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Abstract: In this study, we used the Canadian Community Health Survey-Nutrition (CCHS) 2015
data to examine the consumption patterns of grain-based foods (GBFs) for Canadian adults. We used
a k-mean cluster analysis based on the contribution of 21 grain-based foods to total energy intake
of adults in Canada to find the dietary patterns of GBFs. Cluster analyses rendered seven dietary
patterns including: ‘other bread’, ‘cake and cookies’, ‘pasta’, ‘rice’, ‘mixed’, ‘white bread’, and finally
‘whole wheat and whole-grain bread’. ‘No grain’ and ‘rice’ consumers had lower intakes of
dietary fibre, folate, iron and calcium, which are the nutrients of public health concern in Canada.
Adults consuming a ‘mixed grain’ dietary pattern had a greater daily intake of calcium, potassium,
magnesium, riboflavin, and vitamin B6 than those in the ‘no grain’ dietary pattern. We also observed
that a considerable proportion of individuals clustered in the ‘rice’ group are immigrants and belong
to households with lower income levels.
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1. Background

Controversies exist about the consumption of grain products due to the association between the
intake of refined grain and obesity [1,2]. Nonetheless, the Canadian Community Health Survey (CCHS)
cycle 2.2 analyses showed that grain-based foods (GBFs) are important sources of some key nutrients
and energy for Canadians [3]. Our team’s analyses (2017) of CCHS-Nutrition 2015 data showed that on
average grain products were the source of 45% of folate, 41% of iron, 35% of fibre, and 25.9% of energy
consumed daily in Canada. Studies show that the intake of whole grains is associated with lower
body weight and lower risk of cardiovascular diseases [4–7]. Furthermore, other studies, including
several meta-analyses, showed the consumption of whole grains is associated with lower rates of
colorectal cancer [8], cardiovascular diseases [9,10], type 2 diabetes [11,12], and cancer, as well as
lower mortality from all causes [9,13]. In addition, some studies show that higher levels of refined
grain consumption are associated with higher prevalence of metabolic syndrome [14] and type 2
diabetes [15]. Therefore, it is suggested that refined grains should be substituted by whole grains
in our daily diet [8,13]. However, the mandatory fortification of grain products with folic acid, iron,
niacin, riboflavin and thiamine; and voluntary enrichment of these products with magnesium, vitamin
B6, calcium and d-pantothenic acid in Canada [16] raises an important question about the value of
consuming refined grains along with whole grain products.

Nutrients 2019, 11, 784; doi:10.3390/nu11040784 www.mdpi.com/journal/nutrients

http://www.mdpi.com/journal/nutrients
http://www.mdpi.com
https://orcid.org/0000-0003-4390-3632
https://orcid.org/0000-0003-2621-8385
http://dx.doi.org/10.3390/nu11040784
http://www.mdpi.com/journal/nutrients
https://www.mdpi.com/2072-6643/11/4/784?type=check_update&version=2


Nutrients 2019, 11, 784 2 of 12

Nationally representative data from the 2005–2010 US National Health and Nutrition Examination
Surveys (NHANES), indicated that consumption of certain groups of GBFs including bread, ready-to-eat
cereals, tortillas and rolls and other grain products was significantly associated with greater intakes of
dietary fibre, iron, folate, magnesium, thiamin and niacin in US adults ≥ 19 years-old [17]. Moreover,
Papanikolaou and Fulgoni (2017) showed that several GBFs dietary patterns, including pasta, cereals,
rice, bread, and mixed grain foods, were associated with better diet quality in adults, as measured
by Healthy Eating Index-2010 developed in United States Department of Agriculture (USDA) [18].
Additionally, the researchers found an association between certain grain food consumption patterns
and obesity-related outcomes. Specifically, adults ≥19 years-old who consumed pasta, cooked cereals,
and rice more often than other grains had significantly lower body weights and smaller waist
circumferences. Others have reported that whole grain bread consumption has a somewhat negative
effect on body weight or central adipose tissue [19,20].

The analyses of the CCHS cycle 2.2 conducted by our team indicated whole grains contribute
to only one-third of Canadians GBFs diets [21]. However, there have been no studies examining the
detailed consumption patterns of GBFs and the contribution of these foods to the nutrient intakes
of Canadian adults (aged 19 years and older). Furthermore, most existing studies evaluating the
association between refund grain and negative health outcomes, did not include enriched refined
grains or enriched refined wheat. Thus, the objectives of this study are threefold. First, it aims to
identify the consumption patterns of GBFs among Canadian adults. Second, it examines the intakes of
some of the key nutrients and several food groups across the identified patterns. Finally, this study
evaluates the socioeconomic status (SES) of participants and their Body Mass Index (BMI) based on
weight in kilograms devided by their height in metres squared (kg/m2) across the consumption patterns
of GBFs.

2. Subject and Method

2.1. Data

We used CCHS-Nutrition 2015 data in this study. It is a cross-sectional survey, which included
24,000 respondents representing Canada’s population. The participants of CCHS-Nutrition 2015 are
individuals aged one year and older living in private dwellings in all provinces of Canada. The survey
sample does not include those who live on indigenous reserves, residents of institutions, and persons
living on military bases. After excluding breastfeeding and pregnant women, and individuals that had
uncommon energy intakes of below 200 Kcal or above 8000 Kcal on the first interview day; the sample
represents over 27 million Canadians aged 19 years old and over.

2.2. Dietary Intake Data

The CCHS-Nutrition 2015 survey includes information about the SES and dietary intake of
participants. This information was collected via two inconsecutive 24 h dietary recall interviews based
on automated multiple pass method [22]. After the first interview, only about one-third of respondents
were interviewed on another day of the week to estimate their usual intakes of foods and nutrients.
Food intake data collected in CCHS 2015 is categorized according to Bureau of Nutritional Sciences [23]
(BNS) and Tiers [24] categorizations. However, in this study we used the BNS classification to identify
patterns of GBFs consumption Canadian adults. The BNS classification considers foods in both the
main and recipe levels. Based on BNS classification, GBFs food items were first categorized into
53 groups and then condensed to 21 groups. The contribution of each of the 21 food groups to total
individual energy intakes was calculated and used for conducting cluster analysis.

2.3. Socioeconomic Status

The SES used in this study include: age, sex, immigration status, ethnicity (white, non-white),
household income level (income decile), household education (a member of the household has a higher
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education degree), location of residence (urban versus rural), food security status (the household
is food secure versus the household is food insecure), marital status, smoking status, obesity, BMI,
and physical activity. These variables are derived from a set of questions in the CCHS questionnaire.

A person is considered as immigrant if he or she is a landed immigrant in Canada Therefore,
it does not include those individuals who live in Canada with refugee status and work or study
permit holders. The food security variable, including two categories of food secure and food insecure,
was derived from a series of variables that exist in CCHS 2015. In general, food security here refers
to “income-relate” food security status. A smoker in our study includes two categories of smokers
and non-smokers, where a smoker is an individual who currently smoke either daily or occasionally.
BMI is the body mass index defined as the weight divided by the squared value of height. Using BMI,
we also defined overweight/obesity variable including two categories of obese/overweight (BMI > 25)
and non-obese/overweight (BMI < 25). We also used another variable called active, including two
categories of active and non-active. An individual is considered as active if he/she had 150 min or
more of moderate or vigorous physical activity per week.

2.4. Method

We used k-mean cluster analysis [25,26] for the identification of GBFs dietary patterns among
Canadian adults. The use of k-mean clustering in the identification of dietary patterns is well documented
in the literature [27,28]. This method includes an iterative procedure segregating the data into k clusters.
The process starts with determining k random points in the data and observations are allocated to the
closest centroid chosen randomly. Afterwards, new averages are calculated for the k initial clusters.
Then, a new centroid based on the most recent calculated mean is determined. In an iterative procedure,
the data is located into the clusters based on their proximity to the calculated centroids.

Determining the optimal number of clusters (i.e., k*) to represent clusters that are distinctive
enough is an important phase in the cluster analysis. In many cases, the number of clusters (k) is
set by the researcher(s) based on existing theories. However, with regards to consumption patterns,
such data do not usually exist. Therefore, to determine the optimal number of clusters (k*) we used five
approaches described below. Initially, we conducted more than 40 cluster analyses. For the first cluster
analysis we set k to be equal to two, for the second cluster analysis k was equal to three and similarly
until the 40th cluster where k was 41. Then, in the first approach, we considered the kink appeared in
the scree plots of within sum of squares (WSS), the logarithm of WSS, the η2 coefficient (η2 is a measure
that is very similar to the R-squared) and in the case of proportional reduction of error (PRE) [29], we
took into account the largest drop in the PRE for each k. In these plots, the horizontal axis is the number
of clusters ranging from two to 40, and the vertical axis is the measures mentioned above. The second
method used is the “cluster stop” command in Stata [30]. In this approach, a measure developed
by Caliñski and Harabasz was taken into consideration where for each k, the Caliñski and Harabasz
measure is calculated and the highest result is used to determine the optimal number of clusters [31].
Because of the high level of sensitivity of cluster analyses to outliers, for each of the 21 food groups,
we employed the box plot methods to detect and eliminate the outliers from the dataset.

We used PROC SURVEYREG in SAS 9.2 (SAS Institute, Cary, NC, 2013) to achieve adjusted mean
values of nutrients and energy intakes across emerging dietary patterns. Calculating the adjusted
mean values, we controlled for age, sex, immigration status, ethnicity (white, non-white), household
income level (income decile), household education (a member of the household has a higher education
degree), location of residence (urban versus rural), and food security status (the household is food
secure versus the household is food insecure). PROC REGRESS and PROC LOGISTIC in SAS 9.2 were
used to identify differences between SES of individuals across clusters. We also examined each GBFs
consumption pattern across five income levels, where the lowest-income level included households in
deciles one and two and the highest income level includes families whose incomes were categorized
under deciles nine and 10. The deciles of incomes were adjusted for the number of household members
and province of residence.
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Following Statistics Canada’s guidelines, due to the complex survey design, the data were
weighted and we used bootstrap and sampling weight variables provided by Statistic Canada in the
process of conducting analyses so to obtain estimates that can be generalized to regional and national
levels [32]. The statistical differences of nutrient intakes and SES across clusters were identified using
the overlaps between 95% confidence intervals of the estimates [33]. The individuals with less than one
serving of GBFs were considered ‘no grain’ consumers, and their nutrient and energy intake, as well as
their SES, were compared with other individuals placed in emerging clusters.

3. Results

Our analyses characterized GBFs consumption patterns of over 27 million Canadians that were
19 years old and older. On average, 30.4% of the energy intake of Canadian adults was provided by
GBFs. The ‘other bread’, ‘white bread’, ‘cakes and cookies’, ‘whole grain and whole wheat bread’,
‘rice’, ‘pasta’ and ‘whole grain cereals’ were the GBFs that contributed the most to the total energy
intakes of Canadian adults, respectively. The food items included in the ‘other bread’ category were
bagels, rolls, pita bread, dumplings, croutons, matzo, tortilla, etc.

Cluster analysis resulted in the identification of seven GBFs consumption patterns among Canadian
adults consuming grains (i.e., ≥1 serving of grains/day). The dietary patterns were named ‘other bread’;
‘cake and cookies’; ‘pasta’; ‘rice’; ‘mixed pattern’; ‘white bread’, and finally ‘whole grain and whole
wheat bread’. The first four GBFs in the mixed cluster and their respective contributions to energy
intake were whole grain cereal (14.2%), other bread (10.9%), salty snacks (10.5%), and muffin (9.7%).
Other bread in BNS classification includes rolls, bagels, pita bread, matzo, and tortilla. Furthermore,
salty snack in here refers to food items such as tortilla chips, crackers, pretzels, etc.

The names assigned to the identified clusters were based on the food group with the highest
contribution to total daily energy intake. Table 1 shows the names, weighted percentage, weighted
frequency, and the contribution of the first 10 GBFs to total energy intake and energy intake from
grain. For instance, rice in the ‘rice’ dietary pattern, which is the primary grain product consumed
by 8% of Canadian adults (i.e., 2.2 million individuals), provided about 22% of total energy intake
of individuals in this group. For these individuals, rice provides 58% of energy intake from grain
products. The second most important grain product in the ‘rice’ cluster is other bread, supplying about
3% of total energy intake of individuals in this cluster. Additionally, it should be noted that about 6.2%
of adults in Canada are ‘no grain’ consumers, equivalent to 1.6 million individuals.

Table 1. Grain consumption patterns among adults (Canadian Community Health Survey 2015).

GBFs Pattern The Contribution of GBFs
to Total Energy Intake (%)

The Contribution of
GBFs Within Cluster (%)

Canadian Adults
in the Cluster (%) Population (n)

Mixed 40.7 11,000,000

Whole Grain Cereals 3.2 14.2
Other Bread 2.5 10.9
Salty Snacks 2.4 10.5

Muffin 2.2 9.7
White Bread 1.6 6.9

Cakes & Cookies 1.5 6.4
Whole Bread 1.4 6.2

Rice 1.2 5.1
Whole Grain Bread 1.0 4.2

Whole Grain and Whole Wheat Bread 0.9 3.9

White Bread 20.5 62.3 12.2 3,300,000
Cakes & Cookies 1.9 5.6

Other Bread 1.5 4.6
Whole Grain Cereals 1.5 4.5

Pasta 1.2 3.6
Salty Snacks 1.1 3.4

Rice 1.0 3.2
Danish and Doughnuts 0.8 2.4

Muffin 0.8 2.3
Other Cereals 0.6 1.9
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Table 1. Cont.

GBFs Pattern The Contribution of GBFs
to Total Energy Intake (%)

The Contribution of
GBFs Within Cluster (%)

Canadian Adults
in the Cluster (%) Population (n)

Other Bread 23.5 63.4 10.4 2,800,000
Rice 1.7 4.6

Whole Grain Cereals 1.7 4.5
White Bread 1.5 4.0

Cakes & Cookies 1.4 3.9
Whole Grain and Whole Wheat Bread 1.2 3.2

Salty Snacks 1.1 3.0
Pasta 0.9 2.5

Muffin 0.9 2.5
Danish and Doughnuts 0.7 2.0

Pasta 20.9 52.6 8.6 2,300,000
White Bread 2.9 7.4
Other Bread 2.2 5.5

Whole Grain Cereals 2.1 5.3
Cakes & Cookies 1.7 4.4

Salty Snacks 1.5 3.9
Whole Grain and Whole Wheat Bread 1.5 3.8

Muffin 1.4 3.4
Rice 1.2 3.0

Whole Bread 0.7 1.8

Rice 21.9 58.0 8 2,200,000
Other Bread 2.3 6.0
White Bread 2.2 5.8

Whole Grain and Whole Wheat Bread 1.9 4.9
Whole Grain Cereals 1.7 4.6

Cakes & Cookies 1.6 4.2
Salty Snacks 1.1 2.8

Muffin 1.0 2.8
Pasta 1.0 2.5

Danish and Doughnuts 0.6 1.6
Whole Grain and Whole Wheat Bread 0.9 3.9

Whole Grain and Whole Wheat
Bread 17.9 56.7 8 2,200,000

Whole Grain Cereals 2.4 7.5
Cakes & Cookies 2.0 6.3

Other Bread 1.5 4.7
Rice 1.5 4.6

Salty Snacks 1.2 3.8
Pasta 0.9 2.8

Muffin 0.8 2.6
White Bread 0.6 1.8

Other Cereals 0.5 1.6

Cakes & Cookies 23.5 55.8 5.9 1,600,000
White Bread 3.5 8.3
Other Bread 2.8 6.7

Whole Grain Cereals 2.1 4.9
Whole Grain and Whole Wheat Bread 1.7 3.9

Pasta 1.5 3.5
Rice 1.4 3.3

Salty Snacks 1.3 3.1
Muffin 0.9 2.2

Whole Bread 0.7 1.6

Whole grain cereals and other cereals were considered as two different groups because whole grain cereals include
both cooked cereal and ready-to-eat cereals. GBFs: grain-based foods. The primary GBFs consumed in each cluster
are shown with bold font.

‘Whole bread’ and ‘whole grain and whole wheat bread’ were considered as two different groups.
According to Health Canada (2013), ‘whole grain bread’ and ‘whole wheat bread’ are two different
products; therefore, for the sake of the objectivity of the analysis, we did not merge these two groups,
although the food group of ‘whole grain and whole wheat bread’ include both ‘whole grain bread’ and
‘whole wheat bread’.

3.1. Nutrient and Energy Intake

Figure 1 shows the average contribution of grains foods to the daily intake of some key nutrients
in Canada. On average, more than one-quarter of Canadians’ energy intakes are derived from GBFs
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(dashed line in Figure 1). GBFs generally supply 37% of daily carbohydrate intakes, 45% of folate,
42% of thiamine, 41% of iron, 35% of fibre, and 25% of niacin intake. Therefore, although GBFs are
the main source of energy intake in Canada, they are also the primary source of folate, iron, thiamin,
niacin, and fibre. In other words, GBFs are nutrient-rich foods.
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Figure 1. Energy and nutrients from all grain foods in the daily diet of Canadains aged two years old
and above. The dashed line represents the percentage of energy provided and identifies nutrients that
surpass energy contribution.

Adjusted mean values of total nutrient and energy intakes across identified GBFs and ‘no grain’
consumers are shown in Table 2. The lowest and the highest energy intakes were observed in the
‘no grain’ and the ‘mixed’ clusters, respectively (1457 Kcal/day and 2102.3 Kcal/day). The energy
intakes of people in the ‘mixed’ and the ‘cake and cookies’ clusters were significantly higher than all
other identified patterns.

Table 2. Adjusted Adult Mean (SE) Nutrient and Energy Intakes for All Clusters of GBFs.

No Grain
Consumers Other Bread Cakes &

Cookies Pasta Rice Mixed White Bread
Whole Wheat &

Whole-Grain
Bread

p-Value

Energy (Kcal) 1457 (76.8) 1738.6 (39.5) 2040.3 (54.2) 1866.6 (47.02) 1609.8 (44.1) 2102.3 (21.8) 1805.8 (41) 1561.6 (35.7) 0.99
Calcium (mg) 584.1 (31.7) 738.4 (24.6) 768.4 (25) 779.3 (27) 568.4† (21) 914.3 *† (15) 709.02 (20.6) 690.81 (23.3) 0 < 0.0001

Iron (mg) 8.3 *† (0.4) 12.4 (0.3) 13.5 (0.4) 12.9 (0.4) 9.8 (0.29) 13.5 (0.17) 12.7 (0.3) 10.4 (0.3) 0 < 0.0001
Potassium (mg) 2547.8 (83.8) 2438.7 (52.22) 2637.4 (66.5) 2587.1 (65.4) 2337.7 (61.3) 3029.7 *† (34) 2362 (55.4) 2469.5 (56.17) 0 < 0.0001

Folate DFE. (mcg) 263.2 *† (14.6) 461.6 (13.3) 480.7 (19.55) 609.4 *† (17.08) 329.6 (10.8) 455.1 (6.75) 492.5 (12.85) 309.7 (9.36) 0 < 0.0001
Folic Acid (mcg) 23.79 *† (3.49) 122.17 (4.06) 135.61 (8.07) 221.7 *† (7.6) 60.22 (3.51) 103.23 (2.31) 160.2 *† (4.69) 53.83 (2.74) 0 < 0.0001
Riboflavin (mg) 1.62 (0.09) 1.88 (0.05) 1.92 (0.05) 1.92 (0.06) 1.47† (0.04) 2.1 *† (0.03) 1.96 (0.05) 1.61 (0.05) 0 < 0.0001
Thiamin (mg) 0.95 *† (0.04) 1.67 (0.05) 1.69 (0.07) 1.88 (0.06) 1.23 (0.04) 1.69 (0.02) 1.66 (0.04) 1.25 (0.03) 0 < 0.0001
Niacin (mg) 34.55 (2.32) 37.58 (1.05) 37.36 (1.3) 41.48 (1.29) 35.06 (1.18) 43.1 (0.57) 37.02 (0.91) 33.96 (1.01) 0 < 0.0001

Dietary fibres (g) 12.45 *† (0.61) 17.68 (0.57) 17.17 (0.62) 17.89 (0.61) 15.21 (0.63) 18.54 (0.25) 14.59 (0.38) 18.52 (0.48) 0 < 0.0001
Sodium (mg) 1853.5 *† (119.78) 2637.31 (79.46) 2686.9 (91.51) 2674.3 (83.7) 2292 *† (79.3) 2977.33 (41.09) 2941 (76.2) 2607.5 (84.87) 0 < 0.0001

Sugars (g) 73.83 (3.78) 72.32 (1.96) 116.7 *† (3.25) 79.42 (2.59) 65.36 (2.87) 98.3 *† (1.58) 85.52 (2.44) 69.94 (2.21) 0 < 0.0001
Vitamin B6 (mg) 1.74 (0.1) 1.55 (0.04) 1.6 (0.08) 1.55 (0.05) 1.68 (0.05) 1.9 † (0.03) 1.36 *† (0.04) 1.5 (0.05) 0 < 0.0001

Total
Carbohydrates (g) 141.9 *† (6.1) 216.5 (4.5) 257.9 *† (7.1) 236.3 (5.7) 212.5 (6.3) 237.5 (2.7) 223.4 (5.1) 189.1 *† (4.5) 0 < 0.0001

Cholesterol (mg) 292.6 (22.8) 238.9 (22.5) 265.4 (10) 237.8 (9.9) 240.8 (10.7) 305.2† (7.1) 254.6 (13.2) 243.9 (12.1) 0 < 0.0001
% Energy from
Carbohydrates 40.2 *† (0.89) 50.1 (0.55) 50.4 (0.59) 51.1 (0.55) 53.3 *† (0.6) 45.1 *† (0.27) 49.7 (0.48) 48.7 (0.78) 0 < 0.0001

Saturated Fatty
Acid (g) 18.0 (1.2) 20.8 (0.7) 25 (1.0) 21.1 (0.7) 15.0† (0.6) 26.6 (0.4) 22.2 (0.7) 18.1† (0.8) 0 < 0.0001

Fat (g) 57.88 (3.66) 61.59 (1.92) 77.29 (2.67) 64.07 (2.19) 50.2 *† (1.78) 82.05 (1.1) 66.06 (2.05) 56.74 (1.81) 0 < 0.0001
Magnesium (mg) 264.9 (10.84) 283.66 (5.85) 299.92 (8.22) 305.7 (10.11) 281.56 (9.15) 340.2 *† (4) 270.91 (7.28) 308.18 (7.28) 0 < 0.0001

Proteins (g) 74.07 (4.97) 75.59 (2.18) 76.25 (2.3) 78.69 (2.36) 72.24 (2.13) 88.03 *† (1.09) 72.66 (1.74) 69.29 (1.89) 0 < 0.0001
Vitamin A (mcg) 635.37 (49.52) 536.02 (27.29) 661.73 (31.3) 612.16 (27.15) 600.81 (50.47) 745.41 (20.85) 523.96 (18.33) 638.92 (33.41) 0 < 0.0001

Zinc (mg) 8.86 (0.48) 10 (0.3) 10.53 (0.46) 9.92 (0.34) 9.28 (0.28) 11.96 (0.21) 9.43 (0.27) 9.19 (0.29) 0 < 0.0001

* Significantly different than all GBFs patterns (p < 0.05). † Significantly different than other emerged clusters
(p < 0.05). All data are weighted to represent population-level information.
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With regard to nutrient intakes of public health concern (iron, calcium, vitamin D,
and potassium) [34], Canadian adults clustered in the ‘mixed’ group had the highest intake of
calcium (914.3 mg/day), while those in the ‘rice’ cluster had the lowest intake of calcium (568.4 mg/day)
(Table 2). The first four primary grain products in the ‘mixed’ cluster, comprising about 35% of this
pattern portfolio, are whole grain cereal, other bread, salty snacks and muffins. The differences in
calcium intakes were not statistically significant across the remaining patterns. It was also observed
that the ‘no grain’ consumers had the lowest intake of iron (8.3 mg/day). Excluding the ‘no grain’
group, we did not observe statistically significant disparities in iron intake across identified dietary
patterns. However, potassium intake was significantly higher in the ‘mixed’ cluster (3029.7 mg/day).

As shown in Table 2, the ‘no grain’ consumers had significantly lower intakes of folic acid, iron,
thiamine, magnesium, and fibre compared to the emerging GBFs dietary patterns. Across the clusters,
folic acid was significantly higher than others among the ‘pasta’ consumers. The average intake of
dietary fibre was significantly lower in the case of ‘no grains’ consumer compared to all GBFs patterns.
In fact, some of the GBFs consumption patterns contributing higher than 6 g dietary fibre per day
versus adults avoiding grain foods (‘pasta’: 17.9 ± 0.6; ‘mixed’ grains: 18.6 ± 0.3; ‘whole grain and
whole wheat bread’: 18.5 ± 0.5 versus ‘no grains’: 12.4 ± 0.6 g/day).

In addition, the ‘mixed’ pattern was associated with a significantly higher intake of protein,
riboflavin, vitamin B6, magnesium, potassium, and calcium. However, individuals clustered in this
group also have higher intakes of cholesterol and sugar. Furthermore, sodium intakes are considerably
higher among the ‘mixed’ and ‘white bread’ patterns. However, ‘no grain’ and ‘rice’ consumption
patterns have the lowest sodium intake.

Table 3 shows the mean intakes of different food group servings consumed in each cluster.
On average ‘mixed grain’ and ‘rice’ consumers have considerably higher and lower intakes of ‘milk and
alternatives’, respectively. The ‘rice’ consumers have lower intakes of both ‘fluid milk’ and ‘other milk
products’ like cheese and butter in comparison with other grain consumption patterns. However, in the
case of ‘mixed grain’ consumers, it can be observed that their consumption of ‘other milk’ products is
significantly higher than other clusters.

Table 3. The average intake of food group servings consumed in identified clusters.

No Grain
Consumers

Other
Bread

Cakes &
Cookies Pasta Rice Mixed White

Bread

Whole Wheat &
Whole-Grain

Bread

Total Fruits & Vegetables 5.1 (0.29) 3.8 (0.13) 4.4 (0.21) 4.6 (0.18) 4.3 (0.19) 5 (0.1) 3.8 (0.17) 4.2 (0.16)
Fruits (excluding fruit juice) 1.4 (0.11) 1 (0.06) 1 (0.09) 1.1 (0.08) 1.4 (0.11) 1.5 (0.05) 1.1 (0.08) 1.3 (0.11)

Dark Green Vegetables 0.7 (0.08) 0.4 (0.04) 0.5 (0.06) 0.6 (0.08) 0.8 (0.08) 0.6 (0.03) 0.3 † (0.03) 0.6 (0.06)
Orange Vegetables 0.3 (0.05) 0.2 (0.04) 0.2 (0.04) 0.2 (0.02) 0.2 (0.03) 0.2 (0.02) 0.1 (0.02) 0.2 (0.03)

Potato 0.8 (0.09) 0.5 (0.05) 0.7 (0.1) 0.3 (0.04) 0.2 (0.03) 0.8 (0.04) 0.7 (0.08) 0.5 (0.05)
Other Vegetables 1.6 (0.21) 1.1 (0.06) 1.1 (0.1) 1.8† (0.08) 1.2 (0.08) 1.4 (0.04) 1.1 (0.06) 1 (0.07)

Total Milk & Alternatives 1 (0.08) 1.3 (0.07) 1.3 (0.08) 1.4 (0.07) 0.8 *† (0.07) 1.7 *† (0.05) 1.3 (0.06) 1.2 (0.07)
Fluid Milk or Soy Milk 0.5 (0.05) 0.5 (0.03) 0.6 (0.05) 0.7 (0.06) 0.4† (0.04) 0.7 (0.03) 0.5 (0.04) 0.5 (0.03)

Other Product Made of Milk 0.6 (0.05) 0.8 (0.05) 0.7 (0.06) 0.8 (0.06) 0.4† * (0.05) 1†* (0.03) 0.8 (0.05) 0.7 (0.06)
Total Meat & Alternatives 2.4 (0.28) 1.9 (0.1) 1.9 (0.1) 1.7 (0.09) 2 (0.08) 2.4† (0.05) 1.9 (0.08) 1.9 (0.08)

Poultry 1.1 (0.27) 0.7 (0.09) 0.5 (0.09) 0.5 (0.07) 0.7 (0.07) 0.7 (0.03) 0.4 (0.04) 0.5 (0.04)
Beef 0.4 (0.05) 0.4 (0.04) 0.5 (0.09) 0.4 (0.04) 0.3 (0.03) 0.5 (0.03) 0.4 (0.04) 0.3 (0.03)

Legumes 0.2 (0.04) 0.2 (0.02) 0.2 (0.04) 0.3 (0.04) 0.3 (0.04) 0.4 (0.02) 0.3 (0.03) 0.3 (0.04)
Egg 0.3 (0.03) 0.2 (0.05) 0.2 (0.02) 0.2 (0.02) 0.2 (0.03) 0.2 (0.01) 0.3 (0.03) 0.3 (0.03)

Processed Meat 0.1 (0.02) 0.3 (0.03) 0.2 (0.03) 0.2 (0.02) 0.1 (0.02) 0.3 (0.02) 0.4 (0.03) 0.3 (0.03)

The unit of measure in here is the number of serving consumed. * Significantly different than all GBFs patterns
(p < 0.05). † Significantly different than other emerged clusters (p < 0.05). All data are weighted to represent
population-level information.

3.2. SES and GBFs Patterns

Table 4 shows the differences in SES and BMI across the GBFs dietary patterns. The average
BMIs of adults are not different across clusters where examining the overlap of confidence intervals.
The age of adults found in the ‘whole wheat and whole grain’ group was significantly higher than
other clusters. Furthermore, in contrast to other clusters, an even distribution of males and females
was not observed in the ‘no grain’ group where the proportion of females was significantly higher.
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Table 4. Differences in scioeconomic and body mass index across clusters, age group 19 years old
and above.

SES No Grain
Consumers

Other
Bread

Cakes
and

Cookies
Pasta Rice Mixed White

Bread

Whole Wheat
& Whole

Grain Bread

Mean age (SEM) 47.9 (1) 46.5 (0.7) 51 (1.5) 44.9 (1) 46.3 (0.8) 49.5 (0.4) 51.9 (0.7) 55.8 *† (0.9)
BMI (SEM) 27.6 (0.6) 27.1 (0.4) 26.8 (0.4) 26.7 (0.3) 26.5 (0.4) 27.5 (0.2) 27.9 (0.3) 28.1 (0.4)

% male 40 *† 47 55 50 53 51 51 47
% Caucasian 76 70 74 73 31 *† 83 82 78

Smoker 26 16 14 20 15 18 28† 12
Education (% university grad) 1 38 42 33 41 47 40 29 32

Married (%) 58 66 65 63 73 *† 64 62 63
Food secure (%) 87 89 87 92 88 90 83 *† 90

Urban (%) 80 84 84 85 93 *† 81 81 78
Immigrant (%) 26 35 32 26 67 *† 20 21 28

Overweight/obese (%) 61 57 60 58 53 64 67 69

Physical Act (%) 68 73 69 73 72 76 66 73
Mean age (SEM) 55.8 *† (0.9)

* Significantly different than all GBFs patterns (p < 0.05). † Significantly different than other emerged clusters
(p < 0.05). 1 A member of the household has a higher education degree. All data are weighted to represent
population-level information. SES: socioeconomic status; SEM: standard error of the mean.

Canadian adults who consumed ‘rice’ more than other GBFs were mainly situated in urban
areas, a higher proportion of them were married, and a considerable percentage were immigrants.
A noteworthy fraction of adults in the ‘white bread’ cluster are members of food insecure households
(17%). As it is shown in Table 5, the proportion of Canadian adults with the highest income level was
significantly lower in the ‘rice’ cluster, and significantly higher in the ‘mixed’ group.

Table 5. Income distribution and GBFs dietary patterns.

The Lowest Low Middle High The Highest

No Grain Consumers 19.4 14.1 * 20.6 20.2 25.7
Other Bread 21.2 18.1 20.3 19.1 21.3

Cakes and Cookies 21.0 21.6 18.9 21.3 17.2
Pasta 16.5 23.3 20.3 18.3 21.6
Rice 28.6 24.7 17.9 17.2 11.6 *

Mixed 16.4 18.0 19.4 21.2 25.0 *
White Bread 25.8 23.3 16.4 16.1 18.3

Whole Wheat & Whole-Grain Bread 22.2 20.2 20.8 19.3 17.5

* Significantly different than all GBFs patterns (p < 0.05). All data are weighted to represent population-level
information. The unit of the figure in this table is percentage.

4. Discussion

This first Canadian study, using CCHS-Nutrition 2015 data, involved analysis of GBFs consumption
patterns among Canadian adults and intakes of some key nutrients across identified clusters. In addition,
this study considered associations of SES factors with GBFs dietary patterns. Our results suggest that
consumption of particular GBFs are superior when compared to no grain consumption in the case
of vital nutrients provided by GBFs. The intake of iron, folic acid, riboflavin, thiamine, and niacin
were higher in specific GBFs consumption patterns compared with ‘no grain’ consumers. These are
the mandatory nutrients added to refined grains, implying that the fortification of refined grains is
an effective policy. The higher intakes of several nutrients in the grain products made with refined grain
justify the importance of a balanced diet including both refined grains and whole-grains. In addition,
one can recommend the change in the fortification policy of grain products in Canada where a new
policy could include enrichment of whole grain foods. This policy could lead to an increase in both the
demand and production of whole grain products. Moreover, examining the consumption patterns
of grain products among Canadian adults shows the impacts of SES such as immigration status and
income levels on choices of refined grains.
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The results of this study indicate GBFs contribute a considerable portion of daily intake of
macronutrients and micronutrients. About one-quarter and more than one-third of daily energy intake
and carbohydrates intakes, respectively, are supplied by GBFs. Similarly, CCHS cycle 2.2 analysis
showed that grains supplied 28.5% of the total daily energy of Canadians adults. However, our analysis
put this figure at 25.9%, which could be related to the different data collection methods used in
CCHS-2004 and CCHS-2015 [35]. Additionally, our analyses indicated that about 80% of Canadian
adults do not consume the recommended number of GBFs servings recommended by the Canada’s
Food Guide released in 2007 [21]. If we consider the Canadas’ new food guide suggesting most of the
grain intakes should be from whole grain [36] in 2015, a considerable proportion of Canadians had
consumption patterns of GBFs that were far from the recommended patterns of grain consumption by
Health Canada. Using CCHS 2015 data, we observed that the GBFs are important sources of folic acid,
iron, thiamin, and calcium. This observation is likely to be the consequence of the fortification of grain
products in Canada [35], which compensates for the loss of nutrients through food processing.

The examination of seven GBFs dietary pattern identified by cluster analysis plus ‘no grain’
pattern of grain the examination of seven GBFs dietary pattern identified by cluster analysis plus
‘no grain’ pattern of grain consumption indicated that almost half of Canadians are found to be in
the ‘mixed’ and ‘white bread’ clusters. The ‘mixed’ cluster includes whole grain cereal, other bread
(e.g., pita bread, bagel, roll, and matzo), salty snacks, and muffins; foods most likely to be found in
breakfast and snack meals of adults in Canada. This cluster also includes sweet and salty snacks,
which may explain the significantly higher proportion of daily energy intake by individuals in this
cluster. Similarly, regarding the GBFs consumption patterns among US adults, more than 50% of the
population were clustered in the ‘yeast bread rolls,’ and ‘mixed grains’, which primarily includes cake
and cookies, pies, and salty snacks. Furthermore, in alignment with our results, another study using
NHANES data reported the ‘no grain’ cluster had the lowest energy intake [17].

The higher prevalence of immigrant groups in the ‘rice’ cluster may be due to the consistent
presence of rice in the Asian, Indian, and South American cuisine [37]. In alignment with previous
studies, the higher “starchy staples” were consumed by groups in lower SES categories. Previous
studies have indicated that poverty and lower education levels are associated with higher consumption
of energy-dense foods, such as those made of refined grains [38,39]. The smaller proportions of adults
with the highest level of income in the ‘rice’, cluster is consistent with Bennet’s law, implying an inverse
relationship between the rise in income and the demand for “starchy staples” [40]. Bennet ’s law stems
from the demand for diversity as a result of having higher levels of income [41]. Additionally, the high
proportion of adults with the highest income level in the Mixed cluster is likely to be related to what
Timmer (1997) calls the desire for diet diversity.

Although the primary focus of this study is not on the role of diet on body weight, we found no
difference in adults’ BMI across the clusters. In contrast, researchers using NHANES data previously
observed lower body weights and smaller waist circumferences among individuals predominantly
consuming a grain dietary pattern comprised of ‘pasta, cooked cereals, and rice’ compared to a ‘no grain’
dietary cluster [17].

Our study has some limitations. Dietary intake data in CCHS was collected using 24 h recall,
which may be subject to under or over-reporting [42]. We initially had 53 GBF groups and then
merged them into 21 food groups. The merging of GBF food groups was primarily conducted based on
similarities amongst foods in the 53 groups. BNS classification has some limitations in food categories.
For instance, the food group called ‘other bread’ includes many grain products that make it difficult
to identify the dietary patterns in more detail. Additionally, the inclusion of several products in the
‘other bread’ resulted in this category having the highest contribution to the total energy intake of
Canadian adults in our analysis. Furthermore, grain products such as English muffins are classified in
more than one category, such as muffins, English muffins, and other bread, leading to double-counting
of such products. BNS has two other food groups’ names, ‘whole grain and high fibre cereals’ and
‘other cereals’, which were considered as two food groups because the former group contains both
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ready-to-eat and cooked breakfast cereals. Therefore, to account for differences of these groups and for
tracking the consumption of whole grain cereals versus non-whole grain cereals, we did not collapse
these two food groups. Nevertheless, the dietary patterns in this study seem to be distinct enough
when they are compared with the results of other studies conducted in the USA [17,43].

5. Conclusions

Cluster analysis resulted in the identification of seven distinct GBFs consumption patterns for
Canadian adults. In addition, we considered ‘no grain’ (i.e., less than one serving of GBFs) as another
pattern of GFBs consumption. Overall, individuals in the ‘no grain’ and ‘rice’ groups had low intakes
of some vital nutrients, such as folic acid, iron, calcium, riboflavin, niacin, and thiamine. In addition,
our analysis of nutrient intakes among GBF patterns implies that as a result of the mandatory and
voluntary enrichment of refined grains, these products may not be considered as inferior foods as
they contribute to the intake of nutrients of public health concern and prevent inadequate nutrient
intakes among Canadians. Therefore, a balanced diet including both whole and enriched non-whole
grains seems to be better than a diet including only whole-grain products. Additionally, our findings
showed that GBFs dietary patterns are linked with income level, food insecurity, and immigration
status. More detailed investigations are required to conclude the benefit of balanced grain intakes.

Author Contributions: Conceptualization: Y.P., S.H.H. and H.V.; methodology, validation, formal analysis,
writing—review and editing: S.H.H. and H.V.; review and editing: Y.P.; writing—original draft preparation:
S.H.H.; project administration: H.V.; data curation: P.R., N.I. and A.S.

Funding: This research was funded by the Alberta and Saskatchewan Wheat Development Commissions,
Grain Farmers of Ontario grant numbers 420066-8” and “The APC was funded by Cereals Canada Inc.”.

Acknowledgments: We would like to thank Harvey Anderson and July Jones for their comments. We are also
grateful to Chris Lowery for her contributions.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Ye, E.Q.; Chacko, S.A.; Chou, E.L.; Kugizaki, M.; Liu, S. Greater Whole-Grain Intake Is Associated with Lower
Risk of Type 2 Diabetes, Cardiovascular Disease, and Weight Gain. J. Nutr. 2012, 142, 1304–1313. [CrossRef]

2. Pauline, K.-B.; Rimm, E.B. Whole grain consumption and weight gain: a review of the epidemiological
evidence, potential mechanisms and opportunities for future research. Proc. Nutr. Soc. 2003, 62, 25–29.
[CrossRef] [PubMed]

3. Garriguet, D. Overview of Canadians’ Eating Habits. Health Rep. 2004, 2, 1–43.
4. Harland, J.I.; Garton, L.E. Whole-grain intake as a marker of healthy body weight and adiposity. Public Health

Nutr. 2008, 11, 554–563. [CrossRef] [PubMed]
5. Expert Advisory Group on National Nutrition Pregnancy Guidelines. Prenatal Nutrition Guidelines for Health

Professionals—Folate Contributes to a Healthy Pregnancy. Government of Canada, 2009. Available online:
http://www.hc-sc.gc.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/pubs/iron-fer-eng.pdf (accessed on 12 March 2019).

6. Williams, P.G. Evaluation of the evidence between consumption of refined grains and health outcomes.
Nutr. Rev. 2012, 70, 80–99. [CrossRef] [PubMed]

7. Mobley, A.R.; Slavin, J.L.; Hornick, B.A. The Future of Recommendations on Grain Foods in Dietary Guidance.
J. Nutr. 2013, 143, 1527S–1532S. [CrossRef]

8. Aune, D.; Chan, D.S.M.; Lau, R.; Vieira, R.; Greenwood, D.C.; Kampman, E.; Norat, T. Dietary fibre,
whole grains, and risk of colorectal cancer: Systematic review and dose-response meta-analysis of prospective
studies. BMJ 2011, 343, 1082. [CrossRef]

9. Aune, D.; Keum, N.N.; Giovannucci, E.; Fadnes, L.T.; Boffetta, P.; Greenwood, D.C.; Tonstad, S.; Vatten, L.J.;
Riboli, E.; Norat, T. Nut consumption and risk of cardiovascular disease, total cancer, all-cause and
cause-specific mortality: A systematic review and dose-response meta-analysis of prospective studies.
BMC Med. 2016, 14, i2716. [CrossRef]

http://dx.doi.org/10.3945/jn.111.155325
http://dx.doi.org/10.1079/PNS2002232
http://www.ncbi.nlm.nih.gov/pubmed/12740053
http://dx.doi.org/10.1017/S1368980007001279
http://www.ncbi.nlm.nih.gov/pubmed/18005489
http://www.hc-sc.gc.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/pubs/iron-fer-eng.pdf
http://dx.doi.org/10.1111/j.1753-4887.2011.00452.x
http://www.ncbi.nlm.nih.gov/pubmed/22300595
http://dx.doi.org/10.3945/jn.113.175737
http://dx.doi.org/10.1136/bmj.d6617
http://dx.doi.org/10.1186/s12916-016-0730-3


Nutrients 2019, 11, 784 11 of 12

10. Threapleton, D.E.; Greenwood, D.C.; Evans, C.E.L.; Cleghorn, C.L.; Nykjaer, C.; Woodhead, C.; Cade, J.E.;
Gale, C.P.; Burley, V.J. Dietary fibre intake and risk of cardiovascular disease: Systematic review and
meta-analysis. BMJ 2013, 347, f6879. [CrossRef] [PubMed]

11. De Munter, J.S.L.; Hu, F.B.; Spiegelman, D.; Franz, M.; Van Dam, R.M. Whole grain, bran, and germ intake
and risk of type 2 diabetes: A prospective cohort study and systematic review. PLoS Med. 2007, 4, e261.
[CrossRef] [PubMed]

12. Channell, P.J. Exact Vlasov equilibria for field-reversing rings. Phys. Fluids 1980, 23, 1263–1267. [CrossRef]
13. Zong, G.; Gao, A.; Hu, F.B.; Sun, Q. Whole grain intake and mortality from all causes, cardiovascular disease,

and cancer. Circulation 2016, 133, 2370–2380. [CrossRef] [PubMed]
14. Radhika, G.; Van Dam, R.M.; Sudha, V.; Ganesan, A.; Mohan, V. Refined grain consumption and the

metabolic syndrome in urban Asian Indians (Chennai Urban Rural Epidemiology Study 57). Metabolism
2009, 58, 675–681. [CrossRef] [PubMed]

15. AlEssa, H.B.; Bhupathiraju, S.N.; Malik, V.S.; Wedick, N.M.; Campos, H.; Rosner, B.; Willett, W.C.; Hu, F.B.
Carbohydrate quality and quantity and risk of type 2 diabetes in US women. Am. J. Clin. Nutr. 2015,
102, 1543–1553. [CrossRef] [PubMed]

16. Canadian Food Inspection Agency Fortification—Labelling and Composition Requirements for Grain and
Bakery Products—Food—Canadian Food Inspection Agency. Available online: http://www.inspection.gc.ca/f
ood/labelling/food-labelling-for-industry/grain-and-bakery-products/eng/1392135900214/1392135960867
(accessed on 10 December 2018).

17. Papanikolaou, Y.; Fulgoni, V.L., III. Certain Grain Food Patterns Are Associated with Improved 2015 Dietary
Guidelines Shortfall Nutrient Intakes, Diet Quality, and Lower Body Weight in US Adults: Results from the
National Health and Nutrition Examination Survey, 2005-2010. Food Nutr. Sci. 2016, 7, 772–781. [CrossRef]

18. Papanikolaou, Y.; Fulgoni, V.L. Grain foods are contributors of nutrient density for American adults and
help close nutrient recommendation gaps: Data from the national health and nutrition examination survey,
2009–2012. Nutrients 2017, 9, 873. [CrossRef]

19. Bautista-Castaño, I.; Sánchez-Villegas, A.; Estruch, R.; Martínez-González, M.A.; Corella, D.; Salas-Salvadó, J.;
Covas, M.I.; Schroder, H.; Alvarez-Pérez, J.; Quilez, J.; et al. Changes in bread consumption and 4-year
changes in adiposity in Spanish subjects at high cardiovascular risk. Br. J. Nutr. 2013, 110, 337–346. [CrossRef]
[PubMed]

20. Pol, K.; Christensen, R.; Bartels, E.M.; Raben, A.; Tetens, I.; Kristensen, M. Whole grain and body weight
changes in apparently healthy adults: A systematic review and meta-analysis of randomized controlled
studies. Am. J. Clin. Nutr. 2013, 98, 872–884. [CrossRef]

21. Vatanparast, H.; Whiting, S.; Hossain, A.; Mirhosseini, N.; Merchant, A.T.; Szafron, M. National pattern of
grain products consumption among Canadians in association with body weight status. BMC Nutr. 2017,
3, 59. [CrossRef]

22. Statistics Canada Canadian Community Health Survey (CCHS): Nutrition—2015 (First Interview). Available
online: http://www23.statcan.gc.ca/imdb/p3Instr.pl?Function=assembleInstr&lang=en&Item_Id=202664#
qb210826 (accessed on 12 March 2019).

23. Health Canada. Bureau of Nutritional Sciences (BNS) Food Group Codes and Descriptions—Canadian
Community Health Survey (CCHS) 2.2. Government of Canada, 2014. Available online: http://www23.stat
can.gc.ca/imdb-bmdi/pub/document/5049_D23_T9_V1-eng.pdf (accessed on 12 March 2019).

24. Health Canada. The Development and Use of a Surveillance Tool: The Classification of Foods in the Canadian
Nutrient File According to Eating Well with Canada’s Food GuideHealth Canada (2014). The Development
and Use of a Surveillance Tool: The Classification of Foods. 2014. Available online: http://publications.gc.ca
/collections/collection_2014/sc-hc/H164-158-2-2014-eng.pdf (accessed on 12 March 2019).

25. Jain, A.K. Data clustering: 50 years beyond K-means. Pattern Recognit. Lett. 2010, 31, 651–666. [CrossRef]
26. Kanungo, T.; Mount, D.M.; Netanyahu, N.S.; Piatko, C.D.; Silverman, R.; Wu, A.Y. An efficient k-means

clustering algorithms: Analysis and implementation. IEEE Trans. Pattern Anal. Mach. Intell. 2002, 24, 881–892.
[CrossRef]

27. Newby, P.K.; Tucker, K.L. Empirically derived eating patterns using factor or cluster analysis: A review.
Nutr. Rev. 2004, 62, 177–203. [CrossRef] [PubMed]

28. Wirfält, A.K.E.; Jeffery, R.W. Using cluster analysis to examine dietary patterns: Nutrient intakes, gender,
and weight status differ across food pattern clusters. J. Am. Diet. Assoc. 1997, 97, 272–279. [CrossRef]

http://dx.doi.org/10.1136/bmj.f6879
http://www.ncbi.nlm.nih.gov/pubmed/24355537
http://dx.doi.org/10.1371/journal.pmed.0040261
http://www.ncbi.nlm.nih.gov/pubmed/17760498
http://dx.doi.org/10.1063/1.863107
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.021101
http://www.ncbi.nlm.nih.gov/pubmed/27297341
http://dx.doi.org/10.1016/j.metabol.2009.01.008
http://www.ncbi.nlm.nih.gov/pubmed/19375591
http://dx.doi.org/10.3945/ajcn.115.116558
http://www.ncbi.nlm.nih.gov/pubmed/26537938
http://www.inspection.gc.ca/food/labelling/food-labelling-for-industry/grain-and-bakery-products/eng/1392135900214/1392135960867
http://www.inspection.gc.ca/food/labelling/food-labelling-for-industry/grain-and-bakery-products/eng/1392135900214/1392135960867
http://dx.doi.org/10.4236/fns.2016.79078
http://dx.doi.org/10.3390/nu9080873
http://dx.doi.org/10.1017/S000711451200476X
http://www.ncbi.nlm.nih.gov/pubmed/23199451
http://dx.doi.org/10.3945/ajcn.113.064659
http://dx.doi.org/10.1186/s40795-017-0183-x
http://www23.statcan.gc.ca/imdb/p3Instr.pl?Function=assembleInstr&lang=en&Item_Id=202664#qb210826
http://www23.statcan.gc.ca/imdb/p3Instr.pl?Function=assembleInstr&lang=en&Item_Id=202664#qb210826
http://www23.statcan.gc.ca/imdb-bmdi/pub/document/5049_D23_T9_V1-eng.pdf
http://www23.statcan.gc.ca/imdb-bmdi/pub/document/5049_D23_T9_V1-eng.pdf
http://publications.gc.ca/collections/collection_2014/sc-hc/H164-158-2-2014-eng.pdf
http://publications.gc.ca/collections/collection_2014/sc-hc/H164-158-2-2014-eng.pdf
http://dx.doi.org/10.1016/j.patrec.2009.09.011
http://dx.doi.org/10.1109/TPAMI.2002.1017616
http://dx.doi.org/10.1111/j.1753-4887.2004.tb00040.x
http://www.ncbi.nlm.nih.gov/pubmed/15212319
http://dx.doi.org/10.1016/S0002-8223(97)00071-0


Nutrients 2019, 11, 784 12 of 12

29. Makles, A. Stata tip 110: How to get the optimal k-means cluster solution. Stata J. 2012, 12, 347–351.
[CrossRef]

30. StataCorp cluster stop—Cluster-analysis stopping rules. Stata 13 Base Ref. Man. 2013, 1–8.
31. Caliñski, T.; Harabasz, J. A Dendrite Method Foe Cluster Analysis. Commun. Stat. 1974, 3, 1–27.
32. Majumder, S.; Fisk, H.A. VDAC3 and Mps1 negatively regulate ciliogenesis. Cell Cycle 2013, 12, 849–858.

[CrossRef] [PubMed]
33. Schenker, N.; Gentleman, J.F. On judging the significance of differences by examining the overlap between

confidence intervals. Am. Stat. 2001, 55, 182–186. [CrossRef]
34. Health Canada. Health Canada’s Proposed Changes to the Core Nutrients Declared in the Canadian Nutrition

Facts Table. Government of Canada, 2014. Available online: https://www.canada.ca/en/health-canada/services/fo
od-nutrition/public-involvement-partnerships/technical-consultation-proposed-changes-core-nutrientsdeclare
d-canadian-nutrition-facts-table/consultation.html (accessed on 10 December 2018).

35. Sacco, J. Food fortification policy in Canada. In Handbook of Food Fortification and Health. Nutrition and Health;
Preedy, V., Srirajaskanthan, R., Patel, V., Eds.; Humana Press: New York, NY, USA, 2013; Volume 1, pp. 59–71,
ISBN 978-1-4614-7076-2.

36. Health Canada Canada’s Food Guide. Government of Canada. Available online: https://food-guide.canada.
ca/en/ (accessed on 5 February 2019).

37. Pingali, P. Westernization of Asian diets and the transformation of food systems: Implications for research
and policy. Food Policy 2007, 32, 281–298. [CrossRef]

38. Darmon, N.; Drewnowski, A. Does social class predict diet quality? Am. J. Clin. Nutr. 2008, 87, 1107–1117.
[CrossRef]

39. Drewnowski, A. Obesity and the food environment: Dietary energy density and diet costs. Am. J. Prev. Med.
2004, 27, 154–162. [CrossRef] [PubMed]

40. Bennett, M.K. Wheat in national diets. Wheat Stud. Food Res. Inst. 1941, 18, 37–76.
41. Timmer, C.P. Farmers and Markets: The Political Economy of New Paradigms. Am. J. Agric. Econ. 1997,

79, 621. [CrossRef]
42. Macdiarmid, J.; Blundell, J. Assessing dietary intake: who, what and why of under-reporting. Nutr. Res. Rev.

1998, 11, 231–253. [CrossRef]
43. Papanikolaou, Y.; Jones, J.M.; Fulgoni, V.L. Several grain dietary patterns are associated with better diet

quality and improved shortfall nutrient intakes in US children and adolescents: A study focusing on the
2015–2020 Dietary Guidelines for Americans. Nutr. J. 2017, 16, 13. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/1536867X1201200213
http://dx.doi.org/10.4161/cc.23824
http://www.ncbi.nlm.nih.gov/pubmed/23388454
http://dx.doi.org/10.1198/000313001317097960
https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-partnerships/technical-consultation-proposed-changes-core-nutrientsdeclared-canadian-nutrition-facts-table/consultation.html
https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-partnerships/technical-consultation-proposed-changes-core-nutrientsdeclared-canadian-nutrition-facts-table/consultation.html
https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-partnerships/technical-consultation-proposed-changes-core-nutrientsdeclared-canadian-nutrition-facts-table/consultation.html
https://food-guide.canada.ca/en/
https://food-guide.canada.ca/en/
http://dx.doi.org/10.1016/j.foodpol.2006.08.001
http://dx.doi.org/10.1093/ajcn/87.5.1107
http://dx.doi.org/10.1016/j.amepre.2004.06.011
http://www.ncbi.nlm.nih.gov/pubmed/15450626
http://dx.doi.org/10.2307/1244161
http://dx.doi.org/10.1079/NRR19980017
http://dx.doi.org/10.1186/s12937-017-0230-0
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Background 
	Subject and Method 
	Data 
	Dietary Intake Data 
	Socioeconomic Status 
	Method 

	Results 
	Nutrient and Energy Intake 
	SES and GBFs Patterns 

	Discussion 
	Conclusions 
	References

