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ABSTRACT
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Food variety is recognized as an important aspect to healthy eating. This thesis
investigated the cross-sectional associations between variety in food purchases, diet
quality and household food waste among 85 families who reside in Guelph, Ontario.
Variety in food purchases was assessed using receipt data in 5 food categories: fruits
and vegetables, grain products, protein foods, dairy products, and snack foods. Diet
quality was measured using the Healthy Eating Index-2015, and household food waste
was quantified using waste audits. Variety in fruit and vegetable purchases had the
greatest variability. Using linear regression and adjusting for covariates, we found that
variety in snack food purchases was inversely associated with parent and child diet
quality scores. No further significant associations were observed. Our study highlights
the importance of evaluating variety in both healthy and unhealthy food categories,
since this approach may reveal important predictors of diet quality.
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Chapter 1 Introduction
Food variety, which can be described as eating a variety of foods across various
food groups, has been an important aspect to dietary guidelines worldwide, including
Canada’s Food Guide. In 2019, a revised version of Canada’s Food Guide was
released and used a plate model to display what a healthy dietary pattern should
include by providing examples of foods across certain food categories. Since our
current guide emphasizes variety in eating, it is important to determine the effect of
variety on varying nutrition-related outcomes, to observe the overall impact of variety.
While food variety has been shown to be a robust driver to increase food intake
(Embling et al., 2021), it is also shown to predict nutritional adequacy (Verger et al.,
2021). Though research is limiting, food variety may also be beneficial to overall diet
quality, by virtue that no single food can provide a sufficient amount of nutrients to
maintain and support optimal health (Verger et al., 2021). Another factor that may be
related to variety is household food waste. There is evidence suggesting that certain
shopping routines, such as buying more food than needed and bulk purchasing, may
lead to greater food waste (Janssens et al., 2019; Qi & Roe, 2016). However, to our
knowledge, no studies have considered the association between food variety and food
waste. Meanwhile, few Canadian studies have examined the association between food
variety and health outcomes (Ghadirian et al., 2009; Pliner et al., 1980), and none have
assessed the association between food variety and diet quality.
Originating in the late 1980’s, indices were created to evaluate and quantify dietary
variety, which also can be commonly referred as DDIs (dietary diversity indicators)
(Verger et al., 2021). Existing measures differ with regards to the range of definitions
1

used, classification systems, target audiences and reference periods for diet
assessment (Ruel et al., 2003). These differences make comparing results challenging.
There are also fundamental limitations in current approaches to assess variety. For
example, most DDIs are self-reported. Thus, these existing tools can be affected by
error and social desirability bias, and also have limiting recall periods (Subar et al.,
2015). One way to address current limitations is by assessing food variety using an
analysis of food and grocery receipts, which allows for an objective assessment of food
variety and can be used over longer recall times.
This study will examine the suitability of using information from food purchases to
assess food variety and to examine how this measure of variety is associated with diet
quality and household food waste, within a Canadian context. The objectives of this
research was to: 1) investigate the association between variety in food purchases (eg,
fruits and vegetables, grain products, protein foods, dairy products, and snack foods)
and diet quality scores among parents and children, and 2) investigate the association
between variety in food purchases (eg, fruits and vegetables, grain products, protein
foods, dairy products, and snack foods) and household food waste. To achieve these
research objectives, we used data from the Family Food Skills Study, a cross-sectional
study among families with young children in the Guelph area.
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Chapter 2 Review of the Literature
2.1

Impact of Diet Quality on Health Outcomes
One of the leading risk factors for early deaths worldwide is poor diet (GBD Diet

Collaborators, 2019). This is attributed to dietary patterns characteristically high in
sodium, low in fruit and whole grains (GBD Diet Collaborators, 2019). It is also
recognized that poor diet is a greater contributor to the risk of non-communicable
diseases than physical inactivity, smoking and alcohol combined (Hyseni et al., 2017).
Consequently, there is a substantial economic burden given the associated healthcare
costs (Loewen et al., 2019). In 2015, it was estimated that the economic burden of poorquality diets was approximately $13 billion in Canada (Nshimyumukiza et al., 2018),
which highlights the urgent need to improve diet quality among Canadians.
Diet quality is a concept used to assess and identify healthy eating patterns,
typically in terms of how one’s diet aligns with dietary guidelines (Alkerwi, 2014). A highquality diet promotes optimal growth, development and prevention of disease (Alkerwi,
2014). It is also known that high-quality diets should contain a limited amount of
saturated fat, sodium and refined sugar and include a variety of fruits, vegetables and
whole grains (Alkerwi, 2014). Indices have been developed to measure diet quality, like
the Healthy Eating Index (HEI), among varying populations and research using these
indices have shown that improving diet quality can help reduce and prevent the risk of
chronic disease, such as cardiovascular disease, diabetes, and certain cancers (George
et al., 2014; Neelakantan et al., 2018; Xu et al. 2020).

3

2.2

Household Food Waste as a Public Health Concern
While improving diet quality has been an important focus in public health efforts,

another growing concern in food use and consumption habits is food waste. Food waste
refers to food that is intended for human consumption but is discarded instead of being
eaten, whether or not after it is left to spoil or expire (Ishangulyyev et al., 2019). Each
year approximately one-third of the food produced in the world is lost or wasted which is
estimated to be equal to 1.3 billion tons of food that could have been consumed (FAO,
2011). Food waste is an important public health concern with pressing environmental,
economic and nutritional consequences.
Globally, it is estimated that 6% of greenhouse gases emissions come from food
waste (Ritchie, 2020). When food is discarded into landfills, food waste is then
converted to harmful greenhouse gas emissions through the decomposition process
(FAO, 2013). As a result, methane is produced which is more damaging to the
environment than other greenhouse gases, such as carbon dioxide (Cassia, 2018). In
addition, there are many valuable resources along the stages from food production to
distribution that are wasted when food is thrown out; these include the land, labor,
water, fertilizers and energy to grow foods that are ultimately thrown away (FAO, 2013).
While not only are there detrimental environmental consequences to food waste,
there are also significant economic impacts. According to the FAO, the financial costs of
worldwide food loss and waste amounts to approximately US $1 trillion each year (FAO,
2013). Research by Conrad (2020) found that the average American consumer spends
roughly $3.62 per day on food that ends up being wasted which on an annual basis
costs over $1,300. It was identified that this cost is greater than the individual annual
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amount spent on vehicle gasoline, household heating and electricity as well as property
taxes per year in comparison to an average single-person household (Conrad, 2020).
Wasted food also represents the loss of essential vitamins, minerals and calories.
One study by Chen and colleagues (2020) discerned that the nutrition associated with
annual per capita food waste can provide a healthy diet to one person upward of 18
days. Similarly, the cross-sectional study by von Massow et al. (2019) observed that,
among their sample of Canadian families living in Guelph, Ontario, the average
household wasted approximately 3,366 calories each week. This quantity of weekly
food waste could provision an additional five adult meals per week (von Massow et al.,
2019). Given the nutritional losses associated with food waste, efforts to mitigate food
waste should be an important consideration as a means to help improve diet quality.
Across the food supply chain, households are responsible for the highest proportion
of avoidable food waste where nearly 63% of all food thrown away in Canadian
households could have been eaten (Gooch et al., 2019). In this regard, food waste
prevention efforts should focus on the household- and consumer-level (Tonini et al.,
2018). Food spoilage, over-purchasing, poor planning, over-preparing and confusion
over best before dates are some of the contributors and key consumer behaviors that
lead to household food waste (Ishangulyyev et al., 2019). The possible drivers of
household food waste are understood to be complex and multi-layered and research to
uncover the key contributors of food waste is an emerging area of study. Thus, further
research is needed to understand determinants to food waste, and more specifically at
the household level, to inform future prevention and intervention strategies.

5

2.3

Food Variety
Food variety has been a long-standing feature within dietary guidelines. Dietary

diversity indicators (DDIs), which includes food variety, have been useful indices to
assess and measure variety in eating, whether it be across the diet or within food
groups (Verger et al., 2021). However, there is limiting research that has investigated
how variety is associated with both diet quality and level of household food waste.

2.3.1 Definition
Having a varied or diversified diet typically refers to eating a variety of foods across
various food groups; although, as described below, more detailed definitions have been
proposed. Promoting food variety has been included in dietary guidelines worldwide,
including in the Canadian guidelines (Health Canada, 2007). Variety was first introduced
into dietary guidelines to avoid developing nutrition deficiencies and to reduce the
likelihood of toxicity by consuming certain foods in excess (Raynor & Vadiveloo, 2018).
Historically, variety was primarily considered across different food groupings (like,
vegetables versus fruits) and intake within a food group (like, apples versus oranges)
(Raynor & Vadiveloo, 2018). Given this is a growing field of research, variety has also
become much more multifaceted in its assessment approaches and definitions.
A review by Raynor and Vadiveloo (2018) state that the definition for food variety is
two-fold – such that, foods should be examined at either the food or ingredient level, in
addition to, what sensory, food, or dietary aspects are used to differentiate a specific
food. For instance, assessing variety using a food-based item approach may not
recognize the assortment of ingredients within mixed dishes, like soups or pastas. With
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the range of definitions across research studies, understanding how each study defines
and operationalizes variety is needed to correctly interpret the study results.
Additionally, while both food variety and dietary diversity look at the variability in eating,
these terms have been used interchangeably, and there is no clear delineation between
their definitions. Since our study focuses on variety in certain food groupings
(specifically in fruits and vegetables, grain products, protein foods, dairy products, and
snack foods), the term food variety was used to describe this variable.

2.3.2 Association Between Variety and Food Intake
It has been hypothesized that eating a variety of foods can lead to increased dietary
intake. The role that variety plays to increase food intake has been recognized with its
interference with sensory-specific satiety (Hetherington et al., 2006). This phenomenon
is described as “the change in pleasantness of an eaten food relative to the
pleasantness of other, uneaten food during a meal” (Hetherington et al. 2006).
Accordingly, varied sensory characteristics within a meal, such as flavour, colour and
texture, influences satiety (Raynor & Epstein, 2001). In this sense, it may take longer for
satiation to occur with a greater variety of foods consumed and as a result, this enables
and increases greater food intake (Raynor & Epstein, 2001).
A recent meta-analysis by Embling et al. (2021) sought to examine the effect of
variety on food intake. This meta-analysis included 30 experimental studies and
concluded that food variety is a robust driver to food intake with greater variety being
significantly associated with increased consumption across a diverse range of
populations (Embling et al., 2021). For instance, one study (Roe et al., 2013) showed
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that providing a variety of vegetables and fruit as a snack can increase consumption of
both food types in preschool children. Increased variety at meals has also been shown
to increase energy intake among older adults with poor appetite (Wijnhoven et al.,
2015). In this sense, incorporating variety can help achieve energy balance in the diet,
but greater variety in some food groupings might make energy balance more
challenging, and this is made clear when looking at current research on the associations
between variety and dietary and health outcomes (Raynor & Vadiveloo, 2018).

2.3.3 Association Between Variety and Dietary Outcomes
Most research that has investigated the relation of DDIs on dietary outcomes have
shown that these indices can be proxies for nutrition adequacy (Verger et al., 2021).
Studies have assessed varying dietary outcomes, including specific nutrients of interest
to diet quality indices. For example, the cross-sectional study by Azadbakht et al.
(2015), on female adolescents living in Iran, observed a positive association between
the diversity in the diet and varying nutrient intakes, such as Vitamin A, Vitamin D,
calcium and protein. A study conducted among adult men living in Iran also showed that
dairy and meat diversity was strongly associated with improved nutrient adequacy
(Azadbakht et al., 2005). This study highlights how diversity of certain food groups are
correlated to greater levels of specific nutrients – for instance, whole grain variety was
significantly corelated with increased Vitamin B2 and protein, while fruit variety showed
to be corelated with greater Vitamin C levels (Azadbakht et al., 2005). Meanwhile,
findings from a study on a representative sample of preschoolers in the US found that
children who consumed a greater variety of fruit and vegetables had better diet quality
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scores (Ramsay et al., 2016). Among a sample of women in the US, high variety in
vegetables was associated with higher diet quality when compared to those who
consumed a lower variety (Keim et al., 2014). Some indices have also shown to be
associated with nutrients to limit, like the study by Murphy et al. (2006), measures of
variety were inversely associated with added sugar and saturated fat intake.
Some research has identified null results in the relation of variety and dietary
outcomes. For instance, the study by Thiele et al. (2004) assessed dietary outcomes
with an index of deficiency (that is, nutrients to be consumed in adequacy) and an index
of excess (that is, consumed in moderation). While food diversity was positively
associated with the deficiency index, food diversity was not associated with the excess
index (Thiele et al., 2004). Additionally, among a sample from the US, a dietary recall
was used to count different food items consumed over 14 days to produce a variety
score (Drewnoski et al., 1997). This study found no significant association between the
dietary variety score and diet quality (Drewnoski et al., 1997). These inconsistencies
may be due to how variety is defined. The systematic review by Trijsburg et al. (2019)
suggest that variety indices should evaluate both healthy and unhealthy components
separately, because using a singular score for dietary variety, as seen in the studies by
Thiele et al. (2004) and Drewnoski et al. (1997), may reduce the likelihood of observing
an association with dietary outcomes.

2.3.4 Association Between Variety and Health Outcomes
One concern of eating a variety of foods is that it could result in overeating and, in
the case of foods are energy-dense, this may lead to undesirable health outcomes, like
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excess weight gain (Jayawardena et al., 2013; Zhang et al., 2017). Research by Zhang
and colleagues observed that higher dietary diversity was associated with excessive
energy intake and obesity among adults in southwest China (Zhang et al., 2017). While
this sample mostly had diverse diets, there were also notable shortcomings in achieving
balance across food groups. In particular, dairy, fish and fruit consumption were far
below recommended intakes (Zhang et al., 2017). Similar findings were seen in the
cross-sectional study of Sri Lankan adults where greater dietary diversity was positively
associated with obesity (Jayawardena et al., 2013). It was also mentioned that meat,
leafy green vegetables, milk and fruit consumption were reported less frequently than
other food groups in the dietary pyramid (Jayawardena et al., 2013).
A recent systematic review by Verger and colleagues (2021) summarized current
research on the associations between dietary diversity indices and health outcomes.
This review included 137 studies and summarized findings on the following health
outcomes: body weight and body composition, noncommunicable diseases and
intermediate biomarkers of health, biomarkers of nutritional status, mental health and
cognitive functions and overall mortality (Verger et al., 2021). The review found that
associations between diet diversity and these health outcomes were largely
inconsistent, and that these indices do not readily relate to health outcomes (Verger et
al., 2021). This may be due to the fact that variety in certain food groups might be more
important than diversity across the entire diet – for instance, fruit and vegetables contain
a greater combination of vitamins, minerals and phytochemicals than other food groups.
Another possible reason for this discrepancy could be due to the inconsistencies in
the definitions and measurement of variety across research studies (Verger et al.,

10

2021). As highlighted by Vadiveloo et al. (2013), relations to body adiposity were more
consistent when dietary diversity focused on either lower caloric foods alone or higherenergy dense foods alone. It is more likely that these foods would either reduce or
increase the odds of overweight and obesity, respectively (Vadiveloo et al., 2013).
These results suggest that future research should consider assessing variety within a
range of specific food groups, as opposed to overall dietary diversity, since variety
within specific food groups may help provide clearer associations with health outcomes.

2.3.5 Association Between Variety and Food Waste
Certain consumer purchasing behaviors and shopping routines are known drivers
leading to food waste. Overprovisioning food is one main reason which leads to food
being wasted at the household level (Schanes et al., 2018). For example, a national
survey among U.S. residents revealed that bulk purchasing could lead to greater food
waste (Qi & Roe, 2016). In addition, one study revealed that in-store food purchasing
behaviors, such as buying more food than needed, were a main driver leading to
greater food waste (Janssens et al., 2019). Meanwhile, some studies have shown that
households that purchase more discounted food items generate less food waste
(Jörissen et al., 2015; Koivupuro et al., 2012). Given these inconsistencies in study
findings, further research is needed to understand how food purchasing behaviours are
associated to food waste. To our knowledge, no studies have investigated the role of
variety, as a consumer shopping behavior, on household food waste.
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2.3.6 Incorporating Variety in Canada’s Food Guide
In Canada, variety in eating has been an integral part of the national food guidelines
since their inception in 1942 with Canada’s Food Rules (Health Canada, 2007). Early
versions of the food guide addressed the idea of variety implicitly by recommended
specific amounts of servings across 6 food groups: 1) milk, 2) fruits, 3) vegetables, 4)
cereals and breads, 5) meat, fish, etc., and 6) eggs. In 1977, the revised version of the
Canada’s Food Guide included an explicit statement about variety: “Eat a variety of food
from each group every day” (Health Canada, 2007). This statement has continued to be
a part of the national food guide, including the recent 2019 version of the guide.
While past Food Guides have included some guidance on what variety should
resemble within particular food groups, for example, the 2007 with the Eating Well with
Canada’s Food Guide recommends consuming at least one dark green and one orange
vegetable each day (Health Canada, 2007), our current 2019 Canada’s Food Guide
(2019), recommends eating a variety of foods each day, but does not provide guidance
on how variety is defined and what eating patterns should look like to achieve it.
Further research is needed in this area to identify how variety in the diet, assessed
specifically within various food groupings, is associated with dietary quality and food
waste. Such findings may help inform specific guidance on how Canadians should
achieve variety in their diets to support healthful and sustainable food habits.

2.3.7 Current Research on Food Variety in Canada
While most research looking at the associations between dietary diversity indicators
and nutrition- and health-related outcomes has been done in high-income countries

12

(Verger et al., 2021), there are relatively few studies among Canadians. The study by
Ghadirian et al. (2009) evaluated the association between dietary diversity and BReast
CAncer (BRCA) mutations in a sample of older female adults from Canada. While diet
diversity was not associated with BRCA genes, results revealed a significant interaction
in fruit and vegetable diversity and BRCA genes (Ghadirian et al., 2009). An
experimental study was also conducted among Canadians looking at the effect of
variety on weight outcomes, but food variety was manipulated by researchers (Pliner et
al., 1980). Notably, there is a gap in investigating the association of food variety on
dietary outcomes, such as diet quality, among Canadians. Given the inclusion of variety
within Canada’s Food Guide, further research in this area is warranted.

2.3.8 Existing Measures of Variety
Currently, there is no standardized method for assessing variety in eating, which
can be collectively understood and universally referred as dietary diversity indicators
(DDIs). Existing measures are self-reported and typically assessed over a particular
recall time, which generally range from 24-hours to 7-days. However, some longitudinal
studies have estimated variety with multiple recalls over a year (Masset et al.; 2015;
Otto et al., 2015). A recent review presented a current snapshot of existing DDIs and
found that the most common types can be categorized in three main types: food itembased indicators, food group-based indicators, and dietary guidelines-based indicators
(Verger et al., 2021). While this research also identified additional other indicators, not
belonging to any of the above types, for the purpose of this review, a priority was made
to summarize the most common available tools.
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Food item-based indicators (FIIs) are one of the most accepted ways to assess food
variety. One of the first studies to quantify variety using a FFI, used a food variety score
(FVS) in a sample of children, between 13 to 58 months, living in Southeastern Mali
(Hatløy et al., 1998). A three-day weighed dietary recall was obtained by trained
research assistants. This information was then used to calculate a FVS by analysing
whether the child participant had consumed foods from a comprehensive list of 75-food
items (Hatløy et al., 1998). Thus, a theoretical maximum score was 75 with higher
scores representing higher food variety – in which, consuming one of the food items
would result in a score of ‘1’ and not consuming a food item would result in a score of ‘0’
(Hatløy et al., 1998). These scores were then summed.
Since the study by Hatløy et al. (1998), this approach has been used throughout a
range of research studies. The cross-sectional study by Savy et al. (2005) assessed
variety using a survey with a list of 116 different food items in which respondents had to
document which foods were consumed in the previous 24-hours. An FVS was
measured and categorized as either being low (<7 food items), medium (7-9 food items)
or high (>10 food items) (Savy et al., 2005). A study by Mank et al. (2020) calculated a
FVS among their sample of 514 children between 8–59 months of age. This study used
a Food Frequency Questionnaire (FFQ) consisting of 92-culturally appropriate food
items consumed over the course of 7 days (Mank et al., 2020). Scores were split into
tertiles which range from low (<11 food items), average (11-15 food items) and high
(>15 food items) (Mank et al., 2020). One important limitation to these existing FFIs is
their reliance on using a self-reported measure, which could be affected by error and
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social desirability bias (Mank et al., 2020). In addition, all of these studies used relatively
short recall times; a longer recall time may be needed to reflect usual intakes.
Another common method to assess diversity is using a food group-based indicator
(FGI). Existing measures vary with regards to the number of food groups, classification
systems, target audiences and reference periods (Ruel et al., 2003). For the most part,
a simple count is employed to assess consumption across different food groups (Verge
et al. 2021). Most studies have classified groupings into 5, 9, 10 or 12 food groups, and
similar to FIIs, consuming foods from one food group would result in a score of ‘1’,
where not consuming a food group would be scored as ‘0’ (Verge et al., 2021).
However, some studies reported pre-set standard to score a food-item within a group.
For instance, the study by Mirmiran and colleagues (2004) included 5 broad food
categories, consisting of grain, vegetable, fruit, dairy, and meat. Each grouping could
receive a maximum diversity score of 2 out of the possible 10 points (Mirmiran et al.,
2004). A quantity criterion of a one-half serving was needed to achieve 1-point
(Mirmiran et al., 2004). Other studies have also set criteria, such as being based on a
minimum quantity consumed (eg, 25g) or based on the frequency of consumption (eg,
once a week) (Tian et al., 2017; Tsuchiya et al., 2017; Verger et al., 2021).
The Minimum Dietary Diversity for Women (MDD-W) is an example of a validated
FGI for women between 15 and 49 years of age (INDDEX Project, 2018a), which
assesses diversity in the diet based on 10 food groupings. These food groups include
grains, roots and tubers, pulses, nuts and seeds, dairy, meat, poultry and fish, eggs,
dark leafy greens and vegetables, other Vitamin-A rich fruits and vegetables, other
vegetables and other fruits (INDDEX Project, 2018a). This information is usually
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provided by respondents based on a 24-hour recall. Scores are assigned per each food
item consumed amongst these 10 food groupings throughout the recall day (INDDEX
Project, 2018a). If at least 5 of the food groups are consumed, this is classified as
having minimally adequate diet diversity (INDDEX Project, 2018a). There are other tools
that have also been developed, such as the Minimum Dietary Diversity (MDD), which is
specifically designed for children between 6 and 23 months (Solomon et al., 2017). An
important limitation to be noted in some FGIs is the inability to detect variances amongst
the food groups. For instance, using this count approach, a score of ‘1’ is allotted for an
individual who only consumes one serving of fruit; meanwhile if an individual consumes
5 servings of fruit, they would still be given a score of ‘1’. In addition, since these
measures typically only assess one day of eating, current assessment methodologies
may strongly underestimate total dietary diversity.
FGIs can also be assessed at a household-level. For instance, the Household
Dietary Diversity Score (HDDS) evaluates diversity by counting whether or not a food
item was consumed amongst a list of 12 distinct food groups, including cereals, roots
and tubers, vegetables, fruits, meat, poulter or offal, eggs, fish or seafood, pulses,
legumes or nuts, milk and or milk products, oils or fats, sugar or honey and a
miscellaneous category (INDDEX Project, 2018b). A score of ‘1’ is given if a food item is
consumed and alternatively, if not consumed, a score of ‘0’ is assigned. Household
scores range from 0 to 12 (INDDEX Project, 2018b). Intake is reported by the individual
who is responsible for meal preparation in the household and is typically assessed by
recalling food items within each group from the previous 24 hours. Despite the simplicity
of this measure, the HDDS has notable drawbacks. Because this questionnaire is based
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on guidelines from the FAO, the 12 food groupings may not be entirely applicable in
some populations. One study examined the construct validity of the HDDS and found
that the measure needed to be refined given the unique dietary patterns of particular
subgroups (Vellema et al., 2016). The refined measured contained only 7 of the 12 food
groups for households in Columbia, while Kichwa households from Educator included
10 of the 12 items (Vellema et al., 2016). Thus, further refinements may be needed to
certain FGIs in order to match dietary patterns of a specific population. In addition, as
shown with the existing FFIs, these FGI approaches, rely on self-reported measures of
diet, which could be affected by error and social desirability bias (Subar et al., 2015). A
more objective measure of food variety is needed to address these limitations.
While not as widely used as food item-based indicators or food group-based
indicator, Verger et al. (2021) also identified dietary guidelines-based indicators (DGIs)
as another type of DDI. DGIs assess variety in accordance with recommendations from
national food-based dietary guidelines (Verger et al., 2021). One example is the Healthy
Food Diversity (HFD)-Index. This index was created based on the food guideline of the
German Nutrition Society (Drescher et al., 2007). Health factors were generated per
each food group and consider diversity using a weighted scoring-calculation (Drescher
et al., 2007). This tool accounts for the number, distribution and subsequently the predefined health value of foods consumed and provides a final score between 0 and 1–
1/n, where a higher value indicates a more diverse diet (Drescher et al., 2007).
Compared to the other variety measures, which only provide an overall score or an
individual score within a food grouping, this index can differentiate between healthy and
unhealthy food diversity across food groupings. This tool has been since adapted and
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validated for adults living in the US (Vadiveloo et al., 2014), and has also been shown to
be to be related to certain health outcomes, including a possible preventive role against
metabolic syndrome (Farhangi & Jahangiry, 2018; Vadiveloo et al., 2015). Despite
differentiating between both healthy and unhealthy foods, the HFD-Index, like many
other DDIs, is based on self-reported dietary data (Verger et al., 2021).
While much progress has been made in the development of DDIs since its inception
in the late 1980s, there is high variability across known DDIs (Verger et al., 2021) – for
instance, there is no universal definition for diversity and variety, which makes
comparison across tools challenging. Existing tools also rely on self-reported diet
measures, which can be affected by error and social desirability bias. Lastly, validation
studies of these existing tools have used relatively short recall times for the dietary
intake; a longer recall time may be needed to reflect usual intakes. Methods to assess
food variety that address these limitations are needed to enhance our understanding of
how food variety is associated with various health and dietary outcomes.

2.4

Using Information from Food Purchases
Using information from food purchases, through collection and analyses of food and

grocery receipts, may help address current methodological limitations regarding selfreported measures in assessing food variety. While no study has examined the use of
food purchase information to assess variety, food purchases have been used to assess
diet quality and intake. Our food purchasing habits largely reflect our eating patterns – in
which, the foods we buy, for the most part, end up being eaten and thus, as a result, are
able to provide insight on dietary intake. The research led by Martin and colleagues
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(2006) was one of the first studies to investigate the feasibility of using an analysis of
grocery receipts as a proxy for certain health outcomes. Study participants were asked
to provide their grocery receipts in addition to answering a questionnaire on general
eating habits as well as perceived aspects of health (Martin et al., 2006).
The Study of Household Purchasing Patterns, Eating and Recreation (SHoPPER)
used an analyses of food receipts to determine correlates of food purchasing patterns
(French et al., 2019). Participating households were trained to collect and annotate all
food and beverage purchases over the course of fourteen days (French et al., 2019). A
step-by-step guide was provided to participants to ensure detailed food purchase
documentation, including information on the occasion (ie, date, time, source type,
location, payment, shopper name) and details on foods purchased (ie, quantity, size,
description) (French et al., 2019). During the study period, multiple 24-hour recalls were
also administered to study participants. Diet quality scores derived from food purchasing
information (median= 60.9) showed reasonable agreement (ρc = .57, p < .0001) with diet
quality scores calculated from 24-hour recalls (median= 60.1) (French et al., 2019).
The Grocery Purchase Quality Index–2016 (GPQI–2016) has also shown to be an
objective measure that assesses quality of foods purchased (Brewster et al., 2019).
Research by Brewster et al. (2019) demonstrate that the GPQI–2016 performs similarly
to the HEI–2015. These studies highlight that detailed information from food purchases
produces an unbiased and relatively accurate estimate of diet quality and intake. One
study also used the GPQI-2016 to evaluate the association with self-reported food
waste (Mijares et al., 2021). This study found a significant inverse association between
the GPQI–2016 with the total amount of household food waste. This research also
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suggests that grocery receipt data can be used to help explore potential associations
with household food waste. Our proposed study will build on this research by using food
purchase information to assess food variety in households and to understand how food
variety may be associated with diet quality and food waste.

20

Chapter 3 Rationale, Objectives and Hypothesis
3.1

Rationale
Food variety is recognized as a potentially important aspect to healthy eating. While

the promotion of eating a variety of foods has been a long-standing feature within
Canada’s Food Guide, there is minimal guidance with regards to what eating patterns
should look like in order to achieve variety across the recommended food groups
(Health Canada, 2021). A greater understanding of how to categorize and define variety
in the diet and how variety is associated with overall diet quality as well as household
food waste could help to clarify recommendations regarding food variety.
Most research has shown that dietary diversity indicators (DDIs) are helpful indices
of nutritional adequacy (Verger et al., 2021). Variety has also been shown to be
positively associated with overall diet quality, although research is still limiting (Verger et
al., 2021), and no research has examined the association between variety and dietary
outcomes, such as diet quality, in Canada. Additionally, to our knowledge, no studies
have examined whether food variety, assessed via grocery store receipts, is associated
with household food waste. There are substantial environmental, economic and
nutritional implications associated with food being wasted (von Massow et al., 2019).
Thus, understanding whether food variety is associated with household food waste
could help inform approaches in reducing food being wasted.
Current studies using DDIs, as a total count of different food groups across the diet,
fail to assess the association across specific food groups. Examining variety within
specific food groups is important given that certain foods, such as fruit and vegetables,
may be more strongly associated with diet quality (Wallace et al., 2020) and food waste
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(Carroll et al., 2020). Furthermore, looking at variety in certain food groups can be
helpful in seeing the use of variety as a proxy for nutrition adequacy, but also foods and
nutrients to be consumed in moderation. The proposed study will assess variety within
specific food groups, as opposed to overall diversity across the diet, since this also may
be more helpful in informing dietary guidelines and public health messaging.
Existing measures that assess variety are self-reported, which are limited due to
error and social desirability bias and are based on a limited recall time (Subar et al.,
2015). Variety should be considered over longer periods of time, as opposed to the 24hour or 3-day recall time, in order to accurately assess the range of foods eaten and
usual intake. Moreover, it is recognized that there is response burden with longer recalls
(Shim et al., 2014), such as 7-days, which could hinder the accuracy of the assessment.
In this regard, dietary recalls may not be the most comprehensive way to assess food
variety. More objective measures are needed to assess these types of dietary patterns.
While using information from grocery purchases has been used to estimate dietary
intake, such an approach has yet to be used to assess food variety (Appelhans et al.,
2017; French et al., 2019; Tran et al., 2017). To our knowledge, this is the first study to
utilize this novel approach to address the current limitations in self-reported measures of
food variety – thus, providing an objective method that allows for a longer assessment
period which does not rely on memory. This study will contribute to the literature by
assessing variety from food purchases and examining how this measure of variety is
associated with diet quality and food waste within a Canadian context.
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3.2

Objectives

Using data from the Family Food Skills Study, a cross-sectional study among
families with young children in the Guelph area, the objectives of this research was to:
1) Investigate the association between variety in food purchases (eg, fruits and
vegetables, grain products, protein foods, dairy products, and snack foods) and diet
quality scores among parents and children,
2) Investigate the association between variety in food purchases (eg, fruits and
vegetables, grain products, protein foods, dairy products, and snack foods) and
household food waste.

3.3

Hypotheses

1) It is hypothesized that variety in fruits and vegetables, grain products, protein foods,
and dairy products will be positively associated with parent and child diet quality,
while variety in snack foods will be inversely associated with parent and child diet
quality scores. This hypothesis was based on findings from prior research where
foods to be consumed in adequacy has shown positive associations with dietary
outcomes, where foods and nutrients to be had in moderation have shown inverse
associations (Verger et al., 2021).
2) Furthermore, it is also hypothesized that variety in fruits and vegetables will be
positively associated with both avoidable and unavoidable household food waste,
whereas no association will be observed in variety in grain products, protein foods,
dairy products and snack foods with both avoidable and unavoidable household food
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waste. This hypothesis was based on findings from our research team which
showed that higher diet quality scores were associated with higher daily per capita
fruit and vegetable waste (Carroll et al., 2020).
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Abstract
Promotion of food variety has been a long-standing feature within national dietary
guidelines, including Canada’s Food Guide. However, minimal research has examined
the association between food variety and dietary outcomes within a Canadian context,
and most existing food variety measures are self-reported. In this study, we investigated
the cross-sectional associations between variety in food purchases, assessed using 3weeks of grocery receipts, and diet quality and household food waste among 85 families
(122 parents and 85 children) in Guelph, Ontario. Variety in food purchases was
assessed in the following 5 food categories: fruits and vegetables, grain products,
protein foods, dairy products, and snack foods. Diet quality was measured using the
Healthy Eating Index-2015, and household food waste was quantified by detailed waste
audits. Using linear regression, we found that variety in snack food purchases were
inversely associated with parent (β= -1.28; 95% CI= -2.19 to -0.35; p= 0.007) and child
(β= -1.45; 95% CI= -2.55 to -0.35; p= 0.01) diet quality scores, after adjusting for
household income, parent education, participant gender and shopping frequency. No
significant associations were observed between the remaining food categories and diet
quality, and no significant associations were observed between variety in food
purchases and food waste. Our study highlights the importance of evaluating variety
within food categories rather than an overall variety score as this may provide a better
understanding of how variety is associated with diet quality.
Keywords: Food variety; Diet quality; Food waste; Food purchases; Family
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4.1

Introduction
Food variety is recognized as a potentially important aspect to healthy eating.

Promotion of food variety has been a long-standing feature within national dietary
guidelines, including Canada’s Food Guide. This concept was first introduced and
explicitly considered in the 1977 version of the guide with the recommendation to “Eat a
variety of food from each group every day”, and since then variety has continued to be a
part of Canada’s dietary guidelines (Health Canada, 2007). The most recent version of
Canada’s Food Guide recommends “Eating a variety of foods from fruits and
vegetables, protein foods and whole grains” (Health Canada, 2021). However, little
guidance is given to what eating patterns should resemble to achieve variety across the
recommended food groups. A greater understanding of how to categorize and define
variety in the diet and how variety is associated with nutrition-related outcomes could
help to clarify recommendations regarding food variety.
Most research that has investigated the role of variety on dietary outcomes has
shown that these indices can be proxies for nutrition adequacy (Verger et al., 2021). For
example, one study showed that whole grain variety was significantly correlated with
increased Vitamin B2 and protein, while fruit variety showed to be correlated with greater
Vitamin C levels (Azadbakht et al., 2005). Though, fewer studies have examined how
variety is associated with diet quality (Verger et al., 2021). Findings from a study on a
representative sample of preschoolers in the US found that children who consumed a
greater variety of fruit and vegetables had higher quality diets (Ramsay et al., 2016).
Only a few Canadian studies have examined how food variety is associated with health
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outcomes (Ghadirian et al., 2009; Pliner et al., 1980), and no studies have examined the
role of variety on dietary outcomes, like diet quality.
While increased consumption of fruits and vegetables is regarded to support healthy
eating, recent evidence suggests that higher quality diets are associated with greater
fruit and vegetable food waste (Carroll et al., 2020). Thus, greater food variety,
specifically from fruits and vegetables, may have an unintended consequence of
increasing food waste. Among high-income countries, a majority of food waste happens
at the household level (Ishangulyyev et al., 2019). Each year approximately one-third of
the food produced in the world is lost or wasted which is estimated to be equal to 1.3
billion tons of food that could have been consumed (FAO, 2011). Overprovisioning food
is one main reason which leads to food being wasted at the household level (Schanes
et al., 2018). For example, a national survey among U.S. residents revealed that bulk
purchasing could lead to greater food waste (Qi & Roe, 2016). In addition, one study
revealed that in-store food purchasing behaviors, such as buying more food than
needed, were a main driver leading to greater food waste (Janssens et al., 2019).
Meanwhile, some studies have shown that households that purchase more discounted
food items generate less food waste (Jörissen et al., 2015; Koivupuro et al., 2012).
Given these inconsistent findings, further research is needed to understand how food
purchasing behaviours are associated to food waste. No studies have investigated the
role of variety on household food waste. Understanding whether food variety is
associated with food waste could help inform approaches to reducing food waste.
Much progress has been made in the development of assessing dietary diversity
indicators since their inception in the late 1980s (Verger et al., 2021). Existing measures
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that assess variety and diversity are self-reported, which are limited due to error and
social desirability bias. These measures also have a limiting recall time (Subar et al.,
2015). To accurately assess usual intake and the range of foods consumed, variety
should be considered over longer periods of time, as opposed to the 24-hour or 3-day
recall time, which is often used in self-reported diet measures. However, there is
response burden with longer recalls (Shim et al., 2014), such as 7-days, which could
hinder the accuracy of the assessment. In addition, most studies that assess food
variety and/or dietary diversity, as a single count of different food groups across the diet,
fail to assess the association across specific food categories, especially since variety in
certain food groups might be more important in detecting relations. Using data from food
purchases, through analyses of grocery receipts, has been shown to be an unbiased
estimate of intake and diet quality (Appelhans et al., 2017; French et al., 2019; Tran et
al., 2017). Such an approach has yet to considered to assess food variety. Assessing
food variety, via food purchases, could provide an objective method of food variety that
allows for a longer assessment period and does not rely on memory.
The objectives of this research was to: 1) investigate the association between
variety in food purchases and diet quality (HEI-2015) scores among parents and their
children, and 2) investigate the association between variety in food purchases and
household food waste. We hypothesized that variety in fruits and vegetables, grain
products, protein foods, and dairy products would be positively associated with parent
and child diet quality, while variety in snack foods will be inversely associated with diet
quality (Verger et al., 2021). We also hypothesized that variety in fruits and vegetables
would be positively associated with avoidable and unavoidable household food waste,
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whereas no association will be observed among the remaining food categories. This
was based on findings from our research team showing higher diet quality scores being
associated with higher daily per capita fruit and vegetable waste (Carroll et al., 2020).

4.2

Materials and methods

4.2.1 Study design
This study used data from the Family Food Skills Study (FFSS), which is a familybased cross-sectional study. The FFSS was designed to explore how parental food
literacy is associated with what families buy, eat, use, and throw away. Families were
eligible if they had at least one child between 2–5 years of age, in 2017, and 2–8 years
of age, in 2018, and resided in Guelph-Wellington area of Ontario, Canada. In addition,
parents had to be comfortable speaking and reading in English and had no prior food or
nutrition training (eg, Registered Dietitian, Chef, or Culinary Student). Families were
recruited through social media, events in the community and local childcare centers.
Data collection consisted of an online survey, collection of food receipts, 3-day food
records and household waste audits. This took place over a 4-week period. Initial home
visits were conducted prior to data collection to provide families with an overview of the
study and to obtain written informed consent. After data collection was finished, final
home visits were completed to collect study material and to provide a grocery gift card
as a thank you for participating. This study was approved by the University of Guelph
Research Ethics Board (REB17-04-023).
Recruitment and data collection occurred in two waves. The first wave occurred in
August–September 2017 and the second occurred in August–September 2018. 55
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families enrolled in the study in the 2017 wave, 1 family withdrew, and 5 families were
excluded due to incomplete data. A total of 50 families enrolled for the study in the 2018
wave, but 8 families withdrew, and 6 families were excluded due to incomplete data.
Thus, our final analytic sample included 85 families (122 parents and 85 children).
The main reason for study withdrawal was due to scheduling conflicts and the time
commitment required for data collection. In families with more than one child in the
target age range, the oldest child was chosen to participate in 2017; whereas, in 2018,
the child with the nearest birthdate was selected to participate in the study.

4.2.2 Measures
4.2.2.1

Variety in food purchases

Families were asked to collect receipts from all food-related purchases over the
course of 3 weeks. This included purchases from grocery stores, farmer’s markets,
cafes, fast food and sit-down restaurants. Parents were given the option to collect
receipts in two ways: either by taking a photo of the receipt and forwarding it to the
study email, or by collecting all hard copies of the receipts. Research assistants
extracted and recorded data from the food receipts (ie, name of the food item, cost, food
category, location of purchase, date of purchase, weight or volume, website URL).
These data were double-checked by second research assistant. In the case where the
name of the food item could not be determined, the number code from the receipt was
searched on the grocer’s website to retrieve information on the item. If the item was not
identified, it was marked as missing data. For the purpose of this study, if families
provided less than 3 weeks of grocery receipts, these families were excluded from the
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subsequent analyses – as such, 6 families provided only 2 weeks of purchases, and 1
family did a weekly haul at the farmer’s market in which we were unable to quantify
amount of food items. The standard operating procedure is located in Appendix A.
Variety in food purchases was assessed for the following five food categories: fruits
and vegetables, grain products, protein foods, dairy products, and snack foods. These
groupings were informed by current and previous categories in Canada’s Food Guide
as well as dietary trends (Health Canada 2007; Health Canada, 2021; Vatanparast et
al., 2019). To create these variety scores, receipt data was organized into three distinct
weeks and the variety scores were calculated for each week. To calculate weekly
variety scores, each unique food item purchased within the specific food categories was
allotted a score of ‘1’. Then, these scores were summed to create weekly variety scores
for each of the five food categories. To obtain an average food variety score for each
food category across the three weeks, the weekly variety scores for each food category
were summed and then divided by three. This resulted in an average measure of variety
in food purchases for each of the five food categories where higher scores represent
higher variety. A guide to measure variety in food purchases is illustrated in Appendix B.
4.2.2.2

Diet quality

Parents completed 3-day food records, which included details about all food and
beverages consumed on two weekdays and one weekend day for themselves and for
their participating child. Detailed instructions on how to complete the food records were
provided during the initial home-visit. Parents were provided supplementary documents
to help complete the food records including a guide for estimating portion sizes and an
example of a complete food record. Completed food records were entered into the Food
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Processor Nutrition Analysis Software Version 11.6.441 (ESHA Research, Salem, OR,
USA) by a trained research assistant. A second research assistant then checked the
entered data to ensure accuracy. Parent and child diet quality was assessed using the
Healthy Eating Index-2015 (HEI-2015) (Krebs-Smith et al., 2018). Under the supervision
of a Registered Dietitian (RD), food records were manually examined by research
assistants for HEI moderation and adequacy components, which are expressed relative
to energy intake, ie, as densities, and converted to HEI equivalents. Sodium and fatty
acid intakes were obtained from ESHA Food Processor Nutrition Analysis Software and
were also used as adequacy and moderation components. Added sugars were
manually calculated through retrieving information from designated food labels. The
research assistants then calculated HEI-2015 scores based on average intake over the
three days. The HEI-2015 is a validated measure of diet quality for individuals aged
2 years and older (Reedy et al., 2018). Scores range from 0 to 100, with higher scores
indicating better diet quality. The HEI has been adapted for use with Canadian
populations (Jessri et al., 2017). Since the version of ESHA used data based on the
USDA recommendations – the HEI-2015 was most appropriate for this analysis.
4.2.2.3

Household food waste

Waste audits were conducted to evaluate and quantify household food waste. The
waste audit protocol was adapted by the Waste Resources Action Programme (WRAP,
2016). Waste audits occurred over a 4-week period in 2017 and a 3-week period in
2018. All three waste streams were collected from participating households, including
trash, recycling and organic waste. This material was then delivered to a municipal
waste sorting facility. Organic waste material was weighed, categorized in terms of food
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group and also considered whether or not the food could have been eaten at some
point (ie, avoidable or unavoidable waste). Food items considered avoidable are edible
portions of food that could have been eaten prior to being disposed (eg, slice of bread,
an apple) – whereas material classified as unavoidable are the inedible portions of food
(eg, banana peels, eggshells). Food waste was also considered possibly avoidable if it
could have been eaten but varies depending on the preference of the individual or how
the food was prepared (eg, crusts of bread, potato skins). This material was aggregated
with avoidable waste. Total weekly average avoidable and unavoidable waste weight
were summed and divided by the amount of collection weeks. This weekly average was
used to quantify household food waste among participating families.
4.2.2.4

Covariates

Several parent, child and household characteristics were identified as possible
confounders in the association between variety in food purchases, diet quality and
household food waste. These covariates were based on previous research (Ducrot et
al., 2017; French et al., 2017). Household income, parent education, parent and child
gender as well as number of household members were retrieved from online surveys
responses. Household income and number of household members were coded as a
continuous variable, while parent education and gender were dichotomized (eg, less
than or equal to some university, or greater than or equal to university graduate; male or
female). In addition, shopping frequency was estimated using food receipt data and
were coded as a continuous variable. Number of food receipts were counted per each
week over the course of three weeks, then an average amount was calculated to
represent shopping frequency.
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4.2.3 Statistical analysis
Linear regression was used to examine the association between variety in food
purchases (ie, fruits and vegetables, grain products, protein foods, dairy products,
snack foods) with parent and child diet quality scores. Generalized estimating equations
(GEEs) were applied to parent models to account for the shared variance among
parental family members (Liang & Zeger, 1986). Since there was only one child
participant per household, GEEs were not applied to the child models. Household
income, parent education, gender and shopping frequency were included as a covariate
in the models investigating parent and child HEI-2015 scores. A separate analysis was
conducted using linear regression to investigate the association between variety in food
purchases with avoidable and unavoidable food waste. Household income, number of
household members and shopping frequency were used as covariates for this analysis.
A p-value less than 0.05 was used to establish statistical significance. All statistical
analyses were performed in SAS ® Studio, Version 3.8 (SAS Institute Inc. 2021).

4.3

Results

4.3.1 Family characteristics
As shown in Table 1, this analytic sample included 80 mothers (66%) and 42 fathers
(34%), while the child participants included 38 boys (45%) and 47 girls (55%). Over
80% of the parents identified as Caucasian, and the majority had either completed
some university or had a university degree (39%), or postgraduate training (36%). Most
parents were married (85%), and more than half (58%) had a household size of four.
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Nearly half of the families had a household income greater than $100,000. Out of a
theoretical maximum of 100, the average diet quality score of parents was 65.3, while
the average for children was 66.4.

4.3.2 Frequency of variety in food purchases
Frequency of variety in food purchases are shown in Figure 1. Variety in fruit and
vegetable purchases were found to have the greatest variability with a mean of 9.85
food items purchased on average per week, a standard deviation of 4.02, and a range
of 1.67-23.67. There was less variety across the remaining food groups, including: grain
products (mean: 3.67; SD: 2.05; range: 0.33-10.67), protein foods (mean: 4.03; SD:
21.98; range: 0.33-9.33), dairy products (mean: 3.60; SD: 1.78; range: 0.33-9.00),
snack foods (mean: 3.50; SD: 2.43; range: 0.00-10.67).

4.3.3 Variety in food purchases and diet quality
A significant inverse association was observed between snack food variety and
parent diet quality (β= -1.28; 95% CI= -2.19 to -0.35; p= 0.007) (Table 2). Variety in fruit
and vegetables, grain products, protein foods, and dairy products were not significantly
associated with parent diet quality. Similar findings were observed in the child models
with a significant inverse association between snack food variety and child diet quality
(β= -1.45; 95% CI= -2.55 to -0.35; p= 0.01) (Table 3); where variety in the remaining
food groupings were not significantly associated with child diet quality.
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4.3.4 Variety in food purchases and household food waste
No significant associations were observed between variety in any of the food
categories and avoidable food waste (Table 4). Similarly, no significant associations
were observed between variety in any food categories and unavoidable food waste.

4.4

Discussion

This is the first study to assess variety using information from grocery receipt
purchases to investigate the association between variety in food purchases, diet quality
and household food waste. Using an objective measure that assessed variety across a
3-week time frame reduced the likelihood for risk of bias and error as compared to
existing self-reported measures of food variety. In this sample of Canadian families, we
observed a significant inverse association between variety in snack food purchases and
diet quality scores among both parents and children.
As hypothesized, variety in foods to be consumed in moderation, such as snack
foods, were inversely associated with diet quality scores. A previous cross-sectional
study with older adults found similar results; energy-dense variety, assessed by
counting the number of unique food items consumed over 2 days, was negatively
correlated with mean micronutrient intakes (Robert et al., 2005). Similarly, a longitudinal
study by Masset and colleagues (2015) found that higher variety of ‘less healthy’ foods,
as assessed with a non-recommended food variety score (NRFV), was associated with
higher intakes of saturated fat, sodium and free sugar (Masset et al., 2015). Taken
together, these findings highlight that higher variety in foods to be consumed specifically
in moderation is associated with less healthful dietary intake.
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This association between higher variety in energy-dense and nutrient-poor foods,
like pastries, baked goods, and chips, and poorer dietary intake may be explained by
the interference with sensory-specific satiety (Hetherington et al., 2006). This
phenomenon is described as “the change in pleasantness of an eaten food relative to
the pleasantness of other, uneaten food” (Hetherington et al. 2006). In this regard, it
may take longer for satiation to occur with a higher variety of foods consumed and as a
result, this leads to greater food intake (Raynor & Epstein, 2001). In other words, the
effect of variety is the result of experiencing differing sensory properties, such as
flavour, texture, and colour, which then interferes with satiety (Havermans et al., 2012).
As suggested by these findings, variety then may have a downstream effect on overall
diet quality. Since it may be more challenging to achieve energy balance from foods
which are energy-dense and nutrient-poor, parents should be encouraged to purchase
snack foods in limited amounts as a strategy to improve children’s diet quality.
Interestingly, while research is still limited, research has shown that greater variety
to be positively associated with higher quality diets (Verger et al., 2021). In our study,
we observed no significant association between variety across any of the remaining
food categories, including fruits and vegetables, grain products, protein foods and dairy
products, and diet quality. As highlighted by Appelhans et al. (2017), food purchases
are not expected to reflect a perfect agreement with dietary intake, since not all food
that is purchased is consumed. In addition, given the high granularity in our receipt
collection and household waste audits, a small sample was required, which could have
resulted in an increased risk for type II error. This might help explain the discrepancy
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observed in our results as compared to other studies that have shown that variety is
associated with improved diet quality.
No significant associations were observed between variety in any of the food
categories and household food waste. It was hypothesized that greater variety in fruit
and vegetable purchases would yield a positive association with avoidable and
unavoidable food waste. While not significant, the direction of the estimate of
association between fruit and vegetable variety and avoidable food waste was negative
whereas, the direction between fruit and vegetable variety and unavoidable food waste
was positive. This finding is interesting because it contradicts our initial hypothesis. With
greater variety in fruit and vegetable purchases, there is less avoidable food waste –
which might mean that those who purchase a greater variety of fruits and vegetable are
wasting less of those foods. This also parallels with the observed positive trend in
unavoidable waste, which shows that these foods are in fact being eaten by virtue that a
greater amount of inedible parts of foods observed in the waste – especially and most
importantly, since the majority of unavoidable waste in our sample was from inedible
parts of fruits and vegetables. Like our diet quality outcomes, these analyses examining
food waste are limited by the small sample, which could increase risk for type II error.
Future studies with larger samples are needed to elucidate these associations between
variety in food purchases, diet quality and household food waste.
Only one other study has used grocery receipt purchasing data to identify
associations with food waste (Mijares et al., 2021). While this study did not look at the
role of variety, the study found that a significant inverse association in the quality of food
purchased, assessed using the Grocery Purchasing Quality-Index, and food waste.
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Since food coming into our home begins at the point of purchasing, this study highlights
the importance in investigating the role of consumer trends and shopping behaviours on
household food waste. Research has identified overprovisioning food (Schanes et al.,
2018), bulk purchasing (Qi & Roe, 2016), and buying discounted food items (Jörissen et
al., 2015; Koivupuro et al., 2012) are potential drivers to food waste. However, most
studies rely on self-report data from survey responses in investigating these relations.
Future studies should consider identifying purchasing patterns, as assessed through an
unbiased analysis of food receipts, as this may help to understand how food purchasing
habits, including food variety, are associated with level of food waste.
This present study has notable limitations. While the objectives of this research
were to primarily investigate the associations between variety in food purchases and
diet quality and food waste, the measure of variety in food purchases has not been
validated. Assessing convergent validity with a self-reported assessment of dietary
variety, within similar food groupings, could help us to determine correlation with our
variety scores from purchase receipt data. We also used a simple count approach to
measure variety across 5 different food categories and were able to show considerable
variability across families, like in the fruit and vegetable category. On average, 9.85
unique fruit and vegetable food items were purchased per week and this ranged from
1.67-23.67 distinctive food items. However, in using this approach, we were unable to
account for the variance in the weighted amount across food purchases. Previous
studies have shown suitability in setting a quantity criterion to assess food variety, like a
serving amount (eg, one-half serving) or quantity consumed (eg, 25 grams) (Mirmiran et
al., 2004; Tian et al., 2017). Though, due to the inability to identify the weight across
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certain food items in grocery receipt purchases, we were not able to use a weightedscoring system. A previous study by Appelhans and colleagues (2019) photographed
packaging and nutrition labels of items purchased in the collected grocery receipts
during home-visits with participants. Future research should consider using such an
approach when employing a quantity criterion to assess variety in food purchases.
Our study sample was relatively small and included primarily families who were
Caucasian and were of mid-to-high socioeconomic status. Thus, these findings may not
be generalizable to lower-income and racial minority families. Like our study, most
research that have used food purchase data as a proxy to understand nutritional intake
were in smaller sample sizes (Appelhans et al., 2017; French et al., 2019; Tran et al.,
2017). Future research should explore use of these methods in a larger sample. Despite
these limitations of the current study, this information can help provide future direction in
research studies that decide to use grocery receipt purchases to assess food variety.

4.5

Conclusion

To address current limitations in self-reported measures that evaluate food variety,
an analysis of grocery receipt purchases was used. Variety in snack food purchases
were inversely associated with diet quality scores in both parents and children in this
study. These findings highlight that future research should consider assessing variety
within a range of food groups, as opposed to using a single overall score – and more
specifically, to evaluate variety in both healthy and unhealthy food purchasing, as this
may provide a better understanding on predictors of diet quality. Our study found no
significant associations between variety across the remaining food groupings and food
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waste. Future research is needed to test the validity of this method in evaluating variety,
and additional work is needed among a larger and more diverse sample.
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Table 1. Demographics of parents and children included in analyses from the Family
Food Skills Study
Variable

Parents

Children

Household

Gender, n (%)
Male
Female

42 (34%)
80 (66%)

38 (45%)
47 (55%)

-

Ethnicity, n (%) 1
Caucasian
African American
Asian
Other

100 (83%)
1 (1%)
9 (8%)
10 (8%)

67 (81%)
1 (1%)
8 (10%)
7 (8%)

-

Education, n (%)
College diploma or less
Some university or degree
Postgraduate training

30 (25%)
48 (39%)
44 (36%)

-

-

Marital Status, n (%) 1
Married
Other (ie, separated, living with partner)

103 (85%)
18 (15%)

-

-

-

-

3 (4%)
19 (22%)
49 (58%)
14 (16%)

-

-

20 (25%)
21 (27%)
28 (35%)
10 (13%)

65.26 (11.50)

66.38 (10.89)

-

Household Size, n (%)
Two
Three
Four
Five+
Household Income, n (%) 1
<$60,000
$60,000-$99,999
$100,000-$149,999
>$150,000
Diet Quality Score, mean (SD)
1

Sample sizes vary slightly due to none-response
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Table 2. Association between variety in food purchases and parent HEI-2015 scores in
the Family Food Skills Study 1,2
Food Variety Score
Fruits and Vegetables
Grain Products
Protein Foods
Dairy Products
Snack Foods
1
2

Linear Trend
β (95% CI)
0.44 (-0.16-1.03)
0.71 (-0.59-2.03)
0.39 (-1.22-2.00)
-1.06 (-2.30-0.19)
-1.27 (-2.19-0.35)

P-value
0.15
0.28
0.64
0.09
0.007

Models adjusted for household income, parent education, parent gender and shopping frequency.
Bolded values are statistically significant at p<0.05.

Table 3. Association between variety in food purchases and child HEI-2015 scores in
the Family Food Skills Study 1,2
Food Variety Score
Fruits and Vegetables
Grain Products
Protein Foods
Dairy Products
Snack Foods
1
2

Linear Trend
β (95% CI)
-0.008 (-0.76-0.74)
-0.30 (-1.69-1.08)
-0.99 (-2.53-0.55)
-1.41 (-2.96-0.13)
-1.45 (-2.55-0.35)

P-value
0.98
0.66
0.20
0.07
0.01

Models adjusted for household income, parent education, child gender and shopping frequency.
Bolded values are statistically significant at p<0.05.
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Table 4. Association between variety in food purchases and household food waste in
the Family Food Skills Study 1,2
Food Variety Score

Avoidable Food Waste
Unavoidable Food Waste
Linear Trend
Linear Trend
β (95% CI)
P-value
β (95% CI)
P-value
Fruits and Vegetables -37.33 (-144.05-69.39)
0.49
21.14 (-30.94-73.18)
0.42
Grain Products
Protein Foods
Dairy Products
Snack Foods
1
2

-48.20 (-250.16-153.75)
82.89 (-134.73-300.51)
-89.68 (-306.96-127.59)
-88.95 (-244.36-66.46)

0.63
0.45
0.41
0.26

58.31 (-39.44-156.08)
28.34 (-78.12-134.81)
0.79 (-105.80-107.38)
-70.14 (-144.24-4.57)

0.24
0.60
0.99
0.06

Models adjusted for income, parent education, number of household members and shopping frequency.
Bolded values are statistically significant at p<0.05.
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Figure 1. Frequency of variety in food purchases

53

Frequency of variety in a) fruit and vegetable, b) grain product, c) protein food, d) dairy
product, and e) snack food purchases, as assessed by an average weekly count, per
household in the Family Food Skills Study
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Chapter 5 Summary
National dietary guidelines help to guide eating patterns for the general public with
efforts to help support and promote high quality diets. Incorporating variety within
Canada’s Food Guide has been around since its inception in the early 1940’s (Health
Canada, 2007), and has continued to be a part of the guidelines including with the most
recent version of our Food Guide. Despite this continued promotion of variety, limiting
studies have explored its association with nutrition outcomes, specifically with diet
quality, and no studies have examined how food variety is associated with food waste.
This present study investigated how variety in food purchases, specifically in fruits
and vegetables, grain products, protein foods, dairy products, and snack foods, were
associated with diet quality and household food waste among families living in Guelph,
Ontario. This study found a significant inverse association with variety in snack food
purchases and diet quality scores in both parents and children. While previous research
supports these findings (Masset et al., 2015; Robert et al., 2005), still relatively few
studies have investigated the role of variety in foods considered within unhealthy food
groupings, like snack foods, on dietary outcomes (Verger et al., 2021). Our results
highlight the importance of assessing variety within a range of food groupings, instead
of evaluating variety across the whole diet.
No significant associations were observed between variety in food purchases and
household food waste. These null results might be due to the fact that other more
prominent food behaviors could be having a greater impact on food waste generation.
Most research looking at determinants to household food waste utilize data collected
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from survey responses and questionnaires – this is one of the first studies to use
information from grocery receipt purchases, with the exception of one other study by
Mijares and colleagues (2021), which looked at quality of food purchases, not variety.
Further research in larger samples should continue to understand how purchasing
behaviours, as assessed via food receipts, are associated with food waste.
While the use of dietary diversity indicators (DDIs) has advanced over the years,
none have sought to use an objective method to assess food variety through the use of
grocery receipts. Using an objective measure to assess variety reduces the risk of bias
existing in current self-reported DDIs. We were also able to assess variety over a longer
recall time (ie, 3 weeks), which may have been able to provide a greater insight on
habitual dietary patterns as compared to dietary recalls with shorter assessment
periods. Although there was low-participant burden in simply collecting grocery and food
receipts, this approach has notable limitations, like the inability to assess weight of
certain foods purchased and additional time needed for data coding and processing.
To help advance this methodology, there are several potential future directions that
should be considered. First off, a validation study should be prioritized. Testing the
correlation between our variety scores from food purchases with a self-reported
assessment of variety can help us understand how these variables are related. In doing
so, this may also be able to provide insight on the needed duration of receipt collection
in its ability to reflect dietary variety. Secondly, it may also be important to employ a
longitudinal approach in understanding the impact of variety on nutrition and health
outcomes. For instance, using this design, might provide insight on the seasonality
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effect of variety. Our study was conducted over the summer months, which may have
influenced the magnitude of variety in certain food groups, like fruits and vegetables.
Lastly, larger scale studies, that use information from receipt purchases to reflect dietary
intake and variety, are needed. According to Appelhans and colleagues (2017), semiautomated methods should be applied to population-level monitoring using receipt data,
since our protocol required additional efforts from research staff in extraction, coding
and analysis. For instance, Nielsen’s National Consumer Panel is a nationally
representative sample of US households, which has done prior cross-sectional analyses
on food purchases using semi-automated methods (Stern et al., 2016). Taken together,
applying these future directives will help advance this field of research.
Understanding what constitutes variety and how variety is defined is important in
interpreting research findings as well as incorporating within dietary guidelines. Yet food
variety is still considered to be poorly defined, as seen across existing DDIs with
considerable variations in definitions (Raynor & Vadiveloo, 2018; Verger et al., 2021). In
the study by Embling et al. (2020), consumers were asked to define food variety;
however, most of the participants discussed variety only in terms of the context of the
whole diet. Thus, not only is food variety poorly defined in the literature, but consumers’
understanding of variety might be limiting (Embling et al., 2020). Future efforts should
focus on developing a consistent definition of food variety, which will make comparing
research findings clearer and in turn, may also help improve consumer understanding of
the concept of variety (Embling et al., 2020; Raynor & Vadiveloo, 2018).
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Our methodology showed promise in identifying how greater variety in certain
unhealthy foods, such as snack foods, may lead to poorer quality diets. These findings
highlight that future research should consider assessing variety within a range of food
groups, instead of evaluating variety across the entire diet – and more importantly, to
consider variety in both healthy and unhealthy foods, as this may provide a better
understanding on predictors of diet quality. Finally, it is recognized that food variety is
an important driver for dietary intake and can help ensure nutritional adequacy; but
beyond these relations, the impact of variety on diet quality and other nutrition-related
outcomes is still poorly understood. Thus, further research is needed to elucidate the
association between food variety, diet quality and household food waste.
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APPENDICES
Appendix A. Standard operating procedure for receipt coding
Getting Started:
Creating a New Receipt Coding File
1. Open the program “Microsoft Excel” on the Desktop.
2. Use the file FFS_SOP_ReceiptCoding_Spreadsheet as a Template for each column
(including Item, Additional Information, Price, Category, Category #2, Location, Date,
Quantity (g), Quantity (mL), Link).
3. Enter the Family ID Number in the Spreadsheet Tab for new family.
Family ID Number: ID#_CR_YourInitials
For example: 22_CR_NC (Family ID 22, CR Coded Receipt, NC Initials)

4. Access to the Food Receipt documents
• To access the scanned copies, open Dropbox, Files >> Food Skills >> Copy of
Food Receipts >> Family ID # depending on the family.
• To access the hard copies, Room 290, Food Science & HHNS Annex.
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Entering the Food Receipt Content:
Item Column
1. Write the term in the item column for it is understandable to the reader.
2. Using the product code to search the item if unable to identify product.
• Zehrs: https://www.zehrs.ca/search/
• Wal-Mart: https://www.walmart.ca/en/grocery/
• Costco: https://www.costcobusinesscentre.ca/

3. If unable to retrieve information from the product code and the item name is not
understandable, list the item printed on the receipt and highlight in yellow.

Additional Info Column
Note any Additional Information that would be necessary to include. For instance:
• No quantity associated with the price (i.e., for counts).
• If lacking further information to categorize the item.
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Price
1. Input the price of the item, excluding any taxes.
2. If there was a tip on the item, do not include the tip.
3. If there was a discount, list the price with the discounted value (i.e., $12.99-$2.00,
input the price as $10.99).
NOTE: For Costco, you will have to calculate.

Category #1 Column
1. Place the item in the most appropriate food group category.
Category
Fruits & Vegetables
Dairy & Alternatives
Grain Products
Meats & Alternatives
Spices & Herbs
Healthy Convenience Food

Convenience Food

Snack Foods
Unhealthy Snack Foods
Supplements
Oils & Fats
Beverage
Sugar-Sweetened Beverage
Fruit Juice
Pantry
Fast Food

Examples
Fresh, canned, dried fruit or vegetables
Cow’s milk, fortified dairy alternatives,
yogurt, cheese
Cereals, breads, pasta
Red meats, poultry, eggs, seafood, nuts,
seeds, soy products, legumes
Spices and herbs
Anything pre-made that is considered
healthy (e.g., pre-made chicken, pre-made
salad, baby food, etc.)
Anything pre-made that is not considered
healthy (e.g., frozen pizza, Kraft dinner, premade soup)
Crackers, granola bars, fruit-to-go
Any snack foods that are high in sodium, fat
or processed sugars
Vitamin supplements
Butters, vegetable oils, margarine
Coffee beans, tea bags, water
Check nutrition label if high in processed
sugars
100% fruit juice
Sugar, flour, soup broth, condiments, honey
Pizza, coffee shops, bakeries, food trucks,
ice cream truck, to go coffees
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Casual Dining
Pick-Up Fee
Unknown

Sit down restaurant
Additional fee to pick-up groceries
If the item is unidentifiable, place in the
unknown category
Clothes, kitchenware, chewing gum,
anything other than food
If a discount/coupon was applied but the
item is not specified, simply categorize it as
a subtracted price and categorize as
discounts

Non-Food Item
Discounts

Category #2 Column
1. If the item can be further placed into an additional category, place in Column #2.
NOTE: Column #1 should reflect the food group where Column #2 should be based on
any additional category for the item. For example:
Item
Olives and Pickles
Cereal (regardless of sugar
content)
Hot Dogs/Sausages
Nuts / Nut-butters
Canned/Dried Legumes
Jerky
Ice Cream
Butter

Category #1
Fruits & Vegetables
Grain Products
Meats & Alternatives
Meats & Alternatives
Meats & Alternatives
Meats & Alternatives
Unhealthy Snack
Foods
Oils & Fats

Category #2
Pantry
Pantry
Convenience Food
Pantry
Pantry
Unhealthy Snack Foods
Dairy & Alternatives
Dairy & Alternatives

Location Column
1. Input the location of the purchase from the receipt.
Location
Grocery_bigbox
Grocery_highend

Examples
Walmart, Costco, Giant Tiger
Zehrs, Longos, Goodness Me, Metro, Farm
Boy, Fortinos
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Grocery_midrange

Sobeys, HomeSense, Shoppers, FreshCo,
Bulk Barn
Foodland, Food Basics, No Frills
Including Specialty Shops (M&M Meats),
Farmer’s Market, Market Fresh, Stone Store
Coffee shops, Pizza, Starbucks, Bakeries,
Food Festivals (Rib Fest), Food Trucks, Ice
Cream Shop
Sit Down Restaurants including Freshii,
Chipotle, Swiss Chalet, etc.

Grocery_discount
Grocery_local
Fast Food

Casual Dining

Online Stores (make note in “Additional
Info” column if a purchase is made from
somewhere like Wal-Mart, etc.)
Dollarama, Gas Stores, Non-Grocery
Stores, Liquor Stores
Guelph Student Food Bank

Internet Shopping

Other
Foodbank

Date Column
1. Input the date of the purchase of the groceries from the receipt.
Date: MM/DD/YYYY
For example: 08/28/2017 (August 28th, 2017)

Quantity (g/mL) Column
1. Input the quantity in the applicable size (either grams or milliliters)
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2. If the quantity is not available or the item is sold by a count, leave the quantity area
blank and in the Additional Information column input “No info on size".
3. If the item is entered as a count for Fruits & Vegetables category, retrieve the
estimated size from Canadian Nutrient File.
Website: https://food-nutrition.canada.ca/cnf-fce/
(For example, cucumbers are generally bought by a count as opposed to weight,
use CNF to retrieve information on the estimated average of a cucumber. In this
case, 301g would be inputted into the Quantity column).
Website URL
1. If applicable, add the link to the item if found from an external grocery website or
include the number code from the receipt.
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Appendix B. Measuring variety from food receipt data
Step 1: Organize into three distinct weeks

Step 2: Within each of the three weeks, sort into the five food categories
Food Categories
Fruits and Vegetables
Grain Products
Meat and Alternatives
Dairy Products
Snack Foods

Details
Including all fresh and frozen fruits and vegetables.
Including breads, dried grains (eg, rice, quinoa, farro)
cereals, pastas.
Including red meats, poultry, eggs, seafood, nuts, seeds,
soy products, legumes.
Including milk, cream, sour cream, cheese (eg, block’s,
shredded, cream cheese), yogurt, ice cream.
Including crackers, chips, rice cakes, granola bars,
pastries/baked goods, cookies, candy, chocolate, fruit
snacks, pudding, Jell-O, popcorn, pretzels, trail mix,
muffins, donuts, popsicles.
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•
•
•

Step 3: Score every unique food item purchase
Score ‘1’ per each unique food item purchased within the five food categories
This step is required for each of the 3 weeks
Once finished, a weekly variety score for each food category is calculated by
summing all the item scores
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Step 4: Calculate a weekly average for variety in food purchases
•
•

Sum the 3 totals from Week 1, Week 2 and Week 3 of the five food categories
Divide by ‘3’ to get a weekly average for food variety and for each food category

This score was used to measure food variety in each of the five food categories where
higher scores represent higher variety.
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