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ABSTRACT 
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AND 2015
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Advisor: 

Dr. Paula M. Brauer  

 

The Canadian diet is commonly known for its large portion sizes and caloric density. Social and 

environmental factors contribute to obesity in a variety of ways that are underappreciated and 

attributed to its rapid growth .This trend may be partly reversed by eating foods lower in energy 

density, high in fiber, and moderate in protein such as legumes, defined as the dried seeds of the 

Leguminosae plant family. Canadians have been encouraged to increase consumption of plant-

based protein sources, like legumes, by the latest Canada’s Food Guide. For possible 

interventions, it is necessary to better understand legume consumers, when they consume 

legumes, and what types of legume dishes they consume. Legume consumption was investigated 

in the 24-hour diet recall data from two population-based surveys, the Canadian Community 

Health Surveys 2004 and 2015, focusing on socio-demographic characteristics of legume 

consumers; examining meal compositions; and assessing any changes between the two surveys. 

Considering the possibility of adapting and incorporating the recipes into the Canadian context, 

the meal behaviors of consumers from different ethnic backgrounds where legumes are part of a 

traditional diet were of particular interest. They were also compared based on their demographic 

variables, their consumption of legume foods, and their food preferences. Several descriptive 

techniques, as well as principal component and cluster analyses, were used to determine how 

legumes fit into the dietary patterns of the Canadian population. Where it was not possible to 



assess consumption of specific legume dishes, food group data were analyzed. The percentage of 

people who consumed legumes increased from 6.2 in 2004 to 10.4 in 2015, after adjustment for 

education, age, sex, cultural or racial origin, body mass index (BMI), and marital status. The 

proportional increase in the use of more varieties of legumes and increased intake of hummus 

were notable. As Canadians tend to consume legumes primarily at midday and at dinner, these 

analyses suggest that a useful strategy for increasing legume consumption may be to combine 

grains, pasta, and fruits and vegetables at midday and dinner. Adaptation of cultural foods from 

the major immigrant cuisines should also be explored.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

 

 

DEDICATION  

 

This thesis is dedicated to my wife, Sareh, who has been an endless source of encouragement and 

support during graduate school and everyday life. I have always been unconditionally loved by 

her, and her good examples have taught me to work hard for the things I hope to achieve.   

Also, I would like to thank my beautiful and wonderful daughter, Ella, who joined us when I was 

doing my PhD, for giving me endless pleasure and joy throughout the entire doctorate program. 

You have made me stronger, better and more fulfilled than I could have ever imagined.  

I am truly thankful for having you in my life.   



v 

 

 

 

ACKNOWLEDGEMENTS 

 

I wish to thank my committee members who were more than generous with their expertise and 

precious time. A special thanks to Dr. Paula Brauer, my advisor for all her helps and 

guidance that she has given me and for her countless hours of reflecting, reading, encouraging, 

and most of all patience throughout the entire process. I would also like to extend my gratitude to 

Dr. Scott Maitland and Dr. Alison Duncan for agreeing to serve on my committee and for all of 

their guidance through this process; your discussion, ideas, and feedback have been invaluable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 

 

 

 

COMMITTEE MEMBERS 

Graduate Advisor: Paula Brauer, PhD, RD  

Professor Emerita, Department of Family Relations & Applied Nutrition, University of Guelph 

Co-advisor: Scott Maitland, PhD,  

Associate Professor, Department of Family Relations & Applied Nutrition, University of Guelph 

Committee member: Dr. Alison Duncan, PhD, RD 

Professor, Department of Human Health & Nutritional Sciences, University of Guelph 

 

  



vii 

 

 

 

TABLE OF CONTENTS 

 

Abstract ........................................................................................................................................... ii 

Dedication ...................................................................................................................................... iv 

Acknowledgements ......................................................................................................................... v 

Committee Members ...................................................................................................................... vi 

Table of Contents .......................................................................................................................... vii 

List of Tables ............................................................................................................................... xiv 

List of Figures ............................................................................................................................. xvii 

Chapter 1: Overview of Rationale and Objectives ......................................................................... 1 

Chapter 2: Literature Review .......................................................................................................... 6 

2.1 Properties of Legumes ............................................................................................... 6 

2.1.1 Nutritional Profile ............................................................................................... 7 

2.1.2 Importance of Pulses in Traditional Cuisines ......................................................... 9 

2.1.3 Agricultural Benefits of Pulses ........................................................................... 10 

2.1.4 Growth of Pulse Agriculture in Canada ............................................................... 11 

2.1.5 Forms, Cooking and Preparation ........................................................................ 12 

2.2 Legumes in Health .................................................................................................. 13 

2.2.1 Acute Effects ..................................................................................................... 13 

2.2.2 Disease Mortality ............................................................................................... 14 

2.2.3 Association between legume consumption and CVD incidence ............................... 16 

2.2.4 Effects on Body Weight .................................................................................... 19 

2.3 Legumes in Dietary Guidelines ................................................................................ 20 

2.3.1 Current Canadian Dietary Guidelines .................................................................. 22 



viii 

 

 

 

2.3.2 Other Sets of Recommendations ......................................................................... 22 

2.3.3 The Current Consumption Level of Legumes....................................................... 24 

2.4 Marketing and Food Studies ..................................................................................... 25 

2.5 Factors that Influence Consumer Demand for Legumes .............................................. 28 

2.5.1 General Factors Affecting Food Choice .............................................................. 28 

2.5.2 Socio-demographic Factors in Legume Consumption ........................................... 29 

2.5.3 Meal Occasions and Location: Exploring Situational Influences on Legume 

Consumption ............................................................................................................ 30 

2.6 Assessment of National Diet over Time in Canada ..................................................... 31 

2.6.1 Analysis of Dietary Intake - Methods and Issues .................................................. 32 

2.6.1.1 General Dietary Intake ................................................................................ 32 

2.6.1.2 Usual Dietary Intake ................................................................................... 34 

2.6.1.2.1 3-Day Food Record .............................................................................. 34 

2.6.1.2.2 24-Hour Recall .................................................................................... 36 

2.6.1.2.3 Food Frequency Questionnaire .............................................................. 38 

2.6.1.3 Appropriate Method for Quantifying Legume Consumption ........................... 40 

2.6.2 Different Methods Used to Characterize Dietary Patterns ...................................... 45 

2.6.2.1 Introduction ............................................................................................... 45 

2.6.2.2 Meal Pattern Analysis ................................................................................. 45 

2.6.2.3 Exploratory Approach of Dietary Patterns ..................................................... 46 

2.6.3 National Health and Nutrition Surveys ................................................................ 46 

2.6.3.1 Introduction on General Health Surveys and Value in Understanding Health 

Issues ................................................................................................................... 46 

2.6.3.2 Canadian Community Health Survey (CCHS) ............................................... 47 

2.6.3.2.1 Data Collection in CCHS 2004 and 2015 ................................................ 48 



ix 

 

 

 

2.6.3.2.2 Questionnaire Development and Questionnaire Testing ............................ 49 

2.6.3.2.3 Sample Size and Representativeness ...................................................... 49 

2.6.3.2.3.1 Sampling Procedure ....................................................................... 49 

2.6.3.2.3.2 Data Quality and Survey Response Rates ......................................... 50 

2.6.3.2.3.3 Non-sampling Error ....................................................................... 50 

2.6.3.2.3.4 Non-response ................................................................................ 51 

2.6.3.2.4 Comparing and Combining the 2004 and 2015 data ................................. 52 

2.6.3.2.4.1 Introduction................................................................................... 52 

2.6.3.2.4.2 The Possibility of Combining CCHS 2004 with CCHS 2015 .............. 54 

2.6.3.2.4.3 Available Foods and Food Groups in CCHS ..................................... 55 

2.6.3.2.5 Other Methodological Issues in CCHS ................................................... 55 

2.6.3.2.5.1 Changes in Food Model Booklet Pictures ......................................... 55 

2.6.3.2.5.2 Changes in Beverage Categories ...................................................... 56 

2.6.3.2.5.3 Changes in Food Composition Database ........................................... 56 

2.6.3.2.5.4 Under and Over Reporters – Plausible Reporter Methods ................... 57 

2.6.3.2.5.5 Income Variable ............................................................................ 57 

2.7 Summary of Literature Review ................................................................................. 58 

Chapter 3: Study Objectives ......................................................................................................... 59 

Chapter 4: Materials and Methods ................................................................................................ 61 

4.1 Study Design .......................................................................................................... 61 

4.1.1 Sampling Frame ............................................................................................... 61 

4.2 Canadian Community Health Survey (CCHS) – Key Issues for the Analysis ................. 61 

4.2.1 Data Sources and Analytical Sample ................................................................... 61 

4.2.1.1 Inclusion Criteria ........................................................................................ 62 



x 

 

 

 

4.2.1.2 Exclusion Criteria ....................................................................................... 62 

4.3 Description of the Survey Files (CCHS-Nutrition Files) Used in the Analyses ............... 64 

4.3.1 FID File -Food and Ingredient Details ................................................................. 66 

4.3.2 FRL File-Food Recipe Level .............................................................................. 67 

4.3.3 FDC File-Food Description ............................................................................... 68 

4.3.4 BNS (Bureau of Nutritional Sciences) Food Groups ............................................. 68 

4.4 CNF Food Group System ......................................................................................... 69 

4.4.1 Eating Well with Canada's Food Guide (CNF/CFG Classification): Tiers based on the 

Classification of Foods within the Canadian Nutrient File. ............................................ 70 

4.5 Identifying Groups by Reporting Category ................................................................ 72 

4.6 Statistical Analysis Plan .......................................................................................... 73 

4.6.1 Normalized Sample Weighting .......................................................................... 74 

4.6.1.1 Comparing CCHS 2004 and 2015 ................................................................ 75 

4.6.1.2 Handling Missing Values and Estimates of Variance ...................................... 77 

4.7 Variables of Interest ................................................................................................ 77 

4.8 Data Access and Release ......................................................................................... 78 

4.9 Detailed Analytic Plan ............................................................................................. 79 

4.10 Exploratory Analysis ............................................................................................. 81 

4.10.1 Cluster Analysis ............................................................................................. 81 

4.10.2 Validation of Clusters with Discrimination Analysis ........................................... 83 

4.10.3 Principal Component Analysis ......................................................................... 84 

Chapter 5: Results ......................................................................................................................... 87 

5.1 Estimated Rates of Misreporting in CCHS 2004 and CCHS 2015 ................................ 89 

5.2 Overall Legume Consumption .................................................................................. 90 



xi 

 

 

 

5.3 Comparison between Legumes Eaters and Non-Eaters (CCHS 2004) ........................... 91 

5.3.1 Energy Intake of Canadians by Energy Reporting Status ....................................... 91 

5.3.2 Sociodemographic Characteristics of Plausible Reporters and Association of Different 

Demographic Variables with Legume Eating, CCHS 2004 ............................................ 92 

5.4 Comparison between Legume Eaters and Non-Eaters (CCHS 2015) ........................... 103 

5.4.1 Energy Intake of Canadians by Energy Reporting Status ..................................... 103 

5.4.2 Sociodemographic Characteristics of Legume Eaters and Association of Different 

Demographic Variables with Legume Eating, CCHS 2015 .......................................... 104 

5.5 Is the Increase in Legume Consumption Independent of Other Factors? ...................... 113 

5.6 The Analysis of Nutrient Intakes ............................................................................ 114 

5.6.1 Comparison of Nutrient Intakes of Legume Consumers and Non-Consumers CCHS, 

cycle 2.2 (2004) ...................................................................................................... 114 

5.6.2 Comparison of Nutrient Intakes for Legume consumers, Non-consumers, CCHS 2015

 ............................................................................................................................. 117 

5.7 Incomplete Food Analysis ..................................................................................... 119 

5.7.1 Partial Analysis of Common Foods Eaten by Legume Consumers, CCHS 2004 .... 119 

5.7.2 Partial Analysis of Common Foods Eaten by Legume Consumers, CCHS 2015 .... 121 

5.8 Eating Occasions and Location of Consumption, Legume Consumers2004 and 2015 ... 124 

5.9 Food Group Analysis at Selected Eating Occasions and at Home Contributions, CCHS, 

Cycle 2.2 (2004) ........................................................................................................ 127 

5.10 Daily Consumption of Food Groups among Legume Eaters, CCHS, cycle2.2 (2004) . 129 

5.11 Food Group Contributions at Selected Eating Occasions, CCHS2015 ....................... 133 

5.12 Daily Consumption of Food Groups among Legume Eaters, CCHS2015 .................. 135 

5.13 Cluster Analysis .................................................................................................. 138 

5.13.1 Cluster Analysis Results from the CCHS 2004 ................................................. 139 

5.13.2 Cluster Analysis Results from the CCHS 2015 ................................................. 145 



xii 

 

 

 

5.14 Principal Component Analysis (PCA) ................................................................... 150 

Chapter 6: Discussion ................................................................................................................. 162 

6.1 Other Studies Using BNS and Reporting on Plausibility............................................ 167 

6.2 Sociodemographic and Health Factors Associated with Legume Consumption across 

Studies ...................................................................................................................... 170 

6.2.1 The Effect of Sex on the Consumption of Legumes ............................................ 172 

6.2.2 Age and Legume Consumption ........................................................................ 173 

6.2.3 What Effect does Income Status have on Legume Intake? ................................... 174 

6.2.4 The Relationship between Education Levels and Consumption of Legumes .......... 176 

6.2.5 Geographic Factors Influence Legume Consumption .......................................... 176 

6.2.6 In What Way do Consumption of Legumes Differ Based on the Ethnicity of the 

People ................................................................................................................... 177 

6.2.7 The Impact of Immigrants on the Dietary Intake of Legumes .............................. 179 

6.3 Connection between the Body Mass Index (BMI) and the Legume Consumption......... 182 

6.4 Legume Consumers’ Dietary Intake of Nutrients ...................................................... 183 

6.5 An Analysis of the Food Groups Based on the Consumption of Legumes ................... 185 

6.6 When and Where Legumes are Eaten ...................................................................... 191 

6.7 An Analysis of Dietary Patterns of the Population and Legume Consumption ............. 193 

6.8 Analysis of the Principal Components and Comparison of the Consumption of Legumes 

between Two Surveys ................................................................................................. 200 

6.8.1 Calculating a Realistic Number of Dietary Patterns Using PCA ........................... 206 

6.9 Implications of Results for New Interventions .......................................................... 209 

6.10 Overall Strengths and Limitations ......................................................................... 213 

6.11 Implications of Results for Canada’s Food Guide/ Population Guidance ................... 218 

6.12 Next Steps for Research in this Area ..................................................................... 220 



xiii 

 

 

 

6.13 Conclusions ........................................................................................................ 221 

References ................................................................................................................................... 223 

Appendices .................................................................................................................................. 239 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 

 

 

 

LIST OF TABLES  

Table 2-1: Examples of some types of pulses ........................................................................ 7 

Table 2-2: Approximate composition and energy content of various pulses .............................. 7 

Table 2-3: Pulse contribution to global markets, 2011 .......................................................... 12 

Table 2-4: Beans or legumes are included in each score ....................................................... 17 

Table 2-5: Dietary guidelines that contain legumes .............................................................. 21 

Table 4-1: Variable name and contents CCHS 2004 and 2015 .............................................. 66 

Table 4-2: Food classifications and codes used to classify legumes in the BNS system ............ 69 

Table 4-3 : CNF food codes to four Eating Well with Canada’s Food Guide (EWCFG) food 

subgroups ....................................................................................................................... 70 

Table 4-4 : Description of Tiers of the CNF/CFG Classification ........................................... 71 

Table 4-5: Comparison of Key Features of 2004 and 2015 CCHS-Nutrition ........................... 76 

Table 4-6: Variables of Interest ......................................................................................... 77 

Table 4-7: Matrices of foods intake among consumers ......................................................... 81 

Table 5-1: Overview of characteristics of analytic samples in CCHS 2004 and 2015 ............... 88 

Table 5-2: Differences in average of daily energy intake (kcal/day) in 2004  and 2015 ............ 89 

Table 5-3: The comparison of the prevalence of legume eaters in 2004 and 2015.................... 90 

Table 5-4: Prevalence of legume consumption based on the sociodemographic characteristics of 

adults Canadian in CCHS 2004 and 2015 ........................................................................... 91 

Table 5-5: Differences average of daily energy intake (kcal/day) in Canadian Community Health 

Survey, Cycle 2.2 (2004) .................................................................................................. 92 

Table 5-6: Association of legume eating with demographic characteristics in  Canadian 

Community Health Survey, Cycle 2.2 (2004) ...................................................................... 93 

Table 5-7: Comparison of different demographic variables between consumers and non-

consumers and their association with legume eating Canadian Community Health Survey, Cycle 

2.2 (2004) ....................................................................................................................... 98 



xv 

 

 

 

Table 5-8: Multivariate logistic regression of variables associated with legume eating, Canadian 

Community Health Survey, Cycle 2.2 (2004) ...................................................................... 99 

Table 5-9: CNF legume food group intake (g) among legume consumers, non-consumers, and all 

population, Canadian Community Health Survey, Cycle 2.2 (2004) .................................... 101 

Table 5-10: Area under the Curve (AUC) for the Final Multivariate Logistic model for Legume 

Eating in Canadian Community Health Survey, Cycle 2.2 (2004) ....................................... 102 

Table 5-11: Differences in average of daily energy intake (kcal/day) in CCHS 2015 ............. 103 

Table 5-12: Association of legume eating with demographic characteristics in Canadian 

Community Health Survey, CCHS 2015 .......................................................................... 104 

Table 5-13 : Comparison of demographic variables between consumers and non-consumers and 

their association with legume eating, CCHS 2015 ............................................................. 108 

Table 5-14: Multivariate logistic regression of variables associated with legume eating, CCHS 

2015 ............................................................................................................................. 109 

Table 5-15: CNF legume food groups intake (g) among legume consumers, non-consumers, and 

all population, Canadian Community Health Survey (2015) ............................................... 111 

Table 5-16: Area under the Curve (AUC) for the Final Multivariate Logistic model for Legume 

Eating in 2015 ............................................................................................................... 112 

Table 5-17: Weighted analysis of number of servings between Legume eaters and Non eaters 

presented based on the 2014 Health Canada’s Surveillance Tool (HCST) Tier system among 

Canadians 19 years and older, CCHS 2015 ....................................................................... 113 

Table 5-18: Association of year and legume eating after adjustment for sociodemographic and 

lifestyle characteristics a in 2004 and in 2015 ................................................................... 114 

Table 5-19: Comparison of the Adjusted mean intakes of energy and nutrients between of 

legume consumers and non-consumers based on one day intakes from CCHS, cycle2.2(2004)

 .................................................................................................................................... 116 

Table 5-20 : Comparison of the Adjusted mean intakes of energy and nutrients between of 

legume consumers and non-consumers based on 1-day intakes from CCHS 2015 ................. 118 

Table 5-21: Contribution of legume consumption by each eating occasion 2004 ................... 125 

Table 5-22: Eating occasion, number of times legumes consumed, frequency per day 2004 ... 126 

Table 5-23: Contribution of legume consumption by each eating occasion among all sample, 

CCHS 2015 ................................................................................................................... 126 



xvi 

 

 

 

Table 5-24: Number of times legumes consumed (frequency per occasions), CCHS 2015 ..... 127 

Table 5-25: Food groups eaten by consumers at selected eating occasions and at home Canadian 

Community Health Survey, Cycle 2.2 (2004) .................................................................... 128 

Table 5-26: Adjusted mean intakes of food groups (g) by legume consumers and non-consumers, 

Canadian Community Health Survey, Cycle 2.2 (2004) ..................................................... 131 

Table 5-27: Summary of daily eating habits in some occasions and location among legume 

consumers, CCHS 2015 .................................................................................................. 134 

Table 5-28: Adjusted mean intakes of food groups (g) for legume consumers and non-consumers, 

CCHS 2015 ................................................................................................................... 136 

Table 5-29: Mean (SD) of the food group intake (g) across identified clusters in CCHS2004  141 

Table 5-30: Classification matrix for clustering, CCHS2004  .............................................. 143 

Table 5-31: Differences in demographic variables across the identified clusters, CCHS2004 . 144 

Table 5-32: Mean (SD) of foods intake across identified clusters in CCHS 2015  ................. 147 

Table 5-33: Classification matrix for clustering CCHS 2015 .............................................. 148 

Table 5-34: Differences in socioeconomic across clusters, age group 19 years old and above, 

CCHS2015 .................................................................................................................... 149 

Table 5-35: Result of the principal components analysis and factor loadings for dietary patterns 

in the Canadian population (CCHS 2004) ......................................................................... 153 

Table 5-36: Results of the principal components analysis and factor loadings for dietary patterns 

in the Canadian population (CCHS 2015) ......................................................................... 156 

Table 5-37: Key food group factor loadings loaded on the legume-eating component in CCHS 

2004 and 2015 derived by principal component analysis .................................................... 157 

Table 5-38: Food-group composition of component solutions 1–6 obtained by principal 

component analysis 2004 ................................................................................................ 158 

Table 5-39: Food-group composition of component solutions 1–6 obtained by principal 

component analysis 2015 ................................................................................................ 159 

Table 5-40: Components detained based on scree plots and positively loaded between 2004 and 

2015 ............................................................................................................................. 161 

 



xvii 

 

 

 

 

LIST OF FIGURES  

Figure 2-1: Evidence summary of the association between legume consumption and the major 

chronic diseases. .............................................................................................................. 16 

Figure 2-2: Conceptual model of the association between legume consumption and CVD ....... 18 

Figure 2-3: Guide to food choices.. .................................................................................... 29 

Figure 4-1: Analytical Sample of CCHS-Nutrition 2004 and 2015 ........................................ 64 

Figure 4-2: CCHS nutrition file structure   .......................................................................... 65 

Figure 4-3: Overview of the methodology of study .............................................................. 74 

Figure 5-1: Receiver Operator Curve (ROC) for the Final Multivariate Logistic model for 

Legume Eating in Canadian Community Health Survey, Cycle 2.2 (2004) ........................... 102 

Figure 5-2: Receiver Operator Curve (ROC) for the Final Multivariate Logistic model for 

Legume Eating in CCHS 2015 ........................................................................................ 112 

Figure 5-3: Frequency of food consumption reported throughout the day among legume 

consumers, Canadian Community Health Survey, Cycle 2.2 (2004). ................................... 120 

Figure 5-4: Frequency of different type of legume consumption reported throughout the day 

among legume consumers, Canadian Community Health Survey, Cycle 2.2 (2004) .............. 121 

Figure 5-5: Frequency of food consumption reported throughout the day among legumes 

consumers, CCHS2015. .................................................................................................. 122 

Figure 5-6: Frequency of different type of legume consumption reported throughout the day 

among legume consumers, CCHS2015. ............................................................................ 123 

Figure 5-7: Frequency of legume consumption occasions reported per hour throughout the day 

for the timing of eating across, CCHS 2004 ...................................................................... 124 

Figure 5-8: Frequency of legume consumption occasions reported per hour throughout the day 

for the timing of eating across CCHS 2015. ...................................................................... 125 

Figure 5-9: Forest plot for the final multivariate model legume consumption 2004.. .............. 132 

Figure 5-10: Predictor importance for being legume consumer based on food groups Canadian 

Community Health Survey, Cycle 2.2 (2004) .................................................................... 133 

Figure 5-11: Forest plot for the final multivariate model legume consumption ...................... 137 



xviii 

 

 

 

Figure 5-12: Predictor importance for being legume consumer based on food groups CCHS2015

 .................................................................................................................................... 138 

Figure 5-13 : Scree plot indicating the number of components to be extracted – CCHS2004 .. 151 

Figure 5-14: Scree plot indicating the number of components to be extracted – CCHS2015 ... 155 

Figure 6-1: Potential pathways. ....................................................................................... 171 

  



xix 

 

 

 

LIST OF ABBREVIATIONS 

  

24HR 24-H Dietary Recall 

AHA American Heart Association 

AHEI Alternate Healthy Eating Index 

AMED Alternate Mediterranean Diet Score 

AMPM Automated Multiple Pass Method 

AUC Area Under the Curve 

BMI Body Mass Index 

BNS Bureau of Nutritional Sciences 

CAPI Computer-Assisted Interviewing 

CCC Chronic Conditions 

CCHS Canadian Community Health Surveys 

CFG Canada’s Food Guide 

CFA Confirmatory Factor Analysis  

CHD Coronary Heart Disease 

CHMS Canadian Health Measures Survey 

CI              Confidence Interval 

CIHI Canadian Institute for Health Information 

CNF Canadian Nutrient File 

CRP C-Reactive Protein 

CVD Cardiovascular Disease 

DASH Dietary Approach to Stop Hypertension 

DBP Diastolic Blood Pressure 

DFE Dietary Folate Equivalent, 

DGAC Dietary Guidelines Advisory Committee 

DR Dietary Record 

DRI Dietary Reference Intakes 

 EFA Exploratory Factor Analysis  

EDU Education of Respondent 

EER Estimated Energy Requirement 

EI Energy Intake 

EPIC European Prospective Investigation into Cancer and Nutrition 

EWCFG Eating Well with Canada’s Food Guide 

FAO Food and Agriculture Organization 

FBS Food Balance Sheet Statistics 

FDA Food and Drug Administration 

FFQ Food Frequency Questionnaire 

FID Food and Ingredient Details 

FODMAP Fermentable Oligosaccharides, Disaccharides, And Monosaccharides and 

Polyols 

FVC Fruit and Vegetable Consumption 

GEN General Health 



xx 

 

 

 

GI Glycemic Index 

GLNC Grains and Legumes Consumption and Attitudes Study 

GOS Galacto-Oligosaccharide Sugars 

HCST Health Canada’s Surveillance Tool, Tier System 

HEI-2015 Healthy Eating Index–2015 

HEI-C Canadian Healthy Eating Index 

HPDI Healthful Plant-Based Diet Index 

HRs Hazard Ratios 

INC Income 

ISU Iowa State University 

KMO Kaiser-Meyer-Olkin 

MDS Mediterranean Diet Score 

MHW Measured Height and Weight 

NCI National Cancer Institute 

NE Niacin Equivalents 

NHANES National Health and Nutrition Examination Survey 

NNPAS National Nutrition and Physical Activity Survey 

NSS Nutrition Survey System 

OR                    Odds Ratio 

PCA Principal Component Analysis 

PHN Public Health Nutrition 

PREDIMED Primary Prevention of Cardiovascular Disease with A Mediterranean Diet 

RAE Retinol Activity Equivalents, 

RD Registered Dietitian 

RDC Research Data Centre 

RDD Random Digit Dialing 

ROC Receiver Operator Curve 

RR Relative Risk 

SBP Systolic Blood Pressure 

SDE Socio-Demographic Characteristics 

SES Socioeconomic Status 

SIDE Software for Intake Distribution Estimation 

SMK Smoking 

STROBE-nut Strengthening the Reporting of Observational Studies in Epidemiology—

Nutritional Epidemiology 

T2D Type2 Diabetes Mellitus 

TPB Theory of planned behaviour 

TEE Total Energy Expenditure 

USDA United States Department of Agriculture 

VIF Variance Inflation Factor 



 

 

1 

 

Chapter 1:  OVERVIEW OF RATIONALE AND OBJECTIVES 

Legumes constitute of a diverse group of foods with a variety of nutrient compositions and 

bioavailability. Legumes have many positive qualities that can contribute to improved health of 

the Canadian population. Diet remains a strong risk factor for certain diseases in the world, 

especially cardiovascular diseases (CVD), cancer, diabetes and obesity. Most epidemiological 

evidence supports increased legume consumption to decrease total mortality and CVD mortality 

(1).  

 Diet influences obesity rates, a risk factor for CVD as well as having direct effects on selected 

CVD risk factors. The data shows that obesity has increased in almost all countries and regions 

since 1980 (2). If the trends remain, by 2030 nearly 20% of the world’s population will be obese 

(3). There has been a  dramatic increase in the rate of obesity and overweight  among Canadian 

adults since the 1970s; leading to a rise in the related chronic illnesses (4). The prevalence of 

obesity among adults has steadily increased in Canada from 6.1% in 1985 to 18.3% in 2011 (5). 

Additionally, obesity rates in classes I, II, and III 1 have increased from 5.1% to 13.1%, 0.8% to 

3.6%, and 0.3% to 1.6%, respectively, in the last three decades (5).  

There are numerous factors including genetic, psychological, physiologic, environmental, social, 

and economic that contribute to chronic disease risk. In general, it is assumed that the Canadian 

diet has contributed to health risk due to excessive energy consumption, and high salt, saturated 

fat and sugar consumption (6, 7). Canadians consume a large number of processed foods, mainly 

                                            

1Overweight = BMI 25.0 to 29.9. Class 1 (low-risk) obesity, BMI= 30.0 to 34.9, Class 2 (moderate-risk) obesity, 

BMI =35.0 to 39.9. Class 3 (high-risk) obesity= BMI≥40. 
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in pre-prepared form (8). Some would argue that health problems are  more likely prevalent in 

countries without strong culinary traditions such as Canada, Australia, and the United States, in 

which ready-to-consume and “convenience” food products dominate the daily dietary pattern (9). 

Canadians’ daily calories that come from the processed foods have increased from 24% in 1938 

to 54% in 2001 (10).  

In spite of the diet being calorie-dense, no specific nutrients or foods are definitively blamed for 

the obesity epidemic, and there is a great deal of controversy surrounding the etiology of obesity. 

However, portion sizes are generally considered to be excessive(11). A portion size is the typical 

amount of food offered on a plate, in a package or chosen to eat. The rapid increase in obesity in 

the population suggests that causes are largely environmental, not genetic, and as a result, the 

trend may be reversed.   

Several strategies are required to reverse this trend, including both population-wide strategies 

(such as food regulations) and individual-based strategies (such as counseling). A promising 

approach is to enhance diet quality by adding more plant-based food sources with less caloric 

density. Fruits and vegetables are widely promoted and encouraged in health promotion, while 

legumes, plants from the Leguminosae family, and specifically pulses (dried beans, peas and 

lentils), the dried seeds of the same plant family, have received less attention (12). It has been 

difficult to assess the potential health effects of pulses, as studies of the broader category of 

legume foods, such as fresh beans, lentils, and peas, together with soybeans and peanuts, are 

generally carried out in cohort studies.  
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In Canada, legumes have traditionally been under-consumed. According to epidemiological 

evidence, it may be challenging to increase their intake. Potential for increased intake  was 

examined in an earlier lifestyle intervention study of 293 middle-aged adults with metabolic 

syndrome (13). A diet quality assessment was performed using a 24-hour recall and food 

frequency questions to assess the 2005 Canadian Healthy Eating Index (HEI-C) and the 

Mediterranean Diet Score (MDS). Dietitians provided individualized nutritional counseling over 

21 visits to promote Mediterranean diet pattern (14, 15) within a personalized approach. Only 

modest changes were observed in legume consumption, with 7% of participants eating 3 servings 

of legumes per week at baseline increasing to 15% within the a year intervention.  On the other 

hand, participants significantly reduced their intake of sweets and baked goods and increased 

their intake of fruits and vegetables (13). Compared to traditional health care interventions, the 

intervention in this study was much more intense and demonstrated a highly differential response 

to dietary changes by different participants (13). Therefore, additional work is needed to 

identifying the relevant promotional strategies is an essential component for increasing pulse and 

legume consumption among a broader range of  Canadians of different ages, from different 

backgrounds and lifestyles.  

Finding out what types of legume-containing foods people consume, when and how they 

consume them, and how they consume them will provide insight into possible interventions. It 

may be achieved by promoting legumes that are appropriate for the Canadian context, by either 

developing new recipes or adapting existing ones new product development, marketing and 

education. This issue will be investigated by analysis of two population-based surveys, which 

utilize validated nutrition assessment methods, to determine Canadian consumption habits.  
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Surveys at the national level tend to produce data that apply to the entire population of a 

country. In a large country such as Canada, with many ethnic groups, it is necessary to conduct 

population-based surveys to obtain representative data. There have been only two recent national 

nutritional surveys, part of the Canadian Community Health Surveys (CCHS) in 2004 and 2015. 

These surveys used the 24-hour recall method (16) to assess diet.  

Despite growing attention to food consumption, no systematic studies have been conducted to 

investigate legume consumption according to meal patterns, food dishes, socio-demographics 

and  trends in consumption over time. 

To begin addressing this gap, this study aimed to assess the socio-demographic characteristics, 

eating times, eating occasions, and dishes eaten by consumers and non-consumers of legumes 

using in both 2004 and 2015 CCHS data. Such analysis of these national nutrition surveys will 

provide a different approach to identify key factors to consider for promotion of legume 

consumption, and also provide a more complete picture of the eating patterns of consumers that 

may complements other research and can inform future intervention strategies (17). Therefore, 

the primary purpose of this study was to describe legume consumers and the 

foods/dishes/cuisines they eat compared to non-consumers.  
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Objectives  

This research aimed to describe eating habits associated with legume consumption and 

non-consumption by the Canadian population from two national cross-sectional national 

surveys CCHS, released in 2004 and 2015.  

Specific objectives are:  

1. Describe legume consumption at different ages, body mass index (BMI), ethnicities, sex, 

health and other socio-demographic variables in adults aged ≥ 19 years in the CCHS 2004 and 

CCHS 2015, by 24-hour recall methods. 

2. Examine major trends for legume consumption in the CCHS 2004 and CCHS 2015 to estimate 

whether Canadians are increasing, decreasing or changing sources of legume consumption, after 

adjusting for identified covariates and possible confounders. 

3. Determine the common characteristics of legume consumers vs non-consumers in the CCHS 

2004 and CCHS 2015 for any differences in terms of eating occasions, timing, types of legumes 

eaten at different meals and other food groups consumed with legumes.  

4. Based on findings from Objectives 1-3, complete exploratory Cluster and Principal 

Component Analysis (PCA) to identify food groups or combinations of foods eaten with 

legumes, which may be helpful for designing targeted interventions to increase consumption of 

legumes.    
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Chapter 2: LITERATURE REVIEW 

2.1 Properties of Legumes  

Legumes are among the staple foods in the world that have been consumed for over 10,000 years 

(18). Dietary legumes are the edible part of non-oil seeds in the family Leguminosae. Although 

legumes and pulses are often used interchangeably, they have distinct meanings. Legumes are 

plants belonging to the family Fabaceae, which includes their leaves, stems, and pods. It is the 

edible seeds of legume plants that are known as pulses. The pulses include beans, lentils, and 

peas (Table 2-1). A pea pod, for example, is a legume, whereas the peas inside are considered to 

be a pulse (19). In the nutrition context, most interest has been focused on pulses and much of 

this literature review will focus on pulses. The broader group of legumes will be discussed as 

relevant.  Several dishes, such as soups, stews, curries, and salads, contain pulses as an 

ingredient, including those from the Mediterranean, South America, East Asia, and the Middle 

East region (20). There are several reasons for this, including the high cost of meat and the 

limited supply of meat in these countries. Pulses  are not entirely missing from the northern diet, 

and it is evident through Canada's experience that pulses  are included in the cuisines of 

developed countries (21), such as pork and beans, chili and split pea soup. Consumption level of 

legumes is currently low in Canada (22), compared to levels reported to be associated with 

protective health effects and wellbeing. Knowledge of consumption is based on disappearance 

data and reports from some surveys (16), expressed as legume disappearance. According to 

current Canadian disappearance data, legume disappearance is undetectable (23).   
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Table 2-1: Examples of some types of pulses    

Peas 
Chickpeas Lentils Dried Beans 

Split and whole green 

peas, yellow peas, 

pigeon peas, cowpeas 

and black-eyed peas, 

Black-eyed peas 

Desi chickpeas, 

Kabuli chickpeas 

Green lentils 

Red lentils,Yellow 

lentils (split or 

whole) 

Mung beans, Navy 

beans, Pinto beans, 

Pink beans, Bambara 

beans, Cranberry 

beans, Faba beans, 

Great Northern 

beans, Lima beans, 

Lupin beans, Pink 

beans, Yellow beans 

Note. Marinangeli Cpf, Curran J, Barr Si, Slavin J, Puri S, Swaminathan S, et al. Enhancing 

nutrition with pulses: defining a recommended serving size for adults. nutr rev. 2017;75(12):990-

1006(24). 

2.1.1 Nutritional Profile  

Pulses are categorized as a high carbohydrate food (approximately 50-65%), low in energy (1.3 

kcal/g), and with an amylose content usually higher than other grains (Table 2-2). They are low 

fat sources (2-6%), and do not contain cholesterol. The desirable mono- and poly-unsaturated 

fatty acids contribute to the majority of fat content. They tend to have lower Glycemic Index 

(GI) values as their carbohydrates are digested relatively slowly (25). 

Table 2-2: Approximate composition and energy content (per 250ml or 1 cup cooked) of 

various pulses  

Legumes* 
Protein 

(g) 

Total 

Carbohydrate (g) 

Total 

fat (g) 

Saturated 

fat (g) 

Fiber  

(g) 

Energy 

(Kcal) 

Lentils 17.9 39.9 0.75 0.1 15.6 243 

Split peas 16.3 41.4 0.76 0.1 16.3 244 

White beans 16.1 46.2 1.15 0.3 18.6 263 

Pinto beans 15.4 44.8 1.11 0.2 15.4 258 

Red kidney beans 15.3 4.4 0.9 0.1 13.1 238 

Black beans 15.2 40.8 0.9 0.2 15 254 

Navy beans 15 47.4 1.13 0.2 19.1 269 

Chickpeas 14.5 45 4.25 0.4 12.5 284 
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* 1 cup cooked. Note. Canadian Nutrient File, version 2015. Available at: 

https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-eating/nutrient-

data.html(26). 

In many developing and middle-income countries, pulses  are important sources of protein (27). 

While pulses are rich in lysine, they are limited sources of methionine and tryptophan. In 

contrast, grain-based foods are good sources of tryptophan. Consequently, when they are eaten 

with a cereal, legumes products “complete each other” with respect to amino acid profile so that 

the mixture tends to provide a nutritionally complete protein, containing a balance of essential 

amino acids. Pulses contain both soluble fibers, such as pectin and hemicellulose and insoluble 

fibers, which are helpful in gastrointestinal function.  

The mineral content of pulses tends to be high in iron, magnesium, zinc, copper, manganese, 

phosphorus. However, their iron content depends on the variety (e.g., lentils contain more iron 

than beans) (28). Besides, phytates are mostly bound to iron and lead to iron absorption 

reduction by 50% (29). However, phytate content varies somewhat among pulses and tends to be 

lowest for lentils. Moreover, lentils without the seed coat have 50% less phytate content (30).  

Pulses contain other bioactive compounds, such as anthocyanin, tannin, polyphenols resistant 

starch, oligosaccharides (α-galactoside), and saponins, which have important physiological 

functions.. Antioxidant activity in pulses is mainly owing to amounts of phenolic compounds 

such as proanthocyanidins (18). Overall, there is agreement among nutrition scientists that pulses 

have many nutritionally desirable properties. The role of pulses in different culinary traditions 

and food dishes is discussed next.   
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2.1.2 Importance of Pulses in Traditional Cuisines 

Cuisine refers to a style of cooking and eating that belongs to the culture, history and traditions 

of specific geographical territories. For instance, pulses  including beans, chickpeas, broad beans 

and lentils have been associated with the Mediterranean culinary systems (31). Mediterranean 

diets broadly describe the traditional cuisines of countries bordering on the Mediterranean Sea 

and includes countries as diverse as Spain, Italy, Greece, Lebanon, and Turkey.  

The United Nations Food and Agriculture Organization’s (FAO) Information Network has 

collected a database of over 850 recipes from more than 50 countries for the past several years 

(32), to promote the values of authentic cuisine, ingredients, and dishes that are less known 

outside their places of origin and to preserve traditional recipes for the future. These recipes 

range from salads, to soups, side dishes, entrees, and even desserts. Due to availability, flavour, 

affordability, simplicity and ease of preparation, pulses  such as kidney beans, peas, chickpeas 

and lentils are often featured in these recipes (32). 

As food staples, pulses  have been incorporated into  many cuisines (33). Almost everyone is 

familiar with pulses and foods made from them, such as well-seasoned lentils, split pea soup, 

hummus, falafels in the Middle East, spicy lentils with kidney beans in Pakistan, bean-based 

soups and stews in Latin America. In addition, dishes containing pulses in different countries 

also show signs of past global migration. For instance, in France chickpea flour is called socca, 

while in Italy it is called farinata. In Indonesia, gandasturi is a fried sweet bread made from 

mung beans. In Thailand, novel luuk chupmarzipan is made with mung beans, sugar, and 

coconut (34). In 2016, the United Nations declared the International Year of Pulses to raise 

awareness on pulse, health, and sustainability (35).The many ways pulses can be prepared 
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suggest ideas for adapting and using diverse recipes from around the world to promote pulse 

consumption  in Canada.  

2.1.3 Agricultural Benefits of Pulses   

As noted by the Dietary Guidelines Advisory Committee Process (DGAC) in the USA 

,sustainability of the food supply is an important focus for dietary guidelines going forward (36). 

Pulses can contribute positively to sustainability. Growing pulses in rotation with dissimilar or 

different types of crops, reduces the need for fertilizers, disrupts disease and insect cycles and 

adds nitrogen to the soil. Other benefits of pulses and other legumes growing include production 

cost advantages due to spending fewer resources on inputs. Crop rotation with legumes is, 

therefore, one of the most effective agricultural strategies (37) supporting long-term 

sustainability.  

In Canada in 1991, only 45% of fields growing  pulses  used rotation (38). By 2011, 98% of 

legumes farms reported using crop rotation (38, 39). Pulses’ water efficiency is higher than that 

of other protein sources, such as meat (40). Furthermore, legumes require significantly less water 

than wheat or canola (40). Legumes extract water from shallow ground water sources. As a 

result, they retain more moisture in the soil for the following year's cereals and oilseeds, making 

them more environmentally friendly (40). Additionally, many different compounds that feed soil 

microorganisms and play a fundamental role in maintaining soil health are produced by legume 

crops. These soil microorganisms can cycle nutrients more efficiently so crops grow better (41). 

Legumes can increase soil microbial diversity and microbial load to help increase the 

productivity of other crops (40). Legumes have a strong role to play in strategies to improve 

sustainability of Canada’s agricultural sector.   

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0ahUKEwjisYuWr_naAhVm9YMKHWNpBhgQygQIXzAE&url=http%3A%2F%2Fwww.infonet-biovision.org%2FEnvironmentalHealth%2FShallow-ground-water%23simple-table-of-contents-4&usg=AOvVaw2K3HoR_UlR7Nwyy6X4-NdB
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2.1.4 Growth of Pulse Agriculture in Canada 

 India produces approximately 25% of the world's supply of pulses, making it the world's largest 

producer of pulses. Although India has a large vegetarian population, it also consumes 30% of 

global production. Meanwhile, Canada has rapidly developed into one of the world's leading 

producers and exporters of pulses, and now accounts for over 35% of global pulse trade each 

year(42). In 2011, Canada exported a record 4.7Million Tons (MT) of pulses  worth nearly $2.7 

billion (42). An average of 3.5 million hectares of pulses  are planted each year in Canada; in 

2011, nearly 6% of all cultivated land was devoted to pulses (2011 Census of Agriculture) (43). 

This was a jump of more than 11 times the area planted in 1981 (Appendices A and B).  

With 1.7 million hectares, Saskatchewan had  the largest harvested pulse cultivation area in the 

country in 2011, making the province a world leader (44). According to 2011 Census of 

Agriculture, dry beans are the largest crop produced in Ontario, with 38.4% of the national area 

for pulses, followed by Manitoba and Alberta with 32.1% and 18.8% of the area, respectively 

(43). In 2007-2011, dry peas, lentils and chickpeas accounted for an average 40% of the 

country's export pulse  production. As the world's largest producer of pulses, Canada produced 

more than 1.5 million tonnes of lentils, 2.1 million tonnes of dried peas, and 90,800 tonnes of 

chickpeas  (Table 2-3) (38). 
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Table 2-3: Pulse contribution to global markets, 2011  

Pulse variety 
Production Global ranking 

  Tonnes Rank 

Lentils 1,531,900 1st  

Dry peas 2,115,600 1st  

Chickpeas 90,800 9th  

Dry beans 144,600 27th  

Note. Bekkering E. Pulses in Canada: Statistics Canada [Available from: 

http://www.statcan.gc.ca/pub/96-325-x/2014001/article/14041-eng.htm] (38, 45).  

 

 

Canada’s pulse production system has a strong stake in the promotion of pulses in food dishes 

worldwide. The next section reviews pulse use in food dishes.  

2.1.5 Forms, Cooking and Preparation 

Pulses are commonly found in main or side dishes at breakfast, lunch, or dinner. There is a 

possibility that they may be used as an ingredient in baked products, snacks, and beverages. In 

Canada’s national cuisine, legumes are  found in popular dishes like baked beans and  split peas 

soup (46). 

In terms of preparation, pulses are often stored dried and therefore do not require refrigeration. 

Pulses  need to be soaked in water for several hours (at least 8 hours) before cooking (except 

lentils) to  soften and decrease  risk of causing bloating and gastro-intestinal discomfort  through 

removal  of galacto-oligosaccharide sugars (GOS), the primary flatulence-producing compounds 

(47). For cooking, slow cooker, stovetop, pressure cooker, and oven are the regular methods. 

Cooking times vary, but in the range of 5 minutes to 2 hours (48). Canned beans have already 

been cooked so they can be used more readily in convenience cooking. More recently, frozen 

versions have appeared. Having established the nutritional properties of pulses, their contribution 
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to the economy and general features of preparation, the epidemiological evidence supporting 

their promotion in dietary guidelines is briefly reviewed.    

2.2 Legumes in Health  

The epidemiological evidence supporting health benefits of regular legume intake is relatively 

strong, as outlined in this section. In many studies, no distinction is made regarding the types of 

legumes included. Short-term adverse effects due to oligosaccharide content are also well 

reported and reviewed first, followed by discussion of the epidemiological and clinical trial 

evidence for health benefits.  

2.2.1  Acute Effects 

Despite the health benefits of legume consumption, in most Western countries consumption 

levels remains very low, partly because of reported digestive problems leading to intestinal gas, 

gastrointestinal bloating, abdominal pain and flatulence (49). The importance of these issues as a 

barrier to increased consumption has been highly controversial in the peer reviewed literature 

(47, 50). Veenstra et al. conducted a randomized, double-blind, cross-over study comparing 100-

gram dry pulse consumption to a potato control for 28 consecutive days. A questionnaire was 

administered to 21 healthy males ranging in age from 19 to 40 years old to assess perceived 

flatulence, abdominal discomfort, and bowel movement patterns. Despite mild discomfort from 

flatulence and bloating, clinically significant changes in gastrointestinal function did not occur  

(47). In another experiment, researchers had 126 healthy individuals consume half a cup of beans 

every day for 8 or 12 weeks in three separate studies, and then assessed whether they would 

experience flatulence, gastrointestinal discomfort, or bloating. Flatulence was increased even in 
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control groups without flatulence-producing components (increase an average of 7%) (50). These 

findings indicated that pulses were well tolerated when incorporated into the daily diet.  

Are legumes well tolerated by the typical person at risk of CVD or who has Type 2 Diabetes 

(T2D)?  Multiple studies have been done in such subjects and flatulence has been a minor issue 

that declines over time (51, 52). However, almost all legumes have high levels of Fermentable 

Oligosaccharides, Disaccharides, Monosaccharides and/or Polyols (FODMAP). Some people 

with irritable bowel syndrome, a common functional gastro-intestinal condition may need to 

avoid legumes, while others may be able to gradually increase intake over time (30).  

2.2.2  Disease Mortality 

Several studies indicate that lifestyle risks (sedentary lifestyles, unbalanced diets, and excessive 

alcohol and tobacco use) may have contributed to up to 75% of cardiovascular events, as well as 

36% of breast, prostate, lung, and colorectal cancer events(53, 54). Specifically, epidemiological 

research on legume consumption has increased recently, with an increase in cohort studies 

evaluating incidence and mortality rates in several countries.   

According to a new meta-analysis of data from North America, Asia, and Europe, there appears 

to be an inverse relationship between legume consumption and overall mortality, but not 

cardiovascular mortality(55). Comparing the highest and lowest intake categories, the pooled 

relative risk (95% CI) for CVD mortality was 0.96 (0.86-1.06) and 0.93 (0.87-0.99) for all-cause 

mortality. It is possible that these results have been affected by a confounding effect or 

measurement error in assessing diet. The results are based on multiple observational 

studies.  Generally, there are fewer errors when assessing mortality. For this reason, a cohort 

analysis of one of the largest randomized trials, the Primary Prevention of Cardiovascular 
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Disease with a Mediterranean Diet (PREDIMED) study, proved to be highly informative(56). 

The relationship between consumption of legumes and mortality was assessed prospectively 

among 7216 participants. The findings provided evidence that consumption of legumes may be 

of benefit in reducing cancer mortality. However, the hazard ratios (HRs) [95% confidence 

interval (CI)] for CVD mortality were not significant. The HRs for the third tertile of total 

legumes and dry bean consumption, compared with the 1st tertile, were 1.52 (1.02-2.89) (P-trend 

= 0.034) and 2.23 (1.32-3.78) (P-trend=0.002) for CVD mortality, respectively. For cancer 

mortality, higher total legumes and lentil consumption were significantly associated with HR= 

0.51 (95% CI: 0.31-0.84) and  HR: 0.63; 95% CI: 0.40-0.98), lower risk of cancer mortality 

respectively (57). Lack of association with CVD mortality was unexpected.  

Other groups have been looking at various approaches to evaluating the effects of purported 

beneficial or adverse effects of diet patterns or food groups. Within some of those analyses, 

legumes were considered. To combine evidence from different studies for different diseases, 

Schwingshackl et al have conducted some network meta-analyses and is proposing that more 

need to be conducted (58). The main benefit of such analyses in diet is that the findings are more 

studies comparable for joint analyses of different diseases and across food groups and complex 

dietary patterns are more comparable.  The results to date have revealed that higher intake of 

legumes (50g/day)  are related to decreased  risk  of all-cause and coronary heart disease (CHD) 

mortality, but not colorectal cancer, diabetes or hypertension incidence  (Figure 2-1). These 

studies provide the most compelling evidence to date that legume consumption is protective 

against CVD and cancer.  
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Figure 2-1: Evidence summary of the association between legume consumption and the 

major chronic diseases.  ↔ No effect; ↑ increased; ↓ reduction. DBP (diastolic blood pressure), 

CRP (C-reactive protein), SBP (systolic blood pressure). Note. Schwingshackl L, Schlesinger S, 

Devleesschauwer B, Hoffmann G, Bechthold A, Schwedhelm C, et al. Generating the evidence 

for risk reduction: a contribution to the future of food-based dietary guidelines. The Proceedings 

of the Nutrition Society. 2018:1-13(58). 

2.2.3 Association between legume consumption and CVD incidence 

While our focus is on legumes, specifically, several groups have been examining associations 

between measures of dietary quality and  long-term CVD  risk (59, 60). The most recent study 

that addressed this question was by Shan et al (61). The authors derived dietary scores for four 

healthy dietary patterns from data collected from three US prospective cohorts over 32 years 

including the Healthy Eating Index–2015 (HEI-2015), Alternate Mediterranean Diet Score 

(AMED), Healthful Plant-Based Diet Index (HPDI), and Alternate Healthy Eating Index (AHEI). 

A comparison of the highest and lowest quintiles indicated that  the pooled multivariable-

adjusted HRs of CVD were 0.83 (95% CI,0.79-0.86) for the HEI-2015, 0.83 (95% CI, 0.79-0.86) 

for the AMED, 0.86 (95%CI, 0.82-0.89) for the HPDI, and 0.79 (95% CI, 0.75-0.82)  for the 

AHEI  (P for trend <0.001 for all),  confirming that adherence to a broad spectrum of dietary 

patterns is associated with a lower risk of cardiovascular disease.     
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Table 2-4: Beans or legumes are included in each score 

HEI 2015 Greens and beans – max score 5/100 for ≥0.2 cups/day/1000 kcal 

AMDS Legumes, servings per day – highest quintile max score 5/45 

HPDI Legumes, servings per day – highest quintile max score 5/90 

AHEI Nuts and legumes - ≥1 serving/d max score 10/100 

Stroke and incident CHD had similar inverse associations. These results were consistent across 

racial/ethnic segments. All the dietary scores were significantly correlated with each other, with 

correlation coefficients ranging from 0.35 to 0.75(61).  

Determining the effects of specific foods on CVD risk or mortality has been challenging. For 

example, various approaches for evaluating the supposed beneficial or adverse effects of 

different food groups on chronic diseases have been examined. Within some of those cohort 

analyses, legumes were considered as one of the food groups (58). However, most of the 

observational studies only indicated that individuals who included legumes in their diet were less 

likely to have CVD risks, but because of other confounders, it cannot be definitively concluded 

that legumes reduce  CVD risk from cohort studies (62). Unfortunately, randomized trials are 

impractical due to the fact clinical CVD only develops only several decades after ongoing 

exposure to an adverse diet.    

The relationship between dietary factors and disease risk in observational studies should be 

examined in the context of confounding factors .Due to biological and behavioral reasons, people 

who eat one type of vegetable, such as legumes, are also more likely to eat more vegetables and 

less red meat. Non-dietary components such as age, sex, and exercise habits could confound or 

modify any relationships related to types and amount of food consumption. There are inter-

correlations of some specific nutrient intakes, which may be confounded by other factors in an 
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individual’s diet that could modify the absorption, metabolism, or requirements for other 

nutrients. In epidemiological studies, the important dietary factors can proxy for other 

determinants that have not been measured in the study. The effects of legumes in the diet on 

CVD might be directly related to nutrient intake, such as dietary fiber, folate, potassium, and 

antioxidant vitamins or indirectly through other intermediate risk factors, such as serum glucose, 

lipid profile, and/or blood pressure. See possible inter-relationships in Figure 2-2. 

                                         Age, Sex, Gender, Smoking, Education, Region, Exercise  

                              Socio demographic status, Energy intake, Family history, Race, Ethnicity 

 

                              Nutrients, Fats, Carbohydrates, Other sources of protein 

                             

 

Proportion of legumes in the diet (Exposure)                                            (Outcome) CVD 

                                          

 BMI                                                                Blood Pressure, Cholesterol, Glucose 

Figure 2-2: Adapted conceptual model of the association between legume consumption and 

CVD  

Note. Marventano S, Izquierdo Pulido M, Sánchez-González C, Godos J, Speciani A, Galvano F, et al. 

Legume consumption and CVD risk: a systematic review and meta-analysis. Public Health Nutr. 
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2017;20(2):245-54. Padhi EMT, Ramdath DD. A review of the relationship between pulse consumption 

and reduction of cardiovascular disease risk factors. Journal of Functional Foods. 2017;38:635-

43.Viguiliouk E, Glenn AJ, Nishi SK, Chiavaroli L, Seider M, Khan T, et al. Associations between Dietary 

Pulses Alone or with Other Legumes and Cardiometabolic Disease Outcomes: An Umbrella Review and 

Updated Systematic Review and Meta-analysis of Prospective Cohort Studies. Advances in nutrition 

(Bethesda, Md). 2019;10(Suppl_4):S308-S19.(1, 63, 64). 

 

Past studies using nutrients to explain dietary exposure may have led to incorrect assumptions if 

the specific food does not correlate to the etiology of the disease. In particular, legumes contain a 

significant amount of iron, which is bioavailable but not readily assimilated by the body. It 

would be a misinterpretation to blame low legumes in the diet for an increase in the risk of iron 

deficiency (65). Thus, limiting the number of dietary factors has been the conventional method 

for controlling dietary component confounders in observational studies of associations between 

dietary factors and health outcomes. Accurate assessment of dietary exposure remains a 

challenge for researchers, as will be discussed in a next section.   

From all the evidence reviewed to date, legumes are a healthy food that should be promoted as 

part of a healthy diet pattern associated with reduced mortality and CVD risk, even with limited 

evidence for specific effects of legumes, per se. Based on current evidence, legumes can be 

promoted as part of a desirable dietary pattern.  

2.2.4 Effects on Body Weight  

Legumes have multiple effects on several intermediate indicators, as summarized in Figure 2-1. 

Since obesity is a major public health concern, some of the literature relating legume 

consumption to body weight in population and intervention studies is considered in more detail.  

A meta-analysis of 21 randomized controlled trials (n=940 participants) considered the effect of 
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legume consumption on body weight. The results strongly suggest that legumes in a diet might 

have beneficial effects on losing weight even when diets are not planned to be restricted in 

calories. The results of comparison between diets containing legumes and diets without legumes 

showed a significant weight reduction difference of −0.3 kg (95% CI: −0.63, −0.04 kg; p= 0.03) 

in a 6-week period. However, this difference is very small (20).  

Data from the National Health and Nutrition Examination Survey (NHANES) were analyzed to 

determine whether adults aged 20 and older reported eating baked beans during a 24-hour period 

(1999-2002). The association between pulse intake and disease risk and waist circumference was 

also investigated. The study found a 23% lower risk of large waist circumstance (waist size of 

102 cm for men, 88 cm for women) among adults who consumed beans (OR=0.77; 95%CI, 0.62, 

0.95; p=0.018).  Pulse consumers also had a 22% risk reduction of being obese (BMI≥30 kg/m2) 

compared to non-consumers (OR=0.78; 95% CI, 0.64, 0.97; p=0.026) (66). Thus, there may be 

long-term benefits of legume consumption for weight control in the population, but any specific 

effects in weight loss intervention studies are relatively modest. This could be a result of other 

dietary characteristics/food choices changing as well as a lower calorie intake.  As CVDs are the 

leading cause of death worldwide, the next section explains what the evidence indicates about 

legume consumption and CVD.  

2.3 Legumes in Dietary Guidelines 

Legumes constitute a diverse group of foods with a variety of nutrient compositions and 

bioavailability (24). Legumes are diverse in consumption depending on regional food, 

population, local cuisine and food supply availability. To advance global nutrition 

communication, a standard serving size for legumes would be useful.  Establishing standard 
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serving sizes can help estimate dietary intakes of populations to develop appropriate dietary 

guidelines. Thus far, there is a decided lack of consensus on the measure recommended for daily 

consumption (24).   

The Food and Agriculture Organization (FAO) has compiled list of more than 100 countries’ 

food-based dietary guidelines(67). Table 2-5 shows some of these countries and regions that 

included legumes within their dietary guidelines. 

Table 2-5: Dietary guidelines that contain legumes  

Region Examples of Legumes in 

Guidelines 

Serving Size Frequency of 

Consumption 

Australia Legumes and veggies (beans, 

lentils, chickpeas) 

1 serving = 75 

g (0.5 cup) 

NSP: ≥ 5 servings of 

vegetables per day 

Fish, tofu, nuts, seeds, and 

legumes/beans (such as beans, 

lentils, and chickpeas) Lean meats 

and poultry, protein-rich poultry, 

eggs, 

1 serving = 150 

g (1 cup) 

Minimum of 2 

servings/wk 

Brazil Beans (beans, lentils, chickpeas, 

and peas) 

NA in current 

guide 

NA in current guide 

Greece Olives, legumes, and nuts (beans) 1 serving = 100 

g 

3–4 servings/wk 

India Cereals, millets, and legumes 

(beans and lentils) 

1 serving = 30 

g (dry, 

uncooked) 

1 serving/d for non-

vegetarians 

2 servings/d for 

vegetarians 

Ireland Meat, poultry, fish, beans, eggs, 

and nuts (beans, lentils, and peas) 

0.75 of a 200-

mL reference 

cup (≈ 150 mL) 

NSP: Choose any 2 

servings each day 

Nordic 

countries 

Vegetables and fruit (beans and 

peas) 

NA in the 

current guide 

NP in the current guide 

NSP: Protein should be 

10%–20% of energy 

intake per day for 

adults 

Alternative to meat (beans and 

peas) 

Spain Legumes (beans, lentils, and 

chickpeas) 

150–200 g (60–

80 g dry) 

≥ 2 servings/week 
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Region Examples of Legumes in 

Guidelines 

Serving Size Frequency of 

Consumption 

South Africa Dry beans, peas, lentils, and soya 0.5 cup Included in meals each 

week 

United 

Kingdom 

Vegetables and fruit (beans, peas, 

and lentils) 

1 serving = 80 

g (3 heaping 

tablespoons) 

NSP: Consume 5 

servings of vegetables 

per day 

Abbreviations: NP, not provided; NSP, nonspecific. Note. Marinangeli Cpf, Curran J, Barr Si, 

Slavin J, Puri S, Swaminathan s, et al. Enhancing nutrition with pulses: defining a recommended 

serving size for adults. Nutr Rev. 2017;75(12):990-1006(24). 

In many of these countries, legumes are included in the dietary guidelines as part of other food 

groups.  According to a recent review of the literature, legumes should be recommended as a 

separate group of one-half cup (125 ml) or 100 grams (half a cup) daily (24). 

2.3.1 Current Canadian Dietary Guidelines 

Canada's previous food guide included legumes in the Meat and Alternatives group, rather than 

as their own food group. Health Canada, in its 2007 guidelines (68), provided serving sizes, with 

three-quarter cup (175 ml) of cooked beans, peas, lentils, and chickpeas as one Meat and 

Alternative serving. This is about the size of a tennis ball. The 2019 version of the Canadian 

Food Guide does not specify serving sizes and instead emphasizes eating plenty of fruit and 

vegetables, protein foods, whole grain foods, and drinking water. Nevertheless, the new guide 

does stress the importance of consuming more plant-based protein foods, particularly legumes 

(69).  

2.3.2 Other Sets of Recommendations 

While there are no explicit recommendations for legume consumption, The American Diabetes 

Association has recommended multiple high-protein and high-nutrient meals as a substitute of 
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meats for individuals with diabetes and those at risk for diabetes, such as vegetarian diet, 

Mediterranean diet, and Dietary Approaches to Stop Hypertension (DASH) (70).  

In addition, lifestyle practice guidelines from the American Heart Association (AHA) 

emphasized on legume consumption for reducing the risk of heart disease and stroke (53), the 

Canadian Cardiovascular Society recommends 4 or more servings(175 mL (3/4-cup)) per week 

(71), whereas  the European Guidelines on CVD Prevention provide no particular guidelines 

(72). The Food and Drug administration (FDA) (73), The Canadian Cancer Society (74), and the 

World Cancer Research Fund are recommending eating legumes since they might reduce the 

risk of certain cancer types such as breast, prostate, lung, and colon cancers (54).  

The 2015 US Dietary Guidelines introduced sustainable diets. According to this new focus, 

consumption of sustainable food, like legumes, can ensure the US population will have enough 

healthy foods for future generation.  In the 2020–2025 Dietary Guidelines for Americans, pulses 

are divided into two food groups: the protein food group and the vegetable subgroup 'beans, 

peas, lentils' (56). The Dietary Guidelines Advisory Committee (DGAC) has recently focused 

on evidence-based review and healthy eating recommendations rather than recommending 

specific nutrients or foods (75). A healthy dietary pattern is encouraged, as opposed to relying 

on discretionary calories to build healthy diets, which encourages the consumption of 

vegetables, fruits, whole grains, low fat dairy, seafood, legumes, and nuts. It also includes lower 

intakes of red and processed meat, moderate alcohol consumption, and reduction in sugar-

sweetened foods. There appears to be a general consensus among dietary guidelines promoting 
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consumption of legumes, based on their nutritional, sustainability and disease risk reduction 

contributions to the overall diet (24).   

2.3.3  The Current Consumption Level of Legumes 

The following section contains a comparison of the numbers of people who consume legumes 

per population and the typical serving size in different global regions. Research indicates a wide 

range of legume consumption ranging between 0.4 and 277 grams/day, but sometimes data did 

not distinguish between cooked or uncooked legumes, pulses vs total legumes (24). In Canadian 

and United States national surveys, mean daily intakes of legumes were 87 and 113 g/d, (more 

than one-half cup per day) ,respectively, among the 13.0% and 7.9% of individuals identified as 

pulse consumers by 24-hour recall methods (22, 76).  

Australia’s experience is of interest because it shares a similar cultural heritage with Canada, 

and its geography is both vast and agricultural. It is also a very wealthy country. For example, 

two separate surveys, the Australian Grains and Legumes Nutrition Council revealed that 

legumes were consumed by 7.9% and 24.0% of the population. The Grains and Legumes 

Consumption and Attitudes Study (GLNC) 2014 was a survey of Australians aged 2–70 years. 

The study found only 24% of Australian adults reported eating legumes during either one or two 

survey days, an average of 97g per day, with men eating 128g and women 78g (77).  

Another study was a secondary analysis conducted on the Australian 2011-2012 National 

Nutrition and Physical Activity Survey (NNPAS), comparable to the CCHS, on a sample of over 

9,000 adults who undertook a 24-hour dietary recall. The data revealed that on average, legumes 

intake was low in Australia. It showed that just 7.9% of survey respondents ate legumes foods 
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on either day of the survey, consumed a daily average of 1.3 serves (equates to 100g or two 

thirds of a cup of cooked legumes) (77). Legume consumption may vary among different 

ethnicities within countries. Greek Australians (older than 70 years of age) consumed chickpeas 

and white beans, with servings sizes at 63 g/d and 86 g/d, respectively.  

Dietary studies in the Nordic countries found a level of legume intake including brown beans and 

peas was 91 g/d (± 18 g/d). Daily consumption of legumes in Japan was more than 85 g/d (78). It 

should be noted that most of the studies evaluated legume intakes on a single day, not the usual 

intake. These results are consistent with a serving size of about 100 g (one-half cup) (24). 

Consumption of 100 grams of cooked pulses, including a variety of pulses, corresponds with 

most regional serving sizes for pulses and provides substantial amounts of nutrients under 

consumed by certain age groups and genders.   

2.4 Marketing and Food Studies 

Despite the availability of data on the level of legume consumption, there are still important gaps 

in the literature on the reasons why intake of legumes is so low. Understanding of the 

relationship among different potential factors, such as attitudes, socioeconomic circumstances, 

and legumes consumption, are indispensable. Many studies have explored the motives to eat or 

not to eat plant proteins, but many of these studies focused on various forms of vegetarianism 

(79) or on specific legumes, like soy protein. We review only a few studies from this diverse 

literature, and then focus on variables available in national surveys.   

In Canada, palatability and healthiness are the main reasons consumers give for legume 

consumption. However, lack of preparation skills, lack of knowledge on how to cook, 
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inconvenience and not liking legumes are the most common stated reasons for not eating 

legumes (17). The results of a study amongst American females ages 19-45 are illustrative. 

Researchers showed the different reasons of not eating beans by women (80). These included 

taste (22%), lengthy cooking time (20%), uncomfortable gastrointestinal side effects (15%) and 

availability (5%) as well as combinations of these factors. Although they were not consuming 

enough legumes, dry beans were included in their diet. One study in Latin America showed that 

time of cooking was a major factor limiting legume consumption, followed by taste displeasure 

and flatulence (81).   

In a marketing study commissioned by Alberta Agriculture, the factors influencing pulse 

consumption in Canada were analyzed (17). Five groups of consumers were identified by 

segmentation analysis. Segmentation is the process of division of the potential market to smaller 

groups, based on the consumers’ attitudes and preferences for food and health (17). The 

Informed Champions were enthusiastic about legumes; while on the other end of the spectrum 

were the “Disinterested Unreachable,” who were unlikely to make legumes a regular part of their 

diet. Between were three segments, the Unexposed Reachable, Forgetful Advocates, and Health 

Driven Persuadable, all of whom would be target consumers with potential for increasing pulse 

consumption.   

In another line of work, researchers conducted  surveys in UK and Netherlands, and they 

examined main barriers, as well as food neophobia, food choices motivations, attitudes, and 

beliefs towards meat and meat substitutes between non-users (n =324), light/medium-users 

(n =133) and heavy-users of meat substitutes (n = 96) (82). Plant-based meat substitutes were 

primarily made from legumes (mainly soy) cereal protein, or fungi. In both the UK and the 
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Netherlands, users of meat-substitutes were highly educated. In the UK, heavy users were 

women and younger age groups. This study showed that socioeconomic background and gender 

were associated with the consumption of plant proteins. The study also found that the main 

barriers to meat substitutions were related to the products, particularly their relative unfamiliarity 

to users and their lack of sensory appeal. Additionally, food neophobia played an important role. 

Both non-users and light/medium-users had overall positive attitudes and beliefs about meat, so 

meat appeared to be the preferred choice over meat substitutes during the study (82). Lemken 

also examined whether consumers accept legumes as meat substitutes or meat substitutes 

containing legumes, as well as whole processed legumes on their own(83). A sample of 

consumers was collected from Germany (633 people) and New Zealand (445 people). The 

distribution of ages, genders, and incomes was  taken into consideration when constructing 

statistical samples. A two-step analysis was conducted. By using latent class clustering, the 

authors evaluated which consumer groups would prefer vegetables, meat substitutes, and 

processed legumes over meat. The second step involves further characterization of clusters. 

Comparing demographic characteristics, meat consumption frequency, legume information 

interests, and food attitudes between these clusters was done. According to the results, most of 

these consumers prefer eating legumes instead of meat, and therefore they considered either 

reducing their meat consumption frequency or changing their meat consumption habits to include 

more legumes. Depending on the individual or group of people, legume consumption will vary 

according to life stage, preferences and many other factors, which will be discussed in more 

detail in this section. This means that no one type of intervention to modify legume consumption 

will be suitable for all population groups. It will be important to tailor interventions to specific 



 

 

28 

 

groups within the population by taking into account their socio-demographic characteristics and 

other factors that influence their food choices. In the next section, variables that that may be 

available in surveys.   

2.5 Factors that Influence Consumer Demand for Legumes 

2.5.1 General Factors Affecting Food Choice 

Many factors at multiple levels affect our food intake, including legume intake. In the context of 

this thesis, we will limit our focus to issues that may be assessed in surveys. Food choice more 

generally includes the definition of what, how, when, where and with whom people eat in 

selection and eating of foods, in addition to other phases of their food and eating behaviors. To 

explain the correlates and determinants of eating and nutrition, the DONE framework was 

developed in a consensus process to map the many factors that impact food intake. It was 

intended to identify the individual, social, economic, and environmental factors that affect 

human nutrition and eating behavior at all ages and in a variety of research disciplines based on 

an interdisciplinary, interactive, and evolving framework. 

 In the model, the potential factors affecting food choices, including the biological, 

psychological, social, cultural, economic, and other factors, interact with each other. Food intake 

is mainly determined by food choices. The DONE framework offers a useful approach and 

model for checking if available variables in surveys may potentially be associated with legume 

consumption (84). With a comprehensive list of the factors affecting food choice, stakeholders 

can utilize the DONE framework to determine which factors play the most significant role in 

influencing legume consumption. 
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On the other hand, consumers must make a variety of choices in order to achieve a healthy, 

sustainable protein consumption balance. A comprehensive approach should be taken, which 

includes diets (patterns of foods consumed over a period of time), dishes (foods arranged 

together on the plate) and dish ingredients (foods separately served)(Figure 2-3)(85). The 

question of how these changes can be incorporated into dishes and dish ingredients is less clear. 

This section provides information regarding the main factors influencing legume consumption at 

various levels, as well as how the framework of (diets, dishes, and dish ingredients) may be used 

to encourage legume consumption.

 

Figure 2-3: Guide to food choices based on context and detail of diets, dishes, ingredients, 

and bites. Note. Adapted from de Boer, J., & Aiking , H. Food Quality and Preference, 

2019(85). 

2.5.2 Socio-demographic Factors in Legume Consumption 

The importance of cultural/ethnic background as a key factor in legume consumption has already 

been reviewed. Evidence for other factors is considered. In a study of dried bean consumption in 
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the US, age and gender were the most important factors, after ethnic background, affecting food 

intake (86). Legumes were consumed mostly by men compared to women. In fact, there exists a 

strong association between higher caloric intake by males and male behavior(87).  

Consumption of legumes is also associated with education; people with lower education levels 

consume less than those with higher education in developed countries without a cultural tradition 

of legume consumption (76). As socio-demographic factors, the following variables are available 

in the CCHS as predictors of legume consumption: age, sex, marital status, education, socio-

economic status, household income and measures of ethnicity /immigration status. In the 

methodology section, there are further details about the variables of interest in CCHS. 

2.5.3 Meal Occasions and Location: Exploring Situational Influences on Legume 

Consumption 

Recent decades have seen changes in dietary patterns, such as an increase in fast food, meals 

away from home, and sugar sweetened beverages (88). In addition, high fat, high-sugar, high-

energy density snack foods have increased in prevalence and consumption of snack items are 

associated with obesity (88).  

Studies from National Health and Nutrition Examination Surveys (NHANES) have shown 

changes in energy density, portion size, and the number of eating occasions can increase total 

energy intake (89). There is a substantial amount of evidence indicating that people consume 

more of their dietary content away from home. However, the location where people eat and how 

the contextual features of the setting are linked to what people eat are not as well characterized. 

Eating in the presence of others influences meal duration and lengthens the duration of eating 

(88). Therefore, it has been proposed that people are likely to eat more with others than they 
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might have eaten by themselves. Many studies suggest that eating habits are controlled by 

subconscious processes leading to mindless eating(90). Distractions can significantly limit 

cognitive capacity to react to stimuli, which may indirectly affect subconscious processes such as 

emotional eating. It follows that both the physical environment (whether it is a cafeteria, 

restaurant, workspace, dining table, or couch in the living room) and the social environment 

(such as social facilitation) are key factors that may contribute to food consumption quantity and 

types. Further insight into the influence of the home or work environment on eating behaviors 

can inform healthy eating interventions (88). CCHS measured the patterns of eating occasions, 

such as skipping breakfast or “snacking”; and eating locations, including consumption of fast 

foods and foods away-from-home.  

2.6 Assessment of National Diet over Time in Canada 

To evaluate changes in intake distributions over time, a reliable estimate of intake is essential. 

However, in Canada, there is no systematic, comprehensive national system for assessing diet 

over time. Indeed, the only available national population-based data are in CCHS 2004 and 2015. 

More details about the surveys are provided in section “National Health and Nutrition Surveys”. 

One purpose of this comparative study is to assess changes in the consumption of legumes 

between 2004 and 2015. The comparison of food intake data from the two surveys (2004 

compared to 2015) will indicate if  dietary transitions are ongoing. In designing the CCHS 

survey, the developers wanted the two surveys to be conducted in the same manner so that 

comparisons could be made between them. It is expected to see changes comparing the two 

surveys. I predict that recent trends of international immigration from countries with strong 

traditions of legume consumption may have an impact on legume consumption. Presumably, 
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there are some possible changes in age structure and an increase in the percentage of seniors. I 

also expect to see increases in BMI that may or may not be associated with legume consumption. 

Mudryj in analysis of the 2004 survey found pulse consumers were slightly heavier than non-

consumers, a finding not in accordance with other studies (22). National surveys provide 

valuable data for understanding health and diet, in context, and changes over time in dietary 

patterns. Estimates of usual intake distributions are required along with the ability to assess 

changes in intake distributions over time.    

2.6.1 Analysis of Dietary Intake - Methods and Issues 

Dietary assessment has been a complex methodological challenge in nutritional sciences over 

many years, and each available method has strengths and important limitations. Interpretations 

using one method may not be consistent with results using other methods. Consequently, it is 

critical to compare different nutritional assessment tools used in national surveys to better 

understand how the food intake estimates are affected by dietary assessment methods. Therefore, 

it is reasonable to consider the population examined as well as the temporal proximity of dietary 

assessments when selecting which dietary assessment instruments are most suitable for use in 

surveillance and population-based surveys.   

2.6.1.1 General Dietary Intake  

The impact of diet and its association with health outcomes has been studied for many years 

(91). Nutritional status and its reflection in physical, physiological, biochemical measures and 

finally health outcomes are critical for identification of the risks of nutrient deficiencies or 

excesses in specific population groups. Additionally, nutrition assessment would be essential for 

development of nutrient intake recommendations, such as active public health nutrition (PHN) 
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programs for nutrition-related disease prevention and to determine whether these interventions 

are effective(92). In general, epidemiological studies, surveillance- and group-level assessments 

are used to provide an estimation of nutritional status at the population level (93). The objectives 

in population studies are to identify dietary-related factors, such as distribution of dietary intake, 

means of food intake, or relationship between food intake and health outcomes, which can be 

obtained from individuals’ data.  

Although it is common to obtain information on food supply, nutrient components, and possibly 

habitual eating by using dietary assessments, dietary assessments on a particular day or during a 

specific season might not reflect an individual’s usual eating behaviors. Food assessment studies 

are complex since several factors can influence food selection (e.g., cultural norms, seasonality, 

socio-economic status, accessibility, availability, and gender differences) and cause the 

interpretation of the results of the nutrition studies to be complicated (94). There are different 

available food assessment methods that would measure specific food group or nutrient intake. 

Finding an accurate dietary measurement method, which could have a minimal burden in a cost-

efficient manner and is highly accurately, is a difficult assignment. In developing countries with 

low rate of literacy and high amount of food preparation in the home, objective observations 

could be convenient. This type of observation would require dietary assessment through food 

consumption records in participants’ home by skilled staff (95). Scientists developed varied 

approaches for assessing individual food intake based on changes in socioeconomic status, such 

as people eating their main meals away from home, making a variety of food choices, and 

mixing up different dishes. Dietary assessment methods that commonly evaluate food intake 

include the 24-h dietary recall (24HR), the 3-day food dietary record (DR), and food frequency 
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questionnaires (FFQ). To obtain accurate information on individual dietary intake, a combination 

of various methods, such as the FFQ with DRs (or 24HR) or the FFQ with biomarker levels have 

recently been suggested. Indeed, concurrently using different short-term instruments (e.g., 

24HRs) in combination with long-term instruments (e.g., FFQs) could minimize the potential 

limitations of each instrument. It has been shown that the combination data obtained with 

different instruments may decrease measurement errors and could increase the accuracy of 

estimation of any association between health outcomes and diet (96). For choosing the best 

dietary assessment methods, considerations of research objectives, hypothesis, design, and 

available resources are essential (97). 

2.6.1.2 Usual Dietary Intake  

Dietary assessment tools can be divided into long-term instruments such as FFQs and diet 

histories and short-term instruments, including 24HR recalls and 3-day food records. While long-

term instruments could directly capture usual intake, short-term instruments require an adequate 

number of administrations over time to estimate the usual dietary intake. The primary emphasis 

of our review is on 24HRs and 3-day food records as short-term tools and FFQs as a long-term 

tool. 

2.6.1.2.1 3-Day Food Record 

A dietary record is a prospective estimated or weighed measurement tool that is a self-

administered record of all consumed foods (thorough information, including food preparation 

and ingredients) over the specific time typically for a 3- to 7-day period without reliance on an 

individual’s memory. It requires high levels of individual motivation, a certain level of literacy, 

and imposes a significant burden on participants because respondents must be initially trained 

https://dietassessmentprimer.cancer.gov/glossary.html#long-term_instrument
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and recording takes time (98). Using this method, precise quantitative data are collected on 

individual food items and beverage intake, and careful consideration of portion sizes is given. It 

is frequently used in dietary intervention studies to evaluate the efficacy of intervention (e.g., 

low fat, low sodium, or diabetics) (97). Seven‐day records were historically considered as the 

gold standard and reference for calibration and validation of other dietary assessment methods 

(99). The dietary record can be used for capturing eating habits among culturally or 

demographically diverse groups to estimate the average intake of a certain population. However, 

it would be problematic for individuals without cooking skills and familiarity with measuring or 

weighing foods. One of the major drawbacks of dietary records is altering (either intentionally 

for reducing response burden or unintentionally) dietary behaviors (reactivity bias) since both the 

type of food chosen and the quantities consumed must be recorded on a certain day. Therefore, 

individuals tend to simplify the reporting process or to comply with the social norms (98, 100). 

In this case, despite accuracy in reporting, usual dietary intake cannot be obtained. To reduce the 

reactivity in dietary recording, researchers usually asked the participants not to change their 

regular behaviors (100). Another strategy for addressing this issue is to administer dietary 

records for more than two non-consecutive days to account for day-to-day variations (100). 

Thus, 3-day dietary records provide a context that researchers can use to analyze systematic 

changes over time and to understand any reactivity bias (100). On the other hand, dietary records 

could be used as an effective behavioral change tool if the purpose of data collection is to study 

dietary change intervention (100). It is time-consuming and costly to collect and analyze diet 

records, which require substantial efforts (must be coded and then matched with food 

composition databases) and careful observation by a trained researcher. These issues make this 
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method of dietary assessment unsuitable for large population studies. It can be used for a study 

addressing short-term intake because it measures the current food intake. To obtain information 

for studying of  the long term diet exposure and its association with health outcomes, multiple 

dietary records are required (98).   

Various validation studies have found discrepancies among diet assessment tools.  For example, 

two different cohort studies used food record data collection, and they found significant 

associations with diet–disease and food records but not with a FFQ (101, 102). Researchers 

concluded that food records may provide a more accurate assessment of diet-disease 

relationships in cohort studies than food frequency questionnaires. In another longitudinal study, 

the European prospective investigation into cancer and nutrition (EPIC), three different methods 

(FFQ, 24HR recall and food record) were used. The results of study showed food records were 

superior to 24-HR recall and FFQ (103). In Canada, 3-day food records have been used in 

validation studies of screening programs (104). For instance, in the Nutrition Screening Tool for 

Every Preschooler (Nutri-STEP), which is a nutrition risk screening program among 

multicultural and geographically diverse groups of preschoolers, parents were asked to record 

three-day food intake (105). Diet was recorded over three consecutive days, including two 

weekdays and one weekend day of their children’s food intake.   

2.6.1.2.2 24-Hour Recall 

Generally, 24-hour recalls provide reasonably accurate estimates of average food intake in a 

given group or population(106). National nutrition survey commonly use 24HRs to assess diet. 

This method of food assessment is completely open-ended and requires trained interviewers or 

online program to conduct in-depth interviews. Detailed information, including food preparation 
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methods, mixed dishes ingredients, and even commercial product brand name, are collected. It 

generally assesses food intake over the specific period, normally the previous day or previous 

24-h period.  

The interview could be conducted face-to-face or by phone in a non-judgmental manner to 

develop the accuracy of the estimation (97). Common size containers (e.g., bowls, cups, and 

glasses) or two-dimensional aids, such as photographs, can help to quantify each consumed food 

item, and it can improve the validity of data collection (95). There are multiple advantages to 

using 24HR. These include ease-of-use, low respondent burden, and minimal nutritional literacy 

requirement. Misreporting is a common issue when using the 24HR. Underreporting has been 

observed consistently in different societies and variety of settings, which are affected by multiple 

factors. Gender, culture, perceived health status, obesity, food literacy, social norms, race, and 

ethnicity could significantly influence individual reporting (107). To deal with misreporting, an 

energy adjustment strategy is now normally used to exclude records that report implausibly low 

or high energy intakes (100).  

To obtain more accurate food consumption information, the Automated Multiple Pass Method 

(AMPM) was developed. This method uses memory cues in five steps (i.e., quick list, forgotten 

foods, time and occasion, detailed cycle, final probe) and helps enhance participants’ recall about 

their food intake, thus allowing them to mention details regarding portion size, preparation 

methods, and forgotten items, such as snacks supplements and condiments (108). 24HR only 

represents a single day of habitual individual eating, which can be extremely variable with 

respect to day-to-day, day-of-the-week, and seasonal eating habits. One-day dietary recalls could 

misclassify individual food intake distribution. Indeed, random error in 24HR recalls increase the 



 

 

38 

 

dietary estimate variance and as a result, decrease their precision. To address this issue in 

epidemiological studies, information can be collected over multiple nonconsecutive days to 

reduce the impact of any given day, seasonality, and dependency by household food availability 

(109). Another solution would be to increase the number of individuals for whom data are 

collected (97). Nonetheless, in a large sample epidemiological study, it is common to collect the 

second day using a subset population. This is used to calculate the ratio of intra-individual 

variance to inter-individual variance, which is used to assess accuracy about group usual intakes 

by eliminating the intra-individual variance effects (110). This method was applied in the 

Canadian Nutrition Health Survey (CCHS). A one-day interview was conducted to represent 

typical intake, while a second interview was conducted to assess usual intake in a subset. An 

average daily intake of a nutrient or food over a long period of time is referred to as the usual 

dietary intake. Dietary recommendations are based on the concept of usual intake because dietary 

intakes are a key component of diet-health hypotheses. The 24-hour recall is used to determine a 

point estimate (mean) and a second recall is vital to the analysis of distributions. In CCHS, we 

have the ability to assess current legume consumption for one day; however, many legume 

consumers may not be identified.  

2.6.1.2.3 Food Frequency Questionnaire 

The FFQ is an advanced form of the checklist approach and ranges from a short to long list of 

foods while asking respondents their frequencies of eating certain foods over a specific period 

(day, week, month, year, never, or rarely). The purpose of using FFQ is to estimate the average 

long-term food intake to assess individual habitual dietary patterns. In fact, using an FFQ, rather 

than intake over a few days, is advantageous for obtaining longer-term exposure (99). This 
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method of dietary assessment is relatively simple and cost-effective and has a low respondent 

burden in a time-efficient manner. However, each study group and purpose need specific FFQs 

due to the nature of the study diet, which may be influenced by complex factors, such as 

ethnicity, culture, individual preferences, economic status, and other factors(111). Thus, FFQs 

are not suitable for cross-cultural or cross-country comparisons. In a literate population, reliance 

on self-reporting would typically reduce the cost of data collection. However, due to the large 

systematic error of FFQs, these are not recommended for describing a population’s intake in 

cross-sectional studies. It is the difference between the reported dietary intake and the true usual 

intake. Lack of careful consideration of food preparation methods in FFQ leads to major 

systematic errors. For example, in the study of adaption of the FFQ for capturing the diets of 

differing groups in Puerto Rican adults, the exclusion of highly consumed food, such a cooking 

oil, resulted in energy and fat underestimations, which could have led to biased interpretations 

(112). In addition, potential misreporting has been detected in FFQs, consisting mostly of under-

or over-reporting among obese people. They underreport their intake of fat by underreporting 

their intake of foods high in fat and over-report their intake of fruits and vegetables (113).  

The Canadian Health Measures Survey (CHMS) is a national survey that uses FFQ. FFQs are 

usually designed to collect information one time without any need for repeated contact with the 

participants. Although these features make the FFQ attractive for large longitudinal studies, it is 

hard to estimate food intake of subgroups with different habitual eating patterns because of 

limitations in availability of food lists (99). 

https://dietassessmentprimer.cancer.gov/glossary.html#systematic_error
https://dietassessmentprimer.cancer.gov/glossary.html#cross-sectional_study
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2.6.1.3 Appropriate Method for Quantifying Legume Consumption 

Assessing and monitoring food consumption requires reliable, validated, and comparable 

instruments (114). There are limitations and strengths of using each method of dietary 

assessment, which were discussed earlier. Based on the discussion, before deciding which 

instruments are suitable for the defined purpose (legume consumption in Canadian population), 

several components should be considered, including sample size, budget, literacy levels, 

facilities for training interviewers, population, seasonality, culture, age, and research questions. 

The Strengthening the Reporting of Observational Studies in Epidemiology—Nutritional 

Epidemiology (STROBE-nut) guidelines were published and provided guidance for various 

dietary assessment methods (115). The guidelines explained that occurrence of some types of 

random and systematic errors selection and sampling, recall, and interviewer biases and day-to-

day variability in our diet) due to dietary complexity is inevitable. Therefore, methods and their 

limitations should be described carefully to allow correct interpretation of the results (115). It 

can be challenging and subjective to define a consumer. The way eaters are described is crucial 

to understanding the long-term average of dietary intake among populations. Since consumers do 

not consume all foods on a daily basis, collecting the data on days when they did not consume 

these foods will result in zero intake for that population. Non-consumers or non-eaters in our 

study do not necessarily indicate that they do not consume legumes (or pulses). 

There is no agreement of the way in which legume consumption should be assessed through 

dietary assessment approaches. Literature reviews describe inconsistencies in using dietary 

assessment methods (116, 117). There are arguments on whether pulses and legumes are 

considered vegetables or not (116). While legumes and pulses are a distinct food type, they are 
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included in definitions of vegetables in many studies. However, many FFQs list them separately 

with a heading and a list of their own items (117). A recent systematic review of methods for 

assessing fruit and vegetable intakes in Europe indicated that five instruments are suitable for 

assessing intake of fruit and vegetables, including legumes, among adults. The most frequently 

used FFQ and both 24HR and dietary records were used as reference methods for validation of 

the FFQ in this study (117). As previously mentioned, in US national surveys, servings of 

legumes were often  considered within a vegetable group consumption, but recently, a portion of 

the legumes serving were calculated as part of  the meat group, and any remaining legumes were 

allocated to the vegetable group (118). Therefore, when researchers use self-reporting tools, they 

have to record some level of nutritional literacy, particularly when trying to clarify that legumes 

should be considered in the fruit and vegetable category.  

In Canadian research studies, a scoping review found almost two-thirds of studies (64% of 

studies) used FFQs followed by food records and 24HR in 18% and 14% of studies, respectively, 

without paying relative attention to the implications of such errors (104). Furthermore, source of 

errors, such as day-to-day variation in food intake, was mostly not considered in some studies. 

Interestingly, the CCHS Nutrition Survey was the only study that used usual-intake modeling to 

address the problem of day-to-day variation in food consumption (104). Validity and reliability 

of the questionnaires are important for accurate and concise measurements. The reliability and 

validity of a FFQ for assessing a Mediterranean diet was completed in Quebec (119). The study 

was conducted to determine whether a Mediterranean diet could improve cardiovascular health 

by evaluating the validity and reproducibility of a food frequency questionnaire developed at the 

Prevention and Physical Activity Centre (Centre EPIC) of the Montreal Heart Institute. A diet 
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abundant in olive oil, grain products, legumes, vegetables, and fruits shape the Mediterranean 

diet (120). The results of the study showed that the selected FFQ had good reliability and validity 

compared to a dietary record in the Canadian population in which heterogeneity in ethnicity and 

food habits are very common in the population (119).  

Identification of dietary assessment tools that are cost effective, easy to administer, and accurate 

is a big challenge in nutritional research. Legumes are part of many traditional diets that are 

retained and provide ethnic pride. Dietary assessment in Canada's multicultural society is more 

challenging, specifically with respect to culturally competent nutrition practices. Ethno-culturally 

diverse populations make assessing  the validity and reliability of  dietary assessment tools 

challenging (121). Content and methods of administration for dietary assessment methods must 

be culturally related and validated. Therefore, to establish the cultural relevance, an evaluation of 

face validity (the extent to which a tool measures what it intends to measure) would be helpful to 

find any differences in the meaning of the concepts, such as meals and serving sizes, between the 

interviewer and respondents (122). On the other hand, legumes in Canada can be found mainly in 

popular mixed  dishes, such as baked beans, split pea soup, chili, Mexican and/or Hispanic 

dishes, salad with seasoning, or other ingredients are that added in the cooking process (22). 

Thus, response error and subjects’ burden are higher in food-based FFQs due to lack of 

awareness of the cooked dish ingredients (among the respondents who do not typically cook their 

food).  

Moreover, underestimation of dietary intakes in the food-based FFQs are higher than the dish-

based FFQs, especially in contexts where mixed dishes are the norm, because seasonings and oils 

make a significant contribution, however they are not considered (95). Hence, the dish-based 
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approach would be able to improve food intake assessment in Canada that has diversified diets 

and dishes. Furthermore, using an open-ended interview by 24HR might allow for more 

precisely estimated unique or cultural foods. In terms of different study purposes, 24HR, FFQ, or 

dietary records with a large sample size have been used widely to estimate an average nutrient 

intake (such as fruit, vegetable, and legume intakes) of a population (such as national surveys). If 

the researcher wishes to determine habitual intake, rank individuals within a group, and identify 

a population at risk for nutritional deficiencies or excess risk requiring a dietary intervention, 

dietary assessments should be longer than 24 hours, for example, multiple 24HRs, dietary 

records, or semi-quantitative FFQs with portion size questions. These methods are also accurate 

in studies of usual intake of an individual and its association with chronic health conditions (such 

as epidemiologic studies). In Canada, two major national surveys, the Canadian Health Measures 

Survey (CHMS) and the CCHS used FFQs and 24HR as methods of dietary assessments (123). 

While two surveys were conducted in a similar population, the observed dietary intake amounts 

were different due to differences in dietary assessment methods. The FFQ method used in 

CHMS was compared to the 24HR method in the CCHS (123). The FFQ also did not include 

questions regarding the intake from different legume forms and foods, such as hummus. 

However, it is important to remember that FFQ in CHMS estimated the day-to-day variation in 

dietary intake of typical population members is an important factor in assessing dietary 

intakes. FFQ takes this variability into account on both a population and individual level, while 

repeated 24-hour dietary recalls only take this into account on a population level after statistical 

adjustments. This implies that by adjusting observed intakes from a single 24-hour recall, we can 

remove the effect of within-person variability, thereby providing a distribution of the usual 
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intakes for a group. To do this, at least two 24-hour recalls or dietary records originating from a 

representative subgroup of the sample are required (123). Dietary behaviors concerning legume 

consumption are intricate and there is no accurate, simple, and inexpensive instrument for 

effective assessment in a large diverse population, such as Canada. On the other hand, there are 

strengths and limitations for each method of available dietary assessment. While dietary records 

impose a burden on the respondent, multiple 24 HR can provide detailed information, especially 

in the absence of the valid FFQ. The 24HR method is open-ended and therefore more accurately 

reflects cultural foods, such as legumes. Nevertheless, there is the possibility of change in usual 

intake in food records. Dietary records and recall do not accurately reflect participants' usual 

dietary intakes. Nutritional epidemiologists believe FFQs can provide long-term information on 

dietary intake. In most cases, FFQs remain a cost-effective method for studying large 

populations. However, it is essential to validate an FFQ for the nutrients of interest in the 

population. Assessing legume consumption in the Canadian diet with dish-based semi quantitate 

FFQ would be useful. Typical Canadian dietary patterns consist of several types of dishes 

containing several ingredients prepared in different ways, due to multiculturalism in Canada. It is 

certainly difficult to estimate the normal consumption of single ingredients when considering a 

variety of Canadian dishes mixed together. It is feasible to attain more accurate results with less 

measurement error by combining dietary assessment methods, such as FFQ with 24-hour records 

or FFQ with 3-day records. However, understanding the characteristics and influential factors, 

such as ethnic backgrounds, in shaping the eating patterns of each ethnic group in the study is 

needed to develop an appropriate questionnaire.   
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2.6.2 Different Methods Used to Characterize Dietary Patterns    

2.6.2.1  Introduction  

Nutrition research traditionally focused on single nutrients and specific foods, although people 

do not consume these substances alone. Therefore, recent nutritional epidemiology research has 

investigated dietary patterns, which include the combination and variety of foods, food groups, 

nutrients, as well as quantity and frequency of consumption.  

2.6.2.2 Meal Pattern Analysis 

Complex nutritional variables and multiple approaches helps understanding of the relationship 

between chronic disease and food patterns. Nutrient analysis gives one level of analysis. Another 

approach is to examine food groups, like legumes. Meal pattern analysis has also been done 

recently. The analysis of the dishes, which contain the legumes, will provide another level of 

insight to understand eating habits. Various forms of dietary pattern analysis also exist. Dietary 

patterns are determined by statistical approaches using nutrition and dietary information. 

Different methods are being developed to describe dietary patterns. Factor analysis, cluster 

analysis, and dietary indices are three common approaches used in the literature (124). 

Dietary indices provide a single summary number for diet quality and are usually based on food 

frequency questionnaires (e.g., HEI, MDS), and were discussed in a previous section.  

Factor and cluster analysis are data-driven approaches used to identify fundamental dimensions 

of food consumption. Factor analysis attempts to identify factors of food consumption using data 

collected in FFQs or dietary records. To assess the relationship between eating patterns and other 

factors, a summary score for each pattern can be used in either correlation analysis or regression 
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analysis. The other method for describing dietary patterns is cluster analysis. These  

methods(cluster and factor analysis)categorizes individuals into similar subgroups (clusters) 

based on the frequency of food consumed, the daily intake of energy, the average amount of food  

and nutrients intakes, or a combination of dietary and biochemical measures. 

2.6.2.3  Exploratory Approach of Dietary Patterns 

As compared with a priori diet indices which can be applied across populations, exploratory 

approaches based on factor and cluster analysis yield population-specific dietary patterns, as 

these methods are exclusively based upon the available data. It should be noted that, particularly 

in studies that involve multiple populations with likely differences in culinary habits, such as 

pan-European study populations, dietary pattern exploration does not provide comprehensive 

results, since the different dietary intake patterns lead to heterogeneous dietary 

patterns. Considering methodological issues, exploratory statistical techniques may entail several 

decisions before arriving at a final decision on factors or clusters, and it cannot be ruled out that 

partial subjective judgements will be involved. A statistical approach designed for exploration 

aims to uncover certain patterns underlying dietary intake. In CCHS, it is possible to apply 

PCA/factor analysis and cluster analysis to explore dietary patterns. 

2.6.3 National Health and Nutrition Surveys 

2.6.3.1 Introduction on General Health Surveys and Value in Understanding Health Issues  

An essential part of designing and implementing public health prevention programs is systematic 

data collection, analysis, and interpretation. Major determinants of health are usually included in 

health surveys. Generally, the following demographic variables are collected in health surveys: 

age, gender, and race/ethnicity. Characteristics such as income, geographic region, education, 
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ability, and urban/rural residence are other socioeconomic determinants of health. Tobacco use, 

alcohol use, diet, and physical exercise are common health behaviors that are included in health 

surveys (125). In Canada, the available health data comes from a variety of sources, including 

the Canadian Community Health Survey, Canadian Health Measures Survey, Canadian Cancer 

Registry and the Vital Statistics Program.  

2.6.3.2 Canadian Community Health Survey (CCHS)  

The CCHS was initiated in 2000 as a series of cross-sectional surveys. A primary objective of 

the CCHS is to provide timely information regarding health determinants, health status, and 

health system utilization. Health Canada, the Canadian Institute for Health Information (CIHI), 

and Statistics Canada contributed to the study. In the CCHS, two surveys are conducted 

throughout the data collection cycle of two years. The CCHS-Nutrition indicates that the 

respondents of the survey live in private residences throughout the ten Canadian provinces. As 

previously mentioned, this health survey provides the most comprehensive population-based 

nutrition data available in Canada. Although the 2004 and 2015 surveys employ the same 

recruitment process, there are also some differences in the participants recruited by these 

surveys: CCHS Nutrition recruited 35,107 respondents in 2004, representing approximately 98% 

of the Canadian population; however, the 2015 survey recruited 20,487 respondents, representing 

approximately 90% of the Canadian population. Furthermore, the consequences of measuring 10 

years apart must be considered. This refers to a generational change. In addition to economic and 

social changes, different generations may react differently to those changes; for instance, the 

younger generation may adopt new eating habits faster, whereas the elderly may stick to their 

traditional eating habits. Accordingly, results may be skewed by underestimating trends related 
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to decreasing intake and overstating trends related to increased intake as a result of the changes 

associated with Canadian aging.    

2.6.3.2.1   Data Collection in CCHS 2004 and 2015 

Data were collected over a 12-month period. Accordingly, the proportion of work performed by 

interviewers was divided, and specific health-related attributes which are subject to seasonal 

variations were minimized, such as physical activity and availability of foods Early in the 

interview process, each residence was visited by an interviewer. During the first part of the 

interview, all household members were listed (called the household "roster"), and information 

regarding their relationship, including age and marital status as well as house holding 

information, was collected. On the basis of the household information collected, a randomly 

selected person was selected from among eligible household members. A single representative 

from each household participated in the survey. After the respondent was selected, the 

interviewers administered a questionnaire directly to him or her. The first interview with the 

selected respondent consisted of two components: the “24-hour dietary recall” and the “general 

health questionnaire” which included the measurement of respondent’s height and weight and a 

module on the consumption of nutritional supplements, among others. Senior interviewers or 

collection managers trained interviewers to administer the CCHS questionnaires. Testing 

questions and mock interviews were conducted, along with a review of the Instructor’s Manual, 

to ensure familiarity with the procedures and survey concepts. Computer-assisted personal  

interviewing (CAPI) was used to administer questionnaires for the CCHS.  Before data were 

collected, all households received a letter and a brochure describing the survey. During the 

primary visit, interviewers sorted through household members and collected demographic data 
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such as gender, age, and marital status. As a result of this, one member of the respective 

household was selected to participate in the CCHS. The first interview was conducted at the 

respondent's home and included two parts: a 24-hour dietary recall and a health questionnaire. A 

proxy interview was required for respondents aged one and younger. Statista Canada also 

protects respondents by suppressing individual values, grouping variables, and capping 

variables. Additional confidentiality is provided by Statistics Canada’s “Master File,” which is 

available only through custom tabulations, remote access services, or Research Data Centers. 

2.6.3.2.2 Questionnaire Development and Questionnaire Testing 

There are numerous ways to evaluate and develop a questionnaire. Expert reviews, focus groups, 

cognitive testing and field pretests are commonly used. Multiple revisions involved in existing 

CCHS content are tested through different methods. Careful and systematic qualitative tests 

using individual cognitive interviews or, more rarely, focus group interviews are conducted 

several times with similar types of participants to confirm that questions and concepts are 

appropriately validated (45). 

2.6.3.2.3 Sample Size and Representativeness 

2.6.3.2.3.1   Sampling Procedure 

On different days of the year, participants were randomly selected. Their socio-demographic 

information was recorded, as well as the food they consumed in the previous 24 hours.. Detailed 

information regarding the nutritional status of the participants can be derived from their 

answers. Questionnaires are administered through AMPM, which is a five-step system described 

earlier. The follow-up study is conducted after the survey has been completed to assess intra-
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individual variation. In both 2004 and 2015, approximately one-third of participants completed 

the follow-up study. 

2.6.3.2.3.2   Data Quality and Survey Response Rates 

When determining the quality of an estimate, it is important to calculate the variance. The 

variance estimate cannot be derived from a simple formula since the CCHS is a multistage 

survey. Therefore, an approximation method is required. The variance can be calculated along 

with a coefficient of variation, a standard deviation, and a confidence interval. It is necessary to 

maintain a nationally representative sample in the CCHS complex sample design by using 

appropriate sample weights that include respondents with similar socio-demographic 

characteristics. The bootstrap resampling technique was used to calculate the sampling error 

(126). In bootstrapping, most statistics can be estimated using random sampling. Additionally, it 

can also be referred to as 'sampling within a sample. It is carried out by selecting random 

samples of the population, called replicates, and determining the variation in the estimates from 

replicate to replicate. The weights are determined separately for the area sampling and telephone 

sampling frames, then integrated and adjusted to achieve the final weights at the individual 

level. In addition, a separate sampling method is used for territories and provinces, resulting in a 

different weight for each. 

2.6.3.2.3.3   Non-sampling Error 

Non-sampling errors is a term for errors not related to sampling during any survey activity. For 

example, a questionnaire may have been misunderstood and interviewers may misinterpret the 

terminology and instructions about questionnaire administration. Moreover, errors can occur at 

the respondent’s answers, data processing or answers maybe inaccurately recorded. A systematic 
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error can result in biased measurements. In CCHS substantial effort is placed into minimizing 

non-sampling error (127). Regarding to survey methodology procedures and questionnaire 

content, CCHS provided specific training for interviewers. In addition, to reduce non-sampling 

error, interviewer supervision and tracking of interviewer problems were applied.  

2.6.3.2.3.4   Non-response 

Non-response is one of the main causes of the non-sampling error. Non-response can result from 

failure to answer single questions or refusal to answer the whole questionnaire. The situations in 

which respondents refused to participate in the survey, are the main reasons for total non-

response. Incomplete or inconsistent non-response to the CCHS was uncommon. In fact, the 

questionnaire was generally completed with very slight item non-response. Non-response error 

was managed by random sampling; random sampling in studies is important for the validation 

and critical for maintaining quality by ensuring representativeness in the sample of research. To 

perform random sampling, different strategies have been implemented both in the sampling 

process as well as in the questionnaire development process. Different frames for selecting 

separate household samples were used by CCHS: Area frames were used for 49.5% of the 

sample of households, 49.5% sampling frames with telephone and 1% sampling frame used a 

Random Digit Dialing (RDD) method. 

An essential step in survey design is conducting research on the validity of the responses. Critical 

reflection on how the results were obtained is required to interpret results correctly. It is also 

important to consider what concepts are measured; investigate the influence of methodological 

choices on outcomes and what techniques exist for improving the validity of the findings.  

Although some research has already been done, there is still a need for more accurate studies on 
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the validity of instruments that are used to collect data in CCHS (14, 128-132). Validation of 

questionnaire items and scales must continue. A key issue for CCHS and other population-based 

surveys is overall decline in response rates, which has been occurring over time, threatening the 

representativeness of CCHS results. CCHS needs to conduct research studies to identify the 

impact of non-respondents and consider how they may impact the assessment of trends over 

time. A national survey such as the CCHS can handle missing data using a variety of approaches, 

including pairwise deletion, listwise deletion, and multiple imputation(133). The type of missing 

data will determine the method of handling it. However, in CCHS, non-response was mainly 

handled by field substitution (replaced by a substitute (reserve) unit during the survey) and post-

stratification weighting. The final weighting factors were also influenced by some design factors 

because certain populations were overrepresented by design.  

2.6.3.2.4 Comparing and Combining the 2004 and 2015 data 

2.6.3.2.4.1 Introduction  

A change in measurement tools during follow-up is common in repeated measured studies and 

can pose methodological challenges when examining changes over time. In practice, however, it 

is not always possible to use the same measurements across time or exactly equivalent scales of 

measurement. In updating or changing the measurement measures, even if the key quantity of 

interest remains the same, the nature of the observations may differ, affecting analysis (134).  

Moreover, such changes in measurement tools may affect various markers and risk factors in 

various ways. They could occur by enlarging or simplifying the assessment or altering the scale, 

questions, or responses. In nutrition studies, since diets or eating habits change over time, the 

instrument used by the researchers must also change or update. Examples of such modifications 
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include the addition or removal of food items from food frequency questionnaires 

(FFQs). Alterations to the response format, metrics, and the number of items on a scale can pose 

some issues in studying trends over time when we compare the scores.  

Technology progress or new analytical methods are other reasons to update or change 

measurement tools(134, 135). This can result in ambiguous interpretations of correlations 

between the time points. Mean scores also change over time, as we do not have evidence of 

invariance of our scale. To measure the invariance of a tool, the tool must assess the same 

attributes for each of its items regardless of time of use. When a measurement tool is changed or 

updated over time, the assumption of measurement consistency cannot be 

guaranteed. Consequently, studies of differences over time cannot be consistent or clearly 

interpreted due to insufficient scientific data. Researchers generally assume that the same 

attribute will be assessed with the same measurement tool over time. Furthermore, the researcher 

rarely tests this hypothesis, and if it is tested, it is most likely not accepted. In general, we 

attribute differences or associations to substantive factors only when the constructs are measured 

the same way at every time point. If we are unable to make this assumption, differences in the 

data may result from the change of the measurement instrument over time (136).Variables in 

CCHS will need to be checked to see if there may be issues with any of the available socio-

demographic, food or nutrition variables. These may include, but are not limited to,  

demographic changes (e.g., older populations, higher obesity rates and/or lower physical activity 

levels may cause differences in energy requirements and thus differences in dietary intakes), 

changes related to under-reporting of food intake, changes in the food database, reflecting true 

change or potential errors in nutrient values corrected since 2004. 
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2.6.3.2.4.2 The Possibility of Combining CCHS 2004 with CCHS 2015 

Combining CCHS cycles data may provide insight into food intake that occurs episodically, such 

as consumption of legumes. Since cycle 1 has similar characteristics to cycle 2, combining cycles 

is possible. The benefit of integrating CCHS cycles is that they can be considered as a single 

large random sample from the same population. If the population does not remain the same 

between cycles, the samples cannot be considered to have originated from the same 

population. The samples in the CCHS represent an evolving population. Thus, the combined 

sample is more representative of the entire population than is a sample from one population 

alone. There may be reasons for changes between cycles (such as changes in the questionnaire, 

the coverage, and the method of data collection), or variability in the sampling. Even though the 

changes between cycles occur due to the actual changes in the parameter being studied, it is still 

possible to combine cycles. Interpreting the results requires a thorough understanding of the 

impact of the time periods during the combined sample estimate. In addition, when the data are 

analyzed together, trends could be lost. There are two methods for combining survey results: 

separate approaches, which allow estimations to be made for every survey separately, and pooled 

approaches which treat them like a sample from one population. The derived estimate describes 

an artificial population derived from multiple samples combined. On balance, for this study, we 

decided against combining the data this way. The reasons we chose not to combine the data in 

this way were that cycle combinations should only be used when the most current estimates are 

insufficient and the methods will obscure cycle-to-cycle trends and do not reveal changing 

behavior(137). 
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2.6.3.2.4.3 Available Foods and Food Groups in CCHS 

While our core interest is in legume intake, the organization of the food composition database 

and the way foods have been categorized may influence the extent to which analysis will need to 

be focused.  In the CCHS,  the following food group systems are available, including:  Nutrition 

Survey System (NSS) food codes, Canadian Nutrient File (CNF) food group codes and BNS 

food and recipe groups and codes that were developed by the Bureau of Nutritional Sciences 

(BNS) at Health Canada(Appendix C) (138).   

2.6.3.2.5 Other Methodological Issues in CCHS  

2.6.3.2.5.1 Changes in Food Model Booklet Pictures 

The Food Model Booklet contains various sizes of glasses, mugs, bowls, mounds, spreads, and 

circles to guide respondents in describing the size of their food consumption.it included pictures 

of dishes so that the quantity consumed could be quantified  (138). Both the CCHS Nutrition in 

2004 and the CCHS Nutrition in 2015 provided detailed information on the foods consumed in 

Canada. An existing US booklet was adapted for the 2004 booklet. The booklet was revised in 

2015, providing more photos of Canadian dishware (138). It was determined that these revisions 

contributed to the decrease in reported nutrient intake between 2004 and 2015, and that these 

revisions were investigated as a potential cause (139). The food model booklets also had changes 

regarding the images used to estimate beverage intakes from 2004 to 2015 (140). In 2015, line 

drawings were replaced with actual-size photographs to create a more realistic visual perspective 

of the glasses, bowls, and plates. This could cause a downward bias in estimation of beverage 

consumption to examine the difference, a new CCHS booklet was revised in 2004 and then 

adjusted according to 2004 food amounts, and then 2015 values were compared (140). Therefore, 
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the 2015 booklet underwent an extensive revision; we must carefully evaluate how the two 

surveys differed.   

2.6.3.2.5.2 Changes in Beverage Categories  

It has been reported in a few publications that the repeated cross-sectional design of CCHS-

Nutrition causes measurement equivalence issues. In a report on the relationship between 

beverage consumption and the Canadian diet, the authors noted that new beverage categories 

were required to account for market changes (141). Even with these changes, they noted, the 

2004 and 2015 surveys were generally comparable since they utilized the same methodology. It 

is unlikely that the transition from line drawings to photographs will have an adverse effect on 

conclusions about overall legume consumption and specific legume dishes by age, ethnicity, 

gender, health, or any other sociodemographic factor in the CCHS between 2004 and 2015. In 

addition, the main trends in legume consumption from 2004 to 2015 allowed us to determine 

whether Canadians consumed more, fewer, or different sources of legumes. 

2.6.3.2.5.3 Changes in Food Composition Database  

There were some changes in the food composition database between the two survey cycles 2004 

and 2015. These changes could have implications in comparing dietary intakes between the two 

surveys.  For example, the CNF database changed between surveys, as new food products 

entered the market, and this may have caused different nutrient profiles to be determined for new 

and different foods or beverages, which would be expected as people changed their food intakes. 

Therefore, there might be slight differences in the total food estimates. In a preliminary analysis, 

Garriguet concluded that differences between the two CNF food databases did not significantly 
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influence the estimated differences in energy intake (139). Such differences would be unlikely to 

affect estimates of legume intake.  

2.6.3.2.5.4 Under and Over Reporters – Plausible Reporter Methods  

In nutrition surveys, under-reporting of food consumption is a recurring problem. In an analysis 

of energy misreporting, it was found that while the prevalence of plausible reporters did not 

change from 2004 to 2015, the proportions of under-reporters and over-reporters increased and 

decreased respectively (139). In 2015, there was significantly higher under-reporting than in 

2004, regardless of the age or gender of the participants. The rate of increase in the youngest age 

group was twice the rate in the older age group (6.7% vs. 14.1%; p< 0.05). Nevertheless, the 

number of those who over-reported significantly decreased.  It is likely that the greater under-

reporting of energy in 2015 will be accompanied by an underreporting of food and nutrient 

intake, which can be minimized if energy intake differences are controlled.  

2.6.3.2.5.5 Income Variable  

According to a study by Tugault-Lafleur on CCHS, which examined consumption of foods and 

beverages among Canadians, there has been a change in the income variable between the 2004 

and 2015 surveys. The 2004 survey includes both individual income and household income. 

Based on data regarding gross household income over the past 12 months and household size, a 

five-level categorical variable (lowest, lower middle, middle, upper middle, and highest) was 

constructed by Statistics Canada  to describe the adequacy of household income. However, in 

2015, only household income was included on a decile basis (127, 138). The evidence was based 

on the derived variables documentation of the CCHS 2004 and 2015 (140). A major problem 

with such changes in income measurement in CCHS may be the possibility of income being a 
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possible confounder in observed changes in dietary variables such as legume consumption. 

Therefore, less information is available, but it may also limit the effect of different calculation 

procedures on the probability of confounding.   

2.7 Summary of Literature Review  

The literature review indicates that legume consumers' diet quality is better than the diets of non- 

consumers. . In our study, we hypothesized   that non-legume eaters would have more unhealthy 

eating habits than legume-eating individuals, including skipping breakfast, eating too much in a 

single meal, and eating away from home - all of which can contribute to unhealthy eating habits 

and health problems. In this study, nutrition data from the CCHS will be used. Therefore, some 

methodological considerations must be taken into consideration. There should also be 

consideration of the decade gap between the surveys. Generally, younger generations adopt new 

eating habits faster than older generations, who tend to adhere to traditions. Furthermore, young 

people may respond differently to economic and social changes. 

The purpose of this study is to identify legume consumption in a meal-based analysis as 

foundational to further work to assist the community to improve diet quality by increasing 

consumption of legumes. This analysis will assist in planning and implementing activities aimed 

at improving food security and diet quality in Canada. Despite the numerous discussions 

concerning improving food quality, little research has been conducted on the feasibility of 

substituting meat for plant-based foods, such as legumes, as part of the daily diet of Canadians. 

Assessing current consumption is one of several types of studies needed. 
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Chapter 3: STUDY OBJECTIVES  

This research aims to describe eating habits associated with legume consumption by the 

Canadian population from two national cross-sectional surveys, released in 2004 and 2015.  

Specific objectives are:  

1.  Describe legume consumption at different ages, BMI, ethnicities, sex, health and other socio-

demographic variables in adults aged ≥ 19 years in the CCHS 2004 and CCHS 2015, by 24-hour 

recall methods. 

2. Examine major trends for legume consumption in 2004 and 2015 to estimate whether 

Canadians are increasing, decreasing, or changing sources of legume consumption, after 

adjusting for identified covariates and possible confounders. 

3. Determine the common characteristics of legume consumers vs non-consumers for any 

differences in terms of eating occasions, timing, types of legumes eaten at different meals and 

other food groups consumed with legumes in 2004 and 2015.  

4. Based on findings from Objectives 1-3, complete exploratory analysis including cluster and 

PCA to identify food groups or combinations of foods eaten with legumes, which may be helpful 

for designing targeted interventions to increase consumption of legumes.    

According to previous analyses of both surveys, it is expected that pulse/legume consumers will 

have a better diet quality in terms of nutrient intake and some food groups than non-consumers 

(22, 140). This will be checked for consistency with previous work, though it is not a main 

objective. As outlined in the objectives ,this study  was especially interested in the changes in the 
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target population, with a focus on sociodemographic and health characteristics pertaining to 

legume consumers and non-consumers, and the types of legumes consumed and the composition 

of the meals with legumes, as well as any changes between the two surveys. Furthermore, this 

study determined to what extent the identified segments differ in terms of their individual 

demographic characteristics, consumption of legume foods. The most common approaches were 

descriptive approaches and exploring factors associated with consumption.  
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Chapter 4:  MATERIALS AND METHODS 

4.1 Study Design 

The overall study design was a repeated cross-sectional design based upon two population-based 

national surveys (CCHS 2004 and 2015) that assessed dietary intake in Canada.  

4.1.1 Sampling Frame  

For the years 2004 and 2015, the CCHS-Nutrition modules provide nutritional information on 

the population aged one year and older living in private accommodations across Canada's 

provinces. Residents of reserve or Indigenous settlements, full-time military personnel, and 

people in institutions are excluded from the survey. Only one member of a household completed 

the diet recall. The coverage of this survey exceeds ≥ 90% of the population in the ten 

provinces(138).  

4.2 Canadian Community Health Survey (CCHS) – Key Issues for the Analysis  

4.2.1 Data Sources and Analytical Sample 

Both surveys were conducted with stratified cluster sampling processes that applied a multistage 

process. In 2004, the rate of dietary recall response was approximately 76.5% with an achieved 

sample size of 35,107 and, in 2015, it was 61.6% with a sample size of 20,487. Figure 4-1 shows 

the Consort diagram for the samples used for analyzing in this study. The analytic sample for this 

analysis used the first in-person 24-h recall only. The following exclusion and inclusion criteria 

were applied:  
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4.2.1.1 Inclusion Criteria 

Only participants 19 years and older were selected for this study. The rationale was that 

participants younger than 19 years are often still growing and maturing and are known to change 

eating habits in the transition from adolescence to adulthood. While the process is ongoing over 

several years, as with other surveys a specific age was chosen in line with when most people will 

graduate from secondary school in Canada and when physical maturation has occurred (142). 

This also allows for comparability across other studies. Many behavioral changes were observed 

in young adults and adolescents due to changes in their environment and social circumstances. It 

is common for teens to engage in unhealthy behaviors to control their weight as a result of 

ongoing behavioral changes (143). Weight loss can be the result of changes in eating habits 

and/or physical activity frequency. Teenagers tend to consume unhealthy foods during this 

period, which requires further investigation.  

4.2.1.2 Exclusion Criteria 

Exclusion of breastfed and pregnant participants: Women who were breastfeeding and those who 

were pregnant at the time of the interview were excluded from participation. They were excluded 

from the study because the nutritional needs of pregnant and breastfeeding women differ than at 

other times of life, for example due to food intolerances, changes in many aspects of everyday 

life and increased nutrition requirements. Nutrition and lifestyle during and following pregnancy, 

and during the nursing period, are associated with irregular dietary patterns(144). Additionally, 

in the study of population-based nutrition, individuals or groups with dietary patterns that differ 

from those of the general population are not included. It is important to note that because they 

were following special dietary guidelines, their diet was very different from what they normally 
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eat. During pregnancy and lactation, women need more energy, macronutrients, and 

micronutrients. As a result of these factors, an increase in protein consumption may result among 

these particular groups, which may result in an unintentional shift toward high quality protein 

resources, such as meat consumption, and a decrease in the consumption of legumes. 

Furthermore, there are many misconceptions regarding the nutrition of pregnant women and 

nursing mothers. People believe that legumes, for example, may cause gassiness in breastfed 

infants(145). 

Filters were applied in SPSS to remove respondents who did not fit these criteria, as well as 

people whose recalls were considered to be unreliable as defined by codes in the data 

dictionaries (138). Statistics Canada defines invalid recalls as those lacking sufficient 

information or that are incomplete as well as those that were followed by excess servings or 

nutrition information (138).  
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.  

Figure 4-1: Analytical Sample of CCHS-Nutrition 2004 and 2015 

 

4.3 Description of the Survey Files (CCHS-Nutrition Files) Used in the Analyses  

The following section describes the survey files that we used for analyzing the data. Legume 

consumers are not directly identified in CCHS, and it would be difficult to identify legume eating 

based on all the individual foods that might contain legumes in the food composition database.  

Therefore, a specific approach was taken to identify legume eaters.  Here, the key data structure 

is outlined first, followed by a breakdown of the variables used from which files to determine 

legume-eating status.  Food and ingredient details are derived from data files: the Canadian 

Nutrient File (CNF) and the Food Recipe Level (CFG_FID_FRL), which contain nutritional 

information, amounts of foods, and classifications of food groups. Further details are provided in 

Figure 4-2. 
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Figure 4-2: CCHS nutrition file structure  

Note. HS: general health component data file and summary data from the 1st 24-hour dietary recall;  

R24: dietary recall summary data file (1st and 2nd);  FRL: nutrients values for main recipe levels 

and sub-recipe levels data file;  FID: basic food level and ingredient level data file; FDC: The 

information on the nutrient values for basic food levels and recipe levels (146).  

 

HS

health,food (total 
nutrients)

R24

food and ingredients 
summary

Detail level(First 
recall)

FRL

Food recipe 
level

FID 

Food and 
ingredient 

Details

support 
Files

FDC 

Food Description for ingredients and recipes

(Contains full database)

Food groupings and codes for ingredients and recipes

Nutrient values per gram of ingredient or recipe 

person level1 (first and 
second recall)



 

 

66 

 

4.3.1 FID File -Food and Ingredient Details 

The Food and Ingredient Details (FID) file is used to extract basic food and ingredient 

components from dietary recall interviews (146). Food items that are components of a recipe are 

called “ingredient food levels”. In the case of a “Cheese sandwich”, the ingredient foods are 

cheese, commercial bread, and margarine. The recipe numbers come with each ingredient food, 

and the data is called “RECIPEID”.  

In addition, FID files indicate when the food or ingredient is eaten (FID_TIM), the meal 

occasion (FID_OCC) as well as its location for consumption (FIDDCON) (2015 only). This file 

also contains location of food preparation derived from "FIDDPREP" variable, which replaces 

the described location of food preparation variable from 2004 referred to as "FIDDDLOC". The 

Food Recipe Level (FRL) file likewise contains the information related to the recipe level, and 

this file is discussed in the next section. Table 4-1  shows eating occasion variable names and 

contents of the files for the data in CCHS 2004 and 2015. 

Table 4-1: Variable name and contents CCHS 2004 and 2015 

 

Variables for Assessing Eating 

Occasions 

Variable Names 2004 2015 

Time consumed1  FID_TIM x x 

Meal occasion1 FID_OCC x x 

Location of food consumption2 FIDDCON  x 

Location of food preparation 3  FIDDDLOC FIDDPREP 

1 Every item was recorded, along with what the respondent described as the eating event and at 

what time the item was consumed  (BREAKFAST, LUNCH (DINNER), SUPPER (DINNER), 

BRUNCH, SNACK, DRINK) 

2 A description of where the food was consumed  

3 Preparation of food was reported at a location other than home. In some cases, respondents 

have indicated the location where they ate the food rather than the place where it was prepared 

for them. Therefore, this variable cannot be interpreted as reflecting only the place where food 

was prepared. 
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4.3.2 FRL File-Food Recipe Level 

The Food Recipe Level (FRL) file contains information about the “nutrient values for main 

recipe levels” and the “sub-recipe levels.” (138) “This data extraction uses information about the 

main recipe's ingredients, which can be found in the FID file as mentioned earlier.  In this case, 

the nutrient values for the ingredients were in the FRL file. The process for the “sub-recipe 

levels” was the same as for the main recipe levels. Essentially the “Sub-recipe levels” represent 

recipes within the main recipe level. Each Sub-recipe level has its own set of ingredients. We can 

consider the example “Egg Benedict with Hollandaise Sauce” with the egg as the main recipe 

and the Hollandaise sauce as a sub recipe. For example, if you add another level of sub recipe, all 

the ingredients will be added to the third level of sub recipe. Further, in the case of the second 

sub-recipe level, the ingredients will be tallied to form the second sub-recipe level, complete 

with the ingredients needed for the third sub-recipe level. The following sections give examples 

of the relationship between the FID and FRL files as they relate to the food items within the 

various food levels (i.e. basic food, recipe, and ingredient), as well as the use of the key 

variables. 

* Example #1: “Cheese, Processed Food, Cheddar”: this item is considered as “a basic food level 

item”, the information can be extracted from the FID file only. Moreover, this item has no 

ingredient food levels or sub-recipe levels.  

* Example #2: “Croissant Sandwich with Breaded Ham”: this item will be considered as a “main 

recipe level food item with two sub-recipe levels”. The information will be extracted from the 

FRL file. On the other hand, the information for the ingredient food levels of both main recipe 

and all of the sub-recipe levels will be extracted from the FID file.  
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4.3.3 FDC File-Food Description 

The Food Description (FDC) file contains details about the nutritional value of basic foods as 

well as recipes (138). “Main recipe levels” refers to recipe foods. In addition to the nutritional 

information for each ingredient, the recipe also includes nutritional content and portion sizes.  In 

addition to the main recipe level, there may be associated ingredients and sub-recipe 

levels. Burgers, pizza, and homemade bread are examples of foods identified primarily at the 

recipe level. 

The nutrient values in the FDC file correspond to the weight of basic foods or recipes. Moreover, 

the FDC file contains information on food groupings, descriptions, and codes, which are drawn 

from a variety of food and nutrient databases such as The Nutrition Survey System 

(NSS) and Canadian Nutrient File (CNF) food group codes. Health Canada uses this database to 

determine the nutritional values of foods reported in the Canadian Dietary Guidelines. It contains 

information on 150 nutrients that occur in 5,807 foods. In addition to data from the USDA FNB, 

version 1.0 for corresponding foods, the Canadian National Food Database (CNF) contains 

modified data reflecting Canadian food supply and special dishes(147). A third database code 

was the BNS food and recipe groups developed by Health Canada's Bureau of Nutritional 

Studies (BNS) in the early 1990s that were modeled after British and American food groups. We 

discussed in some detail the BNS system during the literature review. Its application is presented 

in the following section.    

4.3.4 BNS (Bureau of Nutritional Sciences) Food Groups 

 This study  used the BNS classification, which includes approximately 232 foods in 78 food 

groups without identifying specific brands (Appendix C) to identify legume consumers. As 
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described earlier in literature review, BNS is especially useful where the consumption of various 

food items is evaluated. There is a BNS classification for both the main food lists and the 

recipes.  Based on BNS classification, legume food items were first categorized into legumes and 

legume foods made with vegetable proteins (tofu) groups and then to legume dishes without 

meat and legume dishes with meat groups. The classification of legumes based on their 

respective food codes are listed in Table 4-2. 

Based on the BNS system, legume consumers consist of those who consumed one or more 

legume-containing food products on the recall day. Afterwards, a new variable was created for 

coding the respondents as non-consumers (0) or consumers of legumes (1). Using this coding 

system, we were able to classify and summarize meals from nutrition surveys in a way that was 

most comprehensive and best suited to facilitate analyses of meal composition.   

Table 4-2: Food classifications and codes used to classify legumes in the BNS system 

Food Source Food Codes and Descriptions 

legumes 37A=legumes, 

37B=foods made with vegetable proteins (tofu) 

legumes (recipes)  217A=legume dishes without meat, 

217B=legume dishes with meat 

4.4 CNF Food Group System  

While the 2015 CCHS has food group coding for a new surveillance tool to be used to assess 

dietary patterns according to the Canada's Food Guide, the 2004 CCHS only has the CNS food 

group coding, which will be used in this analysis.   

This older system has 23 food subgroups (number 23 and 24 are missing) (Table 4-3)(147). This 

classification system does separate out legumes. We employed these food groups to provide a 
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more in depth understanding of what consumers were eating and which food groups were 

consumed in excessive amounts or in combination with others, which will be explored in more 

detail later in this chapter.  

Table 4-3 : CNF food codes to four Eating Well with Canada’s Food Guide (EWCFG) food 

subgroups (2) 

Food group code in CNF* Description 

1 dairy and egg products 

2 spices and herbs 

3 Baby foods 

4 fats and oils 

5 poultry products 

6 soups, sauces and gravies 

7 sausages and luncheon meats 

8 breakfast cereals 

9 fruits and fruit juices 

10 pork products 

11 vegetables and vegetable products 

12 nuts and seeds 

13 beef products 

14 beverages 

15 finfish and shellfish products 

16 legumes and legume products 

17 lamb, veal and game 

18 baked products 

19 sweets 

20 cereals, grains and pasta 

21 fast foods 

22 mixed dishes 

25 snacks 

* No Food groups labelled #23 or 24 

4.4.1 Eating Well with Canada's Food Guide (CNF/CFG Classification): Tiers based on 

the Classification of Foods within the Canadian Nutrient File. 

 Foods from the four major CFG groups were classified into one of four tiers based upon how 

closely they adhered to the principles of CFG (Table 4-4).  Each food category was divided into 
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the tiers according to the percentage of fat, saturated fat, sugar, and sodium. The objective was to 

ensure that the CNF/CFG Classification appropriately reflects the guidelines of the CFG.  In this 

classification, foods are classified into “Tiers” based on their alignment with CFG 

recommendations. Tier 1 refers to foods that fully align with CFG recommendations, whereas 

Tier 4 refers to foods which are not aligned with CFG recommendations. Table 4-4 demonstrate 

the description of Tiers of the CNF/CFG classification. A key limitation of the system currently 

is that many recipes have not been could not be classified. The Tier system was only available 

for the 2015 survey. Comparing the tier choices of consumers and non-consumers of legumes 

was considered.  

Table 4-4 : Description of Tiers of the CNF/CFG Classification  

Tiers Description Explanation Providing 

information on 

food intake by 

food group 

Example (from 

milk and 

alternatives 

group) 

1 and 2 “Foods in line 

with CFG 

guidance” 

The majority of choices 

should be from this 

category. They should 

contain low amounts of 

fat, sugar or salt. 

Count toward total 

number of Food 

Guide Servings 

Skim, 1% and 

2% milk, fortified 

soy beverage 

3 “Foods 

partially in 

line with CFG 

guidance” 

Foods that are high in fat, 

sugar, or salt. Overall, 

fewer choices should 

come from this category. 

Count toward total 

number of Food 

Guide Servings 

Whole milk, most 

cheese (e.g., 

cheddar, 

mozzarella 

4 “Foods not in 

line with CFG 

guidance” 

A food that contains at 

least two of the 

following: fat, sugar, or 

salt. Foods to limit. 

Do not count 

toward total 

number of Food 

Guide Servings 

Some cheeses 

and milk-based 

desserts. 

Note. Canadian Nutrient File, version 2015(26). 
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4.5 Identifying Groups by Reporting Category  

It has been previously discussed in the literature review how diet intake data is likely to have 

been under-reported and biased. According to CCHS Nutrition there are no biomarkers for the 

true energy intake, therefore it would seem reasonable to use predicted Total Energy Expenditure 

(TEE) to identify under reporters, plausible reporters, and over reporters. To obtain an estimated 

confidence interval for the ratio of energy intake to energy requirement for each respondent, 

thresholds will need to be set. Goldberg (148) suggested the original method, which Black (149) 

and McCrory (150) further modified. The McCrory technique was used with our study. Energy 

intake was calculated based on a 24-hour recall of one day. We compared the intervals reported 

for different levels of physical activity (McCrory's intervals for the four levels of physical 

activity) to estimate the classification (150). Equations based on age, sex, weight, and height are 

used to calculate the estimated energy requirements (EER) (151). 

Given the wide intra-individual variation in day-to-day intake, the removal of some data because 

energy estimates are considered implausible, is problematic. Although there are outliers in the 

diet data, which will impact any possible associations, a thoughtful approach is necessary to 

ensure that all relevant data are included. Strong associations will still be observable with more 

variable data and accusations of cherry-picking data are avoided. McCrory’s analysis showed 

very clearly how limiting data variability will “improve” regression results (150). In addition, 

our interest is in legume consumption, not energy. On balance, removing those >2 SD from their 

calculated EER was chosen as the cut point.  Respondents whose reported energy intake was less 

than 40% of their EER were categorized as under-reporters, while over-reporters were those who 

reported energy intake (EI) >160% of their EER  (±2standard deviation) (150). Individuals 
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whose EI was between 40% and 160% of their EER were categorized as plausible reporters 

(150). Garriguet et al has published a more detailed analysis of over- and under-reporters in the 

two CCHS surveys and found that the prevalence of over-reporters declined in 2015, partly due 

to changes in the food portion booklet. It is now recommended to carefully consider study 

purpose and examine the categories of reporters separately across surveys (152).   

4.6 Statistical Analysis Plan 

All statistical analyses were performed separately in CCHS 2004 and 2015, using the Statistical 

Package for Social Sciences (SPSS) (version 27; a subsidiary of IBM, based in Chicago, 

Illinois), as the main analysis program. This approach was taken due to familiarity with the 

advanced features of the software for planned exploratory factor and cluster analysis.  Depending 

on the results, it was decided to complete preliminary analyses and then evaluate the need to use 

another software package to do bootstrapping (138). When using SPSS, it is recommended that 

survey weights be further normalized, as outlined in the next section. An overview of the 

analysis plan is provided in Figure 4-3 to address each of the objectives, an overview of the 

methodology in this study, followed by detailed methods and statistical considerations.   
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Figure 4-3: Overview of the methodology of study 

 

4.6.1 Normalized Sample Weighting  

This study examined specific subpopulations of data, using advanced features for exploratory 

analyses of meal patterns and foods consumed with legumes. As recommended by Statistics 

Canada when using SPSS in such analyses, normalized weights were used in our analysis (138). 

Normalized weights were calculated by dividing the survey weight for each sample member in 

the subpopulation by the average of the survey weights for all members of the 

subpopulation. There was an average value of 1.0 in the normalized weights in the subpopulation 

averaged across all sample cases for the subpopulation, and the normalized weights for all 

sample cases added up to the subpopulation sample size. To calculate the normalized weight, the 

following formula was used: “Weight*(# obs/weight_sum)”. In this formula, “weight” is the 
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survey weight for the sample member in the subpopulation of interest, “weight_sum” equals the 

sum of all the weights in the subpopulation of interest, and “#obs” is the size of this sample. 

 

Additionally, the bootstrap weights were adjusted in accordance with the sampling design to 

derive representative statistics and calculate variance in analysis of the proportion of legume 

consumption. 

4.6.1.1 Comparing CCHS 2004 and 2015  

A primary objective of the survey includes comparing the results of the CCHS2004 with the 

results of CCHS 2015. As the CCHS 2004 and 2015 data are both randomly and independently 

selected from the population, the mean of the different variables can be computed using 

independent sample t-tests. Comparisons between nutrition surveys conducted in 2004 and 2015 

were performed and interpreted with caution, considering the possible reasons for differences 

over time. As adjustment can help to some extent with the comparability of the data over time, 

detailed covariate analyses were completed separately for each survey. In the cases in which 

there were differences between the covariates by year, only covariates available in both years 

were considered, and if a covariate was statistically significant in only one year, it was added to 

the multivariate model to provide the most relevant comparison in legume consumption.   
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The changes may include, but are not limited to, demographic changes. For example, older 

individuals have lower rates of energy expenditure, higher obesity rates, and/or lower physical 

activity levels with resulting differences in their food consumption. Changes in miss-reporting 

rates, changes in the food database (food composition reflecting true changes or potential errors 

in nutrient values correct since 2004), and different analytical methods must also be 

considered. The table below shows the main differences between CCHS-Nutrition 2004 and 

2015 (Table 4-5).  

Table 4-5: Comparison of Key Features of 2004 and 2015 CCHS-Nutrition  

 
2004 version 2015 version 

Achieved Sample 

size 

1st interview: 35,107 

2nd interview: 10,786 (30.7%) 

1st interview: 20,487 

2nd interview: 7,623 

(~37%) 

Response rate 76% 61.6% 

Modules that were 

included in 2004 but 

deleted in 2015 

The amount of fruits and vegetables 

consumed, the amount of alcohol 

consumed o, and a subset of self-

reported height and weight 

 

General health 5 questions 1 question 

Chronic conditions 9 questions, all ages 6 questions, age 19+ 

Smoking 10 questions 2 questions 

Income household & personal household  

Survey modules 

generally similar in 

2015 

Measured height and weight (self-

reported values from those who declined 

or could not be measured)., Socio-

demographics, Women's health, Food 

security 

 

Note. Statistics Canada, Canadian Community Health Survey (CCHS) – Nutrition (CCHS)(138). 

. 
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4.6.1.2 Handling Missing Values and Estimates of Variance 

If missing data was identified, it was excluded, except for dummy variables created to account 

for respondents who did not know, did not state, or were not applicable. 

4.7  Variables of Interest 

There are numerous relevant variables in CCHS. These were reviewed before the data were 

accessed to determine which of these were related to legume consumption. Among the relevant 

variables are the characteristics of household members, their general health, physical activity and 

sedentary behaviors, prevalence of chronic diseases, alcohol consumption, food security, and 

socio-demographic characteristics. I have taken a broad approach to identify all the possible 

factors that influence food intake according to descriptive epidemiological principles (Table 4-6). 

Table 4-6: Variables of Interest  

Variables  Summary Description  

General health 

(GEN) 

Questions about the general state of health are asked in this module. 

Measured height and 

weight (MHW) 

  Tape measures and weighing scales are used to measure height and 

weight. Participants who do not wish to be measured or are unable to 

be measured (e.g., in a wheelchair or unable to stand unaided) are 

asked to self-report. 

Fruit and vegetable 

consumption (FVC) 

In this module, there are questions regarding how often respondents 

consume juice, fruit, and vegetables. 

Chronic conditions 

(CCC) 

A long-term health condition or disease is described here if it has 

existed for at least six months or is likely to last at least that long. 

Smoking (SMK) This module contains two questions regarding current and lifetime 

smoking habits. 

Socio-demographic 

characteristics (SDE) 

This module includes questions related to country of birth, 

immigration, ethnicity (First Nations, Métis, Inuit), population group 

(racial or cultural group), and language. 
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Variables  Summary Description  

Education of 

respondent (EDU) 

There are three questions in this module: does the respondent 

currently attend a school, college, CEGEP, or university? What type is 

the institution? Does the attendance happen full-time or part-time? A 

question appeared in the SDE module in 2004 when the age universe 

was 5 years and older. In the 2015 survey, the age range was raised to 

14 years and older in recognition of the fact that virtually all children 

under 14 are in school. During 2004, institutions were not asked about 

their type, but by 2015, they were part of the shortest standard for 

education - Harmonized Content. 

Income (INC) Several questions pertain to household income (especially the total 

income of households before taxes and deductions). This module no 

longer includes personal income for 2015.     

Socio-demographic 

characteristics (SDE) 

Questions are asked regarding immigration status, country of origin, 

ethnicity, and language. 

Note. Statistics Canada, Canadian Community Health Survey (CCHS) – Nutrition (CCHS) (138). 

4.8  Data Access and Release 

As part of the application process, a short proposal was required from all applicants. For access 

to the data, approved applicants must first become Deemed Employees of Statistics Canada. 

Deemed Employees are not Statistics Canada employees but are contracted to work in the 

interest of the Government of Canada that request access to the Statistics Act's data. The 

clearance process is then completed with the assistance of the local analyst. The process included 

completing the Personnel Screening, Consent and Authorization Form, providing fingerprints 

and a credit report for a criminal record check. A local Research Data Center invited researchers 

to attend an orientation to complete data access agreements and security screening paperwork, as 

well as to take an oath of office and secrecy. Once the contract is signed, Statistics Canada 

notified the research team that access to the data may commence. 

Data analysis in progress was viewed on-screen in-person. At the end of analysis all data must be 

vetted by the data analyst to ensure all output had sufficient sample sizes that no individuals 

could be potentially identified.  Data was accessed through the RDC at York and Guelph 
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universities. Beginning in March 2020, RDCs ceased operating for months. Upon reopening in 

July 2020, they have operated according to public health authority recommendations with limited 

hours. Limitations on data release and effects on the results will be noted under the relevant 

sections.       

4.9 Detailed Analytic Plan 

A separate database management, coding, and statistical analysis process was employed in 

CCHS 2004 and 2015. In an initial descriptive analysis, the frequency of legume consumption 

was determined as well as the use of legumes for specific recipes. According to the BNS 

classification on one-day dietary recall, legume consumers included those who consumed more 

than zero grams of legumes. The normalized weights applied to all analyses were based on the 

same socio-demographic characteristics of respondent groups to ensure a nationally 

representative sample and reflect the probability of the sample selected. CCHS 2004 and 2015 

participants were examined for their basic characteristics through descriptive statistics. 

 The frequency distributions were calculated for sex, age, race, recent immigrant status, 

household income, education, region of residence, fruit and vegetable intake, calorie intake, and 

energy intake from both the 2004 and 2015 CCHS-Nutrition surveys. Based on sex, age, and 

other categorical variables, cross tabulations and Chi-square tests were used to compare the 

proportion of legume consumers to non-consumers. The Independent Samples t-test was used to 

compare the mean of continuous variables between legume consumers and non-consumers. One-

Way ANOVA was used to compare the means of variables between more than two groups. 
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 Univariate logistic regression was used to determine whether any of the demographic variables 

(sex, age, ethnicity, province of residence, BMI, health conditions, rural/urban environment, and 

income sufficiency and education) were associated with legume consumption. Additionally, the 

odds ratios (OR) and 95% confidence intervals were calculated. Multivariate logistic models 

were also applied to determine final significant associated variables with legume consumption.  

Variables with p-values of less than 0.2 in the univariate logistic model were eligible for 

inclusion in the multivariable model(153). The model was a binary logistic regression model to 

identify associated variables with consumption of legume foods and the analysis was performed 

in a backward manner with a statistical stay criterion of p < 0.05. Variance inflation factors (VIF) 

were also generated for the final list of variables and provided in the results. VIF > 5 or 10 

usually provides the evidence for collinearity issues(154). Cluster analysis techniques and 

principal component factor analysis were applied to find consumer segments and to identify 

classes of individuals based of the amount of food groups eaten (g), especially when they are 

related to each other. Details about these two methods provided in the next section. 

Macro-nutrients and micro-nutrients dietary data were reported as absolute amounts of nutrients 

and, along with quantity per 4184 kJ ((mg or mcg/4184kJ (1000kcal) per. 4·18 MJ). To study 

and compare the mean of the macronutrient and micronutrient intakes and other variables, 

between non-consumers and consumers, independent sample t-test was used. Analyses were 

conducted on the same basis for each of the food groups. The significance level was set at p< 

0.05 for differences between groups. We utilized box plots when applying cluster analysis on all 

food groups in order to identify and eliminate outliers, considering the method was so sensitive 

to outliers.  
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4.10 Exploratory Analysis 

Number of respondents were not sufficient to carry out analyses by food dishes because the 

sample size often did not meet the release criteria. Therefore, CNF food groups variables were 

assessed, including for PCA and cluster analysis.  Food group variables were defined by the CNF 

classification system (Table 4-3; excluding baby food, beverages, fast food and mixed dishes). 

Table 4-7 shows how food consumption data were transformed into matrices. The rows represent 

users and the columns correspond to the quantity (g/day) of consumption of food items.  

Table 4-7: Matrices of foods intake among consumers 

Person1          

Person 2          

Person3          

 Legumes  Dairy  Fruits  Vegetables  Nuts  Fats  Lamb  pork Beef  

Note. The k-means algorithm assigns individual points to clusters based on their distance from the 

center of the cluster. By assigning points to clusters, the cluster means are updated, and the 

algorithm keeps repeating until so few points are left to assign to clusters. Therefore, the algorithm 

tries to find clustering that minimize the sum-of-squares within the cluster that is closest to its 

center, or, more specifically, that maximize the sum-of-squares between the clusters. Using the 

example table above, we can see that the colors black, white, and grey are grouped together, 

illustrating the idea that consumers can be grouped together when using cluster analysis.   

 

4.10.1 Cluster Analysis 

In this study, cluster analytic techniques were also employed to explore how different food 

groups would group together into different clusters.  Cluster analysis was performed using K-

Means algorithms on 23 food groups  of CNF(155). Before carrying out cluster analysis, 

variables were transformed in a way that modifies the shape of the distribution; otherwise, the 
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results may be misleading because extreme deviations from normality affect the 

analysis. Identifying and removing long tails from variables can be crucial to modifying the 

shape of the distribution by removing results that are significantly more or less than the 

mean. The extreme observations (values that are abnormally distant from those of a population's 

random sample) were removed from the analysis because they distorted segmentation. Distances 

are calculated using simple Euclidean distance. A k-Means cluster will fail to handle any 

observation with missing values. All instances of missing values were handled separately. In 

practice, one cannot simply refuse to ignore missing observations during segmentation, so 

imputed missing observations were often the better option. The objective of this project was not 

to resolve the issue of bias, but rather to derive the best estimates from the data present. A 

technique known as multiple imputation(an expectation–maximization (EM) algorithm) was 

used to impute the missing values(156). Estimates derived from the database reflect the extra 

variance included in the regression model used to predict the missing values. 

Analysis was conducted for 2 to 8 clusters, which is common in studies on healthcare 

clustering. Selection of cluster solution was based on the amount of variation explained by the 

clusters in the sample, on their size and ease of interpretation, and on the reliability of the 

solution. After identifying the clusters, the means and standard deviations of each food group 

variable were calculated per cluster to illustrate differences between the clusters. Based on the 

number of clusters corresponding to each year of the CCHS, food groups were  analyzed by 

ANOVA or independent sample t-tests to identify the food groups correlated with those 

identified clusters. Additional post hoc tests, including the Bonferroni and Tukey's tests, were 

carried out where statistically significant ANOVAs were reported (p<0.05) to determine the 
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significance of differences between the groups (i.e., clusters).  As a secondary analysis, we also 

explored some important demographic variables in these clusters. Additionally, the two-step 

cluster analysis method was also used to assess the significance of predictor variables between 

legume eaters and non-eaters(157). This two-step cluster computed the "variable importance" of 

the scale variables  by performing t-tests or ANOVAs and then we used the results to plot the -

log10 (p-values) for utility in spreading out the p values and rescaled so that the greatest 

observed value is 1, as the "variable importance" index. The importance of the predictor 

indicates how well the variable can differentiate between groups. The higher the importance 

measure, the more likely that the variation among the clusters will not be due to a random event 

but must refer to an underlying difference between the clusters. 

4.10.2  Validation of Clusters with Discrimination Analysis 

As the optimal number of clusters is subjective and dependent on the method used, a 

discriminant analysis has been performed along with the cluster analysis to verify the results of 

the cluster analysis. 

 A valid discriminant function for the classification of CNF food groups within the clusters was 

estimated to validate the results of the cluster analysis. The classification matrix will be 

examined to determine the accuracy of the forecasting power of the estimated model. The matrix 

is constructed using the estimation of the model to predict the analysis sample. It represents the 

canonical relationship between our variables (food groups) and the clusters (groups). The 

discriminating variables and the dummies can be considered as two sets of variables, and we can 

perform a canonical correlation analysis on these two sets. These canonical correlations would 

result from this analysis.   
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4.10.3 Principal Component Analysis 

To identify the underlying structure in a data matrix (dietary patterns), Exploratory Factor 

Analysis was performed. Using input variables, weight consumed (g/d) by each individual from 

the 23 CNF food groups, yielded a component that loaded positively. The next step involved 

using PCA as an exploratory tool, that consisted of finding a set of linearly independent vectors 

i.e., principal components) that capture as much as possible the variance of the data points. In 

this study, PCA was considered a form of EFA. However, EFA and PCA pursue different 

objectives: PCA reduces the complexity of observed data, while EFA identifies and measures 

latent variables (e.g., factors that are not directly measurable). 

For this analysis, the food groups were entered into the PCA procedure in SPSS. The main 

dietary patterns must be extracted throughout the PCA results among many factor solutions (as 

many as there are food groups). Bartlett’s test of sphericity was performed. The Bartlett's test of 

sphericity is used to compare the observed correlation matrix with the identity matrix. Analysis 

checks to see if it is possible to make a summary of the variables into a few numbers. This test 

will result in the null hypothesis that the variables are uncorrelated (i.e. orthogonal). In contrast, 

if the variables are not orthogonal, then the correlation matrix would diverge significantly from 

the identity matrix, thereby implying that they are really correlated. This test is typically used to 

determine if a data reduction strategy, such as principal component analysis or factor analysis, 

can in fact reduce the data meaningfully before implementing it (158). 

The Kaiser-Meyer-Olkin (KMO) measure was calculated which represents how suited your data 

are for Factor Analysis and verifies the appropriateness of factor analysis (158). Based on KMO 

analysis, the sample adequacy for Factor Analysis is determined. With a KMO test, we can avoid 
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conducting Factor Analysis on data that is unsuitable for analysis and ensure that the 

measurement criteria have been agreed upon. The statistic that is computed is a measure from 0 

to 1. Statistics are relatively straightforward. The nearer to 1, the better. A value >0.60 for the 

KMO has been adopted as a threshold indicating sampling adequacy. The use of factor rotation 

for interpreting multiple factors or components is essential. With the goal of improving 

interpretability and increasing the difference between loadings Factors, “varimax rotation 

(orthogonally rotated)” was used. Based on the following criteria, the decision of how many 

factors to retain was estimated :1- factor eigenvalue >1 as visually inspected to identify 

breakpoints in the scree plot, 2-the proportion of variance explained by each component, and 3-

factor interpretability. A rotated factor-loading matrix was used to describe the strength and 

direction of association between patterns and food groups. Food groups with factor loadings 

>0.20 were retained and considered as acceptable communalities with values over 0.20 in the 

patterns identified(159). There is no fixed level for what degree of communality qualifies a 

variable as having sufficient common variation to retain in a factor solution, however various 

suggestions have been  provided by different authors. The threshold of 0.2 was used in our study 

based on Basilevsky’s suggestion(159). The negative associations (-0.2) were also included 

because we knew that infrequently consumed foods would provide valuable information (160). 

Initially, PCA was conducted separately for both time points (CCHS 2004 and 2015) to 

determine whether similar patterns were present in both groups. To determine dietary patterns 

similarity between 2004 and 2015, factor loadings for two groups of individuals were analyzed 

qualitatively and quantitatively using Tucker's coefficient of congruence (161). The Congruence 
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Coefficient is used solely to compare the legume factor loadings in CCHS 2004 and 2015. It is 

considered excellent if the congruence is close to 1, and acceptable if it is more than 0.5. 

An accurate and reliable assessment of what people eat is a prerequisite to population-based 

nutrition interventions being effective. In the present study, we examined associations between 

dietary practices regarding legume consumption and age, body mass index, ethnicity, sex, health, 

and other sociodemographic variables among adults. Overall, there are few studies that have 

examined the effect of dietary patterns in population-based research contexts with a demographic 

analysis. PCA and cluster analysis methods were used to analyze food group variables. In 

addition to univariate logistic regression, multivariate logistic regression also allowed for the 

identification of significant associated variables with legume consumption.  
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Chapter 5: RESULTS 

The descriptive and covariate analysis of each survey is first described, followed by 

consideration of legume consumption over time. Mealtime and food group analyses for each 

survey follow. Finally, cluster and PCA results are considered. Table 5-1 shows the initial 

number of participants and subsequent numbers after they are excluded from the analysis.  

In 2004, the original sample size was 20867, of which 9.5% were pregnant, breastfeeding, and 

14.2% were implausible. In 2015, the sample size was 13,965, of which 10.5% were pregnant, 

breastfeeding, under 19 years old, and 10.8% were misreported (Table 5-1).Final sample that is 

used for the subsequent analysis was 16,196 and 11,137 in CCHS 2004 and 2015, respectively. 

This exclusion of pregnant and breastfeeding women as well as possible misreported intakes 

reduced the sample by about 4,000 records compared with Mudryri et al’s 2004 study 

(22). Different demographic characteristics are shown in Column 4 with the 95% CI for the 

difference in Column 5 and p-values for comparison of proportions or means. We note that the 

population distribution is older, heavier, more diverse, less food secure, and less educated in 

2015 compared to 2004. Regarding meal patterns, there were more breakfast eaters in 2015. 
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Table 5-1: Overview of descriptive characteristics of analytic samples in CCHS 2004 and 

CCHS 2015 

 

 

CCHS 

2004  

CCHS 

2015  

Difference 

Between 

Surveys   

95% CI p-value 

Original sample 35,107 20,487    

≥ 19 years 20867 13965    

Pregnant, breastfeeding,   9.5% 

(1985) 

10.5% 

(1470) 

   

Mis-reporting (N) 14.2% 

(2686) 

10.8% 

(1358) 

      3.4 1.2-5.5 0.002 

Final sample for analysis   16196 11137    

Sex (Male %) 48.9 49.7 0.8 -0.4 - 2.0 n.s 

Marital status (Married %) 53.7 53.0 0.7 -0.5-1.9 n.s 

Age (Mean ± SD) yr 46.3±17.3 49.0±17.3 2.7 2.2-3.1 <0.0001 

19-30 yr (%) 19.9 17.1 2.8 1.8- 3.7 0.0001 

31-50 yr (%) 41.4 38.0 3.4 2.2- 4.5 0.0001 

51-70 yr (%) 27.7 32.7 5.0 3.8 - 6.1 0.0001 

70+ yr (%) 11.1 12.3 1.2 0.4 -1.9 0.002 

BMI (Mean ± SD) 27.0±5.7 27.3±5.7 0.3 0.16-0.44 <0.0001 

Underweight (%) 1.9 2.3 0.4 0.05- 0.7 0.02 

Normal weight (%) 37.5 35.8 1.7 0.5-2.8 0.004 

Overweight (%) 36.8 35.0 1.8 0.6-2.9 0.002 

Obese - class I (%) 15.9 17.4 1.5 0.6- 2.4 0.001 

Obese - class II( %) 5.1 6.7 1.6 1.0-2.1 0.0001 

Obese - class III (%) 2.8 2.8 0 -0.3 - 0.4 n.s 

Body Weight (Mean ± SD) kg 76.5±17.2 77.6±18.6 1.1 0.67-1.5 <0.0001 

Racial Origin (White %) 84.1 76.7 7.4 6.4-8.3 0.0001 

Country of Birth (CANADA 

%) 

84.1 70.8 13.3 12.2-14.3 0.0001 

Immigration Status (Immigrant 

%) 

25.4 27.0 1.6 0.5 - 2.6 0.003 

Education (post-secondary 

education %) 

63.2 53.3 9.9 8.7- 11.0 0.0001 

Geographical location (urban 

%) 

82.3 82.1 0.2 -0.7-1.1 n.s 

Food security (Food secure %) 93.8 92.7 1.1 0.4 - 1.7 0.0003 

Eating Occasions (%)      

Breakfast 89.1 90.2 1.1 0.36-1.8 0.003 

Lunch 84.8 85.4 0.6 0.26-1.45 n.s 

Dinner 96.9 96.3 0.6 0.16-1.4 0.006 

Brunch 2.1 1.8 0.3 0.04-.63 n.s 

Snack  78.2 79.1 0.9 0.1-1.9 n.s 
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CCHS 

2004  

CCHS 

2015  

Difference 

Between 

Surveys   

95% CI p-value 

Drink 65.8 63.1 2.7 1.5-3.8 <0.0001 

Note. All values are normalized survey-weighted . n.s: non-significant  

5.1 Estimated Rates of Misreporting in CCHS 2004 and CCHS 2015 

Participants were categorized based on how much their energy intake was reported: under 

reporters— less than 40%, plausible reporters—between 40% and 160%; and over reporters—

mean intake exceeding 160%. While energy under-reporters declined from 7.3% to 6.3%, energy 

over-reporters decreased from 6.9% to 4.5% (Table 5-2).  

Table 5-2: Differences in average of daily energy intake (kcal/day) among Canadians ≥19 y 

(under reporters, plausible energy reporters and over reporters) in 2004 (N= 18,882)   and 

2015 (N = 12495) 

  
CCHS 2004 CCHS 2015 

Energy 

reporting 

category 

 

average 

daily energy 

intake 

(kcal/day)§  

                   

95% 

Confidence 

Interval for 

Mean 

 

average daily 

energy intake 

(kcal/day)§  

 

95% 

Confidence 

Interval for 

Mean 

 N (%) Mean SD Lower  Upper  N (%) Mean                   SD Lower  Upper  

Under reporter  1380(7.3) 838 393 818 859 789(6.3) 666 235 650 683 

Plausible 

reporter  

16196(85.7) 1919 731 1908 1930 11137(89.1) 1843 680 1831 1856 

Over reporter  1306(6.9) 4039 1117 3979 4100 569(4.5) 3893 1074 3804 3981 

Note. §One-way analysis of variance test is used for comparisons of the average of daily energy 

intake among three groups  Adults with measured weight and height were classified as either 

under-, plausible or over-energy reporters based on the ratio of reported vs. total energy 

expenditure (TEE). TEE was based on equations that account for height, weight, age, sex, physical 

activity levels, and a person’s weight status (normal weight vs. overweight/obese) (150). Physical 

activity levels were assumed to be sedentary for respondents aged 19 and older. Unweighted 

sample. 
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5.2 Overall Legume Consumption 

As described in Methods four codes from the BNS system were used to define legume 

consumers in the one-day records in both 2004 and 2015. Table 5-3 shows the prevalence of 

legume consumers was higher in 2015 compared to 2004, and the question arises as to whether 

this increase can be accounted for by the shifting characteristics of the population, or whether 

this represents a real increase over time. To determine the prevalence of the increase we show 

the results of the sociodemographic analysis for each survey separately and then present the 

adjusted analysis for change in consumption between the surveys.    

Table 5-3: The comparison of the prevalence of legume eaters in 2004 and 2015  

Note. Chi-square test is used for the analysis 

 

The descriptive information for the proportion of legume consumers based on sociodemographic 

characteristics including age groups, sex, marital status, education level, and community type 

(urban versus rural) of legume eaters in 2004 and 2015 is provided in Table 5-4. Provincial 

distribution of legume consumers by survey year is provided in the Appendix D and also listed in 

the sociodemographic analysis for each survey separately. 

 

 

Year 2004 2015 p-value 

Legume eaters 1131 (6.9%) 1218 (10.9%) 0.001 

Non-eaters 15065 (93.1%) 9919 (89.1%)  

Total in analytic dataset 16,196 11,137  
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Table 5-4: Prevalence of legume consumption based on the sociodemographic characteristics 

of adults Canadian in CCHS 2004 and 2015 

 

5.3 Comparison between Legumes Eaters and Non-Eaters (CCHS 2004) 

5.3.1      Energy Intake of Canadians by Energy Reporting Status 

Since energy reporting status has been of concern in this study, Table5-5 compares the 

proportion of legume consumers and non-consumer in Canadians aged 19 years and older in 

2004 by energy reporting category. Moreover, the average daily intake from all food sources is 

 Survey-weighted percentage of  

Legume Eaters (%) of Entire 

Samples  

Sociodemographic Characteristics 2004 2015 

Total Population 6.9% 10.9% 

Age group 

19-30 years  5.6 10.4 

31-50 years  7.3 13.3 

51-70 years  7.7 9.2 

70+ 6.8 8.9 

Sex 

Females  6.8 11.1 

Male 7.2 10.8 

Marital status  

Married 8.3 12.9 

Common law 4.7 10.2 

Widowed  5.5 7.2 

Separated  5.9 6.6 

Divorced 5.4 8.1 

 Single 5.7 8.8 

Household highest level of education*  

Less than secondary school education 6.3 8.1 

Secondary school education 6.7 7.7 

Some post-secondary education 4.7 10.4 

post-secondary education  7.8 15.8 

Geographical location  

Urban  7.3 11.7 

Rural  5.3 7.4 
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repeated from Table 5-2. Legume consumers were less likely to underreport and more likely to 

over-report compared to non-consumers. Sociodemographic analysis on plausible reporters by 

legume consuming status is considered next. 

Table 5-5: Differences average of daily energy intake (kcal/day) among Canadians ≥19 y 

(under reporters, plausible energy reporters and over reporters) in Canadian Community 

Health Survey, Cycle 2.2 (2004)(N =18,882) 

Energy reporting 

category 

N Consumers 

(%) 

Non -

Consumers 

(%) 

Average of daily 

energy intake 

(kcal/day)§ 

Mean                  SD 

95% Confidence 

Interval for Mean 

Lower Upper 

Under reporter  1380 3.4* 7.6 838 392 818 859 

Plausible reporter  16196 87.9* 85.6 1919 731 1908 1930 

Over reporter  1306 8.7* 6.8 4039 1117 3979 4100 

Note. §One-way analysis of variance test is used for comparisons of the average of daily energy 

intake among three groups * Significant differences between legume eaters and non-eaters (p-

value ≤ 0.05). Adults with measured weight and height were classified as either under-, plausible 

or over-energy reporters based on the ratio of reported vs. total energy expenditure (TEE). TEE 

was based on equations that account for height, weight, age, sex, physical activity levels, and a 

person’s weight status (normal weight vs. overweight/obese). Physical activity levels were 

assumed to be sedentary for respondents aged 18 and older. Unweighted sample.  

 

5.3.2 Sociodemographic Characteristics of Plausible Reporters and Association of 

Different Demographic Variables with Legume Eating, CCHS 2004 

Table 5-6 provides the demographic and other descriptive characteristics of legume consumers 

and non-consumers among plausible reporters. Overall, 6.9% of Canadian aged 19 y and older 

(n=1131) in CCHS 2004 reported consumption of legumes on any given day. The 2004 legume 

consumers did not differ from non-consumers on sex. 

Demographic differences between legume consumers are also provided in Table 5-6 .We used 

the table percentages to make sense of how the counts are distributed among the categories. For 
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example, according to sex variables, 50.3 percent of legume consumers are males, while 49.7% 

of legume consumers are females (Column 2), and 7.2 percent of all males and 6.6 percent of 

females were legume consumers (Column 4).  

The association of each demographic variable with legume consumption was examined by 

univariate logistic regression and the odds ratios and 95% confidence intervals are provided in 

Table 5-6. The dependent variable is "legume consumption ", measured on a dichotomous scale 

– "yes" or "no" – and we assessed each independent variable in turn: "income", "age" and 

"gender" etc.). Also, note that several variables are only available in this survey and not in 2015, 

as mentioned in Methods.   

Table 5-6: Association of legume eating with demographic characteristics in Canadian  ≥19 

years based on 1-day dietary recalls from the Canadian Community Health Survey, Cycle 

2.2 (2004)(N= 16,196) 

Characteristics 
Percentage 

among 

legume 

consumers 

(%) 

Percentage 

among 

non-

consumers 

(%) 

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio 

(Lower and 

Upper 95% 

Limit) 

p-value for 

OR§ 

Sex        

Male 50.3 48.8  7.2 1.06(0.94-1.2) n.s 

Female 49.7 51.2  6.8 Reference  

Age      0.003 

19-30 15.8 20.2  5.6 0.8(0.6-1.02) n.s 

31-50 43.1 41.2  7.3 1.07(0.8-1.3) n.s 

51-70 30.3 27.5  7.7 1.1(0.9-1.4) n.s 

70+ 10.7 11.1  6.8 Reference  

Marital status***      0.0001 

Married 63.9 52.9  8.3 Reference  

Common-law 6.6 10.1  4.7 0.5(0.4-0.6) 0.0001 

Widowed 4.6 6.0  5.5 0.6(0.4-0.8) 0.0002 

Separated 2.5 3.0  5.9 0.7(0.4-1.03) n.s 
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Characteristics 
Percentage 

among 

legume 

consumers 

(%) 

Percentage 

among 

non-

consumers 

(%) 

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio 

(Lower and 

Upper 95% 

Limit) 

p-value for 

OR§ 

Divorced 4.2 5.4  5.4 0.6(0.4-0.8) 0.004 

Single, never 

married 

18.2 22.6  5.7 0.6(0.5-0.7) 0.0001 

Culture or racial 

origin*** 

     0.0001 

White 65.6 85.5  5.5 Reference  

Black 2.0 1.7  8.3 1.59(1.04-2.45) 0.03 

Aboriginal  0.5 1.2  3.1 0.51(0.22-1.20) n.s 

South Asia, Arab, 

West Asian 

17.8 3.5  27.4 6.55(5.48-7.84) 0.0001 

Southeast Asian 7.0 5.7  8.3 1.59(1.25-2.03) 0.0001 

Latin American, 

other, and multiple 

racial or cultural 

origin 

7.0 2.4  18.2 3.87(3.00-4.99) 0.0001 

Country of 

birth*** 

     0.0001 

Canada 69.1 85.1  5.2 Reference   

Other North 

America, South, 

central America and 

Caribbean 

2.5 1.9  8.0 1.5(1.0-2.4) 0.03 

Europe 9.9 7.5  8.2 1.6(1.2-2.0) 0.0001 

Asia 18.6 5.5  18.7 4.1(3.4-4.9) 0.0001 

Immigration 

status*** 

      

Immigrant  41.7 21.7  12.5 2.5(2.2-2.8) 0.0001 

Non-immigrant  58.5 78.3  5.3 Reference   

Education ***       

Less than secondary 

school graduation 

17.5 19.7  6.3 0.79(0.68-0.92) 0.002 

Secondary school 

graduation 

17.2 18.2  6.7 0.71(0.59-0.85) 0.0001 

Some post-

secondary 

6.3 9.6  4.7 0.74(0.59-0.93) 0.01 
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Characteristics 
Percentage 

among 

legume 

consumers 

(%) 

Percentage 

among 

non-

consumers 

(%) 

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio 

(Lower and 

Upper 95% 

Limit) 

p-value for 

OR§ 

Post-secondary 

graduation 

59.0 52.6  7.8 Reference  0.0001 

Income**      n.s 

Lowest  11.0 8.7  8.8 0.85(0.69-1.06) n.s 

Lower middle  23.3 20.3  8.1 1.02(0.86-1.22) n.s 

Upper middle  34.9 36.0  6.9 0.89(0.76-1.05) n.s 

Highest  30.8 35.0  6.3 Reference   

Geographical 

location*** 

      

Urban 86.6 82.0  7.3 1.4(1.1-1.7) 0.0001 

Rural  13.4 18.0  5.3 Reference  

Provincial 

location*** 

     0.0001 

Newfoundland and 

Labrador  

2.1 1.8  8.3 0.9(0.6-1.5) n.s 

Prince Edward 

Island   

0.4 0.4  5.6 0.5(0.2-1.7) n.s 

Nova Scotia  1.4 3.2  3.2 0.3(0.2-0.6) 0.0001 

New Brunswick   1.6 2.4  4.7 0.5(0.3-0.8) 0.01 

Quebec  17.2 24.6  5.0 0.5(0.4-0.6) 0.0001 

Ontario   47.6 38.5  8.5 1.00(0.8-1.1) n.s 

Manitoba   3.3 3.5  6.5 0.7(0.5-1.0) n.s 

Saskatchewan   1.9 2.9  4.9 0.5(0.3-0.8) 0.01 

Alberta   8.5 9.8  6.1 0.7(0.5-0.9) 0.008 

British Columbia  16.0 13.0  8.5 Reference   

Smoked 100 or 

more cigarettes in 

lifetime*** 

      

Yes 43.1 52.1  5.8 0.6(0.6-0.7) 0.0001 

No 56.9 47.9  8.2 Reference  

Type of Smoker***      0.0001 

Daily smoker 10.8 21.3  3.7 0.5(0.3-0.9) 0.02 

Always an 

occasional smoker 

3.0 2.4  8.5 1.4(0.8-2.4) n.s 

Former daily smoker 1.9 1.7  7.7 1.2(0.7-2.3) n.s 
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Characteristics 
Percentage 

among 

legume 

consumers 

(%) 

Percentage 

among 

non-

consumers 

(%) 

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio 

(Lower and 

Upper 95% 

Limit) 

p-value for 

OR§ 

Former occasional 

smoker 

25.5 25.0  7.1 1.1(0.7-1.8) n.s 

Never smoked 2.0 2.4  6.0 Reference   

Drank alcohol in 

past 12 months*** 

      

Yes 74.5 80.8  6.5 0.6(0.5-0.7) 0.0001 

No 25.5 19.1  9.1 Reference   

Salt Added at the 

table*** 

     0.0001 

Rarely  52.5 

 

44.2  7.9 1.3(1.1-1.6) 0.002 

 

Occasionally  28.7 34.3  5.7 0.9(0.7-1.1) n.s 

Very often 18.8 21.6  5.9 Reference   

Salt 

cooking/preparing 

*** 

     0.0001 

Rarely  20.9 25.3  5.9 1.1(0.9-1.5) n.s 

Occasionally  32.4 31.3  7.2 1.4(1.1-1.8) 0.0001 

Very often 37.1 29.7  5.6 1.8(1.4-2.2) 0.0001 

Never  9.6 13.8  5.0 Reference   

Daily consumption 

of green salad *** 

     n.s 

Less than 0.5 times / 

servings per day 

57.9 63.9  6.4 0.6(0.4-0.8) 0.01 

0.5-1 times / 

servings per day 

15.0 14.9  7.0 0.7(0.5-0.9) n.s 

1 -2 times / servings 

per day 

25.8 19.4  9.1 0.8(0.6-1.1) n.s 

>2 times / servings 

per day 

1.3 1.8  5.2 Reference   

Daily consumption 

of fruits and 

vegetables  *** 

     0.0001 

Less than 5times / 

servings per day 

62.7 69.6  6.3 Reference   
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Characteristics 
Percentage 

among 

legume 

consumers 

(%) 

Percentage 

among 

non-

consumers 

(%) 

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio 

(Lower and 

Upper 95% 

Limit) 

p-value for 

OR§ 

5to 10 times / 

servings per day 

34.9 29.2  8.2 1.3(1.1-1.5) 0.0001 

More than 10 times / 

servings per day 

2.4 1.2  13.4 2.2(1.5-3.4) 0.0001 

Food 

security(household)  

     n.s 

Food secure 93.5 93.8  7.0 1.2(0.8-1.9) n.s 

Food insecure 

without hunger 

3.9 4.1  6.7 1.1(0.7-1.9) n.s 

Food insecure with 

moderate and 

severer hunger 

2.7 2.1  8.7 Reference   

Physical activity 

index 

     n.s 

Active  18.9 17.2  7.6 1.1(0.9-1.3) n.s 

Moderately active  24.2 24.6  6.9 1.0(0.8-1.1) n.s 

Inactive 56.9 58.2  6.8 Reference   

BMI (measured) **      0.001 

Underweight 1.2 2.0  4.5 0.60(0.34-1.04) n.s 

Normal weight 39.0 37.4  7.3 Reference  

Overweight 40.5 36.6  7.7 1.06(0.92-1.21) n.s 

Obese - class I 13.2 16.1  5.8 0.78(0.65-0.95) 0.01 

Obese - class II 4.4 5.2  6.0 0.82(0.61-1.11) n.s 

Obese - class III 1.7 2.9  4.2 0.55(0.35-0.89) 0.01 

Note. All values are normalized survey-weighted percentages. Chi Square test; * p< 0.05,** p < 

0.01, *** p < 0.001 when compared with non-consumer group;§ p-values are based on univariate 

logistic model is used for the analysis. n.s: non-significant 
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Similarly,Table5-7 illustrates the association between different continuous demographic 

variables and legume consumption. The mean and SD are provided for each variable in legume 

consumers and non-consumers. Moreover, the OR and 95% CI is also provided from the 

univariate logistic model. Legume consumers were significantly older, with lower BMI, and had 

non-significant less income. They were older at time of immigration and their lengths of stay in 

Canada were shorter (p<0.001). 

Table 5-7: Comparison of different demographic variables between consumers and non-

consumers and their association with legume eating Canadian Community Health Survey, 

Cycle 2.2 (2004) (N=16,196) 

Variables  
Consumers 

Mean ± SD 

Non-consumers 

Mean ± SD 

 Odds Ratio (Lower 

and Upper 95% 

Limit) per unit 

p-

value 

AGE (year) ** 47.7±16.8 46.2±17.4  1  0.03 

BMI (Kg/m2) ** 26.7±5.0 27.1±5.7  0.98(0.97-0.99) 0.007 

HEIGHT (Meter) **  1.67±0.09 1.68±0.1  0.4 (0.2-0.7) 0.004 

WEIGHT (kg) *** 74.7±16.2 76.6±17.3  0.994(0.990-0.997) 0.001 

Age at time of 

immigration (year) 

(n=3741) *** 

30.8±15.1 25.1±14.4  1.02(1.01-1.03) 0.0001 

Length of time in 

Canada since 

immigration (year) 

(n=3741) *** 

18.2±17.0 23.6 ±17.3  0.98(0.97-0.99) 0.0001 

 Total household 

income (Canadian 

Dollar)  

61,512±46959 63,921 ±49513  1 n.s 

Note. All values are normalized survey-weighted percentages. Independent sample t-test was used 

for comparison of the mean of different variables in two groups* p < 0.05 ** p< 0.01 *** p< 0.001 

when compared with non-consumer group. § P-values are based on univariate logistic model is 

used for the analysis. n.s: non-significant  

 

Table 5-8 shows the list of the final associated variables after multivariate logistic analysis with 

the legume consumption (consumers vs non-consumers) as the dependent variable. In the final 

model Marital status, Cultural/Racial origin, Income, and Daily consumption of the vegetables 
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remained statistically significant (p<0.05). Participants who identified themselves as married 

compared with non-married were 1.29 times more likely to be legume consumers. Moreover, 

non-Asian participants who identified themselves as being white, black, Latin American or of 

multiple cultural origins were 0.37 times less likely to be legume consumers than Asians were. 

Per unit of increasing the daily consumption of vegetables increased the odds of being legume 

consumers by 19% (OR=1.19). In addition, low-income participants were more likely to be 

legume consumers versus high-income participants (OR=1.14). Sex, age, education level, 

country of birth, provincial location, food security status, BMI and community type (urban 

versus rural) were not significant determinants of legume intake. The variance inflation factor 

(VIF) is also provided in the last column of Table 5-8, which shows no evidence for multi 

collinearity in the model (all VIF<5). 

Table 5-8: Multivariate logistic regression of variables associated with legume eating among 

Canadians ≥19 y, Canadian Community Health Survey, Cycle 2.2 (2004) 

VARIABLES OR 95% CI p-value VIF 

MARITAL STATUS   0.04 1.27 

Married  Reference   

Common-law 0.64 0.49-0.83 0.001  

Widowed 0.63 0.45-0.88 0.007  

Separated 0.81 0.54-1.21 n.s  

Divorced 0.64 0.46-0.90 0.01  

Single, never married 0.69 0.58-0.82 0.0001  

Marital Status‡ 

(Married vs Not Married) 

1.29 1.13-1.47 0.0001  

Daily consumption of vegetables 

(serving per day) 

1.19 1.00-1.41 0.04 1.12 

CULTURAL or RACIAL ORIGIN    0.0001 1.60 

White  Reference    

Black 1.8 1.1-2.8 0.007  

Aboriginal 0.5 0.2-1.2 n.s  

South Asian, Arab, west Asian 6.3 5.2-7.6 0.0001  

Southeast Asian 1.3 1.0-1.7 0.04  



 

 

100 

 

VARIABLES OR 95% CI p-value VIF 

Latin American, other and multiple racial  4.1 3.1-5.4 0.0001  

Cultural Origin § (Non-Asian vs Asian) 0.37 0.30-0.46 0.0001  

INCOME ADEQUACY    0.05 1.35 

Lowest income  1.86 1.01-3.42 0.04  

Lower middle income  0.88 0.52-1.48 n.s  

Upper middle income  1.22 0.76-1.94 n.s  

Highest income   Reference   

Income Adequacy † (Low vs High) 1.14 0.99-1.31 0.05  

Note. † To align with the coding method adapted by Health Canada, a dichotomous indicator of 

‘low’ and ‘high’ income was created by grouping households in the first two lower and the last 

two higher income adequacy groups from the original income adequacy classification .§ Self-

reported ethnicity was dichotomized as either being of Asian vs. belonging to any other ethnic 

group (including mixed origins). ‡ A dichotomous marital status variable was constructed 

characterizing respondents as Married or not married to enhance comparability with previous 

Canadian research marital status. n.s: non-significant  

 

 

 

Table 5-9 shows the results of an analysis to assess differences in total amounts of  legumes 

eaten, based on the final associated factors with legume eating, separately among legume 

consumers, non-consumers, and all population. For each item reported during the recalls, the 

Canadian Nutrient File (CNF) was used to estimate the weight of foods. By checking the weight 

of foods in the CNF legume food group and by adding up the weight of foods in the category, we 

calculated the weight of legume foods. A mean from the first 24-hour recall was considered 

appropriate to estimate the mean intake of a population—not the distribution—where the sample 

was representative. We checked the differences in the variables that remained significant in our 

final multivariate model that was cultures/racial origin and education level.  
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Table 5-9: CNF legume food groups intake (g) among legume consumers, non-consumers, 

and all population, Canadian Community Health Survey, Cycle 2.2 (2004)  

Note. All values are normalized survey-weighted percentages; One-way analysis of variance was 

used for the analysis. n.s:non-significant 

 

Figure 5-1 shows the Receiver Operator Curve (ROC) and the total area under the curve for the 

final multivariate logistic model in (2004) participants. The total area under the curve (AUC) for 

Variables Consumers Non-Consumers All Population 

 Mean(SD) p-

value 

Mean(SD) p-

value 

Mean(SD) p-

value 

MARITAL STATUS  0.01  0.01  0.0001 

Married 113.8(106.9)  9.9(33.4)  18.6(52.8)  

Common-law 149.9(158.7)  8.8(26.7)  15.5(52.4)  

Widowed 100.2(90.0)  6.3(21.1)  11.4(36.1)  

Separated 99.6(141.7)  12.1(54.0)  17.3(65.8)  

Divorced 81.3(74.1)  8.6(25.3)  12.6(34.3)  

Single, never married 118.0(105.7)  9.3(35.4)  15.6(49.5)  

CULTURAL or 

RACIAL ORIGIN  

 0.0001  0.0001  0.0001 

White 109.3(109.1)  8.8(31.3)  14.3(45.8)  

Black 80.7(75.1)  7.9(25.6)  14.0(38.3)  

Aboriginal       

South Asian, Arab, west 

Asian 

124.1(100.8)  7.2(26.6)  39.3(77.6)  

Southeast Asian 81.4(105.6)  23.2(56.0)  28.1(63.7)  

Latin American, other 

and multiple racial  

179.1(132.3)  3.8(13.6)  35.8(88.9)  

INCOME 

ADEQUACY  

 0.0001  n.s  0.003 

Lowest income  89.4(82.1)  9.1(27.0)  16.1(42.0)  

Lower middle income  126.3(131.8)  10.1(43.0)  19.5(64.0)  

Upper middle income  140.5(111.6)  8.8(29.8)  17.9(52.9)  

Highest income  88.9(82.5)  10.4(32.3)  15.4(42.0)  
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the model was 0.568(95% CI: 0.549-0.588,Table 5-10) which was statistically significant from 

the null hypothesis of true AUC=0.5 (p<0.001). Nevertheless, the higher the AUC, the better the 

model's predictability. Based on previous research, AUCs between 0.5 and 0.7 are not indicative 

of strong prediction. In addition, considering the large sample size in our study, this small AUC 

showing not very strong prediction accuracy 

 

Figure 5-1: Receiver Operator Curve (ROC) for the Final Multivariate Logistic model for 

Legume Eating in Canadian Community Health Survey, Cycle 2.2 (2004) 

 

Table 5-10: Area under the Curve (AUC) for the Final Multivariate Logistic model for 

Legume Eating in Canadian Community Health Survey, Cycle 2.2 (2004) 

Test Result Variable(s):   Predicted probability   

Area Std. Error Asymptotic Sig. 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

0.568 0.010 0.0001 0.549 0.588 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 
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5.4 Comparison between Legume Eaters and Non-Eaters (CCHS 2015) 

5.4.1 Energy Intake of Canadians by Energy Reporting Status 

Table 5-11 compares the proportion of legume consumers and non-consumer in Canadians aged 

19 years and older in 2015 for all energy reporters. Moreover, the average daily intake from all 

food sources is also provided in this table (same as Table 5-2). As presented in Table 5-11, the 

results show highly plausible reporting in both legume consumers and non-consumers. These 

findings also show the estimated mean difference in daily energy intake of 1,177 kcal/day and 

2,050 kcal/day for under reporters and over reporters compared to plausible reporters, 

respectively. Results for plausible reporters were further analyzed. 

Table 5-11: Differences in average of daily energy intake (kcal/day) among Canadians ≥19 

y (under reporters, plausible energy reporters and over reporters) in CCHS 2015 (N = 

12495) 

Energy reporting 

category 

N Consumers 

(%) 

Non -

Consumers 

(%) 

Average daily 

energy intake 

(kcal/day)§ 

Mean                  SD 

95% Confidence 

Interval for Mean 

Lower Upper 

Under reporter  789 3.0* 6.6 666 235 650 683 

Plausible reporter  11137 91.6* 88.8 1843 680 1831 1856 

Over reporter  569 5.2* 4.4 3893 1074 3804 3981 

Note. §One-way analysis of variance test is used for comparisons of the average of daily energy 

intake among three groups * Significant differences between legume eaters and non-eaters (p-

value ≤ 0.05). Adults with measured weight and height were classified as either under-, plausible 

or over-energy reporters based on the ratio of reported vs. total energy expenditure (TEE). TEE 

was based on equations that account for height, weight, age, sex, physical activity levels, and a 

person’s weight status (normal weight vs. overweight/obese). Physical activity levels were 

assumed to be sedentary for respondents aged 19 and older. Unweighted sample. 
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5.4.2 Sociodemographic Characteristics of Legume Eaters and Association of Different 

Demographic Variables with Legume Eating, CCHS 2015 

Table 5-12 provides the descriptive information and prevalence of the legume eaters based on the 

characteristics of CCHS 2015 plausible reporting participants. Overall, 10.9 % of Canadian age 

more than 19 y (N=11,137) in CCHS 2015 reported consumption of legumes on any given day. 

Demographic differences in Table 5-12 revealed that the highest prevalence of legume 

consumption fell into the age group 31-50 years, female, married, Latin American who lived in 

British Colombia and Ontario. The association of each demographic variable with legume eating 

status was  examined  using univariate logistic regression and the odds ratio and 95% confidence 

interval as provided in Table 5-12.  

Table 5-12: Association of legume eating with demographic characteristics in Canadian  

≥19 years based on 1-day dietary recalls from the Canadian Community Health Survey, 

CCHS 2015 

Characteristics 
Proportion 

of  

Legume 

Consumers 

(%)  

Proportion 

of non-

Consumers 

(%)  

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio  

(Lower and 

Upper 95% 

Limit) 

p-value§ 

Sex        

Male 49.1 49.8  10.8 0.95 (0.84-1.0) n.s 

Female 50.9 50.2  11.1 Reference   

Age***      0.0001 

19-30  16.2 17.2  10.4 1.1(0.9-1.5) n.s 

31-50 46.3 36.9  13.3 1.5(1.2-1.9) 0.0001 

51-70 27.6 33.3  9.2 1.04(0.8-1.2) n.s 

70+ 9.9 12.5  8.9 Reference  

Marital 

status*** 

     0.0001 

Married 62.5 51.9  12.9 1.2 (1.0-1.4) 0.01 

Common-law 10.3 11.1  10.2 0.96 (0.76-1.22) n.s 

Widowed 3.7 5.8  7.2 0.73 (0.57-0.94) 0.01 
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Characteristics 
Proportion 

of  

Legume 

Consumers 

(%)  

Proportion 

of non-

Consumers 

(%)  

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio  

(Lower and 

Upper 95% 

Limit) 

p-value§ 

Separated 1.6 2.9  6.6 0.82 (0.57-1.18) n.s 

Divorced 4.5 6.3  8.1 0.99 (0.76-1.29) n.s 

Single, never 

married 

17.3 22.1  8.8 Reference  

Culture or 

racial 

origin*** 

     0.0001 

Aboriginal 1.8 2.5  7.9 0.24 (0.13-0.43) 0.0001 

South and south 

east Asia 

22.6 12.3  18.3 0.78 (0.49-1.25) n.s 

White 63.5 78.3  9.0 0.35 (0.22-0.55) 0.0001 

Arab and west 

Asia 

5.6 2.1  24.1 0.70 (0.38-1.28) n.s 

Black 3.1 3.6  9.5 0.49 (0.27-0.90) 0.02 

Latin American 3.4 1.1  27.4 Reference   

Country of 

birth*** 

     0.0001 

Canada 54.4 72.8  8.4 Reference  

Other North 

America 

1.1 1.4  9.3 1.11(0.63-1.94) n.s 

South, central 

America and 

Caribbean 

7.2 4.1  17.7 2.3(1.82-2.94) 0.0001 

Africa 2.7 2.5  11.7 1.43(0.98-2.07) n.s 

Europe 11.6 7.2  16.6 2.15(1.76-2.62) 0.0001 

Asia and 

Oceania  

23.0 12.0  19.1 2.56(2.19-2.98) 0.0001 

Immigration 

status*** 

      

Immigrant  41.1 25.2  16.7 2.0 (1.7-2.3) 0.0001 

Non-immigrant 58.9 74.8  8.8 Reference   

Education ***      0.0001 

Less than 

secondary 

8.7 12.2  8.1 0.43(0.35-0.52) 0.0001 
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Characteristics 
Proportion 

of  

Legume 

Consumers 

(%)  

Proportion 

of non-

Consumers 

(%)  

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio  

(Lower and 

Upper 95% 

Limit) 

p-value§ 

school 

graduation 

Secondary 

school 

graduation 

24.5 36.2  7.7 0.48(0.41-0.56) 0.0001 

Some post-

secondary 

19.7 20.8  10.4 0.59(0.50-0.70) 0.0001 

Post-secondary 

graduation 

47.1 30.8  15.8 Reference   

Total 

household 

Income *** 

      

Less than 

$50,000, 

including 

income loss 

28.6 34.1  9.3 Reference  

$50,000 and 

more 

71.4 65.9  11.7 1.2(1.1-1.4) 0.0001 

Geographical 

location *** 

      

Urban 87.9 81.3  11.7 1.5(1.3-1.8) 0.0001 

Rural  12.1 18.7  7.4 Reference  

Provincial 

location 

     0.0001 

Newfoundland 

and Labrador  

1.0 1.6  7.0 0.65(0.48-0.87) 0.005 

Prince Edward 

Island   

0.3 0.4  9.1 0.59(0.43-0.83) 0.003 

Nova Scotia  2.4 2.8  9.6 0.67(0.51-0.89) 0.006 

New Brunswick   1.2 2.4  6.0 0.65(0.49-0.87) 0.005 

Quebec  22.1 25.2  9.7 0.71(0.57-0.88) 0.002 

Ontario   43.5 36.8  12.7 1.00(0.83-1.2) n.s 

Manitoba   2.8 3.3  9.5 0.70(0.53-0.94) 0.01 

Saskatchewan   1.6 3.0  6.2 0.62(0.46-0.84) 0.002 

Alberta   10.5 11.4  10.2 0.78(0.61-0.99) 0.04 
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Characteristics 
Proportion 

of  

Legume 

Consumers 

(%)  

Proportion 

of non-

Consumers 

(%)  

 Percentage of 

those who 

have this 

characteristic 

and are 

legume 

consumers 

(%) 

Odds Ratio  

(Lower and 

Upper 95% 

Limit) 

p-value§ 

British 

Columbia  

14.5 13.3  11.8 Reference   

Smoked (≥100 

cigarettes in 

lifetime)*** 

      

Yes 31.5 44.6  8.0 0.57(0.50-0.60) 0.0001 

No 68.5 55.4  13.2 Reference  

Type of 

Smoker*** 

     0.0001 

Daily smoker 7.0 14.1  5.7 0.42(0.33-0.52) 0.0001 

Occasional 

smoker 

3.6 5.0  8.1 0.67(0.49-0.93) 0.01 

Never smoked 89.4 80.9  12.0 Reference  

Food 

security** 

     0.001 

Food secure 95.2 92.5  11.3 1.7(1.1-2.8) 0.01 

Moderately 

food insecure  

3.4 4.9  7.9 1.1(0.69-2.03) n.s 

Severely food 

insecure  

1.3 2.6  5.8 Reference   

BMI**      0.001 

Underweight 2.0 2.3  9.6 0.77(0.50-1.19) n.s 

Normal Weight 39.8 35.4  12.1 Reference   

Overweight 34.3 35.1  10.7 0.87(0.75-1.00) n.s 

Obese - Class I 16.2 17.5  10.2 0.82(0.69-0.98) 0.03 

Obese - Class II 6.2 6.7  10.1 0.83(0.63-1.06) n.s 

Obese - Class 

III 

1.6 3.0  6.0 0.46(0.29-0.75) 0.002 

Note. Chi Square test; * p < 0.05 ** p < 0.01 *** p < 0.001 when compared with non-consumer 

group § p-values are based on univariate logistic model is used for the analysis. n.s: non-significant 
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Similarly, Table 5-13 documents the association of different demographic variables with legume 

consumption but considering continuous variables. The mean and SD are provided for each 

variable in legume consumers and non-consumers. Moreover, the OR and 95% CI is also 

provided from the univariate logistic model. Legume consumers had significantly lower BMI 

(p<0.001), and weight (p<0.01). They were older at time of immigration (p<0.001) and their 

lengths of stay in Canada were longer (p<0.01). Moreover, there were no significant differences 

in physical activity participation (frequency 7 days) between legume consumers and non-

consumers (p>0.05). 

Table 5-13 : Comparison of demographic variables between consumers and non-consumers 

and their association with legume eating, CCHS 2015 

Variables Legume 

consumers 

Mean ± SD 

Non-consumers 

Mean ± SD 

 Odds Ratio (Lower 

and Upper 95% 

Limit) per unit 

p-value 

for 

OR§ 

AGE (year) 47.2±16.3 49.2±17.4***  0.995(0.991-0.998) 0.0001 

BMI (Kg/m2) 26.7±5.2 27.4±5.8***  0.97(0.96-0.98) 0.001 

HEIGHT (cm) 168.1±9.9 168.0±10.3  1.1(0.6-1.9) n.s 

WEIGHT(Kg) 76.0±18.1 77.7±18.7**  0.995(0.992-0.998) 0.002 

Age at time of 

immigration 

(year) (n=2851) 

27.8.8±13.1*** 25.7±13.8  1.01(1.00-1.01) 0.002 

Length of time in 

Canada since 

immigration 

(year) (n=2969) 

22.6±16.3 25.0±18.8**  0.99(0.98-0.99) 0.004 

 Total household 

income 

(Canadian Dollar) 

90432.2±169269.0 83242.8±69366.2  1 0.02 

Participate in 

physical activity 

(frequency 7 days) 

3.5±3.3 3.4±3.6  1.01(0.9-1.02) n.s 

Note. All values are normalized survey-weighted percentages. Independent sample t-test was used 

for comparison of the mean of different variables in two groups;* p < 0.05, ** p< 0.01, *** p< 

0.001 when compared with non-consumer group; § p-values are based on univariate logistic model 

is used for the analysis. n.s: non-significant. 
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Table 5-14 shows the list of the final associated variables with the legume consumption 

(consumers vs non-consumers) using the multivariate logistic model. In the final model 

Cultural/Racial origin and Education remained statistically significant (p <0.05). Participants 

who identified themselves as Latin American compared with other ethnic backgrounds were 

more likely to be legume consumers. Moreover, Non-Asian participants who identified 

themselves as being white, black, Latin American or of multiple cultural origins were 0.5 times 

less likely to be legume consumers than Asians were. In addition, less educated patricians were 

less likely to be legume consumers versus highly educated patricians (OR=0.6). Sex, Age, 

income, marital status, country of birth, provincial location, food security status, BMI and 

community type (urban versus rural) were not significant determinants of legume intake in the 

final model. The variance inflation factor (VIF) is also provided in the last column of Table 5-14, 

which shows no evidence for multi collinearity in the model (all VIF close to 1).  

Table 5-14: Multivariate logistic regression of variables associated with legume eating 

among Canadians ≥19 y, CCHS 2015 

Variables OR 95% CI p-value VIF 

Cultural or racial origin    0.0001 1.42 

Aboriginal 0.96 0.61-1.51 n.s  

South and Southeast Asia 2.06 1.76-2.41 0.0001  

White  Reference    

Arab and West Asia 2.61 1.94-3.50 0.0001  

Black 1.06 0.74-1.50 n.s  

Latin American  3.66 2.51-5.32 0.0001  

Cultural Origin § (Non-Asian vs Asian) 0.50 0.43-0.58 0.0001  

Education    0.008 1.03 

Less than secondary school graduation 0.43  0.35-0.52 0.01  

Secondary school graduation 0.48  0.41-0.56 n.s  

Some post-secondary 0.59 0.50-0.70 0.01  

Post-secondary graduation  Reference    

Education ‡ (Non-Postsecondary vs 

Post-secondary) 

0.60 0.53-0.68 0.0001  
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Note. p-value from multivaraite logistic model ;§ Self-reported ethnicity was dichotomized as 

either being of Asian vs. belonging to any other ethnic group (including mixed origins);‡ A 

dichotomous Education variable was constructed characterizing respondents as Non-

Postsecondary or Post-secondary to enhance comparability. n.s: non-significant. 

 

Table 5-15 shows the results of the additional analysis that we performed to confirm the 

differences in total amount of legumes consumed based on the final associated factors with 

legume eating, separately among legume consumers, non-consumers, and all population. For 

each item reported during the recalls, the Canadian Nutrient File (CNF) was used to estimate the 

weight of foods. By checking the weight of foods in the CNF and by adding up the weight of 

foods by a category, we calculated the weight of foods. A mean from the first 24-hour recall was 

considered appropriate to estimate the mean intake of a population—not the distribution—where 

the sample was representative. We checked the differences in the variables that remained 

significant in our final multivariate model that was cultures/racial origin and education level.  
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Table 5-15: CNF legume food groups intake (g) among legume consumers, non-consumers, 

and all population, Canadian Community Health Survey, (2015) 

Note. All values are normalized survey-weighted percentages; One-way analysis of variance was 

used for the analysis. n.s: non-significant 

 

Figure 5-2 shows the Receiver Operator Curve (ROC) and the total area under the curve for the 

final multivariate logistic model in (2015) participants. The total area under the curve for the 

final model was 0.576(95% CI:0.558-0.594,Table 5-16) which was statistically significant from 

the null hypothesis of true AUC=0.5 (p<.001),but again indicated limited predictive accuracy. . 

Variables Consumers Non-Consumers All Population 

 Mean(SD) p-

value 

Mean(SD) p-

value 

Mean(SD) p-

value 

Cultural or racial 

origin  

 n.s  0.03  n.s 

Aboriginal 17.1(29.4)  4.4(25.6)  5.4(26.1)  

South and southeast 

Asia 

45.0(87.1)  8.9(36.6)  15.5(51.7)  

White 39.3(82.5)  14.0(115.9)  16.3(113.5)  

Arab and west Asia 22.7(72.9)  0.8(4.3)  6.1(37.0)  

Black 33.7(61.8)  1.7(7.4)  4.7(22.3)  

Latin 34.3(25.6)  3.1(13.9)  11.7(22.7)  

Education  0.01  0.0001  0.0001 

Less than Secondary 

School  

31.2(76.0)  11.1(54.1)  12.7(56.4)  

Secondary School  51.2(102.8)  18.0(158.7)  20.5(155.3)  

Some Post-Secondary 33.5(60.5)  54.4(1.1)  12.3(55.5)  

Post-Secondary 

graduation 

34.8(73.3)  34.7(0.6)  11.8(44.3)  
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Figure 5-2: Receiver Operator Curve (ROC) for the Final Multivariate Logistic model for 

Legume Eating in CCHS 2015 

 

 

Table 5-16: Area under the Curve (AUC) for the Final Multivariate Logistic model for 

Legume Eating in 2015 

Test Result Variable(s):   Predicted probability   

Area Std. Error Asymptotic Sig. 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

0.576 0.009 0.0001 0.558 0.594 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

 

Table 5-17 presents the number of servings from Tier 1 to 3 foods recommended in Health 

Canada’s Eating Well with Canada’s Food Guide (EWCFG). Generally, the pattern of food 

consumption choices was significantly healthier among legume eaters than non-eaters (p < 

0.0001). 
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Table 5-17: Weighted analysis of number of servings between Legume eaters and Non 

eaters presented based on the 2014 Health Canada’s Surveillance Tool (HCST) Tier system 

among Canadians 19 years and older, CCHS 2015 

 Consumers  

N=1218 

Non-consumers 

N=9914 

p-value 

Variable Mean (SD) Mean (SD)  

TEIR 1- 3 13.7 (5.4) 12.7 (5.0) 0.0001 

TIER4 1.5(1.7) 1.6(1.6) n.s 

Note. †Tiers are based on Health Canada’s Surveillance Tool (162) and defined generally as 

follows: Tier 1–3 foods are compliant with EWCFG and Tier 4 foods are not recommended by the 

EWCFG. Tier 1 foods are foods that do not exceed lower thresholds for total fat, sugars, and 

sodium; Tier 2 foods do not exceed up to 2 lower thresholds for total fat, sugars or sodium, without 

exceeding any upper thresholds; for the Vegetables and Fruit and Grain Products food groups. 

Tier3 are foods that exceed all 3 lower thresholds without exceeding any upper thresholds or 

exceed only one upper threshold. n.s: non-significant.  

 

5.5 Is the Increase in Legume Consumption Independent of Other Factors? 

The differences in legume consumption between 2004 and 2015 remained statistically significant 

(p<0.001) when controlled for age, sex, cultural or racial origin, education, marital status, and 

body weight variables (Table 5-18).   

Based on combining the data from 2004 and 2015, we incorporated the variables age, sex, 

ethnicity, married status, weight, and legume consumption (Consumers vs Non-consumers) in a 

logistic model. The dependent variable in the model was the year variable (0=2004 vs 1=2015). 

Some variables had to be adjusted to have the same categories across the two surveys. 
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Table 5-18: Association of year and legume eating after adjustment for sociodemographic 

and lifestyle characteristics among Canadians aged 19 years and older in 2004 and in 2015  

Variables Beta S.E. p-value OR 95% CI 

Age (yr) 0.013 0.001 0.0001 1.014 1.011 1.016 

Sex         

       Male 0.08 0.035 0.01 1.092 1.019 1.170 

       Female  Reference 

Legumes       

      Eaters 0.49 0.06 0.0001 1.72 1.52 1.93 

      Non-Eaters  Reference 

Cultural or racial origin (Latin American, 

other and multiple racial or cultural origin) 

 
 

 
Reference   

White 0.52 0.127 0.0001 1.695 1.321 2.175 

Black 1.69 0.193 0.0001 5.471 3.748 7.986 

Aboriginal peoples of north America 1.09 0.152 0.0001 2.997 2.223 4.042 

Arab, west Asian 0.79 0.177 0.0001 2.206 1.559 3.121 

Southeast Asian 2.25 0.146 0.0001 9.519 7.155 12.663 

Education (POST-SECONDARY 

GRADUATION) 

 
 

 
Reference   

Less than secondary school graduation -0.07 0.045 n.s 0.930 0.852 1.016 

Secondary school graduation 1.22 0.041 0.0001 3.405 3.145 3.687 

Some post-secondary 1.33 0.050 0.0001 3.808 3.455 4.197 

Marital status(single)    Reference   

Married 0.19 0.047 0.0001 1.215 1.108 1.332 

Living common-law 0.62 0.063 0.0001 1.870 1.654 2.114 

Widowed -0.23 0.073 0.001 0.790 0.685 0.911 

Separated 0.22 0.091 0.01 1.258 1.052 1.504 

Divorced 0.08 0.073 n.s 1.085 0.941 1.252 

BMI (Kg/m2) 0.007 0.001 0.0001 1.007 1.005 1.009 

Note. Multivariate logistic model is used after adjustment of the age, sex, cultural or racial 

origin, education, marital status, and BMI variables, SE, Standard error. n.s: non-significant.  

 

5.6 The Analysis of Nutrient Intakes     

5.6.1 Comparison of Nutrient Intakes of Legume Consumers and Non-Consumers 

CCHS, cycle 2.2 (2004) 

While not a main focus, Table 5-19  reports differences in nutrient intake between consumers 

and non-consumers of legumes. Nutrient analysis has been a classic method of analysis in 

nutrition studies and results can be compared to other studies of legume consumers and non-
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consumers for consistency in interpreting dietary intake when using the BNS method to others in 

defining legume consumption. Legume consumers had significantly higher intakes of energy, 

carbohydrate, fiber, iron, magnesium and zinc, and significantly lower intakes of total fat and 

cholesterol. Total calorie intake was lower in non-consumers group (2006 ±751). Generally, 

legume consumers had a more favourable nutrient profile, higher in  minerals, except sodium, 

where mean sodium intake was higher for the legume consumers (3176 ±1569 mg) than for the 

non-eaters (3,006±1610mg); however, both groups were over the 2,300 mg limit for sodium 

recommended by the Dietary Guidelines for Americans and the DRI tolerable upper intake level 

(163). Saturated fat was lower in legume consumers at 8.8±3.9 % compared to non -consumers at 

10.3±4.3%, while total sugars intake was similar.   
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Table 5-19: Comparison of the Adjusted mean intakes of energy and nutrients between of 

legume consumers and non-consumers based on one day intakes from CCHS, cycle2.2(2004) 

Nutrients  Consumers 

 (N= 1131) 

Non-consumers 

(N=15065) 

 

 Mean ±SD p-value 

Energy (kcal) 2067 ±741 2006±751 0.008 

Total carbohydrate (g) 271±105 246±102 0.0001 

Total dietary fiber (g) 24±12 16±8 0.0001 

Total sugars(g) 96±57 100±62 0.01 

Total fat (g) 70±36 73±38 0.003 

Total saturated fatty acid (g) 21±13 24±14 0.0001 

Total monounsaturated fatty acid (g) 28±16 29±17 n.s 

Total polyunsaturated fatty acid (g) 13±9 13±8 n.s 

Linoleic fatty acid (g) 10±7 10±7 n.s 

Linolenic fatty acid (g) 2±2 2±1 0.0001 

Cholesterol intake (g) 224±191 276±220 0.0001 

Protein intake (g) 85±36 83±41 n.s 

Alcohol intake (g) 9±23 9±22 n.s 

% total energy from carbohydrate (g) 52±10 49±11 0.0001 

% total energy from fat (g) 29±8 32±9 0.0001 

% total energy saturated  fatty acids (g) 9±4 10±4 0.0001 

% total energy mono. fatty acids (g) 12±4 12±4 n.s 

% total energy poly. fatty acids (g) 5±3 6±3 n.s 

% total energy linoléic fatty acid( g) 4±2 4±2 n.s 

% total energy from linolénic acid(g) 0.8±0.6 0.7±0.5 0.0001 

% total energy from proteins (g) 16±5 16±6 n.s 

% total energy from alcohol (g) 3±6 3±7 n.s 

Vitamin D intake from food (mcg ) 5±6 5±7 n.s 

Vitamin A from food sources (RAE) 682±999 684±1273 n.s 

Vitamin C intake from food (mg)  125±116 125±116 n.s 

Thiamin intake from food (mg) 1.7±0.8 1.6±0.9 0.01 

Riboflavin intake from food (mg) 1.8±±0.8 1.9±0.9 n.s 

Niacin intake from food (NE ) 38±16 39±19 n.s 

Vitamin B6 intake from food (mg)  2±0.8 2±1 n.s 

Vitamin B12 intake from food (mcg)  4±9 4±8 n.s 

Naturally occurring folate (mcg)  331±190 222±133 0.0001 
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Nutrients  Consumers 

 (N= 1131) 

Non-consumers 

(N=15065) 

 

 Mean ±SD p-value 

Folic acid intake from food (mcg) 129±120 116±100 0.0001 

Folate intake from food (DFE) 551±275 441±229 0.0001 

Folacin intake from food (mcg) 464±235 344±173 0.0001 

Calcium intake from food (mg)  857±542 837±521 n.s 

Phosphorus intake from food (mg) 1378±544 1298±589 0.0001 

Magnesium intake from food (mg) 370±142 315±136 0.0001 

Iron intake from food sources (mg)  16±7 13.6±6 0.0001 

Zinc intake from food (mg)  12±5 11±6 0.0001 

Sodium intake from food (mg) 3176±1569 3006±1610 0.001 

Potassium intake from food (mg) 3327±1223 3015±1262 0.0001 

Caffeine intake from food (mg)  218±238 223±266 n.s 

Note.* Independent sample t-test was used for comparison of the mean of different variables in 

two groups; ¥DFE: Dietary Folate Equivalent; §RAE: retinol activity equivalents; £NE: niacin 

equivalents. . Normalized survey weighted. n.s: non-significant. 

 

5.6.2 Comparison of Nutrient Intakes for Legume consumers, Non-consumers, CCHS 

2015 

Table 5-20 reports the mean and SD for different nutrients in legume consumers and non-

consumers in 2015. Numerically, total calorie intake was lower in the non-consumers group 

(1866±694), as in 2004, but not statistically significantly different. In contrast to 2004, protein as 

a percentage of calories was lower than the non-consumer group. Consumption of legumes has 

again been associated with higher vitamin and mineral intakes. As a percentage of calories, 

saturated fat intake was higher among legume consumers since 2004, and was relatively stable 

among non-consumers [2004: consumers 8.8±3.9% vs non-consumers 10.3±4.3% and 2015: 

consumers 10.1±3.9% vs non-consumers 10.4±4.0%]. Total sugar intakes were also similar in 

2015. Sodium intakes had declined overall since 2004 and were similar by 2015 at among 
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legume consumers  (2696±1301mg) and non-consumers  (2730±1401mg); however, both groups 

were still over the 2,300 mg upper limit (UL) for sodium recommended by the Dietary 

Guidelines for Americans and the DRI tolerable upper intake level (163). 

Table 5-20 : Comparison of the Adjusted mean intakes of energy and nutrients between of 

legume consumers and non-consumers based on 1-day intakes from CCHS 2015 

Nutrients Consumers 

(N= 1218) 

Mean ±SD 

Non-consumers 

(N=9919) 

Mean ±SD 

p-value 

Energy (kcal) 1901±648 1866±694 n.s 

Total carbohydrate ( g) 242±91 221±89 0.0001 

Total dietary fibre (g) 24±11 16±8 0.0001 

Total sugars(g) 88±47 87±53 n.s 

Total fat (g) 69±31 70±36 n.s 

Total saturated fatty acid ( g) 22±12 23±13 n.s 

Total monounsaturated fatty acid (g) 26±13 26±15 n.s 

Total polyunsaturated fatty acid (g) 14±8 15±9 n.s 

Linoleic fatty acid (g) 12±7 13±8 0.004 

Linolenic fatty acid (g) 1.5±1.0 1.5±1.2 n.s 

Cholesterol intake (g) 238±218 275±218 0.0001 

Protein intake (g) 76±33 79±37 0.004 

Alcohol intake (g) 6±17 9±21 0.0001 

% total energy from carbohydrate (g) 50±10 47±11 0.0001 

% total energy from fat (g) 32±8 32±9 0.006 

% total energy saturated fatty acids ( 

g) 

10.1±4.0 10.4±3.9 0.01 

% total energy mono. fatty acids (g) 11.7±3.7 12±4 0.02 

% total energy poly. fatty acids (g) 6.7±2.8 6.9±3.4 0.003 

% total energy linoléic fatty acid (g) 5.5±2.5 5.9±3.1 0.0001 

% total energy from linolénic acid (g) 0.7±0.4 0.7±0.5 n.s 

% total energy from proteins (g) 15.9±4.6 17.0±5.6 0.0001 

% total energy from alcohol (g) 2±5 3±7 0.0001 

Vitamin D intake from food (mcg ) 4.2±4.9 4.8±5.5 0.001 

Vitamin A from food sources (RAE§)  716±772 638±859 0.001 

Vitamin C intake from food (mg)  117±97 95±93 0.0001 

Thiamin intake from food (mg)  1.6±0.8 1.5±0.8 0.01 
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Nutrients Consumers 

(N= 1218) 

Mean ±SD 

Non-consumers 

(N=9919) 

Mean ±SD 

p-value 

Riboflavin intake from food (mg)  1.8±0.7 1.9±0.8 0.002 

Niacin intake from food (NE£)  35±16 40±19 0.0001 

Vitamin B6 intake from food (mg)  1.6±0.8 1.6±0.9 n.s 

Vitamin B12 intake from food (mcg)  3.6±4.8 4.1±5.3 0.001 

Naturally occurring folate (mcg)  306±172 202±107 0.0001 

Folic acid intake from food (mcg)  91±90 114±95 0.0001 

Folate intake from food (DFE¥)  504±258 430±227 0.0001 

Folacin intake from food (mcg)  397±195 317±150 0.0001 

Calcium intake from food (mg)  812±433 776±446 0.007 

Phosphorus intake from food (mg)  1326±530 1271±558 0.01 

Magnesium intake from food (mg)  353±146 303±132 0.0001 

Iron intake from food sources (mg)  14.0±5.9 12.1±5.6 0.0001 

Zinc intake from food (mg)  11.5±6.6 10.2±5.9 0.0001 

Sodium intake from food (mg)  2696±1301 2730±1400 n.s 

Potassium intake from food (mg)  2928±1073 2661±1071 0.0001 

Caffeine intake from food (mg)  142±138 163±196 0.0001 

Note.*Independent sample t-test was used for comparison of the mean of different variables in two 

groups; ¥DFE: Dietary Folate Equivalent; §RAE: retinol activity equivalents; £NE: niacin 

equivalents. Normalized survey weighted. n.s: non-significant 

 

5.7 Incomplete Food Analysis  

We discussed previously that it was not possible to analyze food dishes consumed by legume 

consumers completely, but we knew the frequency at which these foods were consumed.  

5.7.1 Partial Analysis of Common Foods Eaten by Legume Consumers, CCHS 2004 

 Figure 5-3 shows reported consumption frequencies of foods among legume consumers. The 

most frequently consumed foods were seasoning, onions, green onions, leeks, garlic, cereal 

grains, flour, milk, spices, and margarine. Beans and split peas are among the most commonly 

consumed legumes, as shown in Figure 5-4. These two figures provide more some data on 
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commonly consumed items among legume consumers. In the next section, the 2015 results are 

considered in the same order of presentation.  

 

 

Figure 5-3: Frequency of food consumption reported throughout the day among legume 

consumers, Canadian Community Health Survey, Cycle 2.2 (2004). Proportions of 

consumption of specific foods of less than 1% are not shown.   
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 Figure 5-4: Frequency of different type of legume consumption reported throughout the 

day among legume consumers, Canadian Community Health Survey, Cycle 2.2 (2004)  

 

5.7.2 Partial Analysis of Common Foods Eaten by Legume Consumers, CCHS 2015   

Food frequency reports among legume consumers are shown in Figure 5-5. Vegetable oils, 

seasoning, onions, green onions, leeks, garlic, cereal grains, milk, spices, and egg are the most 

frequently consumed foods. As shown in Figure 5-6, beans and hummus are among the most 

commonly consumed legumes. 
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Figure 5-5: Frequency of food consumption reported throughout the day among legumes 

consumers, CCHS2015. Proportions of under of consumption of specific foods of less than 

1% are not shown.    
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Figure 5-6: Frequency of different type of legume consumption reported throughout the 

day among legume consumers, CCHS2015. 

 

A simple comparison of food proportions between 2004 and 2015 indicates that there are 

different types of legumes consumed (Appendices E and F). Analysis of the distribution of 

different types of legumes between the surveys also indicates a big increase in hummus and 

decline consumption of pork and beans as proportions of overall intake. This will help explain 

the confusing information concerning predictors that change with time. 
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5.8 Eating Occasions and Location of Consumption, Legume Consumers2004 and 2015 

The analysis of the count of eating occasions is complicated by the fact that many people do not 

eat according to a set schedule, thus decisions as to what counts as breakfast, mid-day and 

evening meals are somewhat arbitrary. See Figure 5-7 and Figure 5-8  to see the proportion of 

legume consumers at different times throughout most of the day. Using common time spans 

across the two surveys allows for comparison of eating occasions. The periods in 2004 were: 

(6.30 am - 10:00am), followed by 26.1% in lunch period (12:30 pm-2:00 pm) and 22.1% in 

supper (17:00 pm -18:00 pm) in 2015, it was 5.8% in the morning, with 41.7% in the lunch 

(12:00 pm-2:00 pm) and 41.1% in the supper period (17:00 pm - 20:00 pm).   

 

 Figure 5-7: Frequency of legume consumption occasions reported per hour throughout the 

day for the timing of eating across, CCHS 2004. Proportions of under 1% for legume 

consumption is not shown.   
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Figure 5-8: Frequency of legume consumption occasions reported per hour throughout the 

day for the timing of eating across CCHS 2015. Proportions of under 1% for legume 

consumption is not shown.   

 

Data for eating occasions in 2004 are summarized in Table 5-21. It shows the percentage of the 

population who consumed versus did not consume legumes at a particular eating occasion. In 

terms of eating at each occasion or skipping a meal, legume consumers were slightly more likely 

to eat at each occasion than non-consumers.     

Table 5-21: Contribution of legume consumption by each eating occasion 2004 (N=16,196 

participants) 

Occasions 
Percentage of 

legume consumers 

(N) 

Percentage of 

Non-

consumers(N) 

P- value 

Breakfast (N= 14,425) 90.7 (1026) 88.9 (13399) n.s 

Lunch (N=13737) 88.7 (1003) 84.5 (12734) 0.0001 

Supper-dinner (N=15688) 98.4 (1113) 96.7 (14575) 0.001 

Brunch (N=336) 1.9 (22) 2.1 (314) n.s 

Snack (N=12658) 81.8 (925) 77.9 (11733) 0.002 

Drink (N=10657) 67.9 (768) 65.6 (9889) n.s 

Note.*Chi-squared test was used for the association of legume eating and skip/eat at each 

occasion. Normalized survey weights were applied. n.s: non-significant 
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Considering the distribution of legume consumption at eating occasions through the day among 

legume consumers, 34.2% of all legume consumption was reported during the morning period 

(Table 5-22). Examination of food sources (data no shown) suggested high consumption of 

fortified breakfast drinks.   

Table 5-22: Eating occasion, number of times legumes consumed, frequency per day 2004 

Occasions  Percentage  

BREAKFAST 34.2% 

LUNCH 26.1% 

SUPPER  22.1% 

SNACK 13.8% 

DRINK 3.4% 

Daily Total 99.6% 

 

The eating occasions data for 2015 are summarized in Table 5-23. A similar pattern with legume 

eaters more likely to consume food at the eating occasion as in 2004 emerged. However, when 

the distribution of legume consumption through the day was considered, breakfast no longer 

dominated as the eating occasion for higher legume consumption (see Table 5-24).   

Table 5-23: Contribution of legume consumption by each eating occasion among all 

sample, CCHS 2015 (N=11,137) 

Occasions  Legume Consumer (N) Non-Consumer (N) P- value* 

Breakfast (N= 10046) 95.1 (1158) 89.6 (8888) 0.0001 

Brunch (N= 199) 2.5 (31) 1.7 (168) 0.03 

Lunch (N=9515) 87.7(1068) 85.2 (8447) 0.01 

Supper-dinner (N=10723) 97.9 (1193) 96.1 (9530) 0.001 

Snack (N= 8813) 81.0 (986) 78.9(7827) n.s 

Drink (N= 7023) 62.9 (766) 63.1 (6257) n.s 

Note.*Chi-squared test was used for the association of legume eating and skip/eat at each occasion. 

n.s: non-significant. 
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Table 5-24: Number of times legumes consumed (frequency per occasions), CCHS 2015  

Occasions Percentage  

BREAKFAST 5.8% 

LUNCH 41.1% 

SUPPER 41.7% 

SNACK 10.9% 

Total 99.5% 

 

5.9 Food Group Analysis at Selected Eating Occasions and at Home Contributions, CCHS, 

Cycle 2.2 (2004) 

To address the third thesis objective, to compare legume consumers vs non-consumers for any 

differences  in terms of eating occasions, timing, types of legumes eaten at different meals  and 

other food groups  consumed with legumes, several types of exploratory analyses were untaken.   

More detailed examination of lunch and supper meals and at home was undertaken to better 

understand what CNF food groups were being eaten together.  Because of the great diversity of 

food dishes eaten by legume consumers, analysis at the food dish level was impossible, as the 

number of participants eating specific dishes was often below the threshold for release by the 

RDC. Therefore, analysis by CNF food groups was undertaken, using grams as a basic indicator 

of amount consumed. Legume eaters were identified for this analysis by consumption at a 

specific meal or at home for either lunch or supper-dinner. These simple analyses provide some 

information on differences in dietary habits. The estimated associations food groups among 

legume eaters are shown in  

Table 5-25. Associations tended to be consistent, such that higher intake at one eating occasion 

would also demonstrate higher intake in the home environment. The comparisons are not 
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mutually exclusive, as most meals were eaten at home. No food group was significantly different 

from non-consumers in all three sets of analyses (Lunch, Supper-dinner and Home).  

Several associations were statistically significant for the “home” analysis and in one of the 

“meal” comparisons. Analyzing the results of eating at home,, legume consumers had higher 

intakes of spices and herbs, fats and oils, breakfast cereal, Fruits and juices, vegetables, nuts and 

seeds and grains and pasta (p<0.05).  Legume consumers had lower intakes of poultry, sausage 

and luncheon meat, and baked goods (p<0.001).   

Table 5-25: Grams of food groups eaten by consumers at selected eating occasions and at 

home  Canadian Community Health Survey, Cycle 2.2 (2004) (N=16, 196) 

Food 

Groups  

Lunch 

 

Supper/dinner 

 

Home   

 

 Legume 

Consumers 

At Meal  

(N=456) 

Non-

consumers 

At Meal 

(N=15740) 

Legume 

Consumers 

At Meal 

(N=636) 

Non-

consumers 

At Meal 

(N=15560) 

Legume 

Consumers 

At Home  

(N=941) 

Non-

consumers 

At Home 

(N=15255) 

Dairy foods 

and eggs 

290±289 296±310 302±310 296±309 300±304 296±309 

Spices and 

herbs 

4±7 4±8 5±6** 4±8 5±8** 4±8 

Fats and 

oils 

27±24 25±25 28±32** 25±24 27±30* 25±24 

Poultry 36±79 40±82 25±55*** 41±83 27±63*** 41±83 

Soup, sauce 

and gravy 

47±106** 59±146 52±153 59±145 52±141 59±145 

Sausage, 

luncheon 

meat 

9 ±31*** 17±40 14±36 17±40 12±33*** 17±40 

Breakfast 

cereal 

41±85** 29±70 32±84 29±70 36±87** 29±69 

Fruits and 

juices 

253±254 233±280 256±279 233±279 262±275*** 232±279 

Pork 16±47 19± 51 17±50 19±51 18±51 19±51 

Vegetables 276±217*** 244±210 256±210 244±211 265±223** 243±210 
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Food 

Groups  

Lunch 

 

Supper/dinner 

 

Home   

 

 Legume 

Consumers 

At Meal  

(N=456) 

Non-

consumers 

At Meal 

(N=15740) 

Legume 

Consumers 

At Meal 

(N=636) 

Non-

consumers 

At Meal 

(N=15560) 

Legume 

Consumers 

At Home  

(N=941) 

Non-

consumers 

At Home 

(N=15255) 

Nuts and 

seeds 

3.7±12 3±15 5±19 3±15 5±20** 3±15 

Beef 39±67 42±80 41±74 42±79 39±71 42±80 

Fin and 

shell- fish 

19±54 18±59 16±50 18±59 17±49 18±59 

Lamb, veal 

and game 

2±13 2±21 3±19 2±21 2±17 2±21 

Baked 

products 

69±61** 78±63 76±66 78±63 70±64*** 78±63 

Sweets 44±61 48±74 50 ±89 48±73 49±79 48±73 

Grains and 

pasta 

97±140* 82±129 89±133 82±129 96±146** 81±128 

Snacks 8±25 10±27 8.8±27.0 10±27 9±28 10±27 

Independent sample t-test was used for comparison of the mean of different variables in two 

groups; * p < 0.05 , ** p < 0.01 , *** p < 0.001 when compared with non-consumer group.  “Home” 

refers to foods prepared at any time of day at the participant’s home or at someone else’s home. 

Normalized survey weighted.  Note. baby foods, beverages, fast foods and mixed dishes food 

groups were not considered.    

5.10 Daily Consumption of Food Groups among Legume Eaters, CCHS, cycle2.2 (2004) 

To get an overall idea of any food group differences in intake of legume consumers vs non-

consumers, total daily grams eaten were next considered. Results for 2004  are shown in Table 

5-26, while results for 2015 are shown in Table 5-28. Food group intakes were increased among 

legume consumers compared to non-consumers for spices and herbs, fats and oils, breakfast 

cereal, and grains and pasta. Intakes among legume consumers were lower than non-consumers 

for poultry, sausage and luncheon meat, soups sauces and gravy, pork, beef, lamb, veal and game 

baked goods and snacks.      
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A multivariate logistic analysis was carried out with the outcome variable being legume 

consumers/non-consumers. Our objective was to examine the relationship between consumption 

of legumes and a set of predictors (food groups) to identify those covariates that are predictive of 

legume consumption. We implemented a backward method which involves starting with all the 

covariates (food groups), checking their deletion against the chosen model fit criteria, removing 

the variable (if any) that appears to have the least statistically significant impact on the model fit. 

The process was repeated until no additional variables can be eliminated without a statistically 

insignificant loss of fit.  From Figure 5-9 , those who eat more spices and herbs, fats and oils, 

fruits and juices, vegetables, nuts and seeds, grains and pasta on daily meal were more likely to 

be legume eaters compared to other food groups. As you see from the Figure 5-9, the ORs are 

very close to 1 but these food groups remained significant in the final model.  
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Table 5-26: Adjusted mean intakes of food groups (g) by legume consumers and non-

consumers, aged 19 years and older (Canadian Community Health Survey, Cycle 2.2 (2004)) 

Variables Consumers  

(N= 1131) 

Mean ±SD 

Non-Consumer 

(N=15065) 

Mean ±SD 

Dairy Foods and Eggs 275.7±277.4 296.4±306.1 

Spices and Herbs 5.9±12.0*** 4.5±8.4 

Fats and Oils 28.3±27.1*** 24.8±24.6 

Poultry 38.0±75.1** 44.2±89.5 

Soup, Sauce and Gravy 46.1±141.8*** 61.7±160.3 

Sausage  10.7±31.4*** 17.0±40.0 

Breakfast Cereal 40.0±143.5** 25.6±67.8 

Fruits and Juices 264.2±297.1 248.1±299.3 

Pork 16.2±44.3* 19.7±50.0 

Vegetables 262.0±198.7 250.5±214.2 

Nuts and Seeds 4.4±17.6 4.3±18.5 

Beef 35.8±63.6** 42.4±80.8 

Fin, and Shellfish 16.7±48.3 17.8±56.9 

Lamb, Veal and Game 1.6±12.5* 2.5±20.8 

Baked Products 70.7±68.2*** 78.9±65.4 

Sweets 45.00±71.1 48.7±73.3 

Grains and Pasta 140.9±169.9*** 104.9±148.6 

Snacks 8.4±24.9** 10.6±28.8 

Independent sample t-test and multivariate logistic model was used for the analysis. Note. * p 

<0.05, ** p <0.01, *** p<0.001, statistically significant in comparison with the non-consumer 

group.  
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Figure 5-9: Forest plot for the final multivariate model legume consumption using food 

groups, 2004. 95% confidence interval shown. Significance for odds ratios including 1.00 

depended on whether the odds ratio was rounded up or down to the nearest one-hundredth. 

One-day intake, adjusted for sex, ethnicity, age, and energy. 

 

Different approaches were used to identify predictors. A two-step cluster analysis was conducted 

to determine the importance of different food groups in predicting legume consumption. 

 We optionally designated additional variables or fields (CNF food groups) as evaluation fields 

in two-step cluster, and these were included in the computation of importance values if they were 

specified. This measure is set to range from 0 to 1, with the maximum value for any predictor set 

to 1. Predictors are the variables (CNF food groups) used in the cluster analysis. Figure 5-10 

illustrates the importance of each food group as predictors for legume eating. The closer the 

number is to 1 the more important the predictor is in predicting legume eating. From this figure 
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(Figure 5-10 ) we see that while the most important predictors are poultry, vegetables and 

sausage, the least important predictors are beverages, lamb, veal, and game.  

 

 Figure 5-10: Predictor importance for being legume consumer based on food groups 

Canadian Community Health Survey, Cycle 2.2 (2004).  Two-step cluster analysis was used 

for this visualization 

 

5.11 Food Group Contributions at Selected Eating Occasions, CCHS2015 

Considering the CNF classification, the 2015 data were examined for associations with legume 

consumption at lunch, supper-dinner and home meals, as CCHS2004 in Table 5-25 .  The 

estimated associations between eating some occasion’s outcomes and the place of consumption 

with food groups among legume eaters are shown in Table 5-27. Looking at the Home analyses, 

legume consumers had higher intakes of spices and herbs and grains and pasta (p<0.001) in 

2015, as they had in 2004. Legume consumers also had lower intakes of poultry and sausage and 

luncheon meat in both surveys (p<0.05). Other between group differences were not consistent 

across surveys.  Multiple explanations could account for this.  For example, in 2004, legume 
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consumers ate 265±223g of vegetables compared to 244±210g among non-consumers, but in 

2015 legume, consumers ate 332±392g compared to 330±460g among non-consumers, 

suggesting increases in both groups.    

Table 5-27: Summary of daily eating habits in some occasions and location among legume 

consumers, CCHS 2015 (N= 11,137) 

Food 

Groups 

Lunch 

 

Supper-dinner 

 

Home 

 

 Legume 

Consumers at 

Meal 

 (N=528) 

Non-

consumers 

at Meal  

(N=10609) 

Legume 

Consumers 

At Meal 

(N=571) 

Non-

consumers 

at Meal 

(N=10566) 

 

Legume 

Consumers 

At Home 

(N=945) 

Non-

consumers 

At Home 

(N=10192) 

Dairy foods 

and eggs 

384.8±562.2 419.2±594.2 367.8±609.3 420.3±591.7 381.2±564.3 421.0±595.2 

Spices and 

herbs 

4.6±6.1*** 3.4±5.7 4.2±6.1*** 3.4±5.7 4.2±6.2*** 3.4±5.7 

Fats and 

oils 

46.3±61.6 44.6±67.2 43.9±59.9 44.7±67.3 44.9±62.7 44.7±67.3 

Poultry 46.3±134.1** 62.0±211.0 33.2±106.6** 62.8±212.0 43.4±143.9*** 63.00±212.9 

Soup, sauce 

and gravy 

55.8±169.0 59.6±204.8 35.6±119.4 60.7±206.7 46.9±149.1** 60.5±207.5 

Sausage, 

luncheon 

meat 

7.6±51.9*** 19.1±104.0 17.1±107.7*** 18.6±101.9 12.8±86.4* 19.1±103.5 

Breakfast 

cereal 

2.5±22.3** 5.4±46.4 4.8±38.0** 5.3±45.9 4.3±35.7 5.4±46.3 

Fruits and 

juices 

219.1±407.6 213.4±401.3 243.5±490.7 212.0±396.1 230.2±442.8 212.1±397.5 

Pork 20.4±131.5 20.9±103.8 11.7±58.1 21.4±107.2 13.7±64.5*** 21.6±108.2 

Vegetables 339.7±391.4 529.8±457.9 306.5±371.4 331.6±459.0 331.6±392.4 330.2±460.3 

Nuts and 

seeds 

26.1±82.1 21.1±106.8 27.0±113.6 21.0±105.3 24.1±78.3 21.1±108.0 

Beef 9.4±45.8*** 20.0±100.8 18.6±99.8*** 19.6±98.9 14.3±79.00* 20.0±100.6 

Fin and 

shellfish 

4.0±31.7*** 10.8±66.6 7.4±43.3*** 10.6±66.4 5.7±35.8*** 10.9±67.5 

Lamb, veal 

and game 

0.04±0.5 0.6±16.0 0.3±7.5 0.6±15.9 0.2±5.9 0.6±16.2 

Baked 

products 

58.9±107.7 61.4±123.6 64.9±115.7 61.1±123.3 66.7±115.4 60.8±123.6 
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Food 

Groups 

Lunch 

 

Supper-dinner 

 

Home 

 

 Legume 

Consumers at 

Meal 

 (N=528) 

Non-

consumers 

at Meal  

(N=10609) 

Legume 

Consumers 

At Meal 

(N=571) 

Non-

consumers 

at Meal 

(N=10566) 

 

Legume 

Consumers 

At Home 

(N=945) 

Non-

consumers 

At Home 

(N=10192) 

Sweets 72.6±121.7 69.5±127.0 87.8±132.0 68.7±126.4 76.4±120.9 69.0±127.3 

Grains and 

pasta 

84.5±104.5*** 60.9±114.4 86.7±114.1*** 60.6±113.9 81.9±110.1*** 60.1±114.2 

Snacks 10.0±35.6 10.1±67.9 15.1±57.8 9.8±67.1 14.6±51.0** 9.6±67.9 

Independent sample t-test was used for comparison of the mean of different variables in two 

groups. * p< 0.05 ,** p< 0.01 ,*** p< 0.001 when compared with non-consumer group. “Home” 

refers to foods prepared at the participant’s home or at someone else’s home. Normalized survey 

weighted. Note. Baby foods, beverages, fast foods and mixed dishes were not considered. 

 

5.12 Daily Consumption of Food Groups among Legume Eaters, CCHS2015 

Total daily food groups intakes (g) for legume consumers and non-consumers are shown in Table 

5-28 for 2015.Some associations were consistent with the 2004 data in Table 5-26. Legume 

consumers ate more spices and herbs, fats and oils, and grains and pasta in both surveys.  

Similarly, legume consumers ate less poultry, soups, sauces, and gravy, sausage, beef, lamb, and 

veal and game both years. In 2015, food groups intakes between legume consumers and non-

consumers were significantly different with the exception of vegetables, nuts and seeds, and 

snack food groups.  
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Table 5-28: Adjusted mean intakes of food groups (g) for legume consumers and non-

consumers, ages 19 years and older, CCHS 2015 

Food Groups 
Consumers  

(N= 1218) 

Mean ±SD 

Non-consumers 

(N=9919) 

Mean ±SD 

Dairy Foods and Eggs 362.9±516.8 422.5±573.9 

Spices and Herbs 4.4±6.0*** 3.6±6.4 

Fats and Oils 50.7±65.9*** 44.2±64.7 

Poultry 36.4±114.8*** 65.5±211.7 

Soup, Sauce and Gravy 47.9±135.5* 57.2±194.8 

Sausage Luncheon Meat 12.0±89.8* 18.2±102.1 

Breakfast Cereal 4.9±30.0 4.7±39.8 

Fruits and Juices 255.3±521.3** 212.8±383.9 

Pork 14.2±82.1 17.6±95.3 

Vegetables 338.7±403.3 346.5±500.6 

Nuts and Seeds 25.0±102.2 23.5±118.4 

Beef 10.7±52.0*** 23.9±106.5 

Beverages 163.7±303.2 217.1±367.8 

Fin and Shellfish 5.1±32.7*** 11.7±70.9 

Lamb, Veal and Game 0.05±1.8*** 0.8±18.6 

Baked Products 53.7±95.4*** 63.8±133.3 

Sweets 86.8±129.3*** 66.5±121.7 

Grains and Pasta 73.8±97.8*** 61.8±115.7 

Snacks 10.9±38.7 9.4±95.7 

*Independent sample t-test § multivariate logistic model was used for the analysis. Note.* p <0.05, 

** p <0.01, *** p<0.001, statistically significant in comparison with the non-consumer group. 

Note:Baby food, fast foods and mixed dishes were excluded. Normalized survey weighted. 

 

The multivariate logistic modelling to identify food group predictors of legume consumption 

results for 2015 are shown in Figure 5-11. On multivariate analysis using logistic model, those 

who eat more spices and herbs, fats and oils, fruits and juices, vegetables, nuts and seeds, grains 

and pasta on daily meal were more likely to be legume consumers compared to other food 

groups. As you see from the Figure 5-11, the ORs are very close to 1.  The comparable results 
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for 2004 are shown in Figure 5-9. Five food groups were predictors in both survey years: spices 

and herbs, poultry, fruits and juices, nuts and seeds and grains and pasta.    

 

 

 

 

Figure 5-11: Forest plot for the final multivariate model legume consumption using food 

groups. 95% confidence interval shown. Significance for odds ratios including 1.00 depend 

on whether the odds ratio was rounded up or down to the nearest one-hundredth. One-day 

intake, adjusted for sex, ethnicity, age, and energy. 

 

The two-step cluster analysis revealed the importance of different food groups in predicting 

legume consumption. Figure 5-12 is visualized the importance of each food group as a predictor 

for legume eating. The closer the number is to 1 the more important the predictor is in predicting 

legume eating. From this figure, we see that while the most important predictors are grains, 
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pasta, spices and herbs, the least important predictors are baked products and breakfast cereal. 

While in 2004 the most important predictors are poultry, vegetables and sausage, the least 

important predictors are beverages, lamb, veal, and game.  

 

 

Figure 5-12: Predictor importance for being legume consumer based on food groups 

CCHS2015, Two-step cluster analysis was used for this visualization 

 

5.13 Cluster Analysis 

In this section, the results of the exploratory analyses to address objective 4 are presented, 

beginning with the cluster analysis. In this analysis, mean intakes of food groups were used to 

find the clusters. The initialization of the algorithm selects k random centers or centroids. The 

assumption in this study is that the individual eats food groups according to a certain pattern of 

consumption. During the initialization phase, however, the 23 CNF food groups are randomly 

selected from everyone’s distribution. Within every cluster, a value representing the mean of the 
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food groups for everyone is assigned. These values are used for the next iteration of the 

algorithm. This process of setting centroids and assigning individuals to the clusters repeats itself 

until the distance between cluster centroids is minimally squared.   

A cluster analysis was carried out by normalizing the consumption data for each food groups. A 

cluster analysis was conducted based on similarity of consumption of the various food groups in 

grams. The solutions produced and used are based on the best cluster outcome for the population 

as it formed reasonably sized (>10 % of sample size in each cluster) and well-stabilized clusters, 

as demonstrated by the iteration history that progressed  to the general area of their final location. 

Convergence was achieved due to no or small change in cluster centers. The maximum absolute 

coordinate change for any center was almost zero. The means and standard deviations of the 

daily food group consumption across clusters demonstrated that the identified clusters had varied 

consumption of key food groups. 

5.13.1 Cluster Analysis Results from the CCHS 2004 

Based on the findings in CCHS 2004, the three-cluster solution was found to give the best fit. 

The clusters have been chosen to maximize the differences among cases in different clusters and 

minimize the differences among cases within the cluster. There may be other methods such as 

canonical correlations that can be used to group the data, but cluster analysis is used in this thesis 

which is more common. Table 5-29 presents the mean ± SD of the food group intakes in each 

cluster as well as total population. Among the food group intake variables, the most significant 

variables for determination of the clusters were dairy foods and eggs, fruits and juices, soup, 

sauce and gravy, sausage luncheon meat, breakfast cereal, vegetables, sweets, grains and pasta, 
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legumes (p<0.001) and the least significant variables were fats and oils, poultry, beef, fin- and 

shellfish, and snacks (p>0.05).  

Based on the food categories that contribute the most to daily energy intake, names were 

assigned to the identified clusters. The first cluster includes 2234 participants and is labelled as 

the “Soup and Fruit  cluster” and characterized by having the highest consumption of spices and 

herbs, soup, sauce and gravy, vegetables, fruits and juices, nuts and seeds, grains and pasta, fin- 

and shellfish, and legumes compared with the other two clusters. Subjects in this cluster had the 

lowest intakes poultry, sausage luncheon meat and pork, beef, baked products, and sweets. 

The second cluster includes 2657  participants and is labelled as the” Dairy cluster” because of 

having the highest consumption of dairy foods and  eggs, sausage and luncheon meat, breakfast 

cereal, baked products, sweets. This cluster had the lowest intake of vegetables, fin- and 

shellfish, grains and pasta, snacks, legumes.  

The last and largest cluster includes 11305 participants and is composed of people with high 

intakes of poultry, pork, beef, snacks and the lowest intakes of  the dairy foods and  eggs, fats 

and oils, soup, sauce and gravy, breakfast cereal, fruits and juices. This cluster is called the 

“Middle meat lovers cluster”. In Table 5-29, total energy is also compared in three clusters by 

one-way analysis of variance (ANOVA), and it was significantly different among three clusters 

(p<0.001). Second cluster has the largest energy intake (2305±730) and third cluster has the 

lowest energy intake (1896 ±729). 
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Table 5-29: Mean (SD) of the food group intake (g) across identified clusters in CCHS2004 

(N=16,196)  

Food groups Mean 

intakes for  

all 

population 

(N=16196) 

Cluster 1 

(N=2234) 

Soup and 

fruit 

Cluster 2 

(N=2657) 

Dairy 

 

Cluster 3 

(N=11305) 

Middle 

Meat lovers 

 

 Mean ±SD Mean ±SD Mean ±SD Mean ±SD F (p‐value)* 

Energy (kcal) 2010±751 2211±741 2305±730 1896±729 439.3 

(0.0001)§ 

Dairy foods and  

eggs(g/day) 

294.7±303.9 241.5±290.1 817.1±309.5 186.2±298.9 10274.2 

(0.0001) 

Spices and 

herbs(g/day) 

4.6±8.8 4.9±9.9 4.7±7.6 4.5±8.6 3.5 (0.02) 

Fats and 

oils(g/day) 

25.1±24.9 25.3±23.8 25.2±22.3 24.9±25.6 0.3 (0.7) 

Poultry(g/day) 43.7±88.4 42.7±103.8 43.5±87.0 44.0±86.9 0.2 (0.7) 

Soup, sauce and 

gravy(g/day) 

60.4±159.0 76.9±135.0 57.8±172.4 57.5±142.4 15.7 (0.0001) 

Sausage luncheon 

meat(g/day) 

16.5±39.4 

 

13.6±42.0 17.8±36.9 17.0±42.5 9.1 (0.0001) 

Breakfast 

cereal(g/day) 

26.8±76.8 28.3±69.4 31.4±84.0 25.1±62.6 8.1 (0.0001) 

Fruits and 

juices(g/day) 

249.4±299.2 763.6±280.0 206.2±304.4 141.3±294.2 10138.7 

(0.0001) 

Pork(g/day) 19.4±49.6 17.6±50.8 18.3±48.00 20.1±51.8 3.3 (0.03) 

Vegetables(g/day) 251.4±213.0 273.2±236.9 240.8±200.5 248.7±224.7 17.3 (0.0001) 

Nuts and 

seeds(g/day) 

4.3±18.4 5.9±18.1 4.1±17.2 4.0±20.1 11.9 (0.02) 

Beef(g/day) 41.9±79.5 40.1±91.7 41.4±75.4 42.6±82.8 1.01 (0.3) 

Fin- and shell 

fish(g/day) 

17.7±56.2 18.5±65.9 15.7±59.0 18.0±49.4 1.9 (0.14) 

Lamb, veal and 

game(g/day) 

2.4±20.2 3.1±24.1 3.1±18.1 2.2±22.4 3.7 (0.02) 

Baked 

products(g/day) 

78.3±65.7 75.7±65.0 81.9±59.7 78.2±73.4 5.8 (0.003) 

Sweets(g/day) 48.4±73.1 43.7±77.7 53.6±74.4 48.3±70.2 11.6 (0.0001) 

Grains and 

pasta(g/day) 

107.8±150.8 115.4±146.9 98.8±153.1 107.5±147.3 7.7 (0.0001) 

Snacks(g/day) 10.4±28.5 10.5±31.9 9.5±28.4 10.7±27.8 1.8 (0.1) 

Legumes(g/day) 16.8.0±50.9 21.4±47.4 13.8±47.7 16.4±55.8 15.2 (0.0001) 

https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12353#mcn12353-note-0002_55
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The highest  mean intakes  in each row are bolded;  * The F values refer to difference between the 

clusters according to ANOVA, F‐test statistic used only for descriptive purposes because the 

clusters have been chosen to maximize the differences among cases in different clusters. Model 

assumptions for the F-test run in the ANOVA are violated in clustering, because the groups are 

not pre-specified but are rather chosen to minimize the sum of squares, which the F-test doesn't 

take into account ; §Energy intakes added to the table just for comparison, it was not among the 

variables that were used for cluster analysis; The p-value is based on one-way analysis of variance.; 

SD: standard deviation; the methodology for complex analysis and weighting was considered;  

Note. baby foods, beverages, fast foods and mixed dishes were not included. 

 

For evaluation and validation of the employed grouping based on the results of cluster analysis, 

discriminant analysis is also performed to confirm the results that were obtained from the cluster 

analysis. The square canonical correlation coefficient value is 0.755 and the model explains 

57.0% of the variance in the dependent variable and confirms that the function discriminates 

between the three clusters. The canonical structure represents correlations between observed 

variables (CNF food groups) and the unobserved discriminant functions (clusters).  

Table 5-30  below shows the number of individuals correctly classified in each of the three 

clusters, and the total number of individuals belonging to each cluster for each data set, from 

which the classification accuracy was evaluated. The classification accuracy of the discriminant 

function was 96.8%, 97.5% and 99%, belonging to cluster 1, 2 and 3, respectively. Thus, it was 

observed that the high classification accuracy (98.4%) for food groups in the clusters to which 

they really belong, only 1.6% is reclassified to a different cluster. 

 

 

https://www.sciencedirect.com/science/article/pii/S0963996915302222#t0015
https://www.sciencedirect.com/science/article/pii/S0963996915302222#t0015
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Table 5-30: Classification matrix for clustering, CCHS2004 (N=16,196) 

 Predicted Group Membership from Discriminant analysis  

Original groups from 

cluster analysis  

Cluster1 Cluster2 Cluster3 Total 

Cluster1 2460 10 71 2541 

Cluster2 17 2504 47 2568 

Cluster3 47 66 10974 11087 

 

In this section, some secondary analysis was performed to see the differences in the demographic 

variables among the three identified clusters in CCHS 2004 population and the results are  

provided in Table 5-31. The age of adults in cluster3 was significantly higher than the other two 

clusters (p<0.0001). Furthermore, in “cluster 3” in contrast to other two clusters, an even 

distribution of males and females was not observed and the proportion of females was higher 

than male (52.4%).  The main difference in the characteristics of Canadian adults who consumed 

legumes more than other clusters (cluster 1) were that they are more likely to be more educated  

(55.5% post-secondary education), single  (28.9%) and have an Asian background ,from  South 

Asia, Arab, West Asia (7.1%) and Southeast Asia (7.2%). The prevalence of legume consumers 

was significantly different among three clusters and was highest in cluster 1 subjects (8.1%). 

Mean BMI was also significantly different among three clusters. The third cluster has the highest 

BMI (27.2±5.8) and the first cluster has the lowest (26.4±5.2) mean BMI, respectively.  
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Table 5-31: Differences in demographic variables across the identified clusters, age group 

19 years old and above, CCHS2004 

Cluster Cluster 1 

Soup and 

fruit   

Cluster 2 

Dairy 

 

Cluster 3 

Middle Meat 

lovers 

p-value  

Age group    0.0001 

19-30(%) 25.1 24.2 17.7  

31-50(%) 38.0 41.6 42.1  

51-70(%) 28.3 23.8 28.4  

70+ (%) 8.5 10.4 11.8  

Geographical location    0.003 

Urban (%) 84.7 81.7 81.9  

Rural (%) 15.3 18.3 18.1  

Education    0.0001 

Less than secondary school (%)  17.3 15.5 20.9  

Secondary school (%) 16.8 18.7 18.3  

Some post-secondary (%) 10.4 12.1 8.1  

Post-secondary (%) 55.5 53.7 52.4  

Sex    0.0001 

Male (%) 51.7 51.8 47.6  

Female (%) 48.3 48.2 52.4  

Marital status    0.0001 

Married (%) 49.3 53.1 54.8  

Common-law (%) 9.2 9.2 10.1  

Widowed (%) 4.3 4.9 6.5  

Separated (%) 3.9 1.7 3.0  

Divorced (%) 4.4 4.6 5.7  

Single, never married (%) 28.9 26.4 19.9  

Country of birth    0.0001 

Canada (%) 80.5 88.1 83.9  

Other north America, south, central 

America and Caribbean (%) 

2.1 2.6 1.7  

Europe (%) 9.2 5.7 7.7  

Asia (%) 8.1 3.5 6.6  

Culture or racial origin    0.0001 

White (%) 78.5 90.2 84.0  

Black (%) 3.3 0.5 1.7  

Aboriginal (%) 1.0 0.8 1.3  

South Asia, Arab, west Asian (%) 7.1 4.2 4.0  

Southeast Asian (%) 7.2 2.2 6.3  

Latin American  

And multiple racial (%) 

3.0 2.2 2.7  
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Cluster Cluster 1 

Soup and 

fruit   

Cluster 2 

Dairy 

 

Cluster 3 

Middle Meat 

lovers 

p-value  

Income    0.0001 

Lowest (%) 8.6 7.1 9.3  

Lower middle (%) 19.9 17.4 21.4  

Upper middle (%) 32.7 36.5 36.5  

Highest (%) 38.7 39.0 32.8  

Food security     0.001 

Food secure (%) 94.1 95.1 93.4  

Food insecure without hunger (%) 3.4 3.6 4.4  

Food insecure with moderate and 

severer hunger (%) 

2.5 1.3 2.3  

Immigration Status     0.0001 

Yes (%) 28.8 17.6 23.1  

No (%) 71.0 82.4 76.8  

Legume Eaters (BNS coding)    0.05 

Yes (%) 8.1 6.8 6.8  

No (%) 91.9 93.2 93.2  

Age (Mean (SD)) 44.2(17.3) 44.5(17.7) 47.2(17.2) 0.0001 

BMI (Mean (SD)) 26.4(5.2) 26.9(5.5) 27.2(5.8) 0.0001 

Under weight (%) 0.5 1.8 2.2  

Normal weight (%) 41.7 39.0 36.2  

Overweight (%) 37.7 35.9 36.9  

Obese (%) 15.1 23.1 24.7  

Note. All values are survey-weighted percentages. One-way analysis of variance was used for 

comparison of continuous variable among groups. Chi-square test was used for comparison of 

categorical variables among three clusters.  

 

5.13.2 Cluster Analysis Results from the CCHS 2015 

Cluster analysis resulted in the identification of two consumption patterns among Canadian 

adults (i.e., clusters). The dietary patterns were named as Cluster 1 Soup and fruit lovers and 

Cluster 2 Dairy lovers.Table5-32 shows the mean ± SD of the intakes of different food groups 

consumed in each cluster. On average ‘cluster 1’ and ‘cluster 2’ consumers have considerably 

higher (15g) and lower (10g) intakes of ‘legumes’, respectively.  The two-cluster solution was 
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the best as we tried 2-8 cluster solutions. A stability-based solution has been used. This approach 

stipulates that subsampling or perturbation of the data leads to several clustering solutions 

calculated for each K in a given range. This is the highest value of K for which the clustering 

solutions are most “similar”. In our intermediate results, we observed that the data contained 

only two “true” clusters; however, a clustering algorithm that relies on three clusters splits one 

cluster into two clusters incorrectly. Cluster 1 represented almost 90% of the CCHS 2015 

population. Cluster 1 has the high intakes of all food groups except dairy products and eggs, 

herbs and spices. The cluster 2 comprised of 1269 subjects of CCHS 2015 population and was 

characterized by highest consumption of dairy foods and eggs groups and thus we named this 

cluster as ‘dairy and eggs dominant’. Dairy consumption was about six-fold higher, in terms of 

grams consumed in this group.  In Table5-32, total energy intake is also compared in two clusters 

by independent sample t-test, and it was significantly different between two clusters (1843±67 in 

cluster 1 vs 2074±776 in cluster 2, p<0.001). The canonical correlation coefficient (square of 

canonical correlation value 0.795) shows that the model explains 63.2% of the variance in the 

dependent variable and confirms that the function discriminates between the two clusters. 
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Table 5-32: Mean (SD) of foods intake across identified clusters in CCHS 2015 (N=11,137) 

Food Groups Mean intakes 

of all 

population 

(N= 11137) 

Cluster 1 

(N=9868) 

Soup and 

fruit lovers 

Cluster 2 

(N=1269) 

Dairy lovers 
 

 Mean ±SD Mean ±SD Mean ±SD F (p‐value)* 

Energy (kcal) 1958± 680 1843±673 2074±776 37.8 (0.0001)§ 

Dairy foods and eggs(g/day) 415.2±567.5 253.4±225.1 1664.3±797.7 18829.1 (0.0001) 

Spices and herbs(g/day) 3.7±6.3 3.6±6.4 4.0±5.7 0.02 (0.08) 

Fats and oils(g/day) 45.0±64.9 47.9±66.7 21.7±40.4 292.1 (0.0001) 

Poultry(g/day) 61.9±202.5 66.4±245.8 31.1±84.1 34.1 (0.0001) 

Soup, sauce and 

gravy(g/day) 

56.0±188.5 57.5±217.0 45.8±129.6 4.3 (0.03) 

Sausage luncheon 

meat(g/day) 

17.5±100.7 18.7±121.4 8.4±56.3 11.8 (0.001) 

Breakfast cereal(g/day) 4.7±38.8 5.1±46.1 1.4±12.8 10.3 (0.001) 

Fruits and juices(g/day) 218.1±403.5 233.0±473.5 98.2±163.8 129.4 (0.0001) 

Pork(g/day) 17.1±93.8 18.2±111.3 9.8±45.4 8.9 (0.003) 

Vegetables(g/day) 345.5±489.6 367.9±586.7 174.9±208.2 178.1 (0.0001) 

Nuts and seeds(g/day) 23.7±116.7 25.9±140.4 6.8±37.8 30.1 (0.0001) 

Beef(g/day) 22.3±101.5 24.0±124.8 12.1±51.4 20.7 (0.0001) 

Fin- and shellfish(g/day) 10.9±67.4 11.8±84.6 4.8±29.4 11.9 (0.001) 

Lamb, veal and game(g/day) 0.7±17.4 0.8±2.4 0.1±2.5 1.6 (0.2) 

Baked products(g/day) 62.5±129.2 63.1±145.8 59.2±117.5 1.0 (0.3) 

Sweets(g/day) 69.0±122.8 70.6±121.0 54.2±106.1 20.2 (0.0001) 

Grains and pasta(g/day) 63.3±113.7 65.6±113.2 44.2±87.8 4740.0 (0.0001) 

Snacks(g/day) 9.6±90.7 9.8±112.6 8.1±39.0 0.3 (0.5) 

Legumes(g/day) 15.0 ±100.3 15.6±110.9 10.3±44.2 23.2 (0.0001) 

The highest and lowest mean frequency in each row are bold and underlined, respectively; * p‐

value refers to independent sample t test;  SD: standard deviation; the methodology for complex 

analysis and weighting was considered ;   §energy intakes added to the table just for comparison, 

it was not among the variable that was used for cluster analysis;  The p-value is based on t-test 

analysis; * The F values refer to difference between the clusters according to ANOVA, F‐test 

statistic used only for descriptive purposes because the clusters have been chosen to maximize the 

differences among cases in different clusters. Model assumptions for the F-test run in the ANOVA 

are violated in clustering, because the groups are not pre-specified but are rather chosen to 

minimize the sum of squares, which the F-test does not take into account; Note. baby foods, 

beverages, fast foods and mixed dishes were not included. 

 

https://onlinelibrary.wiley.com/doi/full/10.1111/mcn.12353#mcn12353-note-0002_55
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Table 5-33  below shows the number of individuals correctly classified in each of the two 

clusters, and the total number of individuals belonging to each cluster for each data set, from 

which the classification accuracy was evaluated. The classification accuracy of the discriminant 

function was 99.8% and 96.5%, belonging to cluster 1 and 2 respectively. Thus, it was observed 

that the high classification accuracy (99.4%) for food groups in the clusters to which they really 

belong, only 0.6% is reclassified to a different cluster. 

Table 5-33: Classification matrix for clustering CCHS 2015 

 Predicted Group Membership 

Original groups Cluster1 Cluster2 Total 

Cluster1 9835 19 9854 

Cluster2 45 1238 1283 

Table 5-34 shows the weighted percentage of some of the socio demographic characteristics in 

the two identified clusters in CCHS 2015. People in the cluster 1 were less likely to have high 

educational attainment (post-secondary), be an immigrant and of older age, compared with 

people in the second cluster. While in the ‘cluster 1’, people were more likely to be the 

population of south and southeast Asia were higher. The population who was in the ‘cluster 2’ 

were more likely to have higher education, be younger, have higher income and non-immigrant 

status , when compared with those who were in the other cluster.  

Additionally, it should be noted that about 11.0% of adults in cluster 1 are legume consumers. 

The average income was significantly different between two clusters and was higher in subjects 

of cluster 2 (p<0.001). Mean BMI was significantly different between two clusters. Cluster 1 has 

the lower prevalence of obese and overweight compared to cluster 2 (p<0.001). 

https://www.sciencedirect.com/science/article/pii/S0963996915302222#t0015
https://www.sciencedirect.com/science/article/pii/S0963996915302222#t0015
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Table 5-34: Differences in socioeconomic across clusters, age group 19 years old and above, 

CCHS2015 

Variables Cluster 1 

Soup and fruit lovers 

Cluster 2 

Dairy lovers 

p-value 

Age groups   0.0001 

19-30 (%) 16.2 23.3  

31-50 (%) 38.0 37.5  

51-70 (%) 32.8 31.7  

70+ (%) 12.9 7.8  

Geographical location   n.s 

Urban (%) 82.0 82.6  

Rural (%) 18.0 17.4  

Marital status   0.0001 

Married (%) 53.9 46.6  

Common-law (%) 10.1 18.3  

Widowed (%) 5.8 4.4  

Separated (%) 2.7 2.8  

Divorced (%) 6.2 5.8  

Single, never married (%) 21.4 22.3  

Sex   n.s 

Male (%) 49.5 51.6  

Female (%) 50.5 48.4  

Country of birth   0.0001 

Canada (%) 69.8 78.7  

Other North America (%) 1.4 1.2  

South, Central America And Caribbean (%) 4.6 3.1  

Europe (%) 7.7 7.3  

Africa (%) 2.6 2.0  

Asia And Oceania (%) 13.9 7.6  

Cultural or racial origin    0.0001 

Aboriginal (%) 2.5 2.2  

South and Southeast Asia (%) 14.0 9.1  

White (%) 75.5 85.7  

Arab and west Asia (%) 2.7 0.8  

Black (%) 3.8 1.4  

Latin American (%) 1.4 0.7  

Education   0.0001 

Less than secondary school (%) 12.3 7.9  

Secondary school (%) 34.7 36.3  

Some post-secondary (%) 20.6 21.1  

Post-secondary (%) 32.3 34.7  

Food Security   n.s 
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Variables Cluster 1 

Soup and fruit lovers 

Cluster 2 

Dairy lovers 

p-value 

Food secure (%) 92.6 93.1  

Moderately food insecure (%) 4.9 5.2  

Severely food insecure (%) 2.6 1.7  

Immigration Status   0.0001 

Yes (%) 28.0 19.0  

No (%) 72.0 81.0  

Legume Eaters (BNS coding)    n.s 

Yes (%) 11.0 10.2  

No (%) 89.0 89.8  

Age (Mean (SD) 49.5(17.4) 45.4(16.3) 0.002 

Income (Mean(SD) 82242.4  

(79903.2) 

97748.5 

(123223.3) 

0.0001 

BMI (Mean (SD)) 27.3(5.7) 27.4(5.9) 0.01 

Under weight (%) 2.2 2.6  

Normal weight (%) 35.4 39.2  

Overweight (%) 36.1 26.6  

Obese (%) 26.3 31.6  

 Note. One-way analysis of variance is used for comparison of continuous variable among groups; 

Chi-square test was used for comparison of categorical variables between two clusters and 

independent sample t-test for continuous variables. n.s: non-significant. 

 

5.14 Principal Component Analysis (PCA) 

This section provides the results of PCA. Since the PCA output could result in a large number of 

factor solutions (as many as there are food groups), it is important to identify the key dietary 

patterns. As a result, for this analysis firstly, factors with eigenvalues >1.0 were considered, and 

then the break in the scree plot was examined to determine the number of key identified dietary 

patterns and then the interpretability of the identified patterns was assessed. The identified 

factors were orthogonally rotated (Varimax rotation) to simplify the factor structure and to 

enhance their interpretability. Furthermore, the resulting components were considered to be 

uncorrelated. Food group loadings were evaluated for communality (sum of squared factor 
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loadings for a group); groups with many zero values (more than 50%), as well as low 

communality (<0.1) of factor loadings, were considered for removal. Among considered 

variables herb and spices, fats and oils and beverages showed low communality and therefore 

were excluded from the analysis of this section.  

Based on parameters provided by the results, paralleled analysis was performed to confirm the 

number of the considered factors(164).This approach calculates eigenvalues from randomly 

generated correlation matrices. The results from this method were compared with eigenvalues 

extracted from our dataset. The number of factors to retain was the number of eigenvalues 

(generated from our dataset) that are larger than the corresponding random eigenvalues. Figure 

5-13 shows the scree plot for the PCA in CCHS 2004. This plot was used as a visualization 

approach to find and confirm the number of the factors for PCA(165).  

 

Figure 5-13 : Scree plot indicating the number of components to be extracted – CCHS2004 
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When Total g in food group for the day were used as the input variables, eight principal 

components were retained and explained 53.4 % of the variation in the population of CCHS 

2004. Factor loadings and the total variance of the extracted factors are shown in Table5-35. As 

it can be seen from Table5-35, the ‘component 6’ had high positive loadings on ‘legumes’. By 

considering the absolute value of the factor loading greater than 0.2 in this component, grains 

and pasta (0.279) was also positively loaded with legumes. Sausage (0.747) and baked product 

(0.767) were positively loaded on the first components, and pasta and grains negatively loaded 

on this factor (-0.283). For the second component, breakfast cereal (0.638) and fin and fish 

(0.604)  and fin- and shellfish (0.308) positively loaded together. Third component has beef 

(0.879) as the positive loading. Soup, Sause, and gravy with positive loadings of 0.748 and juice 

and fruits with the loading of 0.689 were grouped together on component 4. Pork and vegetables 

have the largest factor loadings for the fifth component (0.847 and 0.555 respectively). Sweets 

positively loaded on factor 8 with factor loadings 0.719. Finally, for the eighth component 

poultry was the negative loadings (-0.638), while Lamb was the positive loadings (0.671).   

The factor-loading pattern  in the components described above suggests that the sixth component 

reflects a “legume eating pattern” which composed of legumes and pasta and grains.  
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Table 5-35: Result of the principal components analysis and factor loadings for dietary 

patterns in the Canadian population (CCHS 2004, N = 16196) 

Note. Dietary patterns were PCA-derived using Spearman correlation matrix; PCA: principal 

component analysis; Factor loadings with an absolute value ≥0.20 are shown in bold. 
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DAIRY and EGGS .030 .256 -.048 .035 -.034 -.581 .324 .031 

POULTRY -.144 -.133 -.302 .109 -.131 -.094 -.274 -.638 

SOUP, SAUCE and 

GRAVY 

-.021 -.136 .070 .748 .007 -.005 .067 -.086 

SAUSAGE, Luncheon 

MEAT 
.747 -.019 -.132 -.060 .032 -.012 .015 .021 

BREAKFAST CEREAL -.100 .638 -.069 -.007 -.071 -.192 -.007 .004 

FRUITS, FR .JUICES .017 .196 -.102 .689 -.007 .036 -.047 .119 

PORK -.027 -.116 -.161 -.048 .847 -.028 .166 .039 

VEGETABLES -.006 .200 .375 .139 .555 .055 -.410 -.102 

NUTS and SEEDS -.043 .604 .056 .066 .040 .283 .034 -.034 

BEEF -.036 -.059 .879 -.038 -.079 -.010 .034 .050 

FIN-, SHELLFISH .107 .308 -.219 -.083 -.016 .100 -.342 .308 

LEGUMES -.015 .146 -.040 .042 -.071 .695 .110 -.041 

LAMB, VEAL and 

GAME 

-.100 -.132 -.099 .131 -.095 -.178 -.193 .671 

BAKED PRODUCTS .767 -.111 .098 .059 -.052 -.020 .036 -.003 

SWEETS .049 .032 .022 .023 .063 -.002 .719 -.010 

GRAINS and PASTA -.283 -.220 -.093 .022 .146 .279 .031 .249 

SNACKS -.024 -.029 -.072 -.037 .037 .079 .070 .133 

Variance (%) 7.5 6.8 6.8 6.4 6.3 6.3 6.0 5.9 

Total variance 

explained (%) 

7.5 14.4 21.2 27.7 34.2 40.5 46.9 53.2 
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The value of the Kaiser Meyer Olkin (KMO) statistic, which can vary from 0 to 1, indicates the 

degree to which each variable in a set is predicted without error by the other variables, with a 

higher value being more desirable. Interpreting the statistic is relatively straightforward; the 

closer to 1, the better(158).  KMO as a measure of sampling adequacy for these sets of food 

intake variables in CCHS 2004 was 0.499. In general, KMO close to 0.5 was considered as 

satisfactory based on Hair’s recommendation(154). Moreover, the Bartlett’s Test of sphericity 

(measures the strength of relationship among the variables) was significant (p<0.001), rejecting 

the null hypothesis of identity correlation matrix.   

In CCHS 2015, the PCA yielded a seven-component solution (Table 5-36). The seven 

components retained in the PCA individually explained approximately 7% of the variance of the 

food groups, and together 48.0 % of the total variance. 

The KMO statistic for the food intakes variables in CCHS 2015 was 0.53, which is considered as 

satisfactory (154). Moreover, the Bartlett’s Test of sphericity was significant (p<0.001). The 

significant results of Bartlett’s test means rejecting the null hypothesis of identity correlation 

matrix.  Figure 5-14shows the scree plot for the PCA in CCHS 2015.  
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Figure 5-14: Scree plot indicating the number of components to be extracted – CCHS2015 

 

The food groups with positive loadings above 0.20 in the first component were: legumes (0.774) 

and baked products (0.794). In the second component, the food groups positively loaded were 

fin, shell, fish (0.615) and lamb, veal and game (0.569), and pork (0.652). In the third component 

there were positive loads for Vegetables (0.528), breakfast cereal (0.540), and negatively loaded 

for dairy and eggs (-0.673). In the fourth component, poultry (0.659) nuts and seeds (0.676), beef 

(0.659) were positively loaded. In the fifth component, sausage and luncheon meat (0.742) was 

the positive loadings. For the sixth fruits and juices were the negative (-0.748) and sweets 

(0.489) were the positive loadings. In the seventh component, positive loads were soup, sauce, 

gravy (0.675) and negative loads were grains and pasta (-0.632).   

The factor-loading pattern in the components described above suggests that the first component 

reflects a “legume eating pattern” and it is composed of legumes and baked product as a positive 

loading.  
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Table 5-36: Results of the principal components analysis and factor loadings for dietary 

patterns in the Canadian population (CCHS 2015, N = 11,137) 

Note. Dietary patterns were PCA-derived using Spearman correlation matrix. PCA, principal 

component analysis. Factor loadings with an absolute value ≥0.20 are shown in bold. 

 

For simplicity and ease of the interpretation, the food groups that were loaded together on 

legumes components in CCHS 2004 and CCHS 2015 is provided in Table 5-37. The total 

explained variance by legumes component in CCHS 2004 and CCHS2015 were 6.3% and 7.8%, 

respectively. The eigenvalue for this component in CCHS 2004 and 2015 were 1.061 and 1.43, 

 
Factor loadings for dietary patterns 

Food groups 
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DAIRY and EGGS -.061 -.158 -.673 -.084 -.073 .035 .111 

POULTRY -.006 -.039 -.035 .659 .184 -.105 .139 

SOUP, SAUCE, 

GRAVY 

-.107 -.051 .106 .169 -.110 .123 .675 

SAUSAGE L. MEAT .012 .003 .055 -.186 .742 .073 -.044 

BREAKFAST CEREAL -.023 -.124 .540 .049 .156 -.244 -.015 

FRUITS, FR.JUICES .039 .104 .078 -.065 -.121 -.748 -.082 

PORK -.065 .652 .231 .112 -.119 -.059 .147 

VEGETABLES .045 -.006 .528 -.216 -.128 .295 .277 

NUTS and SEEDS .042 .065 .071 .676 -.148 .109 -.083 

BEEF -.006 -.039 -.035 .659 .184 -.105 .139 

FIN, SHELLFISH .063 .615 -.031 -.099 .029 .155 -.084 

LEGUMES .774 -.011 .054 .032 .005 -.023 -.066 

LAMB, VEAL and 

GAME 

-.033 .569 -.090 .032 .047 -.096 .006 

BAKED PRODUCTS .794 -.016 -.007 -.005 -.068 .063 .079 

SWEETS .156 .187 -.077 -.080 -.051 .489 -.171 

GRAINS and PASTA -.197 -.145 .238 .173 -.164 .193 -.632 

SNACKS -.052 -.092 .038 .007 -.020 -.038 .099 

Variance (%) 7.8 7.3 6.9 6.8 6.4 6.2 6.2 

Total variance 

explained (%) 

7.8 15.2 22.1 28.9 35.4 41.7 48.0 
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respectively. While in CCHS 2004, legumes loaded with grain and pasta, in CCHS 2015 it was 

loaded only with baked products (Table 5-37). Tucker’s coefficient of congruence was used to 

check the similarity between the legumes related factors in CCHS 2004 and 2015. Only the two 

dietary patterns that remained consistent with legumes loading in CCHS 2004 and 2015 retained 

for this secondary analysis. Tucker’s coefficient of congruence indicated that these two dietary 

patterns had a moderate similarity in CCHS 2004 and 2015 (coefficient of congruence 0.44). 

 

Table 5-37: Key food group factor loadings loaded on the legume-eating component in 

CCHS 2004 and 2015 derived by principal component analysis 

CCHS 2004, PCA Factor 6  CCHS 2015, PCA Factor 1  

Eigenvalue 1.061 Eigenvalue 1.43 

Variance explained 6.3 Variance explained 7.8 

Food Intake Group   Food Intake Group  

LEGUMES 0.695 LEGUMES 0.774 

GRAINS and PASTA 0.279 BAKED PRODUCTS 0.794 

NUTS and SEEDS 0.283   

Note. An only food groups with factor loadings | ≥ 0.2| are displayed in table and are listed in 

order for simplicity and ease of interpretation 

 

Comparing the factor loadings of 2004 and 2015, there are few commonalities, except Factor 1 

in 2004 had loading on sausage and luncheon meat with baked goods, while in 2015 Factor 5 had 

high loading on sausage and luncheon meat but not with other food groups.  Factor 7 in 2004 had 

high factor loading on sweets, while Factor 6 in 2015 had a high factor loading on sweets with a 

negative loading on fruits and juices. Other factors were not comparable across the two surveys, 

suggesting different patterns of food group consumption between the two surveys. With respect 

to selection of the number of components and the final pattern, the following two tables (Table 
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5-38 and Table 5-39) provide detailed information on the food group composition of all solutions 

for 2004 and 2015.   

 

Table 5-38: Food-group composition of component solutions 1–6 obtained by principal 

component analysis 2004 

Pattern solution 

and pattern 

Foods with factor loadings  

>0.2 

Foods with factor loadings  

<-0.2 

% of 

Variance 

1    

Component 1 Baked products Grains and pasta 7.8 

2 
  

 

Component 1 Sausage, luncheon meat Lamb, veal and game, 

Grains and pasta 
7.6 

Component 2 Breakfast cereal, nuts and 

seeds 

Pork, grains and pasta 
7.1 

3    

Component 1 Baked products, sausage, 

luncheon meat 

Poultry 
7.7 

Component 2 Nuts and seeds, breakfast 

cereal 

Grains and pasta 
7.3 

Component 3 Beef Fin, shellfish 7.2 

4    

Component 1 Baked products, 

Sausage, luncheon meat 

Poultry 
7.6 

Component 2 Nuts and seeds, breakfast 

cereal 

Grains and pasta 
7.1 

Component 3 Beef, vegetables Fin, shellfish 6.9 

Component 4 Soup, sauce and gravy, 

Fruits, fruit juices 

 
6.5 

5    

Component 1 Baked products, sausage, 

luncheon meat 

Poultry 
7.5 

Component 2 Nuts and seeds, breakfast 

cereal 

Grains and pasta 
6.9 

Component 3 Beef, vegetables Fin, shellfish 6.8 

Component 4 Soup, sauce and gravy, 

Poultry 

Non 
6.6 

Component 5 Pork, vegetables Poultry 6.4 

6    
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Pattern solution 

and pattern 

Foods with factor loadings  

>0.2 

Foods with factor loadings  

<-0.2 

% of 

Variance 

Component 1 Sausage, luncheon meat, 

baked products 

Grains and pasta, poultry 
7.4 

Component 2 Breakfast cereal, nuts and 

seeds, fin, shellfish 

Pork 
6.8 

Component 3 Beef, vegetables Poultry, fin, shellfish 6.5 

Component 4 Soup, sauce and gravy, 

fruits, fruit juices, 

Non 
6.4 

Component 5 Pork, vegetables Non 6.4 

Component 6 Nuts and seeds, legumes, 

grains and pasta 

Dairy and eggs 
6.3 

 

Table 5-39: Food-group composition of component solutions 1–6 obtained by principal 

component analysis 2015 

Pattern 

solution and 

pattern 

Foods with factor loadings  

>0.2 

Foods with factor loadings  

<-0.2 

% of 

Variance 

1    

Component 1 Legumes, baked products, 

Sweets 

Soup, sauce, gravy 

Grains and pasta 

8.1 

2      

Component 1 Legumes, baked products Soup, sauce, gravy 7.9 

Component 2 Pork, fin, shellfish, 

lamb, veal and game 

Dairy and eggs 7.4 

3    

Component 1 Legumes, baked products, Grains and pasta 7.9 

Component 2 Pork, fin, shellfish, lamb, veal 

and game 

Grains and pasta 7.5 

Component 3 Breakfast cereal, vegetables, 

grains and pasta 

Dairy and eggs 7.3 

4      

Component 1 Legumes, baked products Grains and pasta 7.8 

Component 2 Pork, fin, shellfish, 

lamb, veal and game 

Non 7.5 

Component 3 Breakfast cereal, vegetables, 

grains and pasta 

Dairy and eggs 7.4 

Component 4 Poultry, nuts and seeds, 

beef 

Vegetables, sausage luncheon 

meat 

7.1 

5    
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Pattern 

solution and 

pattern 

Foods with factor loadings  

>0.2 

Foods with factor loadings  

<-0.2 

% of 

Variance 

Component 1 Legumes, baked products  7.6 

Component 2 Pork, fin, shellfish, 

lamb, veal and game 

Non 7.1 

Component 3 Breakfast cereal, vegetables, 

grains and pasta 

Dairy and eggs 6.9 

Component 4 Poultry, nuts and seeds, 

beef, soup, sauce, gravy 

Vegetables, sausage luncheon 

Meat 

6.8 

Component 5 Sausage luncheon meat, 

breakfast cereal, poultry 

Grains and pasta 6.5 

6    

Component 1 Legumes, baked products Grains and pasta 7.7 

Component 2 Pork, fin, shellfish, 

Lamb, veal and game 

Dairy and eggs 7.5 

Component 3  Vegetables Dairy and eggs 7.3 

Component 4 Nuts and seeds, grains and 

pasta, beef 

Vegetables, sausage luncheon 

Meat 

7.3 

Component 5 Sausage luncheon meat, 

breakfast cereal, poultry 

Grains and pasta, fruits, fruit 

juices 

6.8 

Component 6 Sweet  Fruits, fruit juices 6.3 

 

 Concerning the dietary pattern containing legumes, there was no meaningful solution 

found. Theoretically, it is possible to obtain two components in 2004, and four components in 

2015, when components were selected based on Scree plots, without consideration of cutoff 

points (>0.2) for factor loadings and variation. According to the table(Table 5-40 ), in 2004 there 

was positive loading on legumes, dairy products and eggs, breakfast cereals, fruits, fruits juices, 

vegetables, shellfish, nuts and seeds in the second component, but in 2015 those loadings were 

only for legumes and baked products in component 1. 
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Table 5-40: Components detained based on scree plots and positively loaded between 2004 

and 2015 

 

 

 

 

 

 

 

 

CCHS 2004 
CCHS 2015 

Factor1 Factor 2 Factor1 Factor 2 Factor 3 Factor 4 

Sausage 

Luncheon 

Meat, 

Baked 

Products 

Dairy and Eggs, 

Breakfast 

Cereal, 

Fruits, Fruit  

Juices, 

Vegetables, 

Nuts and Seeds, 

Fin, Shellfish, 

Legumes 

 

Legumes, 

Baked 

Products 

Fruits, Fruit 

Juices, 

Pork, 

Fin, Shellfish 

Lamb, Veal  

and Game, 

Sweets 

Breakfast 

Cereal, 

Vegetables, 

Grains and 

Pasta 

Poultry, 

Soup, 

Sauce, 

Gravy, 

Nuts and 

Seeds, 

Beef 
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Chapter 6: DISCUSSION  

This study shows that socio-demographic and dietary characteristics of legume consumers can 

inform future efforts to increase legume consumption in Canada. On any given day, 6.9% of the 

adult population consumed legumes in the survey in CCHS 2004, and 10.9 % in CCHS 2015, 

and this seems to be a real increase, with OR (95%CI) =1.72 (1.52-1.93). What makes this study 

particularly interesting is how it compares to other studies that applied similar 24-hour methods 

in the United States and Canada.  

 Mudryj et al (22) examined the prevalence of pulse consumption among Canadian adults, based 

on data from the Canadian Community Health Survey, 2004. This research was performed using 

the same data set. Legumes were consumed on a daily basis by 13 % of Canadians. The 

difference in reported consumption, 6.9% in our analysis vs 13% in the Mudryi analysis, is at 

least partly due to methodological differences in the definition of legume consumers. Instead of 

using a BNS-coded system, Mudryi et al examined actual foods from the following CCHS files: 

food and ingredient details (FID.txt), food description (FDC.txt) and Food recipe level (FRL.txt) 

to identify any pulse consumption. Using the BNS food group system meant that identification of 

legume consumers was limited to those who ate items where legumes had been identified as 

contributing to the 24-hour recall in sufficient amounts to warrant identification and did not 

include contributions to mixed dishes or fast foods. Thus, hummus was identified but legume 

content in a casserole might not be. In the context of the thesis objectives, assessing intake for 

development of new interventions to increase national consumption was justified, but would not 

have captured intake of smaller amounts of legumes in mixed dishes. Therefore, BNS can 

identify true legume consumers who are aware of the presence of legumes in their disease or 
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food. Another difference between this analysis and the Mudyri analysis was consideration of 

intake plausibility in the present analysis. This issue has emerged as relevant to estimates of 

energy intake since the 2004 study, but it is unclear how it would affect the current results with 

respect to comparing the two estimates of the % of people who consumed legumes in the first 

24hour recall as both analyses estimated from the first 24h recall, rather than using the NCI 

method to estimate usual intake of legumes (166). Given the differences in methodology, both 

estimates are legitimate. Another study was conducted by Tugault-Lafleur et al (140) to 

investigate differences in overall food and beverage consumption that were estimated from 

Canadian Community Health Surveys collected in  2004 and 2015. Based on the Canadian 

Nutrient File, the CCHS 2004 and 2015 data were compared. Reporting plausibility was assessed 

in this analysis based on energy intake as a percentage of TEE, as follows: less than 70%, under-

reporters; between 70% and 142%, plausible reporters; and more than 142%, over-reporters. 

CNF foods were classified according to the 2007 CFG description of the four product groups: 

fruits, vegetables, grains, milk, and meat alternatives. Legumes were included as part of the Meat 

and Alternates food group, with nuts and seeds. Results were reported as servings of legumes, 

nuts and seeds. Legumes, nuts, and seeds combined and processed meats both contributed 14% 

of the total meat consumed daily in 2004. In 2015, legumes, nuts, and seeds made up 17% of the 

total daily servings of meat and alternative foods. Between 2004 and 2015, overall Canadian 

consumption of legumes, nuts, and seeds increased significantly (+0.1 serving per day). The 

results indicated that the amount of food consumed varied from 2004 to 2015.There was an 

increase in meats eaten by the Canadian population from 2004 to 2015, but a decrease in 

vegetables, fruits, milk, and milk alternatives in her analysis. While we did not directly compare 
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food group intake in our analysis by year, the relevant data is shown in (Table 5-29 and Table5-

32), and reproduced below.  Formal statistical comparison has not been done but it is clear our 

results contrast with the results of Tugault-Lafleur study.  In our analysis, we found that in 2015, 

Canadians appeared to consume more dairy products and eggs, fats, poultry, vegetables , nuts, 

seeds than they did in 2004 (Table 5-29 and Table5-32). This may be considered in future 

interventions or dietary guidelines. The differences may perhaps be due to the different 

approaches to the analysis employed by the two studies. According to their study, plausible 

reporters were 70-142% of TEE, while we used 40-160% of TEE to indicate plausible reporters 

(167).  

Tugault-Lafleur study included children as young as two years old in their study, whereas our 

study included adults 19 years and older. As our purpose was to inform development of health 

education or marketing interventions, it is appropriate to consider adults only in our analysis.  It 

is generally agreed that information specific to children would be needed to develop age-

appropriate interventions . CCHS administered  proxy reporting to children ages 1 to 5, whereas 

older children (6-12 years old) were recalled via parental participation, and child completion was 

administered to children 13 years old and older(146). It would be necessary to consider different 

factors to collect information about children's dietary intake. For example, their cognitive level, 

literacy, as well as their knowledge of foods and how to prepare them should be considered 

(168).It is common for young children to be reported by their parents or other proxy reporters. 

Children are recommended to be able to report independently after the age of ten. However, 

relatively few studies have examined the feasibility of assessing the dietary intake of young 

children. Therefore, Tugault-Lafleur were unable to determine whether children often under- or 
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over-report dietary intake, which may lead to misrepresentation. Even so, proxy-reports of food 

and beverage intake by children aged 2-5 in a standardized daycare setting matched the actual 

intake to 80% or more (169). A study on the prevalence of misreporting in parent-proxy diet 

reporting for children between 2 and 9 years of age was conducted by Bornhorst et al. using an 

online 24-hour recall from Europe (170). They found an 8.0% under- and a 3.4% over-reporting 

of basal metabolic rates(BMR) compared to the Goldberg cutoff (148) values for age-, sex-, and 

body size-specific basal metabolic rates.   

The food groups used in Bornhorst et al study were also adapted from the HCST system, and 

servings were used as a measure of intake. It is interesting that interpretation of the results differs 

between the two analyses. It is currently unclear why the differences are so marked and requires 

additional investigation.      

The amounts of legumes consumed by the Canadian adult population appear comparable to the 

US population. They identified all food sources of legumes, including mixed dishes and recipes, 

using the United States Department of Agriculture's Food and Nutrient Database for Dietary 

Studies, 5.0 (FNDDS). Different types of legumes were sorted into nine groups. The soybean and 

peanut foods were excluded because their lipid content was higher. For calculating legumes 

intake, the researchers used the weight of cooked legumes in mixed dishes and recipes. They also 

considered both days of 24HR. Based on the NHANES, the percent of US adults who consumed 

legumes was low, falling from 12.8% in 2011 to 8.3% in 2014 (dried beans: 10.0 to 6.5%) (171). 

There was no assessment of reporting plausibility.   
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Using the National Health and Nutrition Examination Survey data over a longer period of time, 

from 1999 to 2012, Rehm et al. (172) examined trends in the quality of American adults' diets. 

They examined the diets of US adults ages 20 and older who completed at least one 24-hour food 

recall. They did not assess reporting plausibility. Researchers used USDA Food Patterns 

Equivalents Database and MyPyramid Equivalent Database to determine consumption patterns 

of various food groups from mixed foods. Additionally, subgroups of the food groups were 

examined to identify trends within each group (e.g. dark green vegetables versus potatoes).The 

energy-adjusted intakes of all dietary components and physical activity were examined 

separately to establish trends independent of energy intake declines occurring throughout the 

study period. The study’s (172) findings showed an energy-adjusted mean consumption and 

proportions meeting the American Heart Association’s (AHA) 2020 continuous diet score to 

improve somewhat overall, mainly due to increased intake of whole grains (0.43 servings/d; 

95%CI, 0.34-0.53 servings/d) and ,nuts or seeds (0.25 servings/d; 95%CI, 0.18-0.34 servings/d), 

and decreased consumption of sugar-sweetened beverages(0.49 servings/d; 95%CI, 0.28-0.70 

servings/d). When nuts, seeds and legumes were considered together, there seemed to be 

improvement, but it was due to the nuts and seeds component. There appeared to be no change in 

legume consumption, which averaged 0.1 serving/day (1/2 cup). Hispanic respondents ate far 

more than other Americans, as would be expected, but only Black, non-Hispanic whites and 

Hispanic groups were considered. They found that a small number of the sampled subjects 

reached the recommended AHA guidelines for most dietary components. For example, by 2011-

2012, only 11.6% of the population reported eating the recommended amounts of nuts, seeds, 

and legumes (4 or more servings/day). The results of the study differ in terms of 
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sociodemographic differences between Canada and the United States, as well as 

racial/ethnic/cultural diversity.  However, our study indicates that sociodemographic factors and 

ethnicity can have some impact on food consumption. The Rehm study (172) had some 

methodological limitations. While systematic bias in reporting over time, for socially desirable 

foods, cannot be completely excluded, it is unlikely that the population as a whole is blind to 

these biases. Perhaps this issue could apply to our research, in that we cannot exclude the 

possibility that people over-reported legumes, although this was not seen in the Rehm study. It 

has been discovered that some tests were carried out without adjusting for multiple comparisons 

in the Rehm study. Consequently, certain statistically significant trends may represent false-

positive results (type I error). Across all Canadian studies, the proportion of legume consumers 

has been found to be similar to our study, and among the US population as a whole, despite 

significant cultural and social differences and various methods for assessing intake.  

6.1 Other Studies Using BNS and Reporting on Plausibility  

The use of the BNS system to identify specific foods is gaining in popularity due to the 

challenges of identifying individual foods with different characteristics of interest. For example, 

the BNS system approach was also used by Polsky and Garriguet to examine fruit and vegetable 

intake over the 2004 and 2015 surveys (173), to assess for changes over time. In comparing the 

2004 and 2015 surveys, it is assumed that the BNS system has been consistently applied over 

time to identify food groups. Statistics Canada was consulted to confirm this, since there is 

limited information on the BNS system on the website or in the literature (see Appendix C), and 
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no changes affecting legume consumption have been reported (personal communication2). If an 

objective to assess for changes over time, then consistent use of one system is needed. In our 

analysis, we have been able to demonstrate a significant increase in the % of people reporting 

legume consumption in a 24HR.           

The CCHS has been used in Canada to analyze individual foods and food groups in a way that is 

similar to how we examined population food consumption. In the Burgos study (174), the goal 

was to quantify the use of alternative milks and assess its contribution to energy and nutrient 

intakes in self-selected diets. The 2007 Canada’s Food Guide classifies these foods as milk 

alternatives. Based on the 2007 Canada’s Food Guide, the consumption of milk and milk 

alternatives by different demographic groups were calculated using descriptive statistics. The 

BNS codes were used in this study to classify food within the CNF/CFG milk and alternative 

sources. Food products containing fortified soy-based beverages were identified using the 

Nutrition Survey System (NSS) food codes, which were assigned to each food item separately 

within the CNF/CFG classification of milk and alternatives, or as a component of a product. 

Miss-reporting was also detected using the Garriguet method (130).  

Chan examined CCHS data from 2004 and 2015 to determine the contribution of seafood to 

energy and nutrient intake among Canadians (175). The food groups for fish and shellfish were 

derived from the BNS system. In Canada, salmon, tuna, shrimp, cod, and crab were the most 

                                            

2 Based on the communication with The Nutrition Surveillance Team, there were no changes between the 2004 and 

2015 CCHS-Nutrition surveys in the definition of the BNS group legumes. As the database is continually updated, 

there may be differences in the list of food codes identified in the two surveys under the BNS group 'legumes'. 

However, the same type of food is found under the "legume" BNS group, as well as the majority of food codes in both 

surveys. 
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commonly consumed seafood products between 2004 and 2015, all of which experienced an 

increase in consumption. 

Polsky’s study (173) analyzed the consumption patterns of vegetables and fruits in Canada 

between 2004 and 2015. The BNS classification system was further used in the survey to 

categorize all vegetable and fruit servings in the CFG file. The total daily consumption of 

vegetables, fruits, and subgroups for each survey year have been calculated. The researchers used 

a method from the National Cancer Institute to analyze total consumption of vegetables and 

fruits compared to Canadian food guidelines for 2007.  This method allows one to estimate a 

person’s usual (or, typical) food intake by estimating the variability within an individual’s day-

to-day intake, using data from both recalls, and the variability between individuals, removing the 

former from the overall variance.  

In 2015, Canada reported consuming fewer fruits and vegetables than in 2004. In both years, the 

majority of Canadians did not consume the amount of fruits and vegetables recommended for 

their age and gender in the 2007 Canada Food Guide. When analyses were restricted to plausible 

reporters, the trends in the frequency and quantity of vegetable and fruit consumption remained 

essentially unchanged. 

Several studies used BNS systems to compare across surveys with similar methodology and 

sampling designs—using a validated 24-hour dietary recall method to measure food and drink 

intakes. As previously demonstrated by other studies, we determined the percentage of legume 

consumers among plausible groups. 
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6.2 Sociodemographic and Health Factors Associated with Legume Consumption across 

Studies 

The frequency of food consumption is mostly determined by several factors, such as specific 

levels of education, income, age, gender and marriage status, as well as the food available in the 

home, lifestyle, nutrition, population density, socio-economic status, and ethnicity. 

In this study, we examined the simultaneous role of several demographic factors, including 

income, education, city of residence, in influencing pulse consumption among an adult 

population sample from CCHS 2004 and 2015 in Canada. It is one of the few adult population 

studies that examined each social economic status factor by using a mixed methodology 

analytical approach that directly quantifies the magnitude of the impact of these different social 

economic status factors. Based on our findings, ethnicity/cultural group, marital status, income 

and education were the most important socioeconomic characteristics associated with pulse 

consumption in CCHS 2004 and 2015. The effect of socioeconomic status of a person on his/her 

pulse consumption patterns have shown in previous studies as well (176-178). 

Moreover, a conceptual framework was developed based on socioeconomic, dietary, and 

demographic factors for the consumption of legumes (Figure 6-1). It is complex since there are 

many interactions between the different influence levels. All of these factors may influence the 

consumption of legumes in different ways. In addition to the more traditional factors, we also 

observed culture-specific factors. According to our research, these factors have a different impact 

on legume consumption according to socioeconomic status. Using this framework, we can better 

understand the implications of legume consumption at different levels. Based on this framework, 

the following discussion examines these factors. 
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Figure 6-1: Potential pathways by which associations between dietary patterns, socio-

economic factors may lead to improve legume consumption based on the study results. 

Note. Those with solid lines represent the main associations. The dashed arrows were not directly 

measured or analyzed, but there was an intention to show how they might interact with each 

other at different levels. 
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6.2.1 The Effect of Sex on the Consumption of Legumes 

The study found no differences in legume consumption by sex. Despite this, the consumption of 

legumes increased significantly between 2004 and 2015, with the increase being more 

pronounced among women than men (Table 5-6  and Table 5-12). Despite other socio-

demographic factors, if these variables are adjusted for educational level, age, marital status, or 

place of residence, no differences between sex are observed. The sex and the other socio-

demographic factors only had arbitrary interactions. The findings of this study also may be 

linked to within-individual consumption motives and preferences such as health concerns, which 

are established deeper and more firmly among women(179), thus  women are  more likely  to 

adopt a vegetarian diet (180, 181). Fruit and vegetables are also consumed more frequently by 

women. A study conducted in Australia found that women consume more fruits and vegetables, 

and that women tend to be more knowledgeable about nutrition, which may lead to improved 

eating habits (182). Furthermore, the results of a study conducted on participants from 23 

countries showed that women consumed more fruits and fiber than men, and often avoided high-

fat foods (183). Females were slightly more likely than males to have greater weight control and 

be more committed to healthy food choices because they were more concerned about weight 

control. Another study examined the differences in consumption of various types of foods 

between men and women by using data from the Foodborne Diseases Active Surveillance 

Network (FoodNet) (184). The study found that women consumed a greater proportion of frozen 

berries and frozen vegetables than men did, and that more women reported eating almonds and 

walnuts than men. While no significant differences in legume consumption were found between 

males and females in our study, the dietary pattern analysis showed that women's prevalence in 
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some clusters of eating patterns (dietary pattern) is higher, which might indicate sex differences 

in eating habits.     

6.2.2 Age and Legume Consumption  

According to this study results, whereas in 2004 older adults (age group 51 to 70) consumed 

legumes significantly more than other age groups, in 2015 the younger adults (age group 31 to 

50) consumed more than other age groups.  

Is there an age-related cohort effect on legume consumption and/or to what degree could 

immigration account for shifts in intake? Were increases observed over time in all age groups or 

limited to specific age groups?  An analysis involving cohorts or a more sophisticated approach 

would be needed to determine these effects. Most Canadian health studies, including the CCHS, 

utilized cross-sectional data or short-term accumulated data, which cannot account for the effects 

of time lapse. We should consider age, period, and cohort effects when evaluating the long-term 

trends of health-related variables. The consumption of legumes is still relatively low among 

young adults aged 19 to 30 years. Young adults' poor dietary habits could be attributable to the 

fact that they tend to eat discretionary foods outside the home more often than they would eat at 

home. Our results were similar to those from the UK in that young groups made up the majority 

of heavy consumers of meat substitutes in the U.K (82). In the Ipsos-Reid marketing study 

conducted in Canada in 2010,it was  found that legume consumption was highest among young 

age groups  (185). We also found consumption of legumes to be higher among the younger age 

groups, and this might be due to the knowledge that meals made from legumes offer favorable 

health benefits. This may also be due to the increased interest in vegetarianism among younger 

generations. Furthermore, vegetarians consume more legumes, soy products, meat analogues, 
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nuts, seeds, grains, potatoes, avocados, and fruit and vegetables than non-vegetarians (186). 

Vegetarian was not queried directly in the CCHS, but the prevalence was inferred from analysis 

of the 24 hour recalls in the 2015 survey, and a wide variety of limitations on animal food 

consumption were seen(187).  Further work is needed to see to what extent meat limitations are 

associated with increased legume intake.  A number of factors contribute to young people 

becoming vegetarians, such as better health, ethical reasons, environmental concerns, and 

religious convictions. It is possible that these factors may influence food choices beyond 

avoiding meat and other animal products which may be prevalent enough to affect national data. 

6.2.3 What Effect does Income Status have on Legume Intake? 

As compared to the other income groups, high-income individuals increased their consumption 

of legumes between 2004 to 2015. Perhaps the difference between consumption patterns 

observed in this study is explained by the fact that low-income individuals consume processed, 

energy-dense foods more frequently than do high-income individuals in 2015 (188-190). Low-

income individuals do not have access to healthy foods. Moreover, unhealthy foods are relatively 

cheaper (190-192). 

There are many things that make this a complex problem, including global economic forces that 

determine food prices, availability, and marketing and consumer behavior as well as personal 

decision-making. Perhaps legumes are considered food for the poor countries and therefore are 

not counted as a meal in industrialized countries. Furthermore, as we saw in 2004, income was 

one of the greatest predictors of consumption of legumes. In a previous study, products such as 

beans and potatoes were typically considered as low-income sources of food, and meat was 

considered to be the most preferred during economic growth(193). The income level, which we 
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examined in 2015, was not associated with  the consumption of legumes. Studies have suggested 

that the best way to improve nutritional quality of low-income individuals and the healthiness of 

their diet should be for these individuals to find a place in society where healthy food is 

accessible and affordable. This will reduce the nutritional divergence amongst various economic 

strata in society. However, previous nutrition analyses conducted by the CCHS have found 

inconsistent associations between food consumption and income. The consumption of milk and 

alternatives was similar within groups of different income levels, with the exception of milk and 

cheese, which was lower among the CAD$50,000 group (174). People with an income of less 

than or equal to $60,000 consumed as much seafood as those with an income of more than 

$60,000(175).     

Despite this, Tarasuk (194) found that households with lower incomes purchased fewer servings 

of vegetables, fruits, and milk, meat and alternatives than households with higher incomes. Food 

security is a significant factor that could have a substantial effect on dietary habits . A food 

insecure household is likely to buy products solely on the basis of cost rather than quality or 

health. Between 2004 and 2015, our research found improvements in food security. Canada, like 

many high-income countries, has higher-income households consume more nutritious foods, 

while people below the poverty line consume a lower quality, less nutritious diet. Therefore, 

food insecurity in a household may be associated with poor dietary habits that do not promote 

health. As a result, it is likely that food insecurity impacts income-related health inequities that 

result in lower life expectancy and higher rates of disease in low-income Canadians.   
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6.2.4 The Relationship between Education Levels and Consumption of Legumes  

In many studies, education has been found to be related to diet quality as one of the most 

important socioeconomic factors(195, 196). The findings of our study support previous research 

that shows that consumption of legumes foods increases with education level, although we were 

unable to prove a causal relationship between education and consumption of legumes(197). A 

possible explanation for this finding could be that the level of education has a greater predictive 

value than other socioeconomic factors such as annual income. This fact has already been 

discussed and documented in a previous study in a French  population (198). 

 Education has been shown to improve skills and knowledge, resulting in greater abilities to 

understand and use nutritional information (guidelines, cooking skills, health promotion 

messages, etc.)(198). We might therefore expect income and educational level to be related 

differently in our study. Contrary to US data, education level had a positive effect on legume 

consumption in Canadians on average. This may be due to the larger proportion of US citizens 

(27%) with less education than Canadian citizens (16%) but may also be related to different 

racial/cultural backgrounds of the two countries (76, 127).  

6.2.5 Geographic Factors Influence Legume Consumption 

Additional analysis of our survey data of CCHS 2004 and 2015 revealed that more legumes were 

consumed by households in urban than rural areas. Yet, the fact that urban expenditures are 

higher than those in rural areas implies that the prospects for market growth in urban areas are 

better than those in rural areas. Strategies should be designed based on strong insight and 

knowledge concerning consumers' desires and purchasing power regarding legumes/pulses. 

Legumes consumption increased in all provinces except Newfoundland and Labrador, where 
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consumption decreased. From the other side, the Nova Scotia showed the largest rise in the 

consumption proportion. 

6.2.6 In What Way do Consumption of Legumes Differ Based on the Ethnicity of the 

People 

Another aspect of eating legumes could be related to the differences in the way that certain foods 

are habitually consumed by individuals and in traditions for preparing them, and in some cases 

can result in dietary restrictions like the exclusion of meat and milk from the diet. Our study used 

two separate datasets generated in 2004 and 2015, both of which were representative of the 

Canadian population and contained data on culture to the respondents. Our study findings 

demonstrated that there are differences in intake of legumes among different 

races/ethnicities.  Our results suggest that cultural origin plays a powerful role in eating 

legumes. In the final model of 2004, ethnicity appeared to be an important predictor of legumes 

consumption among non-Asian participants since they were 0.37 times less likely to consume 

legumes than Asians. As seen in 2015, Latino participants were more likely than other ethnicities 

to consume legumes. Additionally, non-Asian participants who identified themselves as black, 

white, Latin American, or of mixed cultural origin consumed fewer legumes than Asians. 

Considering studies that demonstrate acculturation and cultural practices, as well as dietary 

preferences, racial or ethnic differences in legume consumption are not surprising (199). The 

food preferences of low-income Hispanic women in the United States are influenced by their 

cultural influences; rice, beans, and meat meals are generally considered healthier and more 

affordable than meals containing fruits and fruit juices (177).  



 

 

178 

 

The study examined data from the National Health and Nutrition Examination Survey 

(NHANES) for adults (18+ years) over the period 2011-2016 to determine the 10 most important 

food categories for dietary protein among a nationally representative sample of people of 

different races and ethnicities(200). Nutritional information has been derived from food and 

beverage recalls reported in the USDA Food and Nutrition Database for Dietary Studies 

(FNDDS).  Food and beverage categories are generally used to group products with a similar 

usage or nutritional content together. As an example, mixed meat dishes are typically prepared 

with either a sauce (e.g., meat gravy) or vegetables (e.g., beef stew). These categories are 

intended to illustrate how these foods are typically consumed. To determine which protein 

sources comprised the top ten, researchers averaged the proportions (%) of each subgroup of the 

population (age, race, ethnicity).The total amount of protein consumed by all individuals in each 

of the subcategories (age, race, and ethnicity) is divided by 100. The highest protein content was 

found in chicken (whole pieces) across all ethnic groups. For all ethnicities, chicken (whole 

pieces), beef (except ground beef), eggs, omelets, and meat mixed dishes ranked the highest 

among protein sources. The only plant-based protein among the top ten sources of protein for 

Hispanics and everyone else are legumes and nuts and seeds. The results of our study indicated 

that legume consumption differed with respect to race and ethnicity. In accordance with past 

findings, differences in frequency of legumes consumption by race/ethnicity were not surprising, 

which supports advanced theories of acculturation, culture, and food preferences. Ethnicity 

appeared to correlate with legumes consumption, including consuming them as staple foods. 

More research is required to determine the underlying causes of the positive associations among 

certain ethnicities.    
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6.2.7 The Impact of Immigrants on the Dietary Intake of Legumes  

Among the samples, in 2004 24.4% were first-generation immigrants, whereas in 2015 the 

number rose to 27%.  In 2015, immigrants accounted for 41.1% of all legume consumers, 

whereas they made up only 21.7 percent in 2004. Legume eaters were 2.5 times more likely to be 

immigrants in 2004; and 2.0 times in 2015, in univariate analysis.  

 In Canada, few studies have been conducted investigating the prevalence of overweight and 

obesity among immigrants and their relationship to diet. In an attempt to fill a gap in our 

knowledge of immigrant health issues, Macdonald and Kennedy (201) investigated the 

determinants of overweight among immigrants. A combination of survey data from recent 

immigrants and native-born Canadians is used to estimate how the likelihood of becoming 

overweight or obese changes with additional years of residence in the country. They found 

immigrants have a lower risk of obesity after arriving compared to Canadian born residents. In 

this study, the researchers found that, for immigrants to Canada, the probability of being 

overweight or obese on arrival is lower than for comparably born Canadians, and that probability 

increases as immigrants live longer in their new country. This measure of unhealthy weight has 

been reached or surpassed compare to  native-born citizens after living in Canada for 

approximately 20–30 years. Weight changes are largely a result of eating and exercising habits, 

and the degree to which overweight and obesity rates change over time can depend on how 

immigrants interact with or are influenced by the Canadian food environment and the extent to 

which they adopt Canadian lifestyle habits.   

There is a phenomenon known as the “healthy immigrant effect” related to recent immigration to 

Canada and other countries (202). This implies that immigrants are healthier than native-born 
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people in the country they are entering.  However, this effect diminishes after a certain amount of 

time (203). Older studies in Hawaii found that by the second and third generation, Japanese 

immigrants had acquired the health conditions of their adopted country. Immigrants’ experience 

of acculturation will influence development of new lifestyle habits, including dietary habits.  

Asian immigrants have been known to acquire poor dietary habits through acculturation (204, 

205). A separate study by Macdonald and Kennedy found that Chinese immigrants gained a 

relatively small amount of weight with increased years spent in Canada. The findings from this 

study were unexpected and warrants further investigation into Chinese immigrants and their food 

behavior change(201). In contrast to other immigrants, these immigrants have the lowest obesity 

rates, and unlike their native-born counterparts, the obesity rates have not increased substantially 

over time. Possible explanations as to why weight does not change with the number of years 

since migration are that local Chinese Canadian communities are large and well-established, 

reducing pressure on acculturation rates, and/or there are other genetic or other factors yet to be 

determined. 

 Literature supports the importance of “the healthy immigrant effect” (199). In comparison with 

native-born individuals, immigrants in Canada usually have fewer chronic conditions. Many 

factors have contributed to the disappearance of the Healthy Immigrant Effect, including 

nutrition transition. Immigrants must make some dietary adjustments once they arrive in 

Canada. These changes were influenced by several factors, including economic conditions, 

country of origin, and the living environment in Canada. They have multiple jobs at the same 

time, which means they are exposed to a high level of processed foods in the market due to lack 

of time to prepare food. 
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As the number of non-European/non-American immigrants rises among newly arrived 

immigrants and as interest in immigrant health grows, it is important to focus on nutrition and 

health transitions for these vulnerable groups. Through our study, we will be able to design 

interventions tailored to Canadian health and nutrition trends, as well as immigrant cultural 

traditions.  Using translated iconographic material combined with culturally tailored dietary 

materials will enhance immigrants' nutritional knowledge and diet quality. Furthermore, a variety 

of other factors such as purchasing power, ease of access, and family habits must also be 

considered. Dietary guidelines for immigrant legume consumption will be developed on the basis 

of traditional dishes, spices, and preparation techniques, with special emphasis on meals suitable 

for immigrants. By incorporating national legume dishes and foods while respecting religious 

and cultural restrictions contributed additionally to the creation of a more appropriate dietary 

profile. 

Among immigrants, length of residence in Canada was  significantly associated with legume 

consumption in both CCHS 2004 and 2015, with  consumers having spent less time in Canada. 

The proportion of legume consumers who have lived in Canada since immigration was 

significantly lower in 2004 than the proportion of non-consumers( 18.2±17.0 vs 23.6 ±17.3).The 

same results were revealed in 2015(22.6±16.3 vs 25.0±18.8). In Canada, researchers found that 

South Asian immigrants to Canada consumed more non-starchy vegetables after living there for 

a longer period of time (206). Another study conducted in the United Kingdom also with South 

Asians found that there were no differences in the intake of fruits and vegetables among 

immigrants who have only been in the country for five years vs. those with longer ties to the 

country (207). Other researchers carried out systematic reviews on the relationship between diet, 
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acculturation, and diet (Fruits and Vegetables) in Latinos living in the USA. They concluded that 

the total fruit and vegetables  consumption was negatively associated with acculturation (208). 

Acculturation may not be fully understood in terms of length of time dwelling in a country, and 

age at arrival data could add useful insight to this discussion. Our study showed that people were 

more likely to be legume consumers when they were older at time of immigration than younger 

people were. Yet, in many studies, the length of residence has been used as a proxy measurement 

of acculturation (199, 207, 209). Our study found that older immigrants have a smaller tendency 

to add legumes to their diet daily compared with younger immigrants who live longer in Canada. 

In addition, those coming from a country where legumes are traditionally consumed may also be 

affected. Consequently, interventions can be tailored to their culture of origin based on their food 

habits, to follow a typical or similar diet from their country of origin. 

6.3 There is a Connection between the Body Mass Index (BMI) and the Legume 

Consumption   

Several population-based cohort studies have suggested that less processed diets and those with 

plenty of vegetables, fish and nuts, such as the Mediterranean diet (rich in vegetables, legumes, 

fruits, nuts, cereals, fish, seafood, olive oil, and low levels of alcohol) or vegetarian diets are 

protective against excess weight gain(210). This study found that eating legumes was indeed 

associated with a significant inverse association with BMI, which is in line with previously 

conducted clinical trials and epidemiological studies (210, 211). It is true that causality cannot be 

established , but the results support recommendations that appear to emphasize the consumption 

of legumes as a strategy for reducing overweight and obesity. 
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Legume consumption may be associated with a lower BMI due to a variety of plausible 

reasons. Consuming legumes helps one feel satiated faster, consumes more fiber, and consumes a 

less energy-dense diet. The fiber content of legumes increases satiety and suppresses appetite. 

They are also great sources of protein and low in saturated fats. In addition, since this is a 

secondary analysis of presently existing data, we were only able to analyze a limited number of 

variables. There is therefore a possibility that our findings are due to residual confounding, as is 

common in diet studies.  Legumes contribute little energy to total intake, but overall energy 

intake is relatively high among legumes consumers, which confirms previous findings (212).  

Still, mean BMI was lower among legume consumers (0.4-0.7 BMI unit) despite this fact. This 

can be attributed to various factors, including that legumes have a lower energy density and 

health-conscious legume consumers may have other positive habits, such as more physical 

activity.  However, the average consumer may also consume more in dishes that contain multiple 

healthy ingredients. Interestingly, despite the differences between consumers and non-consumers 

in body mass index, physical activity status remained similar with approximately the same 

proportion of respondents reporting regular physical activity in both groups. There is significant 

measurement error associated with reported physical activity. As a result, it is not completely 

understood why legume consumers eat more foods but do not seem to weigh more than non-

consumers. Future research should examine this issue in more depth. 

6.4 Legume Consumers’ Dietary Intake of Nutrients  

The current research has shown that consumers of legume products consume more nutrients than 

non-consumers of legumes. Mudyrij (22) examined cross-sectional data from the 2004 Canadian 

Community Health Survey. The legume consumers consumed more carbohydrate, fiber, and 



 

 

184 

 

protein. They also consumed more micronutrients, making them less likely to fall below 

estimated average requirements for thiamin, vitamin B6, folate, Fe, Mg, P, and Zn. The results 

were consistent with our study.  Studies predict that when legume foods replace milk and meats 

in the diet, dietary intakes of some nutrients will be increased while intakes of others will be 

compromised (213). A significant difference was noted concerning fiber intake for legume 

consumers versus non-consumers, where many legume consumers met the dietary 

recommendation of 25–35 grams a day. Most Canadians do not consume the recommended 

amount of fiber, so it would be beneficial to incorporate more legumes foods in their diets. 25 g 

of dietary fiber is recommended by Health Canada. Yet, in Canada, the average dietary fiber 

intake has remained below the recommended dietary allowance, with consumption averaging 

only 15 to 19 grams each day (214).  

Legumes are high in carbohydrates and protein (215), which suggests that legumes are a better 

source of these macronutrients for adults.  In this study, a substantial higher intake of numerous 

micronutrients (folate, K, Fe, Mg, Zn, thiamin) was observed in legumes consumers compared to 

non-consumers, which reflects the higher concentration of these micronutrients in legumes and 

associated foods in eating patterns(216). In fact, fewer legume consumers had inadequate intakes 

of magnesium, zinc, folate, and iron (below the EAR).    

According to a recently released report published by Health Canada, 34 % of adults consume Mg 

at levels below EAR with this percentage reaching as high as 40 % among some life stage 

groups.  The overall proportion of Canadians who consume insufficient zinc, folate and iron also 

ranges from 10 - 41%, depending on their age group. Meanwhile, the median K intakes of adults 

in Canada are below the adequate intake values (217, 218). Based on EAR values, the current 
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analysis further demonstrates that fewer legume consumers had nutrient intakes below the EAR. 

In Canada and many other countries, folate is especially important for women of reproductive 

age(219). In our study, legume consumes, including women of reproductive age, resulted in 

higher folate intakes. Despite lower intakes of B12 that could be attributed to reduced meat 

consumption, the analysis had found that folate intakes were significantly higher among 

legume consumers. The reason for this is obvious, as legume foods are high in folate but lacking 

in B12. Associated foods in eating patterns, like vegetables, will also contribute to higher folate 

intake. 

Legume consumption has been shown to enhance bone health. The study showed that 

magnesium intake was correlated with bone mineral content in osteoporotic patients with intake 

greater than 350 mg/d (220). Previous studies conducted on CCHS 2.2 found that legume 

consumers consumed magnesium in amounts exceeding 350 mg.  The phosphorus that our study 

also found to be high in people who consumed legumes, due to its importance in bone health and 

maintenance, was crucial for the development of the bones (221). Overall, our results were 

compared with those of similar research on legume consumption and nutrient intake, 

demonstrating our conclusions are both consistent with the literature and logical (22).    

6.5 An Analysis of the Food Groups Based on the Consumption of Legumes    

Based on multivariate analysis over the two surveys, some food groups were consistently 

associated with legume consumption, while others were not. The food groups that were 

consistently positively associated with legume consumption were: vegetables, spices, fruits, nuts 

and seeds, grains and pasta and less poultry. In this study, we used the Canadian Food Guide 

code  to assess dietary patterns since we were unable to obtain food dish data from RDC. Based 
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on our analysis, we noted a shift in the types of important food groups relative to the prediction 

of being a legume consumer across the two surveys between 2004 and 2015. A combination of 

vegetables and poultry were the most important predictors of legume consumption in 2004, 

whereas grains, pasta, and vegetables were the most important predictors of legume consumption 

in 2015. Vegetable consumption is a consistent predictor of legume consumption, and it might be 

argued that adding vegetables to dishes could increase consumption of legumes. It is important to 

remember that advocates of legumes need to take into account that the majority of consumers 

will struggle to consider combining grains and pasta with legumes. It is possible for campaigns 

to address whether consumers must be convinced to combine grain pasta with legumes or 

whether they are open to such a combination. Nevertheless, efforts should be directed toward 

consumers who do not consume legumes. 

Previously, few studies have examined the relationship between objectively measured legume 

consumption and dietary factors. Furthermore, consumption of legume products demonstrates a 

significant improvement in dietary quality, as seen by the increased consumption of fruits and 

nuts and fewer meat products among consumers compared with non-consumers. In 2014, Health 

Canada’s Surveillance Tool, Tier System (HCST) (162) was developed to analyze adherence to 

dietary recommendations. HCST was employed in our study (CCHS 2015) to evaluate 

nutritional quality of dietary intake for legume consumers. The rule states that people who 

consume more of Tier 4 foods (i.e., foods high in sodium, saturated fats, total fats, and sugar) are 

non-compliant. The lowest consumers of Tier 4 and more Tier 1-3) are defined as having the best 

quality diets with respect to the calories, total fat and saturated fat consumed.   
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Based on the findings of CCHS 2015 analysis, legume consumers are eating more foods in Tier 

1–3, rather than Tier 4. The findings indicate that individuals who do not consume legumes or 

who consume diets low in legumes need to consume foods that are nutrient dense and make 

healthier food choices.  

Consumers make better food choices among legumes regarding various types of vegetables, 

fruits, and grains. Almost all vegetables and fruits except potatoes and fruit juice are categorized 

as Tier 1 or Tier 2.  In addition, most grain products consumed were categorized as Tier 2 foods. 

However, although some Nuts and Seeds from the Meat and Alternatives food group were 

included as Tier 2 foods, most food choices from this group were yet to be classified as Tier 3. 

According to Tugault-Lafleur study, Canadians reported eating fewer vegetable servings and 

fruit than they did in 2015 compared with 2004, while eating more meat and substitute foods 

(140). Many of the differences reported over time appear to be consistent with recommendations 

by the 2007 Canada’s Food Guide, which called for increased amounts of legumes, nuts, and 

seeds each day(140). It was also in line with recent calls in Canada to emphasize more plant-

based protein sources(69).  

In this study, we found that tendency for grain and pasta consumption was higher among 

legumes consumers. Although we have no data to support this, one possible explanation could be 

because participants believed that whole grains were important for their diet and perceptions of 

“healthfulness” as they provided dietary fiber and nutrients, they are less processed and more 

natural as legume consumers showed that complier with Canada food guide and more healthier 

choices (more Tier1-3). A study conducted by Burke et al. focused on multi-attribute choice 
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modeling and found that wholegrain products were rated highly by consumers for their value as 

well as their healthfulness (222). A combination of factors, such as health issues, cultural 

traditions, sociodemographic, etc. could also play a role. Our study focused on consumers’ 

behavior, with the aim of revealing factors that influence consumption. 

Further, Mitchell’s study of NHANES data shows that legume consumers consume more grains 

as compared to other food groups (76). Aligning with this, the consistency of rice in Asian, 

Indian, and South American cuisine may account for the higher prevalence in the ‘rice and 

vegetables’ group (223).  

Regarding the consumption of legumes and grain and pasta, in this project, it was possible to see 

that, as it would be expected, the legumes most commonly eaten in Canada appear as a main 

ingredient in several traditional dishes (such as Asian mixed vegetable curry, dal curry, falafel, 

fabada, baked beans, lentil soup, refried beans, and chili) (224). Through social marketing and 

recipe changes, it may be possible to increase the consumption of grains, pasta, and legumes. 

These interventions may have been promoted due to their convenience, palatability, and 

simplicity of preparation.    

Many factors are being considered when a food is selected to be eaten, but tradition also still has 

a lot of value in this case. By introducing an even larger range of products inspired by cuisines 

from various cultures, consumers are more likely to experience the many ways legumes can be 

used. Particularly the cultures of Mexican, Indian, or Middle Eastern cuisine influences the 

perception of legumes by consumers(225). Various ethnic groups use grains, pastas, and legumes 

differently, and perhaps we should pay closer attention to their usage in Canada; for example, 
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Haleem is a type of stew that comes from the Middle East and is popular in Central Asia and the 

Indian subcontinent. Regardless of the region, this dish usually contains meat, wheat or barley, 

lentils and spices. Rajma is an Indian-style vegetarian curry dish containing red kidney beans in a 

thick, spicy gravy made with onions, tomatoes and spices, and usually served with rice. Rice and 

bread are usually served with Dal, a classic Indian dish, made with cooked red or yellow lentils.  

Various spellings of “Dal” are seen online and in recipes, which means lentils: daal, dhal, or 

dahl.  Dal contains cooked lentils with various combinations of spices (cumin, cinnamon, garlic, 

etc.) and vegetables (onions and tomatoes) tempered in oil or ghee (butter fat) (224).   

A common combination in Asian culture is “rice and beans” or “whole grains and legumes.” 

Whole grains work naturally with legumes, both from a culinary and nutrition-related 

perspective. Before researchers realized the importance of combining complementary proteins 

for complete nutrition, traditional cultures had already learned to combine foods such as dal with 

whole wheat roti, black beans in corn tortillas, and black-eyed peas with brown rice were 

common. The Mediterranean diet is also characterized by the consumption of grains and 

legumes. For example, Moudammas, a dish made with fava beans, baking soda ,dry garbanzo 

beans, cumin ,olive oil ,lemon juice ,garlic crushed) and moujaddara, a dish made with lentils( 

lentils (green or brown), white short grain rice, cracked wheat, onions, olive oil, cumin), are two 

popular bean dishes that are often served with grains.  Greeks typically serve Gigantes plaki 

(white or butterbeans baked in a tomato sauce along with plenty of fresh herbs) combined with 

bread for dipping.  Black beans are usually served in varying combinations with rice all over 

Latin America. Red beans and rice is a classic American  dish made with red beans in tomato-
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type sauce, served over rice (226).Red beans are smaller than kidney beans, but are often used 

interchangeably.  

In this study, this type of dish was most popular among the ethnic groups reporting legumes 

consumption, specifically south Asians (Cluster 1 (soup and fruit) reported consumption of 

grains, pasta, and legumes to be higher than any other cluster).  

Many Caribbean dishes consist of rice and peas, such as pigeon pea stew, and Caribbean 

spinners, cornmeal or whole-grain dumplings that traditionally go with soups of red peas and 

vegetables. It is no surprise many traditional Asian dishes include rice and legumes, such as rice 

cooked with peas. In addition, we observed that nuts and seeds were consumed more often by 

legumes consumers (examples of dishes with legumes and nuts and seeds; Tabbouleh of spring 

beans, seeds and nuts, Brown rice salad with crunchy sprouts and seeds ,green beans with tofu 

and crushed peanuts). It has shown, among nut consumers, there is likely to be a higher intake of 

vegetables, meats, and beans (227, 228).  

The level of spices found in some of these cuisines are also high but may be too spicy for many 

Canadians. Spicing level varies in most cultures, but certain cultures traditionally use certain 

combinations that some Canadians may not be familiar with. This opens up the possibility of 

new cuisines to develop over time.  Nevertheless, they can all be used as salad toppings. They 

can be easily incorporated into vegetarian and meat dishes in a variety of delicious ways, as well 

as providing a wealth of health benefits. 

In contrast, the consumption of poultry and other meats was negatively associated with the 

consumption of legumes. Therefore, individuals who consume legumes may replace meat with 
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other sources of animal proteins (such as dairy products and eggs) as well as alternative sources 

of non-animal proteins (such as legumes). Furthermore, in cluster analysis that included the food 

groups, poultry, grains and pasta, and spices and herbs were the strongest predictors of legume 

consumption.  Logistic regression analysis was employed to determine the effects of more 

specific food patterns on legume consumption. The decision of which variables to include in a 

model is often considered to be the most critical part of modeling. This study is an attempt to test 

the hypothesis that food groups can interact with each other regarding legume consumption. 

Research has so far focused on the effect of macronutrients or general diet patterns (Western 

compared with healthy diets) on legume consumption and has not looked at whether food groups 

might have an effect(124). Although we know the use of the statistical analysis does require 

some conditions in a context such as this, some guidelines must be followed. Tests of collinearity 

and stability revealed that most of the multiple food groups exhibited relatively low levels of 

collinearity. 

6.6 When and Where Legumes are Eaten  

Our results indicated that in general, the percentage of people who reported eating something at 

each of the main eating occasions (e.g., breakfast, lunch, dinner, and drinks) and snacking during 

the day during 2004, and 2015, was at least 63%. In both survey years 2004 and 2015, legume 

consumers were more likely to consume full meals (breakfast, lunch and dinner) throughout the 

day in comparison to non-consumers. These results are consistent with similar analyses carried 

out in CCHS 2004. Nishi (229) examined to what extent energy, saturated fats, sugar, and 

sodium were consumed by 20,402 Canadians on a frequency basis and where they were 

consumed. The study found that at least 80% of people reported eating something at every meal 
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or at least a snack throughout the day. In addition, our analysis indicates that legume 

consumption varies depending on the eating occasion. It may not provide an accurate depiction 

of the percentage of individuals who eat legumes in different contexts, but it may illustrate the 

likelihood of eating legumes in each context. Most legume consumers reported that they 

consumed legumes during lunch, dinner, and snacks in 2015. Only a small percentage of 

individuals ate legumes at breakfast, and the amount consumed at breakfast was lower in 2015 

than 2004. This dramatic shift could be due to a number of different reasons. Changing breakfast 

components could be a contributing factor. The Canadian breakfast tends to be sweeter, which is 

why American pancakes, French toast, and waffles have syrup.  

As we mentioned earlier, legumes were consumed mostly at lunch and dinner in 2015 as well as 

during snacking occasions In Canada, 80.4% of the population reported consuming an average of 

one snack daily(230). The current research indicates that legumes may promote the consumption 

of healthier foods including vegetables and whole grains during snacking times and other 

mealtimes.  For instance, a recent study on healthy adults also supports the observation that an 

afternoon snack of hummus was associated with improved overall diet quality (231). In 2004, 

Nishi study found that on average Canadians consumed only 18% of their daily calories at 

breakfast; 24% at lunch; and 36% at dinner. This study found that snacks comprised more 

calories than breakfast and accounted for 23% of adults' total caloric intake (229). The findings 

are consistent with those we observed in 2004, which showed that there is a high ratio of 

legumes consumed in the morning (34%), followed by lunch (26%), dinner (22%) and snacks 

(18%), measured in grams, over the 24-hour period. Additionally, dinner is the most common 

time for Australian adults to consume vegetables (232). Our findings that more legumes are 
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consumed at both dinner and lunch in recent survey (2015) generally reflects the fact that 

interventions designed to increase legume intake may prioritize increasing the percentage of the 

population that is having legumes at these occasions. Moreover, future interventions will also 

need to consider the fact that lunchtime is the most frequent mealtime for consumption of 

legumes in the overall sample population . 

6.7 An Analysis of Dietary Patterns of the Population and Legume Consumption  

In cluster analyses, Clusters have been identified based on the grams of food consumed, using all 

available CNF food groups, except mixed dishes, etc. Until now, this is the first cluster study to 

be conducted in this population. Using cluster analysis, distinct patterns have been identified for 

consumption patterns among Canadian adults, with one group consuming more legumes than the 

other, which can be detected by introducing potential meals for intervention. The study also 

reported the differences in daily intake of other food groups, as well as the association between 

legume consumption and socioeconomic status.  In 2004, according to our results three clusters 

emerged, in one cluster  the majority of people consumed the average amount of 

legumes(16.8.0±50.9) , while we found two other subgroups (clusters) that consumed more and 

less legumes than the average(21.4±47.4   vs 13.8±47.7) (Table 5-29). This group is 

differentiated by consumption of beef and poultry in clusters with a lower consumption of 

legumes and higher consumption of grains, pasta, nuts, seeds, fruits, vegetables, spices and herbs 

in clusters with a higher consumption of legumes. Our study showed that the patterns of mean 

energy intake had significant differences, and this could have important implications for the 

identification of complex dietary exposures, obesity risk groups, and food choices that contribute 

to obesity, as well as nutrition education messages. Despite this, food weight distinguished fruits 
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and juices the most from dairy products and did not provide much insight into food eaten 

together. 

Additionally, the dietary pattern analyses of adults aged 19 and over years suggest that more than 

half of the people with predominant legume patterns were living with immigrants, non-

Caucasians, low-educated households, or food secure households. Additional research indicated 

that the proportion of the adults in the “legumes” clusters whose members came from families 

with the highest income level was significantly lower than that of the other groups. These results 

are consistent with our descriptive analysis suggesting that socioeconomic status plays a role in 

the choice of legumes for diets among adults in Canada. Dietary patterns in immigrants change 

due to a changed or modified lifestyle. It may be worthwhile to study immigrant populations to 

help better understand change in environment, dietary habits, and lifestyle behaviors. Several 

studies report a shift in food consumption patterns among immigrants as well as changes in food 

intake among immigrants (233-235).  

The analysis of dietary patterns is based on the overall pattern rather than on specific nutrients or 

foods. By contrast, to approaches to dietary assessment based on nutrients or food groups, 

dietary analysis examines all of the food and beverages that are consumed simultaneously. The 

results of our study showed that the largest clusters (Cluster 3, N=11305) of participants in the 

study consisted of people who ate average amounts of legumes (16.4±55.8). Moreover, we found 

that the largest clusters (69% of the population) were made up of individuals who consumed 

more meat than other clusters (Cluster 3, Middle Meat lovers). People who belong to this cluster 

(Middle Meat lovers cluster) are older (47.2 ±17.2), less educated (20.9% Less than secondary 

school), and have a higher BMI (27.2±5.8). In terms of ethnicity, most people of Southeast 
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Asian were in the soup and fruit cluster (7.2%), followed by those of south Asian in the middle 

meat lovers cluster (6.3%). These results may indicate the impact of ethnicity on dietary patterns 

among three clusters, where those from the fruit and soup cluster consume the most legumes 

followed by those from the middle meat lovers cluster. 

Several studies have found two distinct dietary patterns within samples, generally one that is 

healthier and is referred to as “prudent” versus one that is considered unhealthy and is referred to 

as “Western” (236-239). Studies have shown a stronger link between a healthier diet and 

decreased cardio-vascular disease risk (237-240) and lower risk of cancers (239), and all-cause 

mortality (241). Research has shown that Western cluster or foods higher in fat have a higher 

risk of developing type 2 diabetes mellitus (124). A study conducted by Togo and colleagues  did 

not suggest a consistent relationship between dietary patterns and obesity status, possibly 

because the studies used different statistical methods to assess dietary patterns (242). In the 

study, Newby and colleagues found lower waist circumference and BMI increases in diets 

containing more fruits, vegetables, low-fat dairy products, and less processed meats, sweetened 

carbonated drinks, and fast food (243). Furthermore, even when analyzing data by food group 

amount weight, there were associations between dietary patterns and weight status. 

Within the first cluster, all the fruit and vegetable sub-groups were associated with the higher 

consumption of legumes.  A healthy diet has been identified by researchers in many studies as 

one that includes a total amount of fruits and vegetables, as well as a consumption of these foods 

can be related to achieving a more desirable weight status (243-245).  
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People who consumed legumes had healthier eating patterns, as they consumed fewer calories 

overall than those who did not consume legumes.  The previous research also indicated the 

relationships between an individual's dietary patterns and their socio-demographic 

characteristics.  The consumption pattern of “fruits, vegetables, and oily fish”(  labelled  as 

“prudent”  or“ Mediterranean” or “healthy” )  displayed a positive relationship with maternal 

status ,age , income , social class , education, urban living,  partnership status, non-smoking 

status, and non-obesity status.  Consumption of “red meat, processed foods, sugary items and 

soft drinks” (labelled   as “Western” or “processed” or “unhealthy”)  has been inversely related 

to age, exercise, education, social class, and height,  and is positively related to being male,  

BMI,  smoking and drinking (246).  Most men in the highest tertile of the sweet foods and sweet 

baked goods pattern didn’t have tertiary education and were more likely to be current smokers 

than women (247). People who consumed a traditional / Iranian dietary pattern were slightly 

older and also more physically active (248). A Japanese pattern indicated a lower rate of 

smoking and drinking among people (249). Studies have found a link between higher scores on 

the “traditional Dutch dinner” diet and women who have less education, are smokers, and are 

more overweight (250).   

The findings from CCHS2015 indicates that individuals between the ages of 19 and 31 born in 

Canada of white racial heritage, non-immigrant, are more likely to belong to cluster 2 (the ‘less 

eater’ group) with high energy consumption. Furthermore, the distribution of higher prevalence 

of obesity is markedly different. The same types of patterns listed as "Prudent" and "Western" 

are also seen in other studies  (251-253). Because our results are closely aligned with other 

dietary studies, we may be able to compare results between studies and apply our findings to 
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different populations. The cluster may reflect underreporting, although the questionnaires that 

were submitted incompletely were exempted before being analyzed. It would also expected  low 

consumption frequencies of ‘unhealthy’ foods, such as processed red meat and refined grains, in 

comparison to relatively high consumption frequencies of ‘healthy’ foods, such as fruits, 

vegetables, and fish, resulting from the social desirability bias. Although this was not the case in 

this study, it may be that the small eaters were eating larger portions although they did not 

consume as frequently as those in the other clusters.  

They may be vulnerable to malnutrition and specific nutrient deficiencies since they are more 

likely to have poor nutritional quality when overall food intake is low. Eating behaviors and 

nutritional status may be affected by the following factors. Understanding a person’s social, 

cultural and economic environment is essential to identifying those who are at risk for 

undernutrition. According to the earlier mentioned survey, younger adults with a median age of 

31-50 years make up a larger proportion of this population. These findings on lower nutrient 

density and higher energy density among younger age groups are alarming from a population 

health perspective due to the association between this type of diet and adverse health outcomes 

like coronary heart disease and strokes (237, 254). 

There may also be a need to consider contextual factors in our food choices, specifically the 

context of how and where we eat, given that the national health guidelines in Canada focus 

almost exclusively on what we eat and specific food choices. Internationally, numerous countries 

have emphasized the importance of social, cultural context in their national health guidelines. 

For instance, nutrition recommendations from other countries include such recommendations 

as  “eat calmly, never eat when driving or at work”(255), “eat some meal for breakfast” (256), 
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eat “three meals a day” (257) and “enjoy your food!” (258). Several aspects of healthy, 

structured mealtimes should be addressed directly in the Dietary Guidelines for Canadian in the 

future, such as ensuring that meals are eaten regularly during the day, upholding the guidelines 

on snacking, and encouraging home food preparation and family mealtimes. Such factors may 

affect our food choices and our health in the long term, increasing awareness of nutrition 

messaging how these issues may be understood and used by the general public. Although food 

patterns were relatively the same in 2004 and 2015, the proportion of participants in each cluster 

changed dramatically. The Canadian population's changing food habits are not unique to them. 

Statistics on the subjects' food habits for adults from 2004 to 2015 demonstrate changes in food 

habits over time(140) The consumption of vegetables, legumes, fruits, and berries by women 

increased considerably from 2004 to 2015. The consumption of fish and seafood had also 

increased, while both women and men had reduced their consumption of potatoes (140). In the 

present study, the change in food consumption patterns does not completely match those seen in 

the national studies. There is a possibility that the discrepancy is caused by slightly different data 

collection procedures. Both national studies used 24-hour recalls. The method of capturing data 

in 2004 was slightly different from that in 2015. The food grouping system for CNF was also 

revised. 

Regarding the comparison of legume intake patterns changing  between 2004 and 2015, a 

popular method for assessing changes in dietary patterns over time is the proportion of 

participants who remained in the same cluster throughout the period(259). Our findings show 

that low legume consumers between 2004 and 2015, cluster "2" of both surveys, have similar 

consumption patterns. This study has found that the most frequent transition between 2004 and 
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2015 was from low legume consumption to moderate pulse consumption (over 50%), a pattern 

identified consistently between the periods of 2004 and 2015. However, half of the participants 

in the “lower consumption” group in 2015 remained in the same cluster as in 2004. The previous 

study examined the stability of clusters, for example  the stability of two dietary patterns, “low-

fiber bread” and “high-fiber bread”, derived with the aid of cluster analysis, was examined 

among children from the age of six (n = 6113) to 15 (n = 4916) and 16 (n = 4520). Study results 

show that food groups had good reproducibility within each cluster, and almost 42% of 

participants remained within the same dietary pattern cluster after the study was conducted (260).  

The advantage of this study is the amount of food groups we used to analyze yielded results 

consistent with a healthier diet. There is a need to explore this novel approach further in other 

groups, because the results from cluster analysis may be sample specific. The information for 

public health is often given in terms of food servings and portions. Therefore, the clusters 

derived from food amounts can be used to examine the relationship between recommendations 

for foods and health outcomes. Dietary patterns of groups should be determined via comparative 

strategies. We found that using amounts of food as a clustering variable best described more of 

our sample's dietary patterns and it was also consistent with recommendations outlined by 

national guidelines.  Based on the amount of food (g) consumed by Canadians, food 

consumption data provides us with an alternative picture of food consumption. The alternative 

picture gives us the opportunity to examine the characteristics of people who eat in a variety of 

establishments, information that could be helpful to public policy makers. 

As a result of a better understanding of dietary patterns within specific populations, we are able 

to design interventions that can be implemented in practice. The effectiveness of dietary 
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interventions cannot be determined conclusively due to a lack of sufficient evidence, for 

example, depending on the population. There is a wide range of diet intervention methods 

available today, but these methods are insufficient for linking consumption decisions to various 

factors, such as socioeconomic factors. Even though there is much that can be achieved through 

existing national and international intervention programs, the groups identified in the study 

indicated the need for further dietary improvements, as well as their respective determinants. 

 Cluster analysis has some limitations. Data from the first 24 h dietary recall were used for 

cluster analysis in this study. Self-reported data on dietary intake can reveal biases, such as over- 

or under-reporting, that can in turn lead to the identification of patterns of dietary consumption, 

which are not representative. Furthermore, different clustering methods usually produce very 

different results. The appropriate method must be chosen based on the objective of the 

investigation. Moreover, cluster analysis is strictly a statistical procedure. There are no 

assumptions about the behavior of consumers. There is a cluster of information around a central 

point that may or may not be meaningful after the analysis has been conducted. There are several 

clusters that are subject to biases. Inferences about the entire population would be biased if 

clusters representing the full population were formed under biased circumstances. 

6.8 Analysis of the Principal Components and Comparison of the Consumption of 

Legumes between Two Surveys  

A better understanding of dietary intake patterns may simplify dietary change 

implementation.  Although the dietary patterns area is very rich in literature, studies that compare 

different methods using the same study sample are few(261, 262). Yet, choosing the correct type 

of pattern analysis technique is probably the most important aspect of dietary pattern analysis. In 
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addition, the food-group variable format is important, as different formats will result in different 

diets and makes it difficult to compare results between studies. Cluster analysis separates groups 

based on their food intake, whereas factor analysis separates groups based on the correlation 

between food intake and factors. As such, an advantage can be gained by using factor analysis in 

dietary assessment strategies that are likely to encounter collinearity among nutrients and foods 

through the standard dietary assessment approach. Despite this, most studies focused either on 

nutrient intake or food consumption rather than whole dietary patterns. Changes in dietary 

patterns can result from changes in food preferences, food availability, and changes in social 

circumstances, so dietary pattern analysis can provide useful information about whether a 

particular individual is consuming legumes with a particular pattern (263). 

The legumes pattern identified in the current study, characterized by high consumption of 

legumes and nuts and seeds and grain and pasta in 2004 and with baked products in 2015, seems 

to be unique to the Canadian population and is unlike any pattern described in other research. We 

already found that baked beans and split pea were the most preferred legumes in 2004. Baked 

beans are usually served as a side dish. There are plenty of possibilities for breakfast, including 

scrambled eggs, pasta with beans, or bake beans and eggs for breakfast, which can give you 

adequate energy for several hours. On the other hand, Bread and cheese are the perfect 

accompaniments to a hardy bowl of split pea soup. Humus consumption followed baked beans in 

frequency in 2015. During the study period, hummus may have become more readily available as 

a processed food in all supermarkets, which may have contributed to its increased consumption. 

However, it is excellent for snacking with vegetables or whole grain crackers. Spread it instead 

of mayonnaise or mustard on sandwiches for a protein-rich boost of protein and fiber. It is 
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generally considered that baked goods are broadly classified into the following 

categories:  muffins, bars, breads (bagels, buns, rolls, biscuits and loaf breads), cookies, desserts, 

pizza, snack cakes, sweet goods and tortillas. This might be one of the reasons why legumes are 

generally loaded with those food groups in PCA analysis. When comparing diet habits in 

different periods of time, it can be hard to draw comparisons unless one is using 

methodologically rigorous methods to compare them. A PCA identifies patterns within the 

available data, which may result in other patterns being identified if assessing at different time 

points while still retaining similar patterns. However, the coefficient of congruence indicates that 

the patterns are not the same. It should be noted that in the context of PCA, nutrition decisions 

are arbitrary and subjective. An example is input variables, which are often overlooked and 

depending on the source of the data, dietary data can be analyzed in a variety of ways by PCA. 

As part of the CCHS recall, data may be derived continuously as grams or percentages of energy 

from food groups or dichotomously (for example, whether a particular food group was 

consumed). While it was difficult to comprehend and conceptually represent quantities 

consumed in the present study based on continuous variables, other input variables (such 

as percentage energy as a measurement, adjusting weight for total energy intake or binary input 

variables) could have provided better patterns/more meaningful results. 

Each dietary pattern method has individual strengths and weaknesses. Using both methods, 

(Cluster and PCA) it was found that both dietary patterns were comparable. On the other hand, 

for some food groups in cluster, it was not possible to untangle any pattern from PCA based on 

the factor loading. As a result, PCA could not reveal all dietary patterns that were part of the 

dataset. This might have been due to the subjectiveness of the decision-making (i.e. cut-
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offs). Additionally, only 53% and 48% of the variance in the study can be explained by the PC 

retained, so it is possible that other dietary patterns exist in the data. As part of a study 

investigating different dietary patterns, Schulze et al.  studied the effect of PCA on food intake 

and nutrient content differences (264). According to their study, PCA does not always reflect the 

dietary patterns represented in the dataset. By examining the magnitude and direction of factor 

loadings for legumes variables, we can understand how each principal component is 

interpreted. As the factor loading for legumes increases, the more significant the corresponding 

variables become in the determination of the component. Regardless of their absolute value, the 

factor loading is subjectively considered important. With this approach, you construct new 

variables (principal components), in this case, legumes eating pattern, that are linear 

combinations of food groups. The objective of principal components analysis is to explain the 

maximum amount of variance with a limited number of principal components.  

 Food patterns are necessarily complex and may vary from place to place. With no additional 

analysis, it is hard to detect which dietary component within subgroups is responsible for 

observed differences in eating patterns. The challenge consists of not only identifying patterns in 

the population sample but understanding what these patterns mean so that we can better 

understand which foods are high in or low in, what nutrients are prevalent or not, and also who 

consumes what foods. The choice of dietary pattern method must be made in part according to 

the expertise of the research team, in addition to the way the results are presented. Cluster 

analysis and factor analysis produce different results when answering the same 

questions.  Researchers use cluster analysis to examine whether certain groups of people have a 

diet that is different from one another, and if so, what their dietary preferences are.  Factor 
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analysis provides insight into the underlying pattern of eating variation in which behaviors are 

examined (265). Additionally, none of the factors identified in this study provide information 

concerning the characteristics of identifiable groups in the sample so they cannot be used to 

make inferences about common diets. However, PCA may be carried out much more simply and 

logically than cluster analysis. Researchers may examine the components of certain types of 

eating habits to determine whether specific groups of people or diets are similar or different. 

There is one less studied, yet crucially important aspect of measurement equivalence; the 

demonstration of measurement invariance among the relevant subgroups (e.g., different races or 

sex as well as different samples from 2004 to 2015).These tests could be conducted on the entire 

sample for each dietary pattern. In the absence of measurement invariance, the differences 

among groups may not be generalizable across populations. The measurement of different 

constructs across groups can cause erroneous screening results. Measurement invariance was not 

examined in our study, and the lack of similar patterns (Factors/components) between 2004 and 

2015 may be associated with lack of measurement differences. A future study should investigate 

this further. 

The comparison of patterns derived from the two factors described in this study revealed slightly 

different dietary patterns. A theory devised in 1993 by Barry Popkin called the ‘nutrition 

transition’ hypothesizes that the human diet differs with economic development and changes 

over time (266).There has been a distinct shift in food consumption patterns over the years 

among different Canadians, suggesting that a nutritional transition is likely to be underway as the 

population experiences rapid environmental changes. Yet this change is not the same as the 

clustering in this study. Studies that examine the relationship between diet and health are rare, 
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especially those that track dietary intake over time and apply the same methodology as our study. 

In current study, dietary patterns are determined by using PCA and cluster analysis, which are 

commonly used in nutrition research. It is possible to analyze latent variables as an alternative 

method to principal component analysis and cluster analysis. Latent variables are quantities that 

are not observable. The use of multiple items (food items) as indicators of the latent variable 

(dietary pattern) may give us a better understanding of the construct of interest and may allow us 

to examine the latent timeline of the construct (267). 

Previously, food-group variables expressed as percentages of total energy (%TE) were the best 

cluster solutions, while the highest interpretable principal component came from food groups 

expressed as grams per day (268). Therefore, any dietary patterning method should be supported 

by a clear logic of the dietary variables before commencing to analyze the data for the most 

likely solution to the dataset.  Inherently subjective choice-making is inherent in cluster and 

factor analyses, regardless of their tendency to be objective due to the fact that they are 

performed posteriori. In k-means cluster algorithms, users are required to specify the number of 

cluster solutions to avoid unrealistic cluster formation. For this reason, many scenarios with 

different number of clusters must be explored, and various cluster solutions must be contrasted. 

Users must also make subjective judgments regarding PCA, such as determining how many 

factors to extract (e.g. the eigenvalue cut-off) and how to rotate the selected factors. Interpreting 

the overall dietary patterns derived by either approach through the use of dietary patterns means 

that they involve multiple components of diet, and possibly, there is a possibility that there are 

different predictors of change for dietary components. In general, there was a moderate 

correlation between legume patterns over the last decade, similar to other studies (140). 
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Additionally, because of the annual surveys, the nutritional status of the residents has also been 

monitored closely. Mulder et al (269) discovered that although dietary scores were fairly stable 

after 4 years (correlation coefficient of 0.61), stability also influenced by lifestyle practices. For 

complex dietary behavior, it is important to incorporate repeated measures over time (95). 

While the identified patterns only accounted for 6.0–8.0 % of the variation in intake at each year, 

nineteen food items could not sufficiently explain the variation in diet for specific foods or food 

groups. Despite the correlation between legume patterns, our analysis consisted of only two 

surveys without the addition of previous surveys as a control, thus, it is not possible that it could 

predict the effects of legume changes longitudinally. Based on such methods as logistic 

regression, principal component analysis and cluster analysis, we observed some contradictory 

results regarding the associations between food groups and pulse consumption in this study. 

There are advantages and disadvantages relating to these approaches, such as the fact that they 

provide complementary insights. A comprehensive understanding of dietary patterns requires the 

choice between multiple approaches, so each approach must be justified. The results of our 

regression analysis let us determine which food groups have an effect on pulse consumption and 

whether or not this impact is positive or negative, whereas clustering and principal component 

analysis help us understand the shape of diet and where the pulse is in the daily diet without 

making assumptions about individual eating patterns . 

6.8.1 Calculating a Realistic Number of Dietary Patterns Using PCA  

There are some methodological challenges with PCA in our study, which can affect the type, 

number, and label of patterns derived, reported, and analyzed. Detailed explanations are provided 

in the following sections. Researchers typically consider a number of factors when deciding how 
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many components to include, such as the eigenvalue > 1, the scree plot, and explained 

variance. In current study, each of these criteria was analyzed to determine how the extracted 

components differed and how the results were interpreted. PCA generates many factors (in our 

case, the number of food groups), so identifying the primary dietary patterns is essential. To 

assess the magnitude and interpretability of the dietary patterns identified, factors with 

eigenvalues greater than 1.0 were chosen (a typical method), explained variance and the Kaiser 

criterion were calculated, and the break in the scree plot was analyzed. As a result of these 

approaches, many patterns, such as food groups and rotation patterns, can be subjectively 

defined. In accordance with some criteria, variances must be explained by 70% to 80% of the 

components. To meet this standard, our case will have at least nine or ten components. However, 

based on social science research, factors typically account for only 50-60% of variance (270). In 

accordance with this reference, the variance explained by 8 components in 2004 is greater than 

50%, when eigenvalue criterion cut-offs are set at 1. According to scree plots, we may end up 

with fewer components (2 components in 2004 and 4 components in 2015 in our analysis), but 

the explained variance will be very low and the explanation will also be very challenging. 

In dietary analysis, it is often difficult to clearly demonstrate how components were identified 

since the variability between dietary patterns tends to be small and difficult to extract. 

Furthermore, there is evidence that PCA solutions often contain ambiguous components (271). In 

this study, principal component analysis did not result in a statistically significant improvement 

over more common  methods of analyzing diet patterns. Furthermore, although quantitative 

criteria can be used to eliminate some subjectivity from the selection of patterns to include, they 

are often affected by the choice of cutoff values, such as 0.2 for factor loading in PCA. We could 
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determine how many components to consider by selecting only those that provide unambiguous 

results, i.e., those in which no variable appears in more than one column. The interpretation of a 

component must be determined after it has been calculated. In the analysis, we were primarily 

interested in describing the data rather than testing hypotheses. Consequently, what needs to be 

considered is the description of the data that provides us with a concise and accurate picture of 

the situation. The study purpose was to determine how legumes are loaded on different 

components with other food groups. To date; however, no studies have been conducted to 

determine whether using PCA is superior to using food groups or individual foods to characterize 

diets. Data in specialized disciplines such as nutrition is often 'noisy', and as a result, 

interpretations can be somewhat ambiguous. The consumption of any single food or food group 

is influenced by the consumption of other foods or food groups. A person who consumes more 

legumes tends to consume fewer other foods. Statistically, maybe not, however from a dietary 

perspective, perhaps it is important to determine if there is a relationship.  

The importance of determining how many dietary patterns to derive and what foods are 

associated with each dietary pattern was a crucial step in this thesis. It is important to identify the 

components of the pattern that should be targeted for future intervention. It is unclear whether 

food groups like legumes, which are highlighted by the PCA method and contribute more to the 

dietary pattern, would be an appropriate intervention. Combining PCA with the other descriptive 

analyses that were carried out in our study may provide a more comprehensive understanding of 

how interventions should be developed. 

Even though the results cannot directly be translated into trends in absolute intakes, it may 

contribute to the finding that a higher proportion of participants in the descriptive analysis was 



 

 

209 

 

eating legumes. A possible explanation for the discrepancy between 2004 and 2015 may be the 

increased availability of food made from legumes in Canada. Nevertheless, if this hypothesis is 

correct, then the target of our interventions should be the consumers of legumes. In this way, 

unrelated patterns can capture the dietary characteristics of the population, and they can be used 

as covariates to construct statistical models that compare the health outcomes of people who eat 

legumes with other people on the same scale. 

6.9 Implications of Results for New Interventions 

Understanding the food consumption patterns of Canadians will aid policymakers in judging the 

effectiveness of potential dietary interventions and informing the development of more 

comprehensive food policies towards a healthier and more sustainable food system in Canada. In 

the present study, it was found that legume consumption contributed relatively little to total 

calorie intake over the period 2004-2015.  

This study revealed that the amount of legume consumed by legume consumers corresponds 

roughly to 100 grams on the day of the dietary survey. Since we only evaluated consumption on 

a single day, we were not able to measure the consumption of legumes over a longer period by 

the participants. Even populations with very low legume consumption can consume 100 grams 

(or half a cup) of legumes regardless of their intake level. Based on how much nutrition legumes 

provide, 100 grams per day of consumption may provide a general target of specific dietary 

needs in various segments of the population. The 100-g servings that are recommended here 

could, however, be adjusted to fit the dietary challenges of each region, since the nutritional 

challenges vary by region.  In our study, legumes, including baked beans, lentils, chickpeas, and 

red kidney beans, were consumed at a daily rate of approximately 93 grams per day (g/d) by 
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6.9% of the people in 2004 and approximately 73.7 grams per day (g/d) by 10.9% of the people 

in 2015.  Legume consumption per day was less than 100 gr and this is the case mainly in 

countries including New Zealand, Australia, and Canada in which the majority of people do not 

consume legumes regularly. Consequently, if legumes were consumed on more than two days 

per week, the amount consumed per capita would be approximately 30 grams per day (200 grams 

per week, or 30 grams per day). The alternative would be that two-sevenths of the population 

would consume legumes on any given day. There is a wide range of consumption of cooked 

legumes worldwide, from 0.4 to 277 grams daily (24).  

Research into how dietary quality differs across socioeconomic groups may help us determine 

whether socioeconomic inequality has significant effects on dietary quality at a population level 

and whether further research or interventions should be conducted. Investigating socioeconomic 

and dietary disparities within a population subgroup can help identify whether interventions can 

reduce or have already reduced inequalities within that subgroup. To increase the consumption of 

legumes among different socioeconomic groups, it is necessary to provide legumes in formats 

that are familiar to those groups.    

Health behaviors are influenced by racial/ethnic identity and socioeconomic status, and all these 

factors are considered social determinants of health. A health outcome is often impacted by 

race/ethnicity, socio-economic status, and health behaviors, but the causal relationships between 

these variables are not widely understood. However, it is important to gain insight into the 

relationships between these variables to benefit public health.  Specifically, this study showed 

significant relationships between diet and social economic status, as well as race/ethnicity. Thus, 

dietary interventions require taking socioeconomic influences along with cultural/ethnic 
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prejudice into consideration to be more targeted. However, rather than evaluate a wide range of 

eating behaviors, our objective was narrower, which may serve as a foundation for future 

research. As part of the process of developing an effective intervention to increase the 

consumption of legumes by adults in Canada, it is necessary to consider the main factors that 

influence their consumption.  

When legume consumption in Canada is increased in conjunction with other food groups with 

frequent consumption in the diet, it may help the Canadian population move closer to national 

dietary recommendations. In the most recent survey (2015), we found that beans, chickpeas, 

lentils, and hummus were the legumes most consumed at meals, indicating that there is a 

possibility of promoting specific legume varieties that would be popular with consumers. In this 

research, also we found that legumes are consumed with certain kinds of food, such as pasta and 

baked products, or vegetables. Because of legume-based pasta products, breads, and snacks, the 

food industry will be able to incorporate legumes into new product formulations to meet 

consumer needs. It is possible that legumes inclusion in foods will have the greatest beneficial 

impact on consumer consumption over the long term; however, such usage may complicate 

future National Nutrition Surveys in tracking changes in consumer consumption. Our research 

also revealed that legumes, such as chickpeas, are growing in popularity through products such 

as hummus. It is possible to promote snacks such as dips, chips, and roasted legumes to promote 

this increase.  

A basic and food group analysis indicates that legume consumers use more spices and seasonings 

than non-consumers. Using herbs and spices to enhance the flavor and palatability of foods can 

lead to greater consumer acceptance of legumes. Research has shown seasonings can enhance the 
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taste and palatability of low palatability foods such as vegetables (272-274). Although little 

research has been conducted on this strategy, it appears promising. The effectiveness of this 

approach remains to be determined in terms of improving the consumption of legumes. A 

population-based case-control study examined the effect of  legume consumption on seasoning 

varieties(275). Based on the study results, increasing the variety of seasonings had a positive 

effect on bean intake, making this a potential strategy for increasing legume consumption.   

Consumers of legumes consistently eat less poultry, sausage meat, beef, and lamb, and more 

vegetables than non-consumers. As legumes are an acceptable meat substitute, this was not 

unexpected. Cluster analysis confirmed the shift in food habits where one cluster (middle meat 

lovers) disappeared in 2015 whereas legume consumption increased. It would be beneficial to 

consumers if vegetables and legumes were included as companion ingredients to fresh 

vegetables, and could be introduced to consumers via commonly consumed foods. The question 

of whether consumers will purchase and consume these products remains uncertain, however, it 

is encouraging to see these products becoming more widely available. Growing demand for 

foods that can serve as meat replacements and offer high nutritional benefits has resulted from 

the growing popularity of healthy lifestyles. In a study by Lea et al.(276), they noted a shift in 

food consumption trends towards foods derived from plants. Consumers who took part in the 

survey cited the wide selection and variety of legumes as a contributing factor to this. There can 

be interventions implemented to change the food system towards a more sustainable diet that 

reduces the overconsumption of meat. There will, however, be a wide range of effectiveness 

among these interventions since there are complex obstacles to their implementation.    
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6.10 Overall Strengths and Limitations 

This study analyzed large, nationally representative dietary surveys that captured dietary 

patterns. A particular strength of this study is that it was population-based, it focused on adults, 

and it compared two methods to assess dietary patterns. Although the response rate was high on 

the study (76% and 62%), the sampling method resulted in a sample that matched the national 

data characteristics, making the results highly generalizable.   

There are a few limitations to this study. Cross-sectional data analysis does not provide sufficient 

information to infer cause and effect. Researchers are unable to determine whether the results of 

this cross-sectional study, in this case dietary patterns, reflect population behavior in the past or 

in the future. It is also representative in terms of age, sex, geographic location, and 

socioeconomic status of the Canadian population, but the target population for the CCHS 2004 

and 2015 Nutrition did not include residents from the territories or on reserves. Therefore, there 

was a concern about the generalizability of the CCHS to population of Indigenous heritage. 

As this study is observational, therefore, there is the possibility that the observed associations are 

influenced by residual or unmeasured confounding. Furthermore, there was no significant 

evidence that legume consumption differed by sex or age. The associations became stronger 

when controlling for known important confounders, meaning that residual confounding is likely 

to be in the direction opposite of legumes association. One of the key consequences of this 

research is that previous attitudes and socio-demographics provide useful information regarding 

choices, and are hence important variables in any market research assessing consumer 

preferences. It has also been found that social characteristics of consumers that include income, 

education, ethnic group, and marital status are important factors in determining legume 



 

 

214 

 

consumption. The dimensions of consumer preferences and health-consciousness are critical to 

food companies wishing to communicate health benefits more effectively to target consumer 

segments. 

A type of systematic error called social desirability bias can affect dietary recall methods, when 

the participants selectively report foods restricted to their social norms and beliefs about what 

foods would be good to eat (277). For example, there is a possibility that nutrition programs 

would have brought attention to the health risks of inadequately nutritious foods when 

comparing dietary intakes between survey cycles. A bias in information was likely to have 

resulted, especially when food quantities were estimated. The selection of participants in diet-

health studies is likely to be biased because they are more likely to have an interest in healthy 

lifestyles, and to practice healthier eating habits. 

Respondents in 2015 may have underestimated the consumption of ‘junk’ food and reported 

eating a greater number of healthful foods than they did in 2004, when there was less social 

stigma attached to the consumption of ‘junk' food in 2004 (278). In other words, the 

improvement in dietary quality 2004 to 2015 may have been exaggerated by the social 

desirability bias. When examining changes in dietary intakes between 2004 and 2015, the 

methodology of the two studies differs, which may have implications on differences in dietary 

intakes between the two surveys. For instance, lower response rates could result in a non-

response bias if the lack of response is accompanied by characteristics (e.g. lower social 

economic status, more elderly) not found in those who responded.  
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 According to this study, the patterns associated with gram weights have the greatest 

interpretability. Grams are a simple and accurate way to measure food consumption and can 

easily be compared to portion sizes. Gram weights were skewed in the model due to their uses of 

unadjusted and adjusted energy values and percentage energy, which resulted in many zeros for 

foods not consumed frequently. As a result, the component scores had skewed distributions. As 

indicated by research on adult eating habits, weight adjustment did not change dietary patterns 

(279).  

Methodologically, we used a normalized weight survey in our analysis. When an analyst uses 

software that is capable of properly accounting for the survey design in an analysis, and when he 

has enough information regarding the survey design, normalizing weights is unnecessary. The 

analyst does not need weight normalization if they use scaling survey weights, bootstrap values 

that correspond to survey weights, and software for analyzing survey data (138). Therefore, why 

do we not use appropriate survey software that accounts for the survey design and only use 

scaling weights instead? Survey weights and bootstrap weights are available; however, we would 

like to analyze survey data using software other than analytic software and would also like to use 

survey weights. Besides saving time, it also offers advanced analytical capabilities that are 

available in other software, such as factor analysis and cluster analysis. Using normalized 

weights and utilizing these weights in software not designed for survey data analysis was only a 

temporary solution. However, while point estimates are often accurate, they have the tendency to 

lead to incorrect conclusions since they do not provide sufficient information on whether the 

variance estimates will be larger or smaller than what could be determined by an in-depth design 

assessment (280). By combining the confidence intervals and point estimates, central tendencies 
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as well as variability could be identified. Even though it is not always the case, variability 

measurements are more likely to be underestimated when a full design-based approach is not 

adopted, leading to too narrow confidence intervals and low p-values. When weight variables are 

specified or normally distributed, point estimates are similar to those generated using analytic 

software for survey data (280). However, it is in the alternative software that estimates variability 

and performs statistical tests based on the variability estimates that non-normalized weights and 

normalized weights may produce significantly different results. Using normalized weight for 

survey data in an alternative software program, variability and test results can be compared more 

closely to those of the analytical software than if non-normalized weight is used. Nevertheless, it 

is more appropriate to normalize data over subpopulations in a survey than to normalize data 

over the entire sample, as we did in our analysis. In this study, legume consumption was 

classified as consumers and consumers. This classification was essential for three reasons: 1-to 

facilitate the presentation of data, 2-to assist those unfamiliar with the data to better comprehend 

it, and 3-to conceptually represent food choices more than quantity consumed. Changing food 

choices might be easier, but the reality is that we consume food in different quantities, and 

dichotomizing intake does not capture the complexities of eating behaviors. There is also the 

possibility of systematically underestimating the variation in outcomes between groups, as well 

as the variability within groups. In this study, consumers and non-consumers were divided 

according to the BNS category. Alternatively, clustering and principal component analysis were 

used in this study which examined data from different perspectives using continuous variables. 

The use of continuous variables to derive dietary patterns in methods such as principal 

component analysis, however, has another important limitation such as zero inflation. Especially 
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when a single recall day is used, diet data often show zero inflation, i.e. a large number of 

individuals who do not consume a particular food group. As an example, over 90% of subjects 

did not consume legumes every day in our study. This attenuation of association/correlation can 

lead to fewer number of dietary patterns of and more inaccurate dietary patterns due to these 

food groups.  

 Several aspects of our results may require further investigation in the future, including the 

relatively small number of vegetarians who strictly followed their vegetarian diets. According to 

the assumption, if these groups were excluded from the sample, then the PCA and possibly 

cluster analysis might reveal a different picture. Yet no information was collected at the CCHS 

regarding specific diets, such as low-carbohydrate diets, vegetarian diets, and vegan diets. 

Theoretically, it should be possible to categorize respondents based upon their recall details in 

accordance with the type of diets they follow, but it is unclear whether the diet they consumed on 

the recall day is representative of their typical diet. Despite this, we do not believe that 

differences between vegetarian and non-vegetarian groups confounded dietary patterns in this 

study. The BNS Coding was used to conduct a study about legumes with and without meat, 

which showed that less than 1% of the adults consumed legumes without meat; however, these 

results were not publicly disclosed. These results were similar to those of other studies in CCHS 

2015 that showed 1.3% of the population as vegetarians, and 0.3% as vegans (281).Vegetarians 

were not specifically mentioned in the recall, but if they were, that portion was 

misleading. Vegetarians may also consume meat and dairy products, either directly or in 

combination with other foods (282).Consequently, the results of this type of question might not 
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convey an accurate count of vegetarians, even if the results should not be impacted by its use. It 

is, however, important to take this into consideration in future research. 

6.11 Implications of Results for Canada’s Food Guide/ Population Guidance 

 The Food Guide's recommendations on diet and health are supported by scientific evidence. The 

CCHS (nutrition focus) is already being used by Health Canada to determine the dietary intakes 

of Canadians for implementing Canadian guidelines. Nonetheless, guidance on some topics may 

need to be more precise and should emphasize the importance of overall healthy eating 

patterns. Even though increasing plant-based protein consumption has been recommended in the 

Canadian nutritional guidelines, legume consumption has only increased slightly between 2004 

and 2015 and remains below the recommended levels. Therefore, our findings ought to be 

incorporated into future dietary recommendations. The Canadian Dietary Guidelines note the 

importance of legumes, but they are less often consumed than they should be. Individualized 

dietary recommendations tailored to specific subgroups and combined with other diet-related 

factors may prove much more effective and profitable than those that are directed at the entire 

population. 

The extremely low legume intake among our study participants seems to be in agreement with 

the statistics collected at the population level globally. The Food and Agriculture Organization 

(FAO) Food Balance Sheet statistics (FBS 2019) indicate the average intake of legumes in the 

EU was approximated to be 2.75 kg per person in 2017. This compares with the global average 

consumption of 7.57 kg per person. According to the Lancet Commission, healthy diets from 

sustainable food systems are recommended at a minimum amount of 18.25 kilograms of dry 

beans, lentils, and peas per person a year, with a very small amount of peanuts and soy products 
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(283). Based on this data, there is a need to increase legume consumption, considering household 

budget survey data in Canada. 

To achieve a healthy diet, it is vital to identify and address the obstacles to a healthy diet, 

including the socially, economically, and physically barriers. It is common to refer to nutritional 

risk factors (like low intakes of legumes) as “modifiable.” Many people cannot change their 

eating patterns because their food environment or life situation prevents them from accessing and 

consuming healthy foods. Taking consumer factors into consideration is also crucial to 

formulating meaningful dietary guidelines. By using the information, certain populations at risk 

for poor diet intakes can be identified. For example, a newcomer may bring food cultures that he 

or she wishes to preserve or share. Supporting the preservation of food cultures may help 

immigrants to maintain healthy eating habits and may also sustain the "healthy immigrant 

effect." Immigrants who immigrated during adulthood usually have better health than Canadian-

born residents. However, acculturation generally lessens this advantage over time. In some cases, 

it may be difficult for an individual to consume nutritious foods because of various factors, such 

as limited income, language barriers and transportation barriers, or the lack of culturally 

acceptable foods. The fact that these dietary practices present challenges to the provision of 

culturally sensitive health services to immigrants and nutrition professionals makes it extremely 

important to consider cultural sensitivity when implementing them in Canada. In general, 

nutritional values for ethnic foods can be challenging to determine, making it difficult to use 

Canada’s Food Guide (CFG) as a food-planning guide for immigrant populations. 



 

 

220 

 

6.12 Next Steps for Research in this Area 

Diet and lifestyle-related diseases are also a significant economic burden for our economy. In 

Canada, legumes remain to be a relatively unknown food for most of the population. It will 

depend on the appropriate intervention based on other socioeconomic characteristics of the 

population to reach a higher level of legume consumption.  

According to studies that adjusted for energy, legumes reduced appetite and improved satiety for 

two hours after consumption, but not if carbohydrates were considered. In part, this suggests 

legumes may control satiety in part through carbohydrate content or composition. There were a 

variety of comparison foods used in these studies, including white bread, glucose, and cereal 

grains. To test whether legume consumption increases satiety in everyday situations, one 

possibility would be to include another food that might usually be consumed in place of legumes, 

perhaps another protein source such as meat or poultry, or an alternative carbohydrate source 

such as whole grains. Effects of legume consumption on subsequent energy intake are still 

largely uncertain, because very few of these studies measured subsequent energy intake. 

Accordingly, the findings of this study indicate that cluster analysis and principal component 

analysis, while statistically different, identify similar dietary patterns with the same dataset, and 

these patterns can be directly compared. Nevertheless, PCA must be used with caution as dietary 

patterns revealed by computer analysis can be affected by subjective judgments, which may have 

a direct impact on the number and types of dietary patterns. The food-group variable was 

different for each of the methods in the present study, so consideration of the input variable must 

always be given separately for each method. Furthermore, after cluster analysis of the dietary 

pattern variables is completed, the results of the cluster analysis are mutually exclusive sets that 
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can be profiled with this method, giving it a considerable advantage over other approaches. The 

question of dietary pattern analysis should be driven by the hypotheses and aims of each research 

study, as stated earlier. It was also commented that the study only examined a single day's intake 

of legumes, so it was difficult to determine an average intake. A more accurate pattern of their 

intake can be measured and achieved with the use of a method that usual intake of legume 

consumption to get results from prospective studies. Likewise, certain groups of the population 

are not considered in the current findings. In future studies, studies that examine legume 

consumption patterns among adolescents and surveys that cover all areas of the country will 

provide a better understanding of legume consumption patterns in Canada. In the future, research 

should be focused on understanding the barriers to the consumption of “a variety of healthy 

foods each day” such as legumes now emphasized in the 2019 Canadian Dietary Guidelines. 

More research is also needed to better understand how the context and socio-cultural influences 

affect people's legume choices during meals, as well as the characteristics of legumes consumed 

at other mealtimes during the day. 

6.13 Conclusions 

Approximately 6.9% of the adult population consumed legumes every day in the CCHS survey 

in 2004, and 10.9 percent in the CCHS survey in 2015. Many factors, such as age, sex, income, 

and marital status, as well as lifestyle, nutrition, population density, socioeconomic status, and 

ethnicity, affect the frequency of food consumption. This study examined the impact of income, 

education, ethnicity, age, and city of residence on legume consumption among adult participants 

from the Canadian Community Health Survey conducted in 2004 and 2015. In opposition to the 

US, among Canadians education level and income were not significant components in legume 
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consumption. A number of factors may account for this trend, including the distinct cultural 

backgrounds of Canadian consumers and the lower level of high education attained by 

Americans (27%) compared to Canadians (16%)(76). It is also different immigration patterns 

between Canada and US as US has more Hispanics population who eat more legumes.  

The analysis of the two surveys has revealed that legume consumption was linked to some food 

groups, but not others.  Several food groups consistently correlated with legume intake, including 

vegetables, spices, fruits, nuts and seeds, grains and pasta, as well as poultry. 

This study has generally demonstrated that the prevalence of eating legumes and the quantity 

consumed are low; however, certain subgroups tend to consume more legumes, and these 

subgroups should be targeted for future interventions. It is therefore essential that consumption 

of legumes be enhanced at the national level due to both their contribution to a healthy diet and 

their distinct nutritional profile. Consequently, it would be prudent to categorize legumes 

separately from other food groups and to make specific, clearly defined recommendations for 

their consumption in accordance with current nutritional recommendations. 
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APPENDICES  

 

 

Appendix A: Legumes seeded areas by variety, Canada, 1981 to 2011, hectares 

 

Year  Dry peas Chickpeas Lentils Dry beans 

1981 63,396 0 50,813 79,224 

1986 132,348 0 130,984 64,825 

1991 200,582 0 238,480 91,756 

1996 536,319 0 303,401 91,252 

2001 1,340,431 482,429 703,800 180,602 

2006 1,264,219 129,611 521,953 184,842 

2011 976,189 40,258 1,043,697 97,696 

Note. Statistics Canada, Census of Agriculture, 1981 to 2011 

 

 

 

Appendix B: Number of farms, area and percentage of total field crop area by province, 

2011  

 

Region Farms Area 
Share of total field crop area in 

province 

  number percent hectares percent percent 

Canada 12,110 100 2,157,840.6 100 6.2 

Maritime 

provinces 
35 0.3 327.4 0.0 0.1 

Quebec 174 1.4 4,137.9 0.2 0.2 

Ontario 998 8.2 39,556.8 1.8 1.1 

Manitoba 491 4.1 49,132.9 2.3 1.1 

Saskatchewan 7,951 65.7 1,711,497.9 79.3 11.6 

Alberta 2,363 19.5 348,965.2 16.2 3.6 

British Columbia 98 0.8 4,222.5 0.2 0.7 

Note. Statistics Canada, Census of Agriculture, 2011  

 

 

https://www23.statcan.gc.ca/imdb-bmdi/pub/document/5049_D23_T9_V1-eng.pdf#page=7
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 Appendix C: Bureau of Nutritional Sciences (BNS) Food Group Codes  

BNS food 

groups* 

BNS Food Group Description                                                               
(variable name FDCD_FGE in FDC File) 

 PASTA, RICE, CEREAL GRAINS AND FLOUR - 01 

1A pasta 

1B rice 

1C cereal grains and flours 

 WHITE BREADS - 02 

2A white bread 

 WHOLEMEAL BREADS - 03 

3A whole wheat breads 

3B other whole grain breads 

 OTHER BREADS - 04 

4A rolls, bagels, pita bread, croutons, dumplings, matzo, tortilla 

4B crackers and crispbreads 

4C muffins and English muffins 

4D pancakes and waffles 

4E croissants, piecrusts & phyllo dough 

4F dry mixes (cakes, muffins, pancakes) 

 WHOLEGRAIN AND HIGH FIBRE BREAKFAST CEREALS - 05  

5A whole grain, oats and high fiber breakfast cereals 

 OTHER BREAKFAST CEREALS - 06  

6A breakfast cereal (other) 

 COOKIES AND BISCUITS - 07 

7A cookies, commercial 

7B biscuits, commercial 

 CAKES, PIES, DANISHES AND OTHER PASTRIES, COMMERCIAL - 

08  

8A pies, commercial (pop tarts) 

8B cakes, commercial (frozen cake) 

8C Danishes, doughnuts and other pastries, commercial 

 FROZEN DAIRY PRODUCTS - 09  

9A ice cream 

9B ice milk 

9C frozen yoghurt 

 MILKS - 10 

10A milk, whole 
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BNS Food Group Description                                                               
(variable name FDCD_FGE in FDC File) 

10B milk, 2% 

10C milk, 1% 

10D milk, skim 

10E milk, evaporated, whole 

10F milk, evaporated, 2% 

10G milk, evaporated, skim 

10H milk, condensed 

10I other types of milk (soya, goat, whey, buttermilk) 

 CREAMS - 13 

13A whipping 

13B table 

13C half & half 

13D sour 

 CHEESES - 14  

14A cottage cheese 

14B cheese, less than 10% b.f. 

14C cheese, 10% b.f. to 25% b.f. 

14D cheese, more than 25% b.f. 

 YOGHURTS (NATURAL AND WITH FRUIT) - 15  

15A yoghurts, less than 2% b.f. 

15B yoghurts, more than 2.1% b.f. 

 EGGS - 16 

16A egg 

16B frozen egg substitutes 

 BUTTERS - 17 

17A butter 

 MARGARINES, TUB - 18 

18A regular tub margarine 

18B calorie-reduced tub margarine 

 MARGARINES, BLOCK - 19 

20A block margarine 

 OTHER FATS & SPREADS - 21  

21A vegetable oils 

21B animal fats 
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BNS Food Group Description                                                               
(variable name FDCD_FGE in FDC File) 

21C shortening 

 BEEF - 22 

22A beef, lean only 

22B beef, lean + fat 

22C beef, ground 

 VEAL - 23 

23A veal, lean only 

23B veal, lean + fat (incl ground veal) 

 LAMB - 24 

24A lamb, lean only 

24B lamb, lean + fat (incl ground lamb) 

 PORK, FRESH AND HAM - 25 

25A pork, fresh, lean only 

25B pork, fresh, lean + fat (incl ground pork) 

25C bacon 

25D ham, cured, lean only 

25E ham, cured, lean + fat 

 CHICKEN AND TURKEY (POULTRY) - 27 

27A chicken, meat only 

27B chicken, meat + skin 

27C turkey, meat only 

27D turkey, meat + skin (incl ground turkey) 

27E other birds (duck, pheasant, pigeon) 

27F birds, skin only 

 LIVERS AND LIVER PÂTÉS - 28 

28A liver 

28B liver pâté 

 OFFALS (EXCLUDING LIVER) - 29 

29A offal 

 SAUSAGES (FRESH AND CURED) - 30 

30A sausage 

 GAME MEATS - 31 

31A game meat 
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BNS Food Group Description                                                               
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 LUNCHEON MEATS (CANNED AND COLD CUTS) - 32  

32A luncheon meat 

 NUTS, SEEDS AND PEANUT BUTTER - 33 

33A nuts 

33B seeds 

33C peanut butter and other nut spreads 

 FISH - 34 

34A fish, less than 6% total fat 

34B fish, superior or equal to 6% total fat 

 SHELLFISHES - 35 

35A shellfish 

 VEGETABLES (EXCLUDING POTATOES) - 36  

36A beans 

36B broccoli 

36C cabbage and kale 

36D cauliflower 

36E carrots 

36F celery 

36G corn 

36H lettuces & leafy greens (spinach, mustard greens, etc) 

36I mushrooms 

36J onion, green onions, leeks, garlic 

36K peas and snow peas 

36L peppers, red & green 

36M squashes 

36N tomatoes 

36O juices, tomato & vegetable 

36P other veg (cucumber, immature beans, brussel sprouts, beets, turnips) 

 LEGUMES - 37 

37A legumes 

37B foods made with vegetable proteins (tofu) 

 POTATOES, FRIED - 38 

38A potato chips 

38B fried or roasted potatoes 
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BNS Food Group Description                                                               
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 POTATOES, RAW AND COOKED (EXCLUDING FRIED) - 39  

39A potato 

 FRUITS, RAW, COOKED, FROZEN AND CANNED - 40  

40A citrus fruits (oranges, grapefruits, lemons, etc) 

40B apple 

40C banana 

40D cherries 

40E grapes and raisins 

40F melons (canteloup, honeydew, watermelon) 

40G peaches, nectarines 

40H pears 

40I pineapple 

40J plums and prunes 

40K strawberries 

40L other fruits (blueberries, dates, kiwis, fruit salads, dry fruits etc) 

 SUGARS, SYRUPS AND PRESERVES - 41  

41A sugars (white and brown) 

41B jams, jellies and marmalade 

41C other sugars (syrups, molasses, honey, etc) 

41D sugar substitutes (aspartame, dextrose) 

 SAVORY SNACKS - 42 

42A popcorn, plain & pretzels 

42B salty and high-fat snacks (incl tortilla chips) 

 CONFECTIONARY - 43 

43A candies, gums, etc 

43B popsicle, sherbert 

43C jello, dessert toppings and pudding mixes, commercial 

 CONFECTIONARY, CHOCOLATE BARS - 44  

44A chocolate bar 

 FRUIT JUICES - 45 

45A fruit juice 

 NON-ALCOHOLIC BEVERAGES (SOFT AND FRUIT DRINKS, ETC) - 

46  

46A soft drinks - regular 
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46B soft drinks - aspartame 

46C fruit drinks 

46D other beverages (malted milk, instant breakfast) 

 SPIRITS AND LIQUEURS - 47  

47A spirits (gin, whisky, vodka, etc) 

47B liqueurs (mint cream, etc.) 

 WINES - 48 

48A wine 

 BEERS AND COOLERS - 49  

49A beer 

49B coolers 

 MISCELLANEOUS - 50 

50A soups with vegetables 

50B soups without vegetables 

50C gravies 

50D sauces (white, bearnaise, soya, tartar, ketchup, etc) 

50E salad dressings (with or without oil) 

50F seasonings (salt, pepper, vinegar, etc) 

50G meal replacements 

 TEA, COFFEE, WATER - 51 

51A tea (incl iced tea) 

51B coffee 

51C water (well & mineral) 

 BABYFOOD PRODUCTS - 52 

52A babyfood product 

52B infant formula 

 OTHER INGREDIENTS FOR RECIPES - 53 

53A spices 

53B others (baking soda, baking powder, yeast, etc) 

 UNCLASSIFIED RECIPES IN CANADIAN NUTRIENT FILE (CNF) - 99  

99A mexican recipes 

 PASTA AND RICE DISHES - 130  

130A spaghetti 

130B macaroni 



 

 

246 

 

BNS food 

groups* 

BNS Food Group Description                                                               
(variable name FDCD_FGE in FDC File) 

130C lasagna 

130D noodles (egg noodles) 

130E other types of pasta (raviola, manicotti, gnocchi, knish, perogis, etc) 

130F rice (recipe sub-group) 

 BREADS, ROLLS, CRACKERS, BISCUITS, DUMPLINGS, BANNOCKS, 

ETC - 140  

140A white 

140B whole grain and whole wheat 

140C other breads, crackers, rolls, dumplings, bannocks, bagels, english muffins 

140D biscuits 

140E pancakes & waffles 

140F croissants 

 SWEET BAKED GOODS - 150  

150A cakes, cheesecakes, shortcakes and brownies 

150B cookie 

150C danishes, turnovers & pastries 

150D donuts 

150E muffins 

150F pies (including pie shell) 

150G squares & bars 

150H sweet rolls and breads 

150I filled crepes, blintzes, cobblers 

 CEREALS AND GRAINS - 160 

160A cereals, dry and cooked 

160B grain dishes (tapioca, rice pudding) 

 BREAKFAST COMBINATIONS (WITH EGG, CHEESE, HAM, ETC) - 

170  

170A english muffins 

170B biscuits (baking powder) 

170C croissant 

170D pancakes and french toast 

 MILKS (DRY AND/OR CANNED) - 200 

200A reconstituted from powder 

200B evaporated 
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200C condensed 

 CREAMS (RECIPES) - 201 

201A cream (recipe sub-group) 

 FROZEN DAIRY PRODUCT (RECIPES) - 202  

202A ice cream (recipe sub-group) 

202B ice milk (recipe sub-group) 

 YOGHURT (RECIPES) - 203 

203A yoghurt (recipe sub-group) 

 CHEESE (RECIPES) - 204 

204A cheese (recipe sub-group) 

 MILK DESSERTS (CUSTARDS, BLANCMANGE) - 205  

205A milk dessert (recipe sub-group) 

 MEAT DISHES (EXCLUDING FROZEN DINNERS) - 210  

210A beef (recipe sub-group) 

210B fresh pork and ham (recipe sub-group) 

210C lamb (recipe sub-group) 

210D veal (recipe sub-group) 

210E game meat (recipe sub-group) 

210F organ meat (recipe sub-group) 

 POULTRY DISHES - 211 

211A chicken (recipe sub-group) 

211B turkey (recipe sub-group) 

211C other bird dishes (duck, pheasant, quail) 

 FISH AND SHELLFISH DISHES - 212 

212A fish, with less than 6% fat before cooking 

212B fish, with more than 6% fat before cooking 

212C shellfish (recipe sub-group) 

 SAUSAGE, CURED AND LUNCHEON MEATS - 213  

213A sausage, with cured and luncheon meat (recipe sub-group) 

 FROZEN DINNERS - 214 

214A regular frozen dinner 

214B light frozen dinner 

 CHINESE DISHES - 215 
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215A chinese (recipe sub-group) 

 MEXICAN DISHES - 216 

216A mexican dish 

 LEGUMES (RECIPES) - 217 

217A legumes dishes without meat 

217B legumes dishes with meat 

 EGG DISHES - 218 

218A egg dish 

 PIZZA, SANDWICH, SUBMARINE, HAMBURGER AND HOT DOG 

DISHES - 219  

219A pizza 

219B sandwiches 

219C submarines 

219D hamburgers & cheeseburgers 

219E other types of burger (chicken, fish) 

219F hotdogs 

 VEGETABLE DISHES - 220 

220A potatoes (boiled, mashed, baked, etc) 

220B French fries and hash brown potatoes 

220C salads 

220D leafy greens 

220E other vegetables (boiled, baked) 

220F vegetables (mixed with other stuff) 

 FRUIT DISHES - 225 

225A fruit dish 

 NUTS AND SEEDS (RECIPES) - 226 

226A nuts and seeds (recipe sub-group) 

 FATS, OILS, GRAVIES, SAUCES, SALAD DRESSINGS (RECIPES) - 227  

227A fats and oils (recipe sub-group) 

227B sauces and gravies (recipe sub-group) 

227C salad dressing (recipe sub-group) 

 SWEET SNACKS, SUGAR, CANDIES, ETC (RECIPES) - 229  

229A sweet snacks, sugar, candies (recipe sub-group) 



 

 

249 

 

BNS food 

groups* 

BNS Food Group Description                                                               
(variable name FDCD_FGE in FDC File) 

 SOUPS (RECIPES) - 230 

230A canned 

230B dehydrated 

230C homemade 

 BEVERAGES (RECIPES) - 231 

231A water (tap and mineral) 

231B tea (recipe sub-group) 

231C coffee (recipe sub-group) 

231D milk-based bev. (milk shakes, malted milk, hot cocoa, instant breakfast, etc) 

231E fruit juices (recipe sub-group) 

231F fruit drinks (recipe sub-group) 

231G alcoholic beverages 

Note. The FIDD_FGR variable, in the FDC, FID, and FRL files, represents a unique identifier 

which identifies the BNS food group to which the food item belongs. The "BNS food and recipe 

groups" were developed by the Bureau of Nutritional Sciences (BNS) at Health Canada in the early 

1990's. This food group system contains two types of classifications, one for basic foods and one 

for recipes. Other variables that use BNS food groups are FIDD_GR1, FIDD_GR2, FIDD_GR3 

and FIDD_GR4, in the FID file and FRL files. Additional information can be found in the User 

Guide and in the documentation on derived variables. 
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Appendix D: Prevalence of legumes consumption per province in CCHS 2004 and CCHS 

2015, According to first day 24-hour dietary recall of the CCHS 2.2 (2004) and CCHS 2015 

of Canadian Adults aged ≥ 19 y. 

 

 

 

Appendix E: Comparison of frequency of food consumption reported throughout the day 

among legumes consumers, CCHS 2004 and 2015 

 CCHS 

2004(%) 

 

CCHS 

2015(%) 

Difference 

of 

proportion   

Between 

Surveys 

95% CI p-value 

Carrots 1.6 1.1 0.5 -0.4-1.5 n.s 

Celery 1.5 1 0.5 -0.4-1.4 n.s 

Cereal grains and flours 3.3 2.4 0.9 -0.4-2.3 n.s 

Cheese 1 1.4 0.4 -.05-1.3 n.s 

Coffee 2.5 2.3 0.2 -1.0-1.4 n.s 

Egg 2.3 2 0.3 -0.8-1.5 n.s 

Fruit juice 1.6 1.2 0.4 -0.5-1.4 n.s 

Margarine 2.6 2.2 0.4 -0.8-1.6 n.s 

Milk 3.2 4.9 1.7 0.09-3.3 0.03 
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 CCHS 

2004(%) 

 

CCHS 

2015(%) 

Difference 

of 

proportion   

Between 

Surveys 

95% CI p-value 

Nuts 1 1.3 0.3 -0.6-1.2 n.s 

Onion, green onions, leeks, 

garlic 

3.4 3.6 0.2 -1.3-1.7 n.s 

Other veg (cucumber, 

immature beans, brussel 

sprouts, beets, turnips) 

1.8 2 0.2 -0.9-1.3 n.s 

Salad  dressing 1.1 1.2 0.1 -0.8-1.0 n.s 

Sauces (white, béarnaise, 

soya, tartar, ketchup, etc) 

1.1 1.1 0 -0.9-0.8 n.s 

Seasonings (salt, pepper, 

vinegar, etc) 

7.5 6 1.5 -0.5-3.5 n.s 

Shortening 1.8 1 0.8 -0.1-1.8 n.s 

Spices 2.9 2.1 0.8 0.4-2.1 n.s 

Sugars (white and brown) 4.3 3 1.3 -0.2-2.8 n.s 

Tea (include  iced tea) 2.1 1.7 0.4 -0.7-1.5 n.s 

Tomato 2.6 2.6 0.0 -1.3-1.3 n.s 

Vegetable 2.1 9.7 7.6 5.7-9.5 0.0001 

Water (well & mineral) 6.7 6.9 0.2 -1.8-2.2 n.s 

n.s: non-significant 
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Appendix F: Comparison of frequency different type of legume consumption reported 

throughout the day among legume consumers, CCHS 2004 and 2015 

 CCHS 

2004(%) 

CCHS 

2015(%) 

Difference of 

proportion   

Between 

Surveys   

95% CI p-value  

Beans, kidney dark 

red,canned,solids, liquids 

27.0 21.0 6.0 2.5-9.4 0.0007 

Hummus ,commercial 6.0 21.0 15.0 12.3-17.6 0.0001 

Chickpeas (garbanzo beans, 

bengal gram), boiled  

4.0 11.0 7.0 4.9-9.1 0.0001 

Lentils, boiled 6.0 11.0 5.0 2.7-7.2 0.0001 

Beans, baked, canned, plain 

or vegetarian   

15.0 8.0 7.0 4.4-9.6 0.0001 

Lentils, raw  4.0 5.0 1 -0.7-2.6 n.s 

Beans, baked, canned, with 

pork and tomato sauce  

10.0 5.0 5 2.8-7.1 0.0001 

Beans, kidney, dark red, 

boiled 

5.0 5.0 0 -1.7-1.7 n.s 

n.s: non-significant 


