food-insecure households. Our results add to the much
broader body of literature in Canada documenting the
poorer health and well-being of adults and children in
food-insecure households. When considered in this larger
context, our findings do not imply a need for nutrition inter-
vention so much as policy interventions to address the
underlying causes of household food insecurity. Just as
research internationally has highlighted the importance
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of investments in social protection programmes(92,93) and
more generous wage setting policies(94) in reducing food
insecurity rates, studies in Canada have charted the tight
intersection between food insecurity and income support
policies and labour market conditions in this country.
Specifically, research on social assistance(95,96), child
benefits(97–99), minimumwages(96), income tax thresholds(96)

and public pensions(51) suggest that policies that support
more adequate, secure incomes for low-income households
are key to reducing the prevalence and severity of
household food insecurity in Canada.
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