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Abstract
Objective: Little is known about the diet quality of preschool children in Canada.
We adapted an established diet quality index for European preschool children to
align with the Canadian context and applied the index to dietary data of 3-year-old
children to assess patterns of diet quality.
Design:Our diet quality index (DQI-C) consists of four components that align with
Canada’s Food Guide (Vegetables and Fruit, Grain Products, Milk and Alternatives
and Meat and Alternatives) and two components that account for less healthy
intakes (Candy/Snacks, and Sugar-Sweetened Beverages (SSB)). The ratio
between consumption v. recommended intakes is calculated for each
component and summed to give a total score from 0 to 6.
Setting: Alberta, Canada.
Participants: The DQI-C was applied to FFQ data from 1260 3-year-old children.
Results: Mean DQI-C was 3·69 (SD 0·6). Most children met recommendations for
Vegetables and Fruit (73 %) and Meat and Alternatives (70 %); however, fewer
met recommendations for Milk and Alternatives (38 %) and Grain Products
(13 %). Children in the lowest quartile for DQI-C score consumed a mean of
82 g of Candy/Snacks and 193 g of SSB daily, whereas those in the highest quartile
consumed 45 g/d and 17 g/d of Candy and Snacks and SSB, respectively.
Conclusion: This DQI-C score is useful for ranking Canadian preschool children
according to their overall diet quality. There is room for improvement for consump-
tions of Grain Products, Meat and Alternatives, Candy/Snacks and SSB, which could
be a target for initiatives to improve diet quality of preschool children in Canada.
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It is estimated that 33 % of Canadian children aged 5–11
years are overweight or obese(1). Establishing good quality
diets in early childhood has been shown to reduce the risks
of obesity and chronic disease later in life, including type-2
diabetes, hypertension, and cardiovascular disease(2,3).
Additionally, poor diet quality in children aged 10–11 years
has been shown to be negatively associated with intellec-
tual capacity, social skills, and academic performance(4). A
good quality diet is one that consists of frequent intakes of
vegetables, fruits, whole grains, lean meats and fish, and
lower fat dairy, along with less frequent intakes of
energy-dense, nutrient-poor foods, such as chips, cookies,
sweets and high-sugar drinks(3). Typically, eating habits
and behaviours are formed in preschool children, between

the age of 1·5 and 4 years(5), and it has been shown that diet
quality established in these early years tracks to later child-
hood and adolescence(6).

The diet quality of young children is sub-optimal with
reports from the 2014 UK National Diet and Nutrition
Survey highlighting that children aged 1·5–3 years obtained
11 % of their daily energy intakes from added sugars(7),
which is more than double the current recommendation(8).
In Canada, the 2012 Canadian Community Health Survey
indicated that children aged 2–8 years had higher energy
intake than energy expenditure, and that >75 % of these
children had sodium intakes greater than the upper recom-
mended limit(9). As with many countries, to support the
public to have a better quality diet, Canada has produced
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healthy eating guidelines for the population, and these
include specific guidance for preschool children over
the age of 2 years(10). Canada’s Food Guide (CFG)
provides recommendations for the daily consumption
of portions of vegetables and fruit, grains, meat and alter-
natives, and milk and alternatives by gender and age
category. Although there is a paucity of research on pre-
school children in Canada, one study of 4–5-year-olds
conducted in 2007 found that only 29·6 % met recom-
mendations for servings of vegetables and fruit and
23·5 % met the recommendations for milk and alterna-
tives(11). Furthermore, in a study of 894 2–3-year-old
children in the USA, 80·3 % and 50·2 % of them did not
meet the recommendations for total vegetable and fruit
intake respectively(12).

Many studies investigating diet and health outcomes
look at the impact of a single nutrient or food(13). A limita-
tion to this approach is that people do not eat single foods,
but rather consume combinations of foods(14). One
approach to ‘whole diet’ assessment is the use of a diet
quality index (DQI) which can consider the intake of
nutrients, food groups, or a combination of both, relative
to nutrition guidelines(14). Most DQI-type scores include
healthy and unhealthy dietary components by assigning
point values to different amounts of intake(15). Points are
given for higher intakes of healthy dietary components
and are taken away for intakes of unhealthy dietary
components.

Currently, few DQIs exist that describe the diet quality
of preschool children, and none are specific to the
Canadian context. Those that have been reported in the
literature are based on national dietary guidelines that
reflect cultural preferences and differ from country to
country(16-19), making them inappropriate to apply directly
to Canadian children. For instance, the Flemish DQI com-
ponents include scores for diet diversity and meal pat-
terns; these elements are not included in CFG(18). A DQI
developed in the USA for 2–5-year-olds may have been
more culturally relevant for use in Canada, but it was
developed using the US dietary guidelines from 2005,
which do not reflect the current CFG(10,16). A DQI recently
developed in the Netherlands was formulated to assess
adherence to dietary guidelines for young children in
Europe, and includes components to consider the con-
sumption of candy, snack foods, and sugar-sweetened
beverages(19). In the study of 3629 preschool children, this
tool adequately assessed the overall quality of 1·5–2-year-
old children’s diets(19). The resulting score was positively
correlated with nutrients indicative of a good quality diet,
such as polyunsaturated fatty acids, dietary fibre and
calcium, and inversely associated with intakes of added
sugar and saturated fat(19). Since CFG lacks dietary guide-
lines for unhealthy foods, it is important to understand
how intakes of these foods contribute to dietary patterns
in the Canadian context. The adaptation of these tools
has yet to be tested in a Canadian population. There is

a strong need to identify dietary patterns in preschool
children to inform context appropriate nutrition
interventions.

Therefore, this study had four aims: (i) to adapt the DQI
for preschool children as developed by Voortman et al.(19)

for the Canadian context (DQI-C); (ii) to apply the index to
dietary data from 1260 3-year-old children; (iii) to describe
food and beverage intakes according to quartiles of the
DQI-C score; and (iv) to examine associations between
the sociodemographic characteristics of mothers and
DQI-C score in their children.

Materials and methods

Study design and participants
The Alberta Pregnancy Outcomes and Nutrition (APrON)
study is a prospective cohort study of 2189 women during
pregnancy and post-partum and their children. Participants
were recruited between May 2009 and November 2012
through advertisements in the media and in physician
offices in Calgary and Edmonton, Alberta. Eligibility
criteria were: age 16 years or older, literate in English and
<27 weeks gestation. Women who provided written
informed consent were invited to attend a study centre
once in each trimester following enrolment, and once at
approximately three months post-partum. Further follow-
ups included health and lifestyle questionnaires relating
to both mother and her child, which were completed when
children were 6, 12, 24 and 36 months of age. The APrON
study was approved by the University of Calgary Health
Research Ethics Board and the University of Alberta
Health Research Ethics Biomedical Panel(20). This study
includes data collected from 1260mother–child pairs when
the children were aged 3 years.

Dietary assessment
Children’s dietary intake was assessed using a parent-
reported 100-item semi-quantitative Food Frequency
Questionnaire (FFQ). The FFQ was developed by experts
in childhood nutrition for the Family Atherosclerosis
Monitoring In earLY Life (FAMILY) study, a prospective
birth-cohort study inCanada(21). In brief, food items included
on the FFQ were established using commonly consumed
foods reported in a nationally representative sample of
preschool children from the Canadian Community Health
Survey(22) and recommended foods in Canada’s Food
Guide. Similar methods for developing FFQ to assess
young children’s diets have been used and validated in
studies including the Southampton Women’s Survey(23,24).
Frequency of consumption along with pre-determined serv-
ing sizes, alignedwith CFG,was reported. Parents indicated,
on behalf of their children, the frequency of consumption of
each itemwith one of the following options: never; 1–3 times
per week; 4–6 times per week; 1 time per day; 2–3 times per
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day; 4–6 times per day; and >6 times per day. The FFQ also
included open-ended sections for recording the frequency,
portion and description of other foods consumed that
were not listed in the FFQ. Food items from the FFQ
were converted into weight (grams/serving) and energy
(kcal/serving) using the Canadian Nutrient File database(25).
If food items were not in the Canadian Nutrient File, the
USDA Food Composition Database(26) or the manufacturer’s
nutritional information from itswebsitewas used. Frequency
of food intake was converted into daily consumption (g/d).
For frequency categories that specified a range (e.g. 4–6
times per week), the middle value was used and divided
by 7 to determine the frequency of consumption per day.
Following this, the amount of each food item consumed
per day was calculated by multiplying the mean weight
(g/serving) by the daily frequency of consumption of the
corresponding food item. Missing responses to FFQ items
were imputed using the mean daily frequency of consump-
tion for the corresponding item in the whole cohort. To
determine total kcal intake per day, the kcal/serving of each
food item in the FFQ was multiplied by daily frequency of
consumption and summed.

Construction of the Diet Quality Index (DQI-C)
The procedure for constructing theDQI-Cwas based on the
study by Voortman et al.(19) The adapted DQI-C for the cur-
rent study was comprised of six components: four compo-
nents from CFG (Vegetables and Fruit, Grain Products, Milk
and Alternatives, Meat and Alternatives)(10) and two compo-
nents for less-healthy food and drinks as specified in
Voortman et al. (Candy and Snacks, Sugar-Sweetened
Beverages (SSB)). Each item from the FFQ was assigned
to one of the six components. Food items that were reported
as responses to the open-ended questions in the FFQ were
also categorized into one of the six components (e.g. rhu-
barb was not in the original FFQ, and so was added to
the Vegetables and Fruit component). To determine each
child’s overall consumption of each of the six components,
g/d of the food items included in the component were
summed. In accordance with CFG recommendations, only

food items considered healthy were counted towards the
recommended servings/d of the four food groups from
CFG, whereas unhealthier food items were excluded from
the DQI-C (e.g. baked or broiled chicken was included,
but chicken nuggets were excluded). Decisions for the
inclusion/exclusion of the items was discussed by three
nutrition experts (MJ, AA and RB) and in conjunction with
the details of included items from Health Canada(27-30). A
protocol for the assignment of FFQ food items to the groups
was written and strictly followed, which detailed exactly
which food item was to be categorized into which group.
The items were electronically separated into their food
groups and the group assignment was checked by MJ.
Excluded FFQ items were not included in the computation
of the final DQI-C, but they were included when calculating
total daily energy intake (kcal/d). In addition, mixed dishes
were excluded from the DQI-C due to a lack of information
about proportions of multiple ingredients.

Details about scoring criteria are shown in Table 1. The
recommended intake for each CFG component (g/d) was
determined using information from CFG onwhat constitutes
a ‘serving’ for each food included in the component(27-30) and
multiplying by the recommended number of servings indi-
cated in CFG. For Candy and Snacks and SSB, the g/d criteria
were used as specified by Voortman et al.(19) as no such
guidance on these foods exists in CFG. To calculate the total
DQI-C score, the ratio of the reported intake: recommended
intake was calculated for each child (truncated at 1) and
summed for each of the six components and resulting in
scores ranging from 0 to 6 (Table 1). Candy and Snacks
and SSB were reverse scored.

Data analysis
Participants who completed <50% of the FFQ were
excluded from the DQI-C analysis (n45) leaving a final
sample for analysis of 1215. Children with implausible
intakes of more than 1 kg of vegetables and fruit per day
(n 34) were imputed with the mean intake for the whole
group after exclusion of the outliers. The final score was
energy adjusted using the residual method to account for

Table 1 Components of the Diet Quality Index (DQI-C) and scoring criteria

Component

Canada’s food guide
recommendation

(servings/d)

Requirements for a
maximum score of 1

(g/d)*

Requirements for a
minimum score of 0

(g/d)†

Vegetables and fruit 4 >348·4 0
Grain products 3 >197·5 0
Milk and alternatives 2 >392·7 0
Meat and alternatives 1 >86·0 0
Candy and snacks‡ N/A 0 >20
Sugar-sweetened beverages§ N/A 0 >100

N/A: not applicable.
*Grams per day based on Canada’s Food Guide servings converted into weights using the Canadian Nutrient File database.
†Grams per day for Candy and Snacks and Sugar-Sweetened Beverages adapted from Voortman et al.(19).
‡Candy and Snacks included salty snacks (e.g. chips, French fries, pretzels and popcorn) and sugary snacks (e.g. cookies, cake, chocolate bars,
ice cream and pudding).
§Sugar-Sweetened Beverages included soft drinks, fruit drinks, 100% fruit juice, milkshakes and flavoured milk.
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variations in the amount children eat(31). In brief, a linear
regression analysis was performed with total daily kcal
intake as the independent variable and unstandardized
DQI-C score as the dependent variable to calculate
energy-adjusted DQI-C score residuals for each child.
Then, the predicted DQI score for a daily energy intake
of 5439 kJ/d (1300 kcal/d) was added as a constant, which
is the recommended energy intake for 3-year-old chil-
dren(32). This constant was added to the unstandardized
residuals to obtain final standardized DQI-C scores
adjusted to an energy intake of 5439 kJ/d (1300 kcal/d).
Children were ranked based on their final DQI-C score
and grouped into quartiles. Descriptive statistics were used
to compare food and beverage intakes of children accord-
ing to quartiles of the total DQI-C score. Differences in the
proportion of children meeting CFG recommendations by
quartiles of the DQI-C were assessed using Chi-squared
tests. Linear regression models were used to assess associ-
ations between demographic characteristics and the DQI-C
score. Analyses were performed in IBM SPSS Statistics
version 24 and a P-value of <0·05 was used to determine
statistical significance.

Results

Study participants
The characteristics of mothers in the APrON study are
presented in Table 2. The mean age of mothers at the
time these questionnaires were completed was 35·5
(SD 4·0) years. The majority were married or in a common
law relationship (97 %) and had a Caucasian ethnicity
(86 %). Mothers tended to be from a high socio-
economic status (SES) background, with 75 % having a
university education and 59 % having a household income
of ≥$CAN100 000. Nearly two thirds of women had a
normal pre-pregnancy BMI (64·5 %) and nearly one third
were overweight or obese (32·7 %). Of the 3-year-old
children, 52% were boys and 48% were girls, the majority
were first-born children (58 %)with 33%being second born.

DQI-C scores
DQI-C scores were calculated for 1215 children and from a
possible maximum score of 6, the mean was 3·69 (SD 0·6)
with a minimum of 1·6 and maximum of 5·6. Of the six
components, high mean scores were found for the
Vegetables and Fruit (0·93 SD 0·1) and Meat and Alternatives
(0·92 SD 0·2) components. The mean score for Milk and
Alternativeswas 0·8 (SD 0·3) and for Grain Products was low-
est at 0·7 (SD 0·2). On the other hand, mean scores for Candy
and Snacks and SSB were 0·04 (SD 0·2) and 0·41 (SD 0·4).
Table 3 shows the mean g/d intake of each food group
by quartiles of the DQI-C score. There was higher consump-
tion of all healthy food groups and lower consumption of
less healthy food groups by each quartile increment of the

diet score. The most striking difference between those in
the highest and lowest DQI-C quartiles was in SSB intake
where themean daily consumption of children in the lowest
DQI-C quartile was 193 g/d v. 17 g/d of those in the highest
quartile.

DQI-C score and adherence with Canada’s Food
Guide
Most childrenmet the CFG recommendations for Vegetables
and Fruit (73 %) and Meat and Alternatives (70 %) intakes.
However, 38 % and 13% of children met recommendations
for Milk and Alternatives, and Grain Products, respectively.
Furthermore, 90% of children consumed more than 20 g of
candy or snacks per day and 35% consumed more than
100 g of SSB per day. Table 3 shows the proportion of chil-
dren meeting the recommendations from CFG differs
according to quartiles of the DQI score. Fewer children in
the lowest quartile met the recommendations compared
to those in higher quartiles. Of those in the lowest quartile,
50 %, 19%, 52% and 5% met the recommendations for
Vegetables and Fruit, Milk and Alternatives, Meat and
Alternatives, and Grain Products, respectively. In compari-
son, of those in the highest quartile, 83%, 52%, 83% and
21% met the recommendations for Vegetables and Fruit,
Milk and Alternatives, Meat and Alternatives, and Grain

Table 2 Characteristics of mothers and children in the Alberta
Pregnancy Outcomes and Nutrition Study

Maternal characteristics Mean or n % or SD

Age (years) 35·5 4·0
Education
Less than university 288 24
University level 902 75·1
Missing 11 0·9

Household income
<$100 000 pa 465 38·7
≥$100 000 pa 713 59·4
Missing 23 1·9

Marital status
Single or separated/divorced 33 2·7
Married or cohabiting 1165 97
Missing 3 0·2

Ethnicity
Caucasian 1037 86·3
Non-Caucasian 156 13
Missing 8 0·7

Pre-pregnancy BMI
Underweight 40 3·3
Normal weight 775 64·5
Overweight 252 21
Obese 129 10·7
Missing 5 0·4

Child characteristics
Child age in months 36·4 0·9

Gender
Male 632 52
Female 583 48

Birth order
1st 705 58
2nd 405 33
3rd 93 8
4th/5th 12 1
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Products, respectively. Figure 1 shows servings/d of each of
the components in the diet score of children in the highest
compared with the lowest quartile of the DQI-C score.
Children in the lowest quartile consumed ∼1·5 fewer
servings of Vegetables and Fruit and ∼2 more servings of
Candy and Snacks and SSB per day compared with children
in the highest quartile.

DQI-C score and sociodemographic characteristics
Linear regression models were used to assess associations
between sociodemographic characteristics and diet
quality scores. In univariate analyses, higher household
incomes (β = 0·14, P= 0·001) and higher maternal
education (β = 0·24, P< 0·001) were associatedwith higher

children’s DQI-C scores. Having a mother who was
single/divorced (β=−0·25, P = 0·034), from a non-
Caucasian ethnicity (β=−0·14, P= 0·01), or who was
obese prior to pregnancy (β=−0·21, P= 0·001), and
children having older siblings (β=−0·10, P< 0·001) were
associated with lower DQI-C scores. Table 4 shows the
results from a multivariate model that included the varia-
bles that were associated in the univariate analysis. This
shows that the mother’s level of education (β = 0·18,
P < 0·001), ethnicity (β=−0·013, P= 0·02) and being obese
prior to pregnancy (β=−0·17, P= 0·005) and child’s birth
order (β= 0·11,P< 0·001) had independent effects on child-
ren’s DQI-C score. The F-value for the model was 8·89,
significance <0·001, suggesting that the collective contribu-
tion of the variableswas significant. TheR2 of the finalmodel
was 0·057 showing that just ∼6% of the variation in DQI-C
score was explained by SES characteristics. Maternal age
and child gender were not associated with DQI-C scores.

Discussion

We have shown that a DQI score developed to assess the
diet quality of Canadian preschool children in Alberta is
useful for ranking children according to adherence to
CFG recommendations whilst taking account of consump-
tion of less healthy foods.

Children in our study were reported to have a high
consumption of vegetables and fruit. This result differs from
reports of lower fruit consumption and inadequate vegeta-
ble consumption in other studies of preschool children in
Western countries(33-35). In particular, a recent (2018) US
study of nationally representative 2- to 3-year old children
reported that although the majority of children (73 %)
consumed at least one vegetable in a day, the most
commonly consumed vegetable was fried potato(35).

Table 3 Consumption of food groups (g/d) and proportion of children meeting the CFG recommendations by quartiles of diet quality index
score

Food group

Lowest quartile*
(n 304)

2nd quartile*
(n 304)

3rd quartile*
(n 304)

Highest quartile*
(n 303)

Mean SD Mean SD Mean SD Mean SD P value

Vegetables and fruit 378 177 475 177 494 168 505 167 <0·001†
Milk and alternatives 275 202 381 178 390 188 449 174 <0·001†
Meat and alternatives 92 50 109 47 115 45 126 55 <0·001†
Grain products 118 65 134 55 153 72 164 56 <0·001†
Candy and snacks 82 60 72 43 59 34 45 32 <0·001†
Sugar-sweetened beverages 193 186 148 161 61 58 17 22 <0·001†

Recommendations N % N % N % N % P value

Met vegetable and fruit recommendation 152 50 237 73 244 80 252 83 <0·001‡
Met milk and alternatives recommendation 57 19 116 38 130 43 158 52 <0·001‡
Met meat and alternatives recommendation 158 52 211 69 230 76 253 83 <0·001‡
Met grain products recommendation 17 5 22 7 54 18 65 21 <0·001‡

*DQI-C score quartile cut points: Lowest quartile< 3·27, 2nd quartile> 3·27< 3·68, 3rd quartile> 3·68< 4·17, Highest quartile> 4·17.
†P value from linear regression model of food group (g/d) as the outcome variable and diet quality score in quartiles as the independent variable.
‡P value from Chi squared test for difference between categories.

0 1 2 3 4 5 6 7

Sugar-Sweetened Beverages

Candy and Snacks

Grain products

Meat and Alternatives

Milk and Alternatives

Vegetables and Fruit

Number of Servings* per day

Fig. 1 Daily frequency of consumption between children in the
lowest (dark grey) and highest (light grey) quartiles of DQI-C
score.
*One serving as defined by Canada’s Food Guide for the food
groups ‘Vegetables and Fruit’, ‘Milk and Alternatives’, ‘Meat
and Alternatives’, and ‘Grain Products’. One serving was defined
as the upper-limit allowed in the DQI-C score for the groups
‘Candy and Snacks’ (20 g), and ‘Sugar-sweetened beverages’
(100 g).
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However, this study used data from a single 24-h recall,
which whilst useful for gathering detail on food intake, is
not as accurate for collecting information on usual
intakes(36). In our study, unhealthy versions of food items
were excluded from the overall score (e.g. fried chicken
did not contribute to the Meat and Alternatives score), in
accordance with Canada’s Food Guide recommendations,
and therefore fried potato did not contribute to the high
consumption of fruit and vegetables. It is likely that the
higher vegetable and fruit consumption reported in our
study results from a combination of factors including the
FFQ having many items from this food group (n 24 of
100 items), over-reporting due to social-desirability bias
by mothers, or differences in actual consumption. FFQ
are known to overestimate at the food group level(36).

We also observed a low adherence (13 %) to the Grain
Products recommendation. Further analyses showed that
breakfast cereals were themost commonly consumed grain
product with 87 % of mothers reporting that their child
consumed it each day. Interestingly, little is known about
the nutritional quality of the cereal that children were con-
suming, i.e. high-fibre, low-sugar cereals (e.g. muesli) or
high-sugar, nutrient-poor cereals. Currently, CFG does
not discriminate on the type of cereal that contributes to
meeting the recommendations for grain products, which
is of concern as the difference in the nutrition profiles
among cereals varies widely(37). Perhaps more worryingly
was that most (87 %) children were not meeting the
recommendation for daily Grain consumption, indicating
that children of this age are unlikely to consume grain prod-
ucts that would be considered healthy, i.e. rice, pasta or
wholemeal bread, whereas the consumption of savoury
snacks was particularly common in our cohort and children
may be consuming less healthy foods that contain grain but
are also higher in fat, salt and/or sugar.

Most children were reported to consume meat and
alternatives daily and, overall, 70% of children met the

recommendation. However, as with other food groups, this
differed by DQI-C score with fewer children in the lowest
quartilemeeting this recommendation (52 %). Further analy-
sis showed that nearly a quarter (23 %) of children were
consuming processed meats daily and that this proportion
was higher in thosewith lower DQI-C scores comparedwith
higher scores (30 % v. 13%, respectively Chi2 P< 0·001)
(data not shown). As processed meats are not included in
CFG, they were also excluded from our score. Processed
meats frequently contain higher levels of sodium and satu-
rated fat compared with non-processed meats(35) and there-
fore would not be recommended as a good source of
protein. Other studies have found that young children con-
sume processed meats as part of their usual diet(38). In a
study of preschool children in Australia, 56 % consumed
processed meat and, within the Meat and Alternatives com-
ponent, processed meat contributed the most to children’s
sodium intakes(38). It is unknownwhether parents are aware
that the recommendation for 3-year-old children to consume
one portion ofmeat or alternatives a day excludes processed
meat such as chicken nuggets, cold cuts and wieners.
Therefore, public health messages in Canada may need to
highlight the exclusion of processed meat as counting
towards meeting the target intake for meat and alternatives.

Only 38 %of children in our studywere reported tomeet
the CFG recommendation for Milk and Alternatives, which
is 2 servings/d(10). However, further analyses showed that
78 % were consuming at least one portion a day (data not
shown). The finding that most children were consuming at
least some food from this group daily is similar to that of a
recent Feeding Infants and Toddlers study of food intakes
of 2–3-year-old children in the US. They found that 84 %
consumed at least some form of liquid milk on the day
of reporting(35). Similarly, an analysis of 8390 4–18-year-
old children in the US found that milk and alternative scores
on the Healthy Eating Index (HEI) were higher in the age
group 4–8 years than in older children and adolescents(39)

but that dairy consumption still showed room for improve-
ment. The inclusion of reduced-fat milk and alternatives is
an important component of the diet as they provide calcium
and protein. This is vital in childhood and adolescence,
especially for bone health as peak bone mass is reached
in early adulthood (between 20 and 30 years depending
on sex and skeletal site(40)) and cannot be improved upon
after this time. In our study, high-sugarmilk products, includ-
ing milkshake and flavoured milk alternatives, were
included in the Sugar-Sweetened Beverages category as
these beverages are not included in the Milk and
Alternatives group in CFG. Therefore, increasing the con-
sumption of reduced-fat milk and alternatives may be an
important recommendation for young children in Canada.

We showed that intakes of foods in the Candy and
Snacks component were common in this cohort. The mean
amount of candy and snacks consumed was 65 (SD 46) g/d
which was more than triple the amount used as a cut off in
the DQI developed by Voortman et al.(19). Further analyses

Table 4 Multivariate linear regression model showing associations
between sociodemographic and children’s Diet Quality Index
(DQI-C) score

Characteristic β coefficient 95% CI P value

Marital status* −0·18 −0·41, 0·04 0·110
Income* 0·08 −0·01, 0·15 0·06
Education* 0·18 0·09, 0·27 <0·001
Ethnicity* −0·13 −0·24, −0·02 0·02
Pre-pregnancy BMI†
Underweight 0·01 −0·20, 0·22 0·942
Normal weight (reference) – – –
Overweight −0·07 −0·16, 0·02 0·106
Obese −0·17 −0·29, −0·05 0·005
Child’s birth order‡ −0·11 −0·17, −0·06 <0·001

F(8,1171) = 8·89; P < 0·001; R2 = 0·0537.
*Marital status in two groups: 1=Married/Cohabiting; 2=Single/Divorced/
Widowed. Education in two groups: 1= Less than university; 2=University level.
Income in two groups: 1< $CAN100 000; 2≥ $CAN100,000. Ethnicity in two
groups: 1=Caucasian; 2=Non-Caucasian.
†Pre-pregnancy BMI reference group= normal weight.
‡Birth order= 1–5.
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showed that themost commonly consumed candy or snack
items were popcorn/pretzels and cookies, with reported
consumption in 86 % and 68 % of children, respectively
(data not shown). Regular intake of snack foods and
candy by young children is common as studies of diet
quality of children in Brazil and Europe also reported that
preschool children exceeded recommendations for
candies and snacks(19,34). Others have identified that the
main sources of energy intake in preschool children were
high-fat desserts (ice cream, cookies), fruit drinks, salty
snacks, and sweet biscuits(34,35,41). Frequent intakes of
snack foods such as these are associated with high seden-
tary behaviour and highweight status of young children(42).
Interventions to improve the diet quality of preschool
children in Canada should target sustainable and feasible
means to promote reductions in the amount and frequency
of consumption of these snack foods.

The greatest difference between the diet quality of those
in the lowest versus highest quartiles of DQI-C scores was
seen in the consumption of SSB. Intake of SSB is strongly
associated with high rates of obesity and overweight in
young children(43,44). For example, Ludwig et al. studied
548 school children prospectively over a 2-year period
and found an association between BMI increase and intake
of sugar-sweetened drinks from baseline to follow-up(44).
In the UK, the recent government policy aimed at reducing
the childhood obesity rate has targeted the reduction of
added sugar intake to <5 % of total energy intakes(8).
Therefore, policies to reduce overweight and obesity in
Canadian children may also benefit from focusing on a
reduction of SSB consumption. The inclusion of specific
guidance on unhealthy foods is currently lacking in
Canadian nutrition guidelines. For example, CFG gives a
general statement to limit ‘other’ foods that are high in
calories, fat, sugar or salt(10) but provides no further infor-
mation on these foods. Similar to the decision taken in our
study, when Leal et al. adapted the HEI to preschool chil-
dren in Brazil, the cut-off for consuming candy, chocolate
or snacks was <1 serving per day(34). However, other DQIs
developed for children have opted to have no scoring cri-
teria for less healthy components due to the absence of
unhealthy foods in their national nutrition guidelines(45,46).
It is apparent that DQI scores often consider different
dietary components that are usually context specific to
the population being studied, therefore caution should
be taken when comparing scores across studies and using
scores to justify intervention.

There were differences in maternal sociodemographic
characteristics across DQI-C quartiles. Mothers who were
more highly educated (to university level) tended to have
children with better DQI-C scores. This finding is consistent
with many other studies of preschool children’s quality of
diet(23,24,47,48). In contrast, we observed that children whose
mothers were obese prior to pregnancy and/or were not of
Caucasian ethnicity tended to have lower DQI-C scores.
An association between maternal weight status and

children’s quality of diet has been reported previously(23).
In a study of 1640 mother–child pairs that included assess-
ments of both maternal pre-pregnancy BMI and maternal
quality of diet, it was found that maternal diet quality
explained the greatest variation in young children’s diets
and the association between maternal pre-pregnancy
BMI and children’s quality of diet was attenuated (but
remained significant) when maternal diet was included
in the model. Therefore, it is possible that the association
between mothers’ pre-pregnancy BMI and children’s diet
quality in our study is also due, in part, to the quality of
the mother’s diet. Future studies should explore these
relationships more fully.

In our study, most mothers identified as having a
Caucasian ethnicity and, due to much smaller sample sizes
in the other groups, it was necessary to dichotomize the
variable, as has been done in other studies(23). Therefore,
it is difficult to interpret the association between non-
Caucasian mothers and lower DQI-C scores in children
in our study. Future studies should include more partici-
pants from a broad range of ethnicities to elucidate this fur-
ther. Finally, we found that children who had older siblings
tended to have lower DQI-C scores than childrenwhowere
first born. This is consistent with other studies(23,47).
Researchers suggest that one reason for this may be the
effect that older siblings have on the food environment(48)

and that less healthy foods, snacks, may be brought into the
household for older siblings, which leads younger ones to
consume them more frequently than if only one child was
in the house(23).

Strengths and limitations
One limitation of this study was the lack of detail on some
of the food itemswhen using the FFQ to assess dietary data.
With minimal details, certain food items were excluded
from the DQI-C and this may have impacted results, e.g.
mixed dishes. This highlights the importance of consider-
ing how the data will be analysed before the assessment
tool is developed. Whilst FFQ are useful to assess usual
intakes and were the appropriate assessment method for
this study, it would be important to compare scores
obtained from FFQ data against data from a more detailed
dietary assessment method, such as a 3-d food record, as
has been carried out in other validation studies(24). In addi-
tion, FFQ tend to overestimate intake(36), as seen in this
study with vegetable and fruit consumption, but we trun-
cated component scores at 1 to try to account for this. As
strengths, FFQ capture usual food intake and are preferred
for ranking, rather than quantifying intakes(24). Also, FFQ
are quick and inexpensive to administer(36). Another
limitation of this study was that most mothers were
well-educated and had high incomes, so the results may
not be generalizable to the wider Canadian population.
As better-quality diets are often observed in higher
socio-economic status families(49), it is likely that our results
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are a ‘best-case scenario’ and underestimate the effects in
thewider population. Strengths of our study included a large
sample size and being the first to adapt a diet quality index to
assess adherence to CFG in a preschool-age sample.

Conclusions

This is the first study to develop a DQI for Canadian
preschool children according to CFG. Despite some
challenges of assessing dietary intake of children using
an FFQ, we found that the DQI-C was able to rank children
according to adherence to national dietary guidelines and
consumption of less healthy foods, and may therefore be a
useful tool to track diet quality of this population. Our
results showed that candy and snack foods and SSB make
up a considerable part of children’s diets and represent a
specific target by policy makers and in the revision of
Canadian dietary guidelines.
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