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ABSTRACT 

BEANS FOR HEALTHY AGING: AN EXPLORATION OF FACTORS RELATED TO BEAN 

CONSUMPTION IN OLDER ADULTS AND AN EXAMINATION OF THE EFFECTS OF 

CANNED BEANS OF MULTIPLE VARIETIES IN DIFFERENT DAILY AMOUNTS ON 

CARDIOVASCULAR DISEASE RISK BIOMARKERS IN ADULTS WITH ELEVATED LDL 

CHOLESTEROL 

 

Katarina M. Doma 

University of Guelph, 2021

Advisor: 

Alison M. Duncan 

Cardiovascular disease (CVD) is a leading cause of death in Canada and the United 

States and with rapidly aging populations, strategies promoting consumption of nutrient-dense 

foods to improve modifiable risk factors for CVD are needed. Beans are a candidate food for 

healthy aging since they are nutrient-dense and are associated with reduced CVD risk through 

their ability to reduce total and LDL cholesterol. However, studies focused on bean consumption 

in older adults and on the effects of multiple bean varieties in different daily amounts on lipid 

profile are lacking. Therefore, this research addressed these gaps with three objectives: (1) to 

determine the prevalence of bean consumption and identify motivators, barriers, and other 

factors related to bean consumption among older adults, (2) to determine the awareness and 

knowledge of the nutritional and health attributes of beans among older adults, and (3) to 

determine the effects of canned beans of multiple varieties in different daily amounts on fasting 

serum lipid profile in adults with elevated LDL cholesterol. Objectives #1 and #2 were addressed 

using a mixed-methods approach including a researcher-administered questionnaire (n=250) 

followed by focus groups (n=49). Objective #1 results showed that 51.2% of older adult (65 

years) participants were bean consumers who were significantly more likely to indicate 



 

 

motivators to their bean consumption compared to bean non-consumers. Conversely, bean non-

consumers were significantly more likely than bean consumers to indicate barriers to their bean 

consumption. Objective #2 results showed that most (99.2%) older adult participants considered 

beans a healthy food. However, gaps exist in participant’s awareness of the nutritional and health 

attributes of beans. Finally, objective #3 was addressed using a multi-centre, randomized, 

crossover clinical trial in adults with elevated LDL cholesterol. Participants consumed 1 cup 

beans (1CB; n=66), ½ cup beans (½CB; n=68) and 1 cup white rice (WR; n=64) for 4 weeks 

each separated by ≥4-week washout periods. Total and LDL cholesterol were significantly lower 

for 1CB but not ½CB compared to WR. Collectively, these studies provide evidence that can 

inform practical dietary strategies to increase bean consumption thereby reducing CVD risk and 

contributing to healthy aging in North America.  
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1 Chapter 1: Background 

1.1 Cardiovascular Disease 

1.1.1 Definition and pathophysiology  

Cardiovascular disease (CVD) refers to a variety of disorders and dysfunctions of the 

heart and blood vessels that includes coronary heart disease, cerebrovascular disease and 

peripheral arterial disease, among others (“Cardiovascular Diseases,” n.d.; “Cardiovascular 

Diseases,” 2017; “What is Heart Disease,” n.d.). These diseases are characterized by disruptions 

in blood flow to the heart, brain and arms and legs, respectively, and can ultimately lead to a life-

threatening health event (“Cardiovascular Diseases,” 2017). At the core of most CVDs, is the 

progressive inflammatory disease, atherosclerosis (“Atherosclerosis,” n.d.). 

Atherosclerosis begins early in life and involves a series of steps that result in the 

hardening and narrowing of arteries and subsequent partial or complete blood flow restriction 

(“Atherosclerosis,” n.d.). This disease begins with an injury of the endothelium where LDL 

cholesterol particles passively diffuse through the junctions of endothelial cells and accumulate 

in the intima of the blood vessel where they are modified (e.g., oxidized) and stimulate an 

immune response (Bentzon et al., 2014; Lusis, 2000). Accumulation and modification of LDL 

cholesterol particles trigger endothelial cells to express adhesion molecules and smooth muscle 

cells to secrete proinflammatory molecules both of which signal recruitment of various immune-

related cells including monocytes (Insull, 2009; Lusis, 2000). Monocytes cross into the 

subendothelium and subsequently differentiate into macrophages and begin engulfing, and 

eventually become engorged with, oxidized LDL cholesterol resulting in foam cell formation and 

the appearance of xanthomas (i.e., fatty streaks) (Bentzon et al., 2014; Insull, 2009). These lipid-

laden foam cells undergo apoptosis and necrosis and if not cleared efficiently, contribute to the 

development of the necrotic core which itself is pro-inflammatory and further provokes an 

inflammatory response (Brophy et al., 2017). Smooth muscle cells also contribute to the necrotic 

core development through similar mechanisms as macrophages and as the plaque grows, it can 

protrude into the blood vessel lumen and lead to the obstruction of blood flow (Bentzon et al., 

2014; Brophy et al., 2017). In addition to contributing to the necrotic core, smooth muscle cells 
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are also responsible for the formation of a fibrous cap, through the production of collagen, that 

creates a barrier between the necrotic core and blood vessel lumen and protects the plaque from 

rupturing (Brophy et al. 2017). However, as the plaque grows, the fibrous cap thins and increases 

the risk of thrombosis (Bentzon et al., 2014; Brophy et al., 2017). Overall, atherosclerotic plaque 

development is a complex process involving various stages of progression that develop over a 

lifetime and can lead to severe acute outcomes which highlights the importance to understand the 

prevalence of this disease and how to reduce risk. 

1.1.2 Prevalence of cardiovascular disease in North America 

CVD remains a major public health concern as it continues to be the leading cause of 

death globally (“Cardiovascular Diseases,” n.d.). In North America, it is the second leading 

cause of death in Canada and the leading cause of death in the United States (Public Health 

Agency of Canada [PHAC], 2018; Virani et al., 2020). The number of Canadian and American 

adults 20 years old living with CVD was 2.4 million in 2012/2013 and 24.3 million in 2016, 

respectively (PHAC, 2018; Virani et al., 2020). Furthermore, it is estimated that nine in ten 

Canadians are living with at least one CVD risk factor and almost half (47%) of Americans are 

living with at least one of the following risk factors: high blood pressure, high cholesterol or are 

smokers (Fryar et al., 2012; “Risk and Prevention,” n.d.). Although this disease continues to 

burden North America, there is some optimism related to disease prevention. According to the 

Heart and Stroke Foundation of Canada, adoption of a healthy lifestyle including a healthy diet, 

being physically active and smoke free can prevent approximately 80% of premature CVD 

(“Risk and Prevention,” n.d.”). Similarly, the 2019 American College of Cardiology and 

American Heart Association Guideline on the Primary Prevention of CVD lists a healthy 

lifestyle as the most important prevention strategy for CVDs, including atherosclerosis, as the 

number one take away message from their report (Arnett et al., 2019). Thus, continued efforts 

and strategies to address this prevalent disease is warranted and some CVD risk factors present 

opportunity for CVD risk reduction through lifestyle modifications.  

1.1.3 Risk factors for cardiovascular disease 

Risk factor identification for CVD saw major advancements in the mid-twentieth namely 

through large epidemiological studies such as the Framingham Heart Study (Kannel et al., 1961). 
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These risk factors can be categorized into two groups referred to as non-modifiable and 

modifiable risk factors. While non-modifiable risk factors are out of one’s control, modifiable 

risk factors offer a target for improvement by lifestyle modifications. 

Non-modifiable risk factors for CVD are widely accepted and include age, ethnicity, sex, 

and family history (American Heart Association, n.d.; “Risk and Prevention,” n.d.). Increasing 

age as a major risk factor for CVD is due to both biological and behavioural changes (Payne, 

2012) and is increasingly important due to the rapidly growing older adult population in North 

America. Another risk factor for CVD is ethnicity as some ethnic groups are known to be at 

greater risk such as south Asian, African and First Nations (Payne, 2012; “Risk and Prevention,” 

n.d.). Sex is another risk factor for CVD; however, it changes from middle-aged males being at 

greater risk to both males and females at similar risk after menopause which is, at least in part, 

due to the loss of the protective effects of estrogen (Maxwell, 1998). Finally, those with a family 

history of CVD are also at a greater risk of developing the disease (“Risk and Prevention,” n.d.).  

Although the aforementioned risk factors cannot be changed, there are many risk factors 

that provide opportunities for improvement through lifestyle modifications to reduce CVD risk. 

For example, physical inactivity, smoking, and an unhealthy diet are lifestyle risk factors that 

have been associated with an increased risk of CVD (Nystoriak & Bhatnagar, 2018; Payne, 

2012). Increasing physical activity has been shown to improve CVD risk through improvement 

of various CVD health condition risk factors such as blood pressure (Nystoriak & Bhatnagar, 

2018). Smoking is another major modifiable risk factor for CVD due to its proatherogenic effects 

(Messner & Bernhard, 2014). An unhealthy diet also increases risk of CVD with high intakes of 

saturated and trans fats, sodium, sugar and processed foods and low intakes of whole grains, 

fruits and vegetables all being associated with increased CVD risk (Casas et al., 2018). Given the 

modifiable nature of these risk factors, particularly, an unhealthy diet, they continue to serve as 

targets for intervention. In fact, not-for-profit organizations such as the Heart and Stroke 

Foundation of Canada (https://www.heartandstroke.ca/) and the American Heart Association 

(http://heart.org/) continue advocacy efforts to increase public awareness of these controllable 

CVD risk factors. 
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A variety of health conditions are also associated with CVD risk including hypertension, 

diabetes, obesity and dyslipidemia (Payne, 2012). Hypertension is one of the earliest and 

strongest identified health conditions associated with CVD and can triple one’s risk of 

developing CVD (Buttar et al., 2005). Diabetes is another well-known risk factor for CVD and 

those living with diabetes have a two- to four-fold higher risk of CVD (Mancini et al., 2018) 

which is, in part, due to diabetes-related vascular changes (Leon & Maddox, 2015). Obesity has 

also been associated with an increased risk of CVD through its contributions to other CVD risk 

factors but also as an independent risk factor (Poirier & Eckel, 2002). Finally, dyslipidemia is a 

major risk factor for CVD and remains a primary target for prevention through pharmacological 

and lifestyle modifications (Pearson et al., 2021).  

High levels of serum cholesterol as a risk factor for CVD was one of the earliest 

identified risk factors in the mid-twentieth century. One of the earliest observations of this 

relationship in humans was by Gertler and White (1954) who identified higher serum cholesterol 

levels in men who had experienced a myocardial infarction compared to those who did not. 

Shortly thereafter, large epidemiological studies including the Framingham Heart Study began 

publishing similar findings as they too observed a positive association between serum cholesterol 

levels and coronary events (Dawber et al., 1957). Meanwhile, John Gofman was working on 

separating cholesterol based on density leading to the classifications of LDL cholesterol and 

HDL cholesterol (Goldstein & Brown, 2015). This ability to separate serum cholesterol allowed 

Gofman to observe differences in types of serum cholesterol in myocardial infarction patients 

noting high levels of serum LDL cholesterol (Goldstein & Brown, 2015). This advancement in 

serum cholesterol separation led to the identification of high LDL cholesterol as a major risk 

factor for CVD and further understanding of the important role LDL cholesterol plays in CVD 

pathogenesis (Goldstein & Brown, 2015). Finally, also as a result of this early work, it is now 

well established that reducing LDL cholesterol levels reduces CVD risk (Silverman et al., 2016). 

Currently, efforts to manage abnormal blood lipids, primarily LDL cholesterol, through 

various strategies including lifestyle modifications such as dietary improvements are an 

important components of CVD risk reduction (Arnett et al., 2019; Pearson et al., 2021). 

Addressing modifiable CVD risk factors is a useful strategy to aid in reducing disease risk but 

these characteristics can also be pooled together to estimate one’s risk of developing CVD. 
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1.1.4 Risk predictor tools for cardiovascular disease 

There are a variety of predictor tools used around the world to estimate individuals’ risk 

of developing CVD including the Framingham Risk Score (FRS), Cardiovascular Life 

Expectancy Model (CLEM) and the Systematic Coronary Risk Evaluation (SCORE). The 

Canadian Cardiovascular Society includes the FRS and CLEM in the most recent iteration of 

Guidelines for the Management of Dyslipidemia for the Prevention of Cardiovascular Disease in 

the Adult (Pearson et al., 2021). Similarly, the American College of Cardiology and the 

American Heart Association’s 2019 Guidelines on the Primary Prevention of Cardiovascular 

Disease refer to various predictor tools as part of the CVD risk estimates including Pooled 

Cohort Equations (PCE), the FRS and SCORE (Arnett et al., 2019). These risk estimates provide 

a foundation to categorize individuals into risk groups which clinicians and patients can use to 

determine the appropriate course of action for Canadian and American adults.  

The Canadian guidelines stratify patients into three risk categories including low, 

intermediate and high (Pearson et al., 2021). Individuals with a FRS of <10% are considered low 

risk. Individuals with a FRS of 10-19.9%, LDL cholesterol 3.5 mmol/L or non-HDL cholesterol 

4.2 mmol/L or Apo B 1.05 g/L or men 50 years and women 60 years with one additional 

risk factor such as low HDL cholesterol, impaired fasting glucose, high waist circumference, 

smoker, hypertension or with presence of other risk modifiers, are considered intermediate risk 

(Pearson et al., 2021). Finally, individuals with a FRS 20% are considered high risk (Pearson et 

al., 2021). The United States also uses a risk classification system based on the PCE to estimate 

10-year atherosclerotic disease risk to inform prevention interventions. Individuals with an 

ASCVD risk score of 0% to 5% are considered low risk while those with an ASCVD risk score 

of 5% to 7.5% are considered borderline risk (Arnett et al., 2019). Intermediate ASCVD risk 

individuals have a score of 7.5% to <20% and finally, high ASCVD risk individuals have a risk 

score of 20% (Arnett et al., 2019). Risk predictor tools for CVD are valuable resources that aid 

in estimating an individual’s risk for developing this disease and can guide clinicians and 

patients’ decision making for intervention.  
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1.2 Aging Population in North America 

1.2.1 Older adult population projections 

The global population is projected to increase by approximately two billion people in the 

next 30 years from seven billion in 2019 to nine billion by 2050 (United Nations Department of 

Economic and Social Affairs, Population Division [UN Department of Economic and Social 

Affairs, Population Division], 2019). Of this projected population increase, individuals aged 65 

years comprise the fastest growing demographic and are projected to increase by more than 

double by 2050 (UN Department of Economic and Social Affairs, Population Division, 2019). In 

fact, 2018 was the first time those aged 65 years made up a greater proportion of the population 

than those aged 5 years or younger (UN Department of Economic and Social Affairs, Population 

Division, 2019). Moreover, those aged 80 years or older are projected to almost triple by 2050 

from approximately 143 million in 2019 to 426 million in 2050 (UN Department of Economic 

and Social Affairs, Population Division, 2019). Life expectancy is also increasing and is 

projected to increase from 72.6 years in 2019 to approximately 77.1 years in 2050 (UN 

Department of Economic and Social Affairs, Population Division, 2019).  

North America, including Canada and the United States, is projected to follow global 

trends as population growth continues, increasing to 55.2 million by 2068 and 400 million by 

2051, respectively (Colby & Ortman, 2015; Statistics Canada, 2019). In 2019, North America 

was among the two continents with the most aged population with 18% aged 65 years and 

population projections show that this age group could comprise 25% of the population by 2050 

(UN Department of Economic and Social Affairs, Population Division, 2019). For Canada and 

the United States specifically, projections for this age group include an increase from 17.2% of 

the Canadian population in 2018 to between 21.4% and 29.5% by 2068, and an increase from 

15% of the American population in 2014 to 24% by 2060 (Colby & Ortman, 2015; Statistics 

Canada, 2019). These substantial increases in the older adult populations in Canada and the 

United States can have major implications for society, including health care systems, due to their 

age-related increased chronic disease risk (Statistics Canada, 2019). 
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1.2.2 Older adults’ nutritional requirements and risk of chronic disease 

The projected demographic shift in the North American population emphasizes the 

importance of older age as a risk factor for chronic disease (Leslie & Hankey, 2015). 

Approximately 30% and 25% of older adults are living with at least one chronic disease in 

Canada and the United States, respectively (PHAC, 2016; Ward et al., 2014). Nutritional intake 

is also a concern with age as some nutrient requirements change across the life cycle warranting 

awareness and attention from older consumers to ensure proper nutrient intake for healthy aging 

(Shilsky et al., 2017). Further, older adults tend to have lower intake of some nutrients including 

protein, dietary fibre, calcium, magnesium, and potassium (Shilsky et al., 2017). Lower intakes 

of nutrients in older age can be attributed to a variety of factors including a loss of appetite, loss 

of smell and/or taste and lower accessibility to nutrient-dense foods among other factors (Shilsky 

et al., 2017). It is well known that nutrition and health are closely related highlighting the 

importance of adequate nutrient intake with increasing age for reduced chronic disease risk 

(United States Department of Agriculture & United States Department of Health and Human 

Services [USDA & HHS], 2020). For example, one study that used data from the United States 

National Health and Nutrition Examination Surveys (NHANES) found that suboptimal dietary 

intakes such as high sodium, low nuts/seeds and low fruits and vegetables were associated with 

almost 50% of cardiometabolic related deaths (Micha et al., 2017). Taken together, older age and 

poor nutrient intake need to be addressed with feasible efforts that consumers can incorporate 

into their lifestyle such as dietary strategies that include nutrient-dense foods to reduce chronic 

disease risk. 

1.3 Beans 

Beans are dry, edible seeds enclosed in pods of leguminous plants and are categorized 

along with chickpeas, lentils and dried peas as a subgroup of legumes called pulses (Pulse 

Canada, n.d.). Beans have excellent nutrient and bioactive profiles which have been 

characterized over the last several decades (Messina, 2014). As a result of their favorable 

nutritional composition beans have been included in various dietary guidelines and 

recommended healthy eating patterns (Health Canada, 2019; Mayo Clinic, 2019a; Mayo Clinic, 
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2019b; USDA & HHS, 2020). Finally, bean production spans across the world with Canada and 

the United States contributing to global production. 

1.3.1 Nutritional profile of beans 

Beans are a source of macronutrients required for a healthy diet including complex 

carbohydrates and protein, while remaining low in fat (Table 1.1) (Messina, 2014). 

Carbohydrates, including starches and dietary fibres, are the major constituents of the nutrient 

profile of beans (Hayat et al., 2014). Various types of starch granules are found in beans which 

are primarily composed of amylose and amylopectin and can be classified as digestible and non-

digestible starch (Hayat et al., 2014; Messina, 2014). Digestible starches can be classified as 

rapidly digestible or slowly digestible depending on the rates of their digestibility and absorption, 

and nondigestible (or resistant) starches resist digestion in the small intestine and are partially or 

completely fermented in the colon (Hayat et al., 2014). The dietary fibre content of beans 

including both insoluble (cellulose, hemicellulose and lignin) and soluble (oligosaccharides, 

glucans, and galactomanan gums) fibres providing beans with the ability to reduce 

gastrointestinal transit time and contribute to chronic disease risk reduction (Hayat et al., 2014). 

One half cup serving of beans provides between 5-8 g of total dietary fibre with insoluble dietary 

fibre as the major contributor (Messina, 2014). Furthermore, beans have a low glycemic index 

compared to other carbohydrate-rich foods likely due to their high dietary fibre and resistant 

starch content (Messina, 2014; Mudryj et al., 2014). Beans are also a high source of plant 

protein, providing approximately 7-8 g of protein per ½ cup of beans with the major forms 

including globulins and albumins (Hayat et al., 2014; Messina, 2014). Beans are particularly 

high in the essential amino acid lysine which is lower in cereal grains; however, beans are 

limiting in sulfur-containing amino acids (Messina, 1999; Messina, 2014). Finally, beans are a 

low source of fats with the majority of their fat content attributed to mono- and polyunsaturated 

fats since they are naturally low in saturated fats and are free of trans fats and cholesterol 

(Messina, 2014). Clearly, beans are unique by offering high amounts of dietary fibre and protein 

while remaining low in fat; however, the micronutrient profile of beans is also a valuable 

component of their nutritional attributes.  
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Table 1.1 Energy, macronutrient and dietary fibre content per 100 g serving of select bean varieties.  

 
Black 

Dark Red 

Kidney 
Navy Pinto 

Energy (kcal) 132 127 140 143 

Protein (g) 8.86 8.67 8.23 9.01 

Fat (g) 0.54 0.50 0.62 0.65 

Saturated Fat (g) 0.139 0.072 0.098 0.136 

Carbohydrates (g) 23.71 22.80 26.05 26.22 

Dietary Fibre (g) 7.0 6.6 6.8 9.0 

All data retrieved from Canada Nutrient File. Black (Health Canada, n.d.-a), Dark Red Kidney 

(Health Canada, n.d.-c), Navy (Health Canada, n.d.-d), Pinto (Health Canada, n.d.-e).  

Beans are also composed of a rich and diverse micronutrient profile (Table 1.2) that can 

contribute to a healthy diet. Relative to other legumes, beans have the highest content of minerals 

including calcium, copper, iron, magnesium, phosphorus, potassium and zinc (Hayat et al., 2014; 

Messina, 2014; Mudryj et al., 2014). Beans also contain vitamins including thiamin, riboflavin, 

niacin, and folate (Messina, 1999; Mudryj et al., 2014). Due to their favorable nutrient profile, 

consumption of beans has been associated with increased intakes of beneficial nutrients and 

lower intakes of less desirable nutrients in both Canada (Mudryj et al., 2012) and the United 

States (Mitchell et al., 2009). This has the potential to improve overall diet quality. More 

specifically, bean consumption has been shown in national health surveys to be associated with 

increased intakes of dietary fibre, protein, folate, iron, magnesium, potassium, and zinc and 

lower intakes of sugar and total and saturated fat (Mitchell et al., 2009; Mudryj et al., 2012; 

Papanikolaou & Fulgoni, 2008). Overall, beans are a nutrient-dense food, but their favourable 

characteristics go beyond their nutrient profile as they also offer a variety of bioactive 

compounds (Messina, 2014). 
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Table 1.2 Micronutrient content per 100 g serving of select bean varieties.  

Micronutrient 
Black 

Dark Red 

Kidney 
Navy Pinto 

Minerals     

Calcium (mg) 27 28 69 46 

Copper (mg) 0.209 0.242 0.210 0.219 

Iron (mg) 2.10 2.94 2.36 2.09 

Magnesium (mg) 70 45 53 50 

Phosphorus (mg) 140 142 144 147 

Potassium (mg) 355 403 389 436 

Zinc (mg) 1.12 1.07 1.03 0.98 

Vitamins     

Folate (µg) 149 130 140 172 

Niacin (mg) 0.505 0.578 0.649 0.318 

Riboflavin (mg) 0.059 0.058 0.066 0.062 

Thiamin (mg) 0.244 0.160 0.237 0.193 

Black (Health Canada, n.d.-a), Dark Red Kidney (Health Canada, n.d.-c), Navy (Health Canada, n.d.-d), 

Pinto (Health Canada, n.d.-e). For folate, dietary folate equivalents were used. 

1.3.2 Bioactive profile of beans 

Beans are also a source of many bioactive phytochemicals including polyphenols 

(phenolic acids, flavonoids and tannins), lectins, phytates, phytosterols, saponins and bioactive 

peptides which have received attention due to their potential beneficial health effects (Heredia-

Rodríguez et al., 2016; Messina, 2014; Ramirez-Jimenez et al., 2015). The polyphenol content is 

concentrated in the seed coat of beans with tannins among the polyphenols responsible for the 

coat colour (Singh et al., 2017). Dark red kidney beans and black beans are two of the bean 

varieties with the highest tannin and phenolic acid content with ferulic acid as the most abundant 

phenolic acid (Campos-Vega et al., 2010). The phenolic acid content of different bean varieties 

varies by approximately 5-fold while the flavonoid content is comparable across bean varieties; 

however, differences in the type of flavonoids exist (Campos-Vega et al., 2010; Luthria & 

Pastor-Corrales, 2006). Similarly, the lectin and phytate content and types found in beans also 

vary across the different bean varieties (Campos-Vega et al., 2010). Various saponins and 

phytosterols are also found in beans in varying amounts but only in small quantities (Ramirez-
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Jimenez et al., 2015). Finally, bioactive peptides in beans have recently become an area of 

interest. Although inactive in their native protein, enzymatic degradation of the protein produces 

bioactive peptides which can play a biological role (Heredia-Rodríguez et al., 2016). These 

bioactive compounds have been associated with antioxidant, anti-inflammatory and 

antihypertensive activity; however, more research is needed to further elucidate their activities 

(Heredia-Rodríguez et al., 2016; Suárez-Martínez et al., 2016). Taken together, the nutrient and 

bioactive profiles of beans position them as a healthful food option that can be included as a 

component of dietary recommendations and patterns to promote health.  

1.3.3 Dietary recommendations for bean consumption 

Beans have been recognized and included in various dietary guidelines by both health-

oriented non-profit organizations and governmental agencies to improve health and more 

specifically, to improve cardiovascular health. For example, legume consumption is 

recommended to improve cardiovascular health and reduce CVD risk by the Canadian Heart and 

Stroke Foundation (Heart and Stroke Foundation of Canada, n.d.) and the American Heart 

Association (American Heart Association, n.d.-a). In addition, Canada’s Dietary Guidelines 

promote the consumption of plant-based protein foods including legumes (including beans) as a 

foundation for healthy eating (Health Canada, 2019) and the Dietary Guidelines for Americans 

include bean consumption as a key recommendation for a healthy eating pattern (USDA & HHS, 

2020). Furthermore, beans are an important component of healthy dietary patterns such as the 

Mediterranean diet and the Dietary Approaches to Stop Hypertension (DASH) diet, both of 

which are well-known for their association with reduced CVD risk (Mayo Clinic, 2019a; Mayo 

Clinic, 2019b). Finally, the Food and Agriculture Organization of the United Nations declared 

2016 as the International Year of Pulses in order to increase awareness of pulses regarding their 

nutritional composition, their health benefits, and other factors (Food and Agriculture 

Organization of the United Nations [FAO], n.d.). It is clear that beans have been recognized for 

their favourable nutritional attributes by various organizations and governmental agencies both 

globally and in North America, which is suitable since Canada and the United States are large 

producers and exporters of beans. 
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1.3.4 Global and North American bean production 

Pulses, including beans, have a long history of cultivation and production throughout the 

world. According to the Food and Agriculture Organization of the United Nations, pulses are 

produced in every region across the world and global production has been increasing since the 

start of the millennium (FAO, 2019). From 2011-2014, the annual global production of pulses 

increased to 77 million tonnes wherein beans accounted for 24 million tonnes (FAO, 2019). In 

2011-2013, North America was the largest global exporter of pulses, accounting for 44% of all 

exported pulses (FAO, 2019).  

In Canada and the United States, bean production in 2020 was 10,798 cwt and 33 million 

cwt, respectively (Statistics Canada, n.d.; United States Department of Agriculture, National 

Agricultural Research Service, 2021). In Canada, bean production is concentrated in southern 

Ontario while in the United States, North Dakota is the top producer (Lucier & Parr, 2020; Pulse 

Canada, n.d.). Types of beans grown throughout Canada and the United States are similar and 

include, but are not limited to, black, great northern, kidney, navy, and pinto (Bekkering, 2014; 

US Dry Bean Council, 2017).  

Beans have favourable nutrient and bioactive profiles that contribute to their ability to 

improve nutrient intake, therefore it not surprising they are part of various healthy dietary 

patterns and included as part of national dietary recommendations in Canada and the United 

States. Beans are produced throughout the world and Canada and the United States contribute to 

global bean production. However, despite their beneficial nutritional and bioactive attributes, the 

current literature suggests bean consumption in North America is low.  

1.4 The Social Cognitive Theory 

There are many theories that have been developed to explain human behaviour and how 

and why it changes over a life span. The SCT explains that behaviour is learned through a 

dynamic interaction of different factors including environmental factors, personal factors and 

behaviour (Bandura, 1998; Bandura, 2004). Moreover, the SCT states that individuals do not 

only learn from their own personal experiences but also by observing behaviours and 

experiences of those around them (Bandura, 2004). The SCT includes five constructs of 
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behaviour change, as described by Bandura, which include perceived self-efficacy, knowledge, 

outcome expectations, goal setting and the perceived facilitators and impediments one faces 

when considering behaviour change (Bandura, 2004). 

The SCT and its constructs can be considered in the context of health promotion and 

disease prevention which has been discussed previously by Bandura (2004) and it can also be 

considered within nutrition and health settings. Perceived self-efficacy is one of the most 

important constructs of the SCT and refers to one’s belief in their ability to maintain control in a 

given situation and perform a specific behaviour (Bandura, 2004). This is relevant for nutrition 

and health promotion as it can relate to a variety of nutrition and health related habits. For 

example, if an individual believes they have the ability to change or improve nutrition and health 

related behaviours such as dietary or lifestyle habits, they would be more likely to and be 

successful. Having knowledge of how a behaviour affects one’s life is another construct of the 

SCT (Bandura, 2004). When considering this construct in the context of nutrition and health 

specifically, having the knowledge of how nutrition and health outcomes are related and how 

one’s lifestyle habits can affect their health can provide the basis of knowledge from which 

behaviour change could occur (Bandura, 2004).  

Outcome expectations is another construct of the SCT which refers to one’s expectations 

of the outcomes of a behaviour change and whether the outcome(s) would have positive or 

negative implications (Bandura, 2004). These outcome expectations can affect an individual’s 

willingness to change their behaviours (Bandura, 2004). For instance, if an individual expects a 

behaviour change to improve their health (e.g., reduce risk of chronic disease), they may be more 

likely to make that change as opposed to a behaviour change that may negatively affect their 

health. Setting goals could also influence behaviour change especially those that are short-term 

and feasible (Bandura, 2004). In regard to nutrition and health, goal setting is also a viable 

construct that can be applied. Realistic goals can be set and used as markers on the path to 

improved health. These short-term feasible goals could be more straightforward changes such as 

cooking at home more often or increasing daily fruit and vegetable intake.  

Finally, perceived motivators and barriers to behaviour change is the final construct of 

the SCT (Bandura, 2004). Unsurprisingly, barriers exist that prevent individuals from changing 
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behaviour which need to be identified, addressed and overcome in order to change a particular 

behaviour. Conversely, motivators can be used to help promote healthful behaviours and habits. 

In nutrition and health, barriers such as access to healthy food or lack of time to prepare health 

food at home are examples of barriers that could reduce one’s ability to consume healthful foods. 

One example of a motivator could be one’s interest in reducing risk of a chronic disease.   

The SCT provides a solid foundation to explain human behaviour and behaviour change 

and can be used in the context of nutrition and health related behaviours. Bandura discusses key 

constructs including perceived self-efficacy, knowledge, outcome expectations, goal setting and 

perceived facilitators and impediments to behaviour change. The SCT and its constructs can be 

used in nutrition and health research landscape to better understand nutrition and health related 

behaviours in different populations.  

1.5 Beans Consumption Habits and Related Factors in North America 

1.5.1 Bean consumption levels in North America 

It is clear that beans offer a wide variety of nutrients yet despite this, bean consumption 

levels in North America are low (Table 1.3) (Heer & Winham, 2020; Ipsos Reid, 2010; Lucier et 

al., 2000; Mitchell et al., 2009; Mudryj et al., 2012; Perera et al., 2020; Winham et al., 2018; 

Winham et al., 2019). The overall pulse sub-group of legumes, which includes beans, has largely 

been the focus of nation-wide survey data analysis and provides a reasonable starting point when 

examining bean consumption levels. The most recent Canadian adult pulse (including beans) 

consumption levels are from the 2004 Canadian Community Health Survey (CCHS) and show 

only 13.1% of Canadians reported consuming pulses (beans, dried peas and lentils) on any given 

day (Mudryj et al., 2012). Furthermore, 20% of Canadians reported that they had not consumed 

pulses in the past six months and of the 80% who had, 39% consumed pulses at home, according 

to a report published by Ipsos Reid (2010). For the past decade, pulse consumption levels in the 

United States have been based on the 1999-2002 NHANES which showed only 7.9% of 

American adults reported that they consumed pulses (beans, dried peas, lentils, chickpeas) on 

any given day (Mitchell et al., 2009). However, a more recently published study used more 

updated NHANES data from 2011-2012 and 2013-2014 and interestingly showed similar results 

with a range of 8.3-12.8% of American adults having reported consuming mature legumes 
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(included beans, dried peas, lentils, chickpeas and excluded soybeans, and green (fresh) peas and 

beans) on a given day (Perera et al., 2020). Overall pulse and mature legume consumption levels 

are important measures when considering larger pulse consumption habits. However, while these 

measures include beans and provide a useful starting point, data related to bean consumption, 

specifically, is valuable to improve our understanding of public consumption habits of this 

specific pulse.   

Nationally representative studies focused on bean consumption habits in Canadian and 

American adults are currently lacking, resulting in reliance on outdated data sets and/or reliance 

on reports of more general pulse consumption habits. To date, there appears to have been no 

studies published that examined bean consumption in Canadians using nation-wide data. 

However, the Ipsos Reid (2010) report revealed that two thirds (66%) of Canadians reported 

consumption of beans in the past six months at home and/or at a restaurant, and of the previously 

mentioned 39% of pulse consumers consuming pulses at home, 68% and 21% of those 

consumers reported they consumed beans monthly and weekly, respectively. In the United 

States, one of the earlier studies that have examined bean consumption used data from the 1994-

1996 Continuing Survey of Food Intakes by Individuals (CSFII) and showed almost 14% of 

Americans reported consumption of at least one bean-containing food on a given day (Lucier et 

al., 2000). Two decades later, the aforementioned study by Perera and colleagues (2020) updated 

bean consumption prevalence data using the 2011-2012 and 2013-2014 NHANES cycles. This 

study showed a decrease in bean consumption prevalence compared to the CSFII 1994-1996 

results with only approximately 6.5-10% of American adults who reported consuming beans on a 

given day (Perera et al., 2020). When the two NHANES cycles were compared, it showed a 

decline in bean consumption from 9.6-10% in 2011-2012 to 6.5-7.4% in 2013-2014 (Perera et 

al., 2020).  

Clearly, national level bean consumption data is lacking in Canada and the United States 

with few studies exploring this topic. Ideally, updated data would be published periodically and 

more frequently to illustrate changes in bean consumption habits over time. Such large data is 

useful for understanding consumption habits and for developing national public health strategies 

to increase bean consumption habits but more research in smaller populations would also be 

helpful to further focus and refine regional public health and nutrition campaigns. 
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Similar to national bean consumption studies, studies exploring bean consumption in 

specific populations is limited yet can provide valuable information for targeted public health 

communications. Unfortunately, such studies in Canadian populations are currently lacking. In 

the United States, recent interest in this area has resulted in a number of publications (Heer & 

Winham, 2020; Perera et al., 2020; Winham et al., 2018; Winham et al., 2019). For example, a 

survey study including 296 American Registered Dietitians (RDs) showed 98% of participants 

reported consuming beans and when frequency of consumption was examined, 6.8%, 22.3%, 

48.3%, 17.6% and 5.1% of RD participants reported consuming beans once a month or less, 2-3 

times per month, 1-2 times per week, 3-4 times per week and 5+ times per week, respectively 

(Winham et al., 2018). Lower bean consumption rates were found in another survey study of 

low-income Hispanic and non-Hispanic white women in Iowa, United States with 19.6%, 27.8%, 

19%, 22.8% and 10.8% of participants reporting that they consumed beans once per month or 

less, 2-3 times per month, 1-2 times per week, 3-4 times per week and 5 or more times per week, 

respectively (Winham et al., 2019). Further, a pilot survey study in low-income American men 

revealed even less frequent consumption than RDs and low-income American women with 

21.1%, 42.3%, 29.6% and 7% of participants reporting that they consumed beans once per month 

or less, 2-3 times per month, 1-2 times per week and 3+ times per week, respectively (Heer & 

Winham, 2020). Finally, another survey study included adults living in Oregon, USA, with 

varying socio-economic backgrounds and showed 56.6% of participants reported consuming 

beans in the last month with 46.9%, 18.2% and 4.2% of those participants reported consuming 

beans weekly, 3-4 days per week and daily, respectively (Perera et al., 2020). Taken together, 

these studies provide greater insight into bean consumption habits of specific subgroups of the 

population. However, going beyond bean consumption prevalence to examine which bean 

varieties and bean dishes are most commonly consumed and other information related to pulse 

and bean consumption can help reveal gaps in public consumption habits.  

Baked beans, chili, and Mexican or other Hispanic dishes were identified as major 

contributors to pulse consumption in Canadian and American adults (Mitchell et al., 2009; 

Mudryj et al., 2012). Kidney beans and bean soup were also identified as two major contributors 

to pulse consumption in Canada while pinto beans and refried beans (typically using pinto beans) 

were identified as such in the United States (Mitchell et al., 2009; Mudryj et al., 2012). Beans 

remained a major contributor to mature legume consumption in American adults according to 
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more recent NHANES data (Perera et al., 2020). More specifically, pinto beans and refried beans 

(typically using pinto beans) remained as two of the top contributors while black beans and red 

kidney beans were newly added to the list (Perera et al., 2020). These studies reveal commonly 

consumed bean varieties and dishes and identify gaps in bean consumption in Canadian and 

American adults. Taken together, these results could inform dietary strategies aimed at 

increasing consumption of different types of beans beyond what is already commonly consumed.  

Overall, studies examining bean consumption habits at a national level and in specific 

population segments in North America are limited. This hinders the ability of public health 

agencies to remain up to date on bean consumption habits and limits the opportunity to use 

scientific evidence to inform public health programming and communications to increase bean 

consumption. However, it is important to note there are other factors related to bean consumption 

that could also aid in increasing bean consumption including emphasizing motivators and 

overcoming barriers to bean consumption. 
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Table 1.3 Summary of North American studies that have examined prevalence and/or frequency of pulse and/or bean consumption and motivators, 

barriers, perceptions, attitudes and/or beliefs about pulses and/or beans. 

Reference 

Study design 

and   

data analyzed  

Participants 

Pulses or  

beans 

examined 

Definition of a  

pulse or bean 

consumer  

Pulse or bean 

consumption 

prevalence and/or 

frequency 

Motivators, barriers,  

perceptions, attitudes and  

beliefs about  

pulses or beans 

Lucier et 

al., 2000 

-Survey data 

from the 1994-

1996 Continuing 

Survey of Food 

Intakes by 

Individuals  

-Interviewer-

administered 24-

hr dietary recalls 

on two non-

consecutive days 

collected 3-10 

days apart  

-n=15,303 non-

institutionalized 

Americans of 

all ages residing 

in 50 States and 

Washington, 

D.C. 

-Reported as 

beans which 

included pinto, 

navy, great 

northern, light 

red kidney, dark 

red kidney, 

black, baby 

lime, large lima, 

blackeye, 

garbanzo, small 

white, pink, 

small red, 

cranberry 

-Bean 

consumers 

included 

participants that 

reported 

consumption of 

at least one food 

containing 

cooked beans 

on any given 

day 

-Almost 14% of 

American 

participants reported 

consumption of 

beans on any given 

day 

-Not reported 

Mitchell et 

al., 2009 

-Survey data 

from the 1999-

2000 and 2001-

2002 National 

Health and 

Nutrition 

Examination 

Survey 

-n=9,317 non-

institutionalized 

American adults 

(19 years old) 

-Reported as 

dry beans and 

peas which 

included all 

types of beans 

(e.g., pinto, 

navy, kidney, 

and black 

beans) and peas 

(e.g., yellow 

and green split 

-Dry bean and 

pea consumers 

included 

participants that 

indicated 

consumption of 

dry beans and 

peas during 

their 24-hr 

dietary recall 

-7.9% of American 

adult participants 

reported 

consumption of dry 

bean and pea on any 

given day 

-Not reported 
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-Interviewer-

administered 24-

hr dietary recall  

peas, chickpeas 

or garbanzo 

beans, blackeye 

peas, and 

lentils) 

Ipsos 

Reid, 2010 

-Online 

interviews  

-n=1,100 

Canadian adults 

(18 years old) 

and 230 

interviews with 

South Asian 

immigrants who 

have lived in 

Canada for 20 

years or less 

-Reported on 

bean 

consumption, 

specifically, and 

pulse 

consumption 

-For bean 

consumption, 

reported as 

beans  

-For pulse 

consumption 

reported as 

pulses which 

included beans, 

chickpeas, peas, 

lentils 

 

-Bean 

consumers 

included 

participants 

who reported 

consumption of 

beans at home 

and/or at a 

restaurant in the 

past six months 

-Pulse 

consumers 

included 

participants 

who reported 

consumption of 

at least one type 

of pulse at 

home 1-3 times 

per month or 

less than once a 

month 

-66% of Canadian 

adult participants 

reported 

consumption of 

beans in the past six 

months 

-39% of Canadian 

adult participants 

reported 

consumption of 

pulses at home in the 

past six months and 

among them, 68% 

reported 

consumption of 

beans on a monthly 

basis and 21% 

reported 

consumption of 

beans on a weekly 

basis  

Motivators for pulse consumers1: 

-Taste (36%), health benefits 

(34%), source of protein (12%), 

source of fibre (12%), part of 

recipe (10%), good for 

soups/stews (8%), good for 

chili/dips (6%) 

Barriers for pulse consumers1: 

-Convenience (16%), not 

knowing how to cook pulses 

(13%), I/ my family do not like 

them (12%), not considering 

pulses as part of their diet (10%), 

seeking variety in their diet 

(10%), I/ my family do not like 

the taste (8%) 

Barriers for pulse non-

consumers1: 

-Dislike of pulses (43%), not 

knowing how to cook pulses/ 

never having tried to cook them 

(% not reported), pulses not 
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being part of their usual meals/ 

not a habit (% not reported) 

Mudryj et 

al., 2012 

-Cross sectional 

survey data from 

the 2004 

Canadian 

Community 

Health Survey 

cycle 2.2 

-Interviewer-

administered 24-

hr dietary recall  

-n=20,156 

Canadian adults 

(19 years old) 

from 10 

provinces  

-Reported as 

pulses which 

included beans 

(e.g., pinto, 

navy, kidney, 

black), mung 

bean, peas 

(yellow peas), 

split green peas, 

chickpeas, 

black-eyed peas 

and lentils 

-Pulse 

consumers 

included 

participants that 

reported 

consumption of 

pulses or a 

pulse-

containing 

product during 

their 24-hr 

dietary recall 

-13.1% of Canadian 

adult participants 

reported 

consumption of 

pulses on any given 

day 

-Not reported 

Winham et 

al., 2018 

-Cross sectional 

online survey 

-n=296 

Registered 

Dietitians (RDs) 

in Arizona, 

USA (43.7  

12.5 years old2; 

95.6% female) 

-Reported as 

beans which 

included dry 

and canned 

-Overall bean 

consumption 

prevalence and 

frequencies 

were reported  

-98% of RD 

participants reported 

consumption of 

beans 

-Once a month or 

less: 6.8% 

-2 to 3 times per 

month: 22.3% 

-1 to 2 times per 

week: 48.3% 

Perceptions about dry and 

canned beans that might prevent 

people from eating or cooking 

beans that were most commonly 

disagreed and strongly 

disagreed with or agreed and 

strongly agreed with among all 

participants: 

-34.2% disagreed and 28.5% 

strongly disagreed with “cooking 

dry beans part of culture” 

-35.2% agreed and 6.7% 

strongly agreed with “canned 
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-3 to 4 times per 

week: 17.6% 

-5+ times per week: 

5.1% 

beans have too much salt in 

them”  

-29.3% agreed and 4.8% 

strongly agreed with “dry beans 

take too long to prepare”  

-31.0% agreed and 2.0% 

strongly agreed with “canned 

beans have preservatives” 

Winham et 

al., 2019 

-Cross sectional 

self-

administered 

written survey 

-n=158 low-

income women 

in Iowa (36.4  

12.7 years old)2 

-Reported as 

beans and 

described 

throughout as 

dry and canned 

-Bean 

consumption 

frequencies 

were reported 

-Once per month or 

less: 19.6% 

-2 to 3 times per 

month: 27.8% 

-1 to 2 times per 

week: 19% 

-3 to 4 times per 

week: 22.8% 

-5 or more times per 

week: 10.8% 

Attitudes and beliefs about bean 

consumption and canned beans 

that might prevent people from 

eating or cooking beans that 

were most commonly agreed and 

strongly agreed with among all 

participants:  

-39.2% agreed and 7.2% 

strongly agreed with “beans 

cause intestinal gas” 

-29.7% agreed and 14.2% 

strongly agreed with “dry beans 

take too long to cook” 

-35.4% agreed and 13.3% 

strongly agreed with “canned 

beans have preservatives” 
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Heer & 

Winham, 

2020 

-Self-

administered 

survey 

-n=71 low-

income men (41 

 12.7 years 

old)2 

-Reported as 

beans which 

included dry 

and canned 

-Bean 

consumption 

frequencies 

were reported 

-Once per month or 

less: 21.1% 

-2 to 3 times per 

month: 42.3% 

-1 to 2 times per 

week: 29.6% 

-3+ times per week: 

7.0% 

Attitudes and perceptions about 

bean consumption and canned 

beans most commonly agreed 

and strongly agreed with among 

all participants:  

-47.8% agreed with “beans cause 

intestinal gas” 

-43.3% agreed with “canned 

beans have preservatives”  

-32.4% agreed with “dry beans 

take too long to prepare”  

Perera et 

al., 2020 

-Cross sectional 

survey data from 

the 2011-2012 

and 2013-2014 

National Health 

and Nutrition 

Examination 

Survey 

(NHANES); 

Interviewer-

administered 24-

hr dietary recall 

on two non-

consecutive days 

collected 3-10 

days apart  

-NHANES 

n=11,855 adults 

(>18 years old) 

excluding 

women who 

were pregnant 

or lactating at 

the time of data 

collection 

 

-BLP survey 

n=143 adults 

(>18 years old) 

-Reported as 

dry beans (e.g., 

pinto, pink, 

navy, kidney, 

mung, lima and 

black beans) for 

NHANES  

-Reported as 

dry beans for 

BLP survey 

 

 

  

-NHANES: 

Bean 

consumption 

was reported in 

multiple ways 

including on 

each of the two 

data collection 

days 

-BLP survey: 

Bean 

consumption 

frequencies 

were reported 

-NHANES 2011-

2012: 9.6%-10.0% 

American adult 

participants reported 

consumption of 

beans on any given 

day 

-NHANES 2013-

2014: 6.5%-7.4% 

American adult 

participants reported 

consumption of 

beans on any given 

day 

-Not reported  
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-Cross-sectional 

online survey 

called Beans, 

Lentils, Peas 

(BLP) 

  -BLP survey: 4.2% 

of participants 

reported 

consumption of 

beans daily, 18.2% 

of participants 

reported 

consumption of 

beans 3-4 days per 

week, 46.9% of 

participants reported 

consumption of 

beans weekly, 

56.6% of 

participants reported 

consumption of 

beans in the last 

month 

1Pulse and bean consumption was examined but only reported motivators and barriers for pulse consumers. 

2Mean  standard deviation. 
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1.5.2 Motivators and barriers to bean consumption in North America 

Understanding motivators and barriers to bean consumption can inform dietary strategies 

to increase bean consumption in North America. However, similar to bean consumption 

prevalence, studies exploring motivators and barriers to bean consumption in North America are 

limited (Table 1.3) (Heer & Winham, 2020; Ipsos Reid, 2010; Winham et al., 2018; Winham et 

al., 2019). One Canadian survey study exploring pulse consumption (including beans) in adults 

reported taste, health benefits, and specific nutritional attributes (“source of protein” and “source 

of fibre”), as the top motivators by pulse consumers (Ipsos Reid, 2010). Additionally, using 

pulses for certain recipes including “part of recipe”, “good for soups/stews” and “good for chili/ 

dips” were also reported as motivators by pulse consumers (Ipsos Reid, 2010). The promotion 

and emphasis of pulses (including beans) and beans as nutritious and healthful foods, based on 

scientific evidence, can continue to demonstrate why these dry legumes are important 

components of a healthy diet. Furthermore, accessible resources, including quick and easy 

recipes, can show bean consumers and non-consumers how they can easily include them in their 

diet.  

The aforementioned Canadian study also explored barriers to pulse consumption 

(including beans) for Canadian adult non-consumers and showed “I don’t like them” as the most 

frequent response with “not knowing how to cook pulses/ never having tried to cook them” and 

“pulses not being part of their usual meals/ not a habit” also reported (Ipsos Reid, 2010). 

Similarly, barriers for Canadian adult pulse consumers (including beans) for not eating pulses 

more frequently included “not knowing how to cook pulses” and “not considering pulses as part 

of their diet” (Ipsos Reid, 2010). Other barriers reported by pulse consumers included “I/ my 

family do not like them”, “I/ my family do not like the taste”, “convenience”, and participants 

“seeking variety in their diet” (Ipsos Reid, 2010). Participants reporting “seeking variety in their 

diet” as a barrier to their pulse consumption is interesting as beans are recognized as a versatile 

food and ingredient and have the ability to be included in a variety of recipes and meals 

(Pulses.org, n.d.-b). Another survey study sought to examine perceptions and attitudes toward 

dry and canned beans in American RDs (Winham et al., 2018). Participants were asked to 

indicate their level of agreement with 20 reasons that previous research suggested as barriers to 
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eating or cooking beans (Winham et al., 2018). Consistent with the aforementioned Canadian 

study that identified a barrier to pulse consumption was that they are not part of the usual diet, 

Winham et al. (2018) found that the majority of participants disagreed (34.2%) or strongly 

disagreed (28.5%) with the statement “cooking dry beans part of culture”. Participants also 

agreed or strongly agreed that “canned beans have too much salt in them” (35.2% and 6.7%, 

respectively), “dry beans take too long to prepare” (29.3% and 4.8%, respectively) and “canned 

beans have preservatives” (31.0% and 2.0%, respectively) (Winham et al., 2018).  

A similar study design was applied to a convenience sample of low-income American 

women which showed the top statements participants agreed or strongly agreed with that 

prevented them from eating beans were “beans cause intestinal gas” (39.2% and 7.2%, 

respectively), “dry beans take too long to cook” (29.7% and 14.2%, respectively) and “canned 

beans have preservatives” (35.4% and 13.3%, respectively) (Winham et al., 2019). None of these 

barriers were reported by Canadian adults (Ipsos Reid, 2010) but “canned beans have 

preservatives” was also reported by American RDs in the aforementioned survey study (Winham 

et al., 2018). Similar results were found in a pilot study exploring food behaviors, bean health 

benefit awareness, and bean consumption practices and preferences in low-income men (Heer & 

Winham, 2020). This study also provided participants with a list of reasons preventing people 

from eating or cooking beans and asked participants to indicate whether they agree, are neutral, 

or disagree (Heer & Winham, 2020). Results showed the same three statements were most 

frequently agreed with by low-income men as low-income women including “beans cause 

intestinal gas” (47.8%) followed by “canned beans have preservatives” (43.3%) and “dry beans 

take too long to prepare” (32.4%) (Heer & Winham, 2020). These studies reveal barriers to bean 

consumption in Canadian and American adults and should be taken into consideration during the 

development of programs and campaigns to increase bean consumption in North America.  

Overall, it is clear that research exploring motivators and barriers to bean consumption in 

North America is limited. This area of research is critical to further understanding bean 

consumption habits and can provide important insight to strategies to increase bean consumption. 

In particular, the barriers identified above offer opportunities for healthcare professionals, public 

health agencies, and pulse and bean commodity groups and associations to address through their 
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communications as well as educational and promotional campaigns. Moreover, since health 

benefits, including nutritional value, was identified as a motivator to bean consumption in 

Canadian adults, it may offer another opportunity to increase bean consumption. Perhaps general 

consumers are not truly aware of or know of the beneficial attributes that beans can offer and so 

this lack of awareness and knowledge is limiting their consumption.  

1.5.3 Awareness of nutrient and health attributes of beans in North America 

Addressing consumer awareness and knowledge gaps related to the nutritional and health 

attributes of beans could also contribute to strategies to increase bean consumption in North 

America. In fact, research supports the idea that nutritional awareness and knowledge is 

associated with higher diet quality (Alkerwi et al., 2015; Geaney et al., 2015), to which beans 

could contribute. However, despite the important insights that could be gained from research on 

this topic, few studies have sought to address this area (Heer & Winham, 2020; Palmer et al., 

2018; Winham et al., 2018). 

The limited work in this area has been conducted among American participants including 

one survey study in American RDs (Winham et al., 2018). This study examined RDs knowledge 

of the nutritional properties of beans and found almost all participants agreed (33.4%) or strongly 

agreed (64.5%) that beans can improve nutrition (Winham et al., 2018). These results are 

consistent with studies in other population segments that, unlike RDs, might not be as expected 

to know about the nutritional qualities of beans.  These studies include a survey of low-income 

women in which the majority of participants also agreed (50.6%) or strongly agreed (19.0%) that 

beans can improve nutrition (Palmer et al., 2018) and a survey of low-income men in which the 

majority (59.4%) of participants also agreed that beans can improve nutrition (Heer & Winham, 

2020). Winham and colleagues (2018) also found that as expected, most RDs were 

knowledgeable about specific nutritional attributes of beans as they agreed or strongly agreed 

that beans could increase dietary protein (42.9% and 55.8%, respectively), dietary iron (53.1% 

and 29.9%, respectively), and dietary folate (47.4% and 29.6%, respectively). While it is 

encouraging that the majority of the above-mentioned population segments agree beans can 

improve nutrition, there is still a large portion of low-income men (Heer & Winham, 2020) and 
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low-income women (Palmer et al., 2018), as well as some RDs (Winham et al., 2018), who 

indicated they disagreed, were neutral or did not know that beans can improve nutrition. 

Consumer knowledge about the health benefits of bean consumption was also 

investigated in the three aforementioned studies (Heer & Winham, 2020; Palmer et al., 2018; 

Winham et al., 2018). Research shows beans can improve risk of several chronic diseases 

including CVD, diabetes and cancer and can also support the maintenance of a healthy body 

weight (Hayat et al., 2014; Pulses.org, n.d.-a). Not surprisingly, almost all RDs agreed (46.6%) 

or strongly agreed (48.0%) that bean consumption can lower LDL cholesterol (Winham et al., 

2018), which is considerably higher than low-income American women who agreed (26.8%) or 

strongly agreed (6.4%) (Palmer et al., 2018) and low-income men who agreed (39.1%) (Heer & 

Winham, 2020). Similarly, the majority of RDs agreed (52.5%) or strongly agreed (38.3%) that 

beans can control blood glucose (Winham et al., 2018), whereas the majority of low-income 

women indicated “do not know” (58.6%) (Palmer et al., 2018) and low-income men indicated 

“neutral” (53.6%) (Heer & Winham, 2020). When asked whether beans can reduce cancer risk, 

the majority of low-income women indicated “do not know” (65.0%) (Palmer et al., 2018) and 

the majority of low-income mean indicated “neutral” (56.5%) (Heer & Winham, 2020), while 

most RDs agreed (47.1%) or strongly agreed (43.1%) (Winham et al., 2018). Finally, most RDs 

agreed (59.4%) or strongly agreed (28.3%) that beans could “help lose weight” (Winham et al., 

2018) while only a small portion of low-income women agreed (27.4%) or strongly agreed 

(5.1%) (Palmer et al., 2018), and less than half (40.6%) of low-income men participants agreed 

(Heer & Winham, 2020). Based on these studies, it is clear that while RDs are generally 

knowledgeable of the health benefits of beans, as is expected, low-income adults revealed 

considerable knowledge gaps.  

Taken together, these studies provide insight into the awareness and knowledge of the 

nutritional and health benefits of beans in different population groups. Knowledge gaps were 

revealed among low-income population segments as well as some hesitation within RDs (i.e., 

while most at least correctly agreed or disagreed with statements about beans, there were also 

options to strongly agree or disagree) (Winham et al., 2018), both of which provide valuable 

insights but lack generalizability. These gaps in knowledge within these population groups could 
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contribute to the low prevalence and frequency of bean consumption in North America (i.e., if 

consumers are not aware of the diverse nutritional and health benefits of beans it could limit their 

consumption).  

Overall, research on this topic is limited and warrants further exploration in various groups 

of consumers including those in older age groups, as well as focus on males since few included 

them previously. This could support informed nutritional and healthful decision making at the 

consumer level which could increase bean purchasing and consumption habits and subsequently 

improve health. 

1.6 Beans and Cardiovascular Disease Research 

1.6.1 Beans and nutrient intake: observational studies 

Beans have an excellent nutrient profile and as a result have been studied for their ability 

to improve nutrient intake (Mitchell et al., 2009; Mudryj et al., 2012; Papanikolau & Fulgoni, 

2008) which could subsequently contribute to improving diet quality. For instance, one study 

used data from the 1999-2002 NHANES cycles to examine nutrient intake of bean consumers 

compared to bean non-consumers (Papanikolau & Fulgoni, 2008). Bean consumers were 

categorized into three groups based on the type of beans they consumed including baked bean 

consumers, variety bean consumers and variety and/or baked bean consumers, each of which had 

significantly greater intakes of dietary fibre, magnesium, potassium, and iron compared to bean 

non-consumers (Papanikolau & Fulgoni, 2008).  

Similar results were found in another study that also used data from the 1999-2002 cycles 

of the NHANES but unlike the aforementioned study, examined nutrient intake of dry bean and 

pea (included chickpeas and lentils) consumers and divided consumers into intake quartiles 

(Mitchell et al., 2009). Mitchell and colleagues (2009) found that dry bean and pea consumers in 

the third (119.5  1.4 g/day) and fourth (277.1  9.1 g/day) intake quartiles had significantly 

higher intakes of dietary fibre, folate, magnesium, and zinc, compared to non-consumers. These 

results are consistent with a Canadian study that used data from the 2004 Canadian Community 

Health Survey and also divided pulse (beans, peas, lentils, chickpeas) consumers into intake 
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quartiles (Mudryj et al., 2012). Similar to American adults, Canadian adult pulse consumers in 

the third (99.1  2.4 g/day) and fourth (293.9  39.8 g/day) intake quartiles had significantly 

higher intakes of dietary fibre, folate, magnesium, iron, and zinc compared to non-consumers 

(Mudryj et al., 2012).  

Taken together, these studies show that Canadian and American pulse and bean 

consumers have significantly higher intakes of some nutrients compared to pulse and bean non-

consumers with Mitchell et al. (2009) concluding that higher consumption of beans and peas 

(including chickpeas and lentils) could lead to improved diet quality. Improving diet quality is 

important as higher diet quality as measured by the Healthy Eating Index-2010, the Alternative 

Healthy Eating Index-2010, the alternate Mediterranean Diet score, and Dietary Approaches to 

Stop Hypertension score, has been associated with a significant reduction (8-28% for men and 

women) in CVD mortality (Reedy et al., 2014). These studies can help inform future dietary 

guidelines in North America as well as further encourage public health practitioners to promote 

beans as a nutritionally beneficial food that can contribute to a healthy diet.  

1.6.2 Legumes, beans and CVD: observational studies  

Given beans are nutrient dense and can improve nutrient intake, it is logical they have 

been studied for their potential health benefits. In the past two decades, observational studies 

have explored the relationships between consumption of legumes (including beans) (Bazzano et 

al., 2001; Darmadi-Blackberry et al., 2004; Marventano et al., 2016; Miller et al., 2017; Nouri et 

al., 2016), beans (Kabagambe et al., 2005; Nagura et al., 2009; Papanikolaou & Fulgoni 2008) 

and CVD risk.  

1.6.2.1 Legumes and CVD risk, CVD mortality and total mortality  

Legume (including bean) consumption has been examined in North America and around 

the world to better understand their potential health benefits. An earlier American prospective 

cohort study used data from the NHANES I Epidemiologic Follow-up Study to examine legume 

consumption and risk of CVD in 9,632 adults (25-74 years old) with an average follow-up of 19 

years (Bazzano et al., 2001). This study found that adults who consumed legumes (including 
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beans) 4 times per week had an 11% lower risk of CVD (Relative Risk 0.89; 95% CI 0.80-0.98) 

compared to those who consumed legumes less than once per week (Bazzano et al., 2001). A 

more recent Iranian study similarly found an inverse association between legume intake and risk 

of CVD after following 5,398 adults (35 years old) for a median of 6.8 years (Nouri et al., 

2016). Older (>55 years old) participants who consumed legumes >3 times per week had a 34% 

reduced risk of CVD (Hazard Ratio [HR] 0.66; 95% CI 0.45-0.98) compared to those who 

consumed legumes 0-1 times per week (Nouri et al., 2016). One year later, Miller and colleagues 

(2017) published results from the Prospective Urban Rural Epidemiology study which also 

examined legume intake and risk of major CVD (defined as death from cardiovascular causes 

and non-fatal myocardial infarction, stroke, and heart failure), and CVD mortality. After 

following 135,335 adult participants (35-70 years old) from 18 countries for a median of 7.4 

years, researchers found a reduced risk of major CVD for more frequent legume consumers 

compared to those who consumed legumes less than once per month, however, these associations 

did not reach significance (p=0.06) (Miller et al., 2017). For CVD mortality, those who 

consumed legumes once to <3 times per week had a 22% lower risk (HR 0.78; 95% CI 0.64–

0.94), those who consumed legumes 3 times per week to less than once per day had a 26% lower 

risk (HR 0.74; 95% CI 0.60-0.92) and those who consumed legumes more than once per day had 

a 28% lower risk (HR 0.72; 95% CI 0.57–0.92) compared to those who consumed legumes less 

than once per month (Miller et al., 2017). 

Another study identified legumes as the most important dietary predictor for survival in 

older people in the Food Habits in Later Life Study (Darmadi-Blackberry et al., 2004). This 

cross-cultural study included 785 adults aged 70 years from Japan, Sweden, Greece and 

Australia and after following participants for up to 7 years, researchers found a 7% to 8% all-

cause mortality risk reduction for every 20 g increase in daily legume intake with (Risk Ratio 

[RR] 0.92, 95% CI 0.85-0.99) or without (RR 0.93, 95% CI 0.87-0.99) after adjusting for 

ethnicity (Darmadi-Blackberry et al., 2004).  

Finally, a recent systematic review and meta-analysis combined results from 14 

prospective cohort studies (including two of the aforementioned studies) to examine the 

association between legume intake and CVD risk (Marventano et al., 2016). For studies that 
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identified CVD as the outcome (n=5 studies), results revealed consumers in the highest legume 

intake quartile (3-4 servings/week) had a 10% (Relative Risk 0.90; 95% CI 0.84-0.97) lower risk 

of CVD compared to those in the lowest intake quartile (Marventano et al., 2016).  

These studies consistently link legume consumption to reduced CVD risk which is 

summarized in a recent systematic review and meta-analysis (Marventano et al., 2016). Taken 

together, these studies have provided rationale to examine specific legumes such as beans to 

study whether these benefits remain, independent of other legumes. 

1.6.2.2 Beans and CVD risk factors, CVD risk and CVD outcomes 

Despite the strong rationale for observational studies to examine the association between 

bean consumption and CVD, few studies have (Kabagambe et al., 2005; Nagura et al., 2009; 

Papanikolaou & Fulgoni, 2008). One study used data from NHANES (1999-2002) to investigate 

the association between bean consumption and CVD risk measures in adults (20 years old) 

(Papanikolaou & Fulgoni, 2008). Participants (n=8,229) were grouped into three categories 

according to types of beans consumed including baked bean (BB), variety bean (e.g., pinto 

beans, kidney beans, etc.; VB) and variety bean and/or baked bean (VBBB) (Papanikolaou & 

Fulgoni, 2008). Interestingly, participants in the BB group had significantly lower systolic blood 

pressure compared to non-consumers (120.4  1.4 vs. 123.3  0.4 mm Hg, p=0.019) while 

VBBB consumers also had lower, but not significant, systolic blood pressure compared to non-

consumers (121.7  1.1 vs. 123.4  0.4 mm Hg, p=0.092) (Papanikolaou & Fulgoni, 2008). 

Researchers also found BB consumers did not significantly differ in their risk of risk factors 

while VB consumers had a 29% lower risk of increased waist size (Odds Ratio [OR] 0.71; 95% 

CI 0.55-0.91) and VBBB consumers had a 23% lower risk of increased waist size (OR 0.77; 95% 

CI 0.62-0.95) and a 22% lower risk of being obese (OR 0.78; 95% CI 0.64-0.97), compared to 

non-consumers (Papanikolaou & Fulgoni, 2008). This study provides insight into the association 

between consumption of different bean types and CVD risk factors. 

Another observational study examined the relationship between bean intake and 

myocardial infarction (MI) in Costa Rican adults (Kabagambe et al., 2005). Kabagambe et al. 

(2005) found those who had (n=2,119; 59  11 years old) and had not (n=2,119; 59  11 years 
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old) suffered from a nonfatal MI and consumed one serving (1/3 cup) of beans per day had a 

38% (OR 0.62; 95% CI: 0.45–0.88) reduced risk of MI compared those who consumed beans 

less than once per month or never. A more recent prospective cohort study by Nagura and 

colleagues (2009) sought to investigate plant-based food consumption and CVD risk and total 

mortality among Japanese adults (40-79 years old) as part of the Japan Collaborative Cohort 

Study. Participants (n=59,485) were categorized into bean (including tofu and boiled beans) 

intake quartiles and were followed for an average of 12.7 years (Nagura et al., 2009). 

Researchers found those in the highest quartile of bean intake (4.5 servings/week) had a 16% 

lower risk of total CVD (HR 0.84; 95% CI 0.74-0.95) and 10% lower risk of total mortality (HR 

0.90; 95% CI 0.84-0.96) compared to those in the lowest quartile of bean intake (0.8 

servings/week), after adjusting for CVD risk factors (Nagura et al., 2009).  

Studies examining the association between bean consumption and CVD have consistently 

revealed an inverse relationship; however, research is limited. Observational studies are an 

important part of nutrition and health research that can provide valuable insight into the 

relationship between diet and disease in large populations. Therefore, more large, high-quality 

observational studies are warranted to further the understanding of bean consumption and CVD. 

1.6.3 Bean consumption and CVD markers: experimental studies 

Bean intervention studies that have examined the effects of bean consumption on markers 

of CVD risk in humans span over the past four decades and have varied in their study designs 

(Table 1.4). The studies have also included participants with varying metabolic characteristics 

including hypercholesterolemia (Anderson et al., 1984; Anderson et al., 1990; Cobiac et al., 

1990; Mackay & Ball, 1992, Winham & Hutchins, 2007), normocholesterolemia (Shutler et al., 

1989), pre-metabolic syndrome (Finley et al., 2007) and mild insulin resistance (Winham et al., 

2007). 

Early work on the cholesterol effects of bean consumption in adults with 

hypercholesterolemia was completed by Anderson and colleagues (1984). This randomized, 

crossover study in a metabolic ward examined the effects of bean (115 g/day dry weight of pinto 

and navy) and oat bran consumption for 21 days on serum lipid profile in 20 men (34-66 years 
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old) with hypercholesterolemia (serum total cholesterol >6.72 mmol/L). Serum total cholesterol 

and LDL cholesterol were significantly decreased by the bean intervention by 19% (p<0.0005) 

and 24% (p<0.0005), respectively, with no significant changes observed for HDL cholesterol or 

triglycerides, compared to a 7-day lower-fibre run-in control diet (Anderson et al., 1984). 

Anderson published another study four years later also among men with hypercholesterolemia 

(n=24; 58  9 years; serum cholesterol 7.63  0.28 mmol/L) in a metabolic ward for 21 days that 

yielded similar results (Anderson et al., 1990). However, treatments differed with the use of three 

daily intakes of canned pork and beans in either single or divided servings (Diet A: single 

serving of 227 g; Diet B: divided serving of 227 g; Diet C: divided serving of 182 g) compared 

to a 7-day lower-fibre run-in control period (Anderson et al., 1990). Results showed total 

cholesterol was significantly (p<0.01) decreased by 8.7% for Diet A, 11.6% for Diet B and 

10.3% for Diet C as well as triglycerides by 14.5% (p<0.01) for Diet B, compared to the control 

period, but no other significant effects were observed for triglycerides, LDL cholesterol or HDL 

cholesterol for the individual bean diets. However, when all bean diets were combined total, 

LDL and HDL cholesterol and triglycerides were significantly decreased by 10.4% (p<0.001), 

8.4% (p<0.005), 6.9% (p<0.05) and 10.8% (p<0.025), respectively, compared to the control 

period (Anderson et al., 1990). Finally, Winham and Hutchins (2007) used a randomized, 

crossover design to also study adults with hypercholesterolemia (n=23; 45.9  2.2 years; total 

cholesterol 5.64 mmol/L) who consumed ½ cup of vegetarian baked beans daily. After 8 weeks, 

the bean treatment significantly (p=0.01) decreased total cholesterol by 5.6  1.5% but not LDL 

or HDL cholesterol or triglycerides, compared to the control canned carrots (Winham & 

Hutchins, 2007). 

In contrast to the aforementioned studies, other studies in adults with 

hypercholesterolemia did not find significant changes in serum lipids. For instance, Cobiac and 

colleagues (1990) did not observe significant changes in plasma total, LDL or HDL cholesterol 

or triglycerides after men with mild hypercholesterolemia (n=20; 29-65 years; plasma cholesterol 

5.4-7.4 mmol/L) consumed 440 g of canned beans for an average of 6 days/week for 4 weeks as 

part of their regular diet compared to canned spaghetti (Cobiac et al., 1990). Similarly, Mackay 

and Ball (1992) did not observe significant changes in plasma total or LDL cholesterol or 

triglycerides after adults with hypercholesterolemia (n=39; 28-66 years; total cholesterol 6.91 
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mmol/L) consumed 80 g/day of cooked beans (pinto, haricot and kidney), as part of a moderately 

low-fat diet, for 6 weeks compared to a 4-week lower-fibre run-in diet. However, HDL 

cholesterol significantly (p<0.05) increased for the bean diet (1.27  0.27 mmol/L) compared to 

the lower-fibre run-in diet (1.15  0.22 mmol/L) (Mackay & Ball, 1992).  

Studies that focused on the effects of bean consumption on serum lipids have also been 

conducted among participants with normocholesterolemia (Shutler et al., 1989), pre-metabolic 

syndrome (Finley et al., 2007) and mild insulin resistance (Winham et al., 2007). For example, 

Shutler et al. (1989) recruited healthy males (n=13; 18-26 years; plasma cholesterol 3.45-6.39 

mmol/L) who consumed 450 g of canned baked beans as part of their regular diet for 14 days. 

Results were reported within the canned baked beans treatment period and showed that when 

compared to baseline values, the canned baked beans significantly decreased total cholesterol by 

11.7% (p<0.02), HDL cholesterol by 14.9% (p<0.001), while triglycerides did not significantly 

differ, and LDL was not reported (Shutler et al., 1989). Finley et al. (2007) studied adults (18-55 

years) with (n=40) and without (n=40) pre-metabolic syndrome who consumed either a bean 

entrée (included ½ cup pinto beans) or a chicken soup as control every day for 12 weeks. Within 

the bean entrée intervention, total cholesterol significantly (p<0.01) decreased by 4% and ~8% 

and HDL cholesterol significantly (p<0.05) decreased by 4% and 8%, both in those with and 

without pre-metabolic syndrome, respectively, compared to the chicken soup control (Finley et 

al. 2007). LDL cholesterol also significantly (p<0.05) decreased during the bean entrée 

intervention by ~7%, for all participants, compared to the control chicken soup, with no 

difference between participant groups and no significant change in triglycerides (Finley et al., 

2007). Finally, another study focused on adults (n=16; 43  3 years) with mild insulin resistance 

wherein participants consumed either ½ cup of pinto beans, black-eyed peas or carrots (control) 

for 8 weeks each in a randomized, crossover design (Winham et al., 2007). Results showed 

significant reductions in total cholesterol by 8.4% (p=0.011) and LDL cholesterol by 8.6% 

(p=0.013) after the pinto bean intervention compared with the control carrots, but no significant 

changes in HDL cholesterol or triglycerides (Winham et al., 2007).
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Table 1.4 Human intervention studies examining the effects of beans on serum lipids in normal weight, overweight and/or obese, adults with 

hypercholesterolemia and/or insulin resistance.a,b 

Reference 
Study 

Design 
Participants Treatments 

Circulating Lipid 

Measures 
Significant Results 

Anderson et 

al., 1984  

 

Chronic 

(21 days), 

randomized, 

crossover 

-n=20 males with 

hypercholesterolemia 

(n=10 consumed beans 

and n=10 consumed 

oat-bran) 

-n=7 considered obese 

(>20% desirable body 

weight) 

-BMI not reported 

-Dried beans (115 g/day of 

pinto and navy beans served 

as cooked beans or bean soup)  

-Oat-bran (100 g/day as a 

bowl of hot cereal and 5 oat 

bran muffins) 

-Control diet (7 days) 

matched for nutrient content 

(except fibre) to the dried 

beans and oat-bran diets 

 

-Serum TC, LDL-C, 

HDL-C, TG 

 

-Decreased TC and LDL-C 

with bean (and oat-bran) 

diets compared to control 

diet 

-Decreased glucose with 

bean (and oat-bran) diets 

compared to control diet 

Shutler et 

al., 1989 

 

Chronic  

(14 days), 

randomized, 

crossover 

 

-n=13 healthy males 

-BMI not reported 

-Canned baked beans in 

tomato sauce (450 g/day) 

 

-Canned spaghetti in tomato 

sauce (440 g/day) 

 

-Plasma TC, HDL-C, 

TG 

 

-Decreased TC and HDL-

C with beans compared to 

baseline  

Anderson et 

al., 1990 

 

Chronic  

(21 days), 

randomized, 

crossover 

-n=24 males with 

hypercholesterolemia  

 

-Diet A: 227 g canned pork 

and beans (120 g beans with 

107 g tomato sauce) in a 

single serving at noon 

 

-Serum TC, LDL-C, 

HDL-C, TG, LDL-

C/HDL-C 

-Decreased TC after each 

bean diet compared to 

control diet 
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-BMI not reported -Diet B: 227 g canned pork 

and beans (120 g beans and 

107 g tomato sauce) in 

divided servings of 60 g beans 

and 54 g tomato sauce, one at 

noon and one in the evening 

-Diet C: 182 g canned pork 

and beans (162 g beans with 

20 g tomato sauce) in divided 

servings of 100 g beans and 

15 g sauce at noon and 62 g 

beans and 5 g sauce in the 

evening 

-Control diet (7 days) 

matched for nutrient intake 

(except fibre) to the bean diets 

(excluded beans) 

-Decreased TG after Diet 

B compared to control diet 

Cobiac et 

al., 1990 

 

Chronic  

(4 weeks), 

randomized, 

crossover 

-n= 20 males with mild 

hypercholesterolemia 

 

-BMI not reported 

-Canned baked beans in 

tomato sauce (average of six 

440 g cans per week) 

-Canned spaghetti in tomato 

and cheese sauce 

 

-Plasma TC, LDL-C, 

HDL-C, TG 

-None 

Mackay 

and Ball, 

1992 

 

Chronic  

 

-n=39 adults with 

hypercholesterolemia 

(22 males, 17 females) 

 

-Cooked bean (pinto, haricot, 

kidney; 80 g), moderately 

low-fat diet 

 

-Plasma TC, LDL-C, 

HDL-C, VLDL-C, TG, 

LDL-C/HDL-C 

-Increased HDL-C on bean 

(and both oat bran diets) 
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(6 weeks), 

randomized, 

crossover 

-BMI 26.7 kg/m2 -Low-fibre oat bran (55 g), 

moderately low-fat diet 

-High-fibre oat bran (55 g), 

moderately low-fat diet 

-Control (4 weeks) 

moderately low-fat diet 

diet compared to control 

diet 

-Decreased LDL-C/HDL-

C on bean (and both oat 

bran diets) diet compared 

to control 

Finley et 

al., 2007 

 

Chronic 

(12 weeks), 

randomized, 

parallel-arm  

 

 

-n=40 obese adults with 

pre-metabolic 

syndrome (20 males, 20 

females); BMI 31.8-

34.5 kg/m2  

 

-n=40 healthy controls 

(20 males, 20 females); 

BMI 22.7-26.0 kg/m2 

-Bean entrée containing ½ 

cup (130 g) canned pinto 

beans  

 

-Control chicken soup entrée 

 

 

-Serum TC, LDL-C, 

HDL-C, VLDL-C, TG  

 

 

 

-Decreased TC, LDL-C 

and HDL-C with bean 

compared to control entrée 

in obese adults with pre-

metabolic syndrome and in 

healthy controls   

Winham 

and 

Hutchins, 

2007 

 

Chronic  

(8 weeks), 

randomized, 

crossover 

 

-n=23 adults with 

hypercholesterolemia 

(10 males, 13 females) 

 

-BMI 27.4 kg/m2 

-Baked navy beans (½ 

cup/day) 

 

-Control canned carrots (½ 

cup/day) 

 

-Serum TC, LDL-C, 

HDL-C, TC/HDL-C, 

TG 

  

-Decreased TC and 

TC/HDL-C with navy 

beans compared to control 

carrots 

  

Winham, et 

al., 2007 

 

 

Chronic 

(8 weeks), 

randomized, 

crossover 

 

-n=16 overweight, 

moderately insulin 

resistant adults 

(7 males, 9 females) 

  

-Pinto beans (½ cup/day) 

 

-Black-eyed peas (½ cup/day) 

 

-Serum TC, LDL-C, 

HDL-C, TG  

 

 

-Decreased TC and LDL-C 

with pinto beans (but not 

black-eyed peas) 

compared to control 
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-BMI 27.8 kg/m2  

-Control canned carrots (½ 

cup/day) 

carrots 

 

aAdapted from Lukus et al., 2020. 

bAbbreviations used: BMI=body mass index; CVD=cardiovascular disease; HDL-C=high density lipoprotein cholesterol; LDL-C=low density 

lipoprotein cholesterol; TC=total cholesterol; TG=triglycerides; VLDL-C=very low density lipoprotein cholesterol. 
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In the past two decades, meta-analyses have combined results from these bean 

intervention studies, along with pulse (beans, chickpeas, lentils, dried peas) intervention studies, 

to assess the effects of dietary pulse consumption on lipid profile (Table 1.5). An earlier meta-

analysis of 11 studies (5 bean interventions) included 187 adults who were either healthy or had 

hyperlipidemia, hypercholesterolemia or type 2 diabetes with most interventions ranging from 3 

to 4 weeks in duration with pulse intakes of 46-150 g/day (Anderson & Major, 2002). Results 

showed the pulse interventions significantly decreased total cholesterol by 7.2% (95% CI -5.8% 

to -8.6%), LDL cholesterol by 6.2% (95% CI -2.8% to -9.5%) and triglycerides by 16.6% (95% 

CI -11.8% to -21.5%), with no significant changes in HDL cholesterol (Anderson & Major, 

2002). Nearly a decade later, another meta-analysis included 10 studies (5 bean interventions) 

with 268 participants with normal, borderline high or high cholesterol levels ranging from 3 to 8 

weeks in duration (Bazzano et al., 2011). Pulse intakes of 80-440 g/day significantly lowered 

total cholesterol by 0.31 mmol/L (95% CI −0.42 to −0.19; p<0.001), LDL cholesterol by 0.21 

mmol/L (95% CI −0.30 to −0.12; p<0.001) and triglycerides by 0.21 mmol/L (95% CI −0.43 to 

0.002; p=0.05), and increased HDL cholesterol by 0.02 mmol/L (95% CI −0.42 to 0.09; p=0.05) 

(Bazzano et al., 2011). Finally, the most recent meta-analysis included 1037 participants with 

normolipidemia or hyperlipidemia with and without diabetes from 26 trials (10 bean trials) 

ranging from 3 weeks to 1 year with a median pulse dose of 130 g/day (range 50-377 g/day) (Ha 

et al., 2014). Results showed a significant reduction in LDL cholesterol by 0.17 mmol/L (95% CI 

-0.25 to -0.09 mmol/L) with pulse interventions but did not find significant effects for non-HDL 

cholesterol or apolipoprotein B and did not report total cholesterol, HDL cholesterol or 

triglycerides (Ha et al., 2014).  

To date, the majority of human bean intervention studies have demonstrated at least some 

improvements in cholesterol measures which have been supported by meta-analyses; however, 

some intervention studies also observed no significant effects. These studies varied in their study 

design including study participants, bean treatments and intervention duration which could 

contribute to the inconsistent results. Thus, more research is needed in this area to further 

understand the relationship between bean consumption and CVD markers.
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Table 1.5 Meta-analyses examining the effects of pulses (including beans) on circulating lipids.a,b,c 

Reference 
Studies 

Analyzed 
Participants 

Pulse Treatments  

(Including Beans) 

Circulating 

Lipid 

Measures 

Significant Results 

Anderson & 

Major, 2002 

-11 RCTs  

-3 to 4 weeks 

with two 6-

week RCTs 

and one 16- 

week RCT 

-n=187 

healthy or 

hyperlipidemic or 

hypercholesterolemic 

adults or adults with type 

2 diabetes 

-Non-soy legumes (pulses) 

including navy beans, pinto 

beans, chickpeas, kidney beans 

and peas (46-150 g/day) 

-TC, LDL-C, 

HDL-C, TG 

-Decreased TC by 7.2%, LDL-C by 

6.2% and TG by 16.6% with non-soy 

legumes 

 

Bazzano et 

al., 2011 

-10 RCTs  

-3 to 8 weeks 

-n=268 adults with 

normal, borderline high 

or high cholesterol  

-Non-soy legumes (including 

mixed legume dishes, whole 

chickpeas, field beans ground 

into flour, whole pinto beans, 

canned baked beans, whole 

peas, and whole navy beans, 

among others (80-440 g/day)) 

-TC, LDL-C, 

HDL-C, 

VLDL-C, TG 

-Decreased TC by 0.31 mmol/L, 

LDL-C by 0.21 mmol/L and TG by 

0.21 mmol/L (p=0.05) with pulses 

 

-Increased HDL-C by 0.02 mmol/L 

(p=0.05) with pulses 

Ha et al., 

2014 

-26 RCTs 

-3 weeks to 1 

year  

 

 

-n=1037 normolipidemic 

(3 studies), 

hyperlipidemic (8 

studies) or combination 

(15 studies of which 3 

studies included adults 

with type 2 diabetes)  

-Pulses including beans (14 

studies), peas (2 studies), 

chickpeas (2 studies), lentils (1 

study) or mixed pulses (8 

studies).   

-Studies included pulse flour in 

baked goods (3 studies), whole 

-LDL-C, non-

HDL-C, 

apolipoprotein 

B 

-Decreased LDL-C by 0.17 mmol/L 

with pulses 
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pulse foods (18 studies) or a 

combination (3 studies) 

-Median pulse dose of 130 g/day 

and range of 50-377 g/day 

aAdapted from Lukus et al., 2020. 

bAbbreviations used: HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; RCT=randomized, controlled trial; 

TC=total cholesterol; TG=triglycerides; VLDL-C=very low density lipoprotein cholesterol. 

cValues reported in mg/dL were converted to SI mmol/L units (TC, HDL-C, and LDL-C multiplied by 0.0259; triglycerides multiplied by 0.0113). 
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1.7 Mechanisms of Action of Beans and Cholesterol Lowering 

Many bean constituents have been proposed to contribute to their cholesterol-lowering 

effects through various mechanisms including dietary fibre, resistant starch and phytochemicals. 

Dietary fibre has been proposed to contribute to the cholesterol-lowering effects of beans 

through its ability to disrupt enterohepatic circulation. Soluble fibre binds to bile acids in the 

gastrointestinal tract, promoting their excretion resulting in decreased bile acid reabsorption (Lin 

et al., 2020; Ramirez-Jimenez et al., 2015). Decreased bile acid reabsorption can lead to 

increased hepatic cholesterol conversion into bile acids to maintain bile acid stores, therefore 

lowering hepatic cholesterol pools and requiring greater cholesterol supply through increased 

uptake of circulating cholesterol (Hayat et al., 2014; Ramirez-Jimenez et al., 2015). 

Resistant starch in beans may also contribute to their cholesterol-lowering effects. The 

non-digestible resistant starch fractions of beans resist digestion in the small intestine and pass 

through to the colon where they are fermented by bacteria and produce short chain fatty acids 

(SCFA) including butyrate and propionate (Ramirez-Jimenez et al., 2015; Sanchez-Tapia et al., 

2020). These SCFAs have been proposed to play a role in altering metabolic pathways and 

interfering with cholesterol biosynthesis (Hayat et al., 2014; He et al., 2020). 

Finally, the phytochemicals in beans have also been considered for their potential role in 

the cholesterol-lowering effects of beans. Phytochemicals present in beans include flavonoids, 

saponins, phenolic acids, and phytosterols, although they vary in amounts among the different 

bean varieties and are higher in the seed coat than the cotyledon (Luthria & Pastor-Corrales, 

2006; Singh et al., 2017). While research investigating the potential cholesterol-lowering role of 

bean phytochemicals is limited, some animal studies have been conducted to better understand 

this relationship. For example, one study found when a flavonoid and saponin-rich black bean 

seed coat extract (FSE) was added to a control diet with cholesterol and fed to mice, serum total 

cholesterol, LDL cholesterol, triglycerides and HDL cholesterol significantly decreased 

compared to the control diet with cholesterol (Chavez-Santoscoy et al., 2014). The FSE also 

significantly increased the excretion of bile acids compared to the control diet alone, but not to 

the control diet with cholesterol (Chavez-Santoscoy et al., 2014).  
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Another study that focused on the effect of phytochemicals in beans on serum lipids 

examined the effects of supplementing a control diet and a high-fat diet with an adzuki bean 

extract, containing polyphenols, in a rat model (Kitano-Okada et al., 2012). Results showed that 

the control diet with the adzuki bean extract significantly decreased total cholesterol, non-HDL 

cholesterol and triglycerides but not HDL cholesterol compared to the control diet alone (Kitano-

Okada et al., 2012). The addition of the adzuki bean extract to the high-fat diet significantly 

decreased non-HDL cholesterol compared to the high-fat diet alone (Kitano-Okada et al., 2012). 

Taken together, these studies suggest the phytochemical content of beans could play a role in the 

cholesterol-lowering abilities of beans. However, both studies used bean extracts compromising 

the ability to generalize to whole bean consumption. Nevertheless, this work provides a 

foundation of research for future work which is needed in this area to better understand the role 

bean phytochemicals play in cholesterol-lowering. 

The phytosterol content may also contribute to the cholesterol-lowering effects of beans 

through their ability to disrupt micelle formation with some thought they may also contribute 

through a nuclear receptor pathway, although phytosterols are present in only small quantities in 

beans (Ostlund, 2004; Ramirez-Jimenez et al., 2015). Beyond the potential cholesterol lowering 

benefits of bean phytochemicals, they may also contribute to overall CVD risk reduction through 

their antioxidant activities including reducing lipid peroxidation (Ganesan & Xu, 2017). 

Overall, there are a number of bean constituents and associated mechanisms that may 

contribute to the cholesterol-lowering effects of beans that likely work together in an additive or 

synergistic way, but more research is needed to better understand these mechanisms. 
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2 Chapter 2: Rationale, Objectives and Hypotheses  

2.1 Rationale 

CVD continues to be a major cause of death in North America with a variety of risk factors 

contributing to disease risk including an unhealthy diet (PHAC, 2018; Virani et al., 2020). In 

fact, 80% of premature CVD can be prevented by adopting healthy habits including a healthy 

diet (“Risk and Prevention,” n.d.). Nutrient-dense foods such as beans can contribute to a healthy 

diet by improving nutrient intake (Mitchell et al., 2009; Mudryj et al., 2012) which could lead to 

higher diet quality which has been associated with a reduced risk of disease (Reedy et al., 2014). 

Given beans are a nutrient-dense, versatile, domestically grown food in North America and have 

been studied for their ability to improve nutrient intake and reduce chronic disease risk (Mudryj 

et al., 2014), they are well poised to address this public health concern. However, despite these 

positive attributes, bean consumption is low in North America (Mitchell et al., 2009; Mudryj et 

al., 2012), and a research gap exists among bean intervention studies as most research in this area 

has been conducted using one bean variety and one daily amount of beans. Therefore, research 

exploring factors related to bean consumption in North American populations as well as high-

quality clinical studies are warranted to help address these gaps and advance the knowledge on 

these topics. Importantly, this research can contribute to the development of public health 

nutrition strategies aimed at improving the health of North Americans.  

2.2 Objectives and Hypotheses 

The overall purpose of this research was to address current gaps in the literature about 

topics related to beans and bean consumption and subsequently generate evidence that could 

inform strategies to increase bean consumption and ultimately improve the health of the aging 

North American population. Three specific objectives were identified for this research with 

accompanying hypotheses: 

Objective and Hypothesis 1: To determine the prevalence of bean consumption and 

identify motivators, barriers, and other factors related to bean consumption among older adults. 

This objective was addressed through a researcher-administered questionnaire study in older 

adults (65 years). It was hypothesized that bean consumption would be moderately low among 
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older adults and bean non-consumers would indicate more barriers to bean consumption than 

bean consumers.  

Objective and Hypothesis 2:  To determine the awareness and knowledge of the nutritional 

and health attributes of beans among older adults. This objective was addressed through a 

researcher-administered questionnaire study in older adults (65 years). It was hypothesized that 

the awareness and knowledge of the nutritional and health benefits of beans would be moderate 

to low (e.g., older adults would be aware of commonly promoted nutritional benefits such as 

“high in dietary fibre” but less aware of more specific nutritional properties such as the 

micronutrient composition).  

Objective and Hypothesis 3: To determine the effect of multiple daily amounts (or intakes) 

(1 cup and ½ cup) of canned beans on fasting serum lipid profile (total cholesterol, LDL 

cholesterol (primary outcome), HDL cholesterol, triglycerides, cholesterol ratios), in adults with 

elevated LDL cholesterol. This objective was addressed through a multi-centre, randomized, 

crossover clinical trial in which adults with elevated LDL cholesterol completed three 4-week 

treatment periods (1 cup beans, ½ cup beans and white rice control) separated by minimum 4-

week washout periods. It was hypothesized that the magnitude of the total and LDL cholesterol 

lowering effects of bean consumption in relation to white rice would increase as the daily 

amount of beans. 
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3 Chapter 3: Motivators, Barriers and Other Factors Related to 

Bean Consumption in Older Adults  
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3.1 Abstract 

Beans are nutrient-dense and can reduce risk of chronic diseases. This is relevant to older 

adults who can benefit from consuming beans to reduce their elevated chronic disease risk. This 

study explored bean consumption in older adults (≥65 years) using mixed-methods including a 

researcher-administered questionnaire (n=250) and focus groups (n=49). Prevalence of bean 

consumption (daily or weekly) was 51.2%. Motivators to bean consumption were significantly 

more likely among bean consumers with the top three including nutritional value, taste/texture 

and versatility, which were also predictors of consuming beans (OR=3.54, 2.72, and 4.24, 

respectively). Conversely, barriers to bean consumption were significantly more likely among 

bean non-consumers with the top three including not part of traditional diet/do not think to 

include beans, flatulence/abdominal discomfort and lack of knowledge about preparation/ 

cooking, which were also predictors of not consuming beans (OR=3.85, 2.62, and 5.08, 

respectively). This research will inform dietary strategies to increase bean consumption. 

3.2 Introduction 

Beans are well known for their excellent nutrient profile as they are high in protein and 

several micronutrients, while remaining low in sodium and saturated fat (Messina, 2014). Beans 

also have a high complex carbohydrate content, including dietary fibre and resistant starch, 

which contributes to their low glycemic index (Hayat et al., 2014; Messina, 2014). As a result of 

their superior nutritional composition, beans can improve nutrient intake and diet quality 

(Mudryj et al., 2012; Papanikolaou & Fulgoni, 2008). Higher diet quality is associated with 

reduced risk of chronic diseases including CVD, cancer and type 2 diabetes (Schwingshackl & 

Hoffman, 2015), and bean consumption specifically has been associated with reduced risk of 

these diseases (Hayat et al., 2014; Mudryj et al., 2014). Therefore, including beans in a healthy 

diet can aid in improving health and reducing disease risk, which is especially important for 

vulnerable populations such as older adults.  

Older adults are well poised to benefit from bean consumption due to their elevated risk of 

chronic disease (Johnson et al., 2015), with 30% and 25% of older adults living with at least one 

chronic disease in Canada and the United States, respectively (PHAC, 2016; Ward et al., 2014). 

Beans can also help address older adults’ risk for lower intakes of nutrients such as protein, 
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dietary fibre, folate, iron, and magnesium (Mitchell et al., 2009; Montgomery et al, 2014; 

National Academies of Sciences, Engineering, and Medicine, 2016) as well as provide a soft 

texture for those with poor dentition (Leslie & Hankey, 2015). Older adults are a rapidly growing 

segment of the North American population and this demographic is projected to increase from 

22% in 2017 to 28% by 2050 (United Nations Department of Economic and Social Affairs, 

Population Division, 2017); moreover, North Americans are living longer (Mather et al., 2015; 

Statistics Canada, 2017). Thus, nutrient-dense beans can be part of a food-first approach that 

contributes to preventative measures aimed at reducing nutritional and chronic disease risk in 

older adults. 

Despite the benefits that beans can offer older adults, they are currently under consumed in 

North America. Pulse consumption data reveal that on any given day, beans and other pulses are 

consumed by 13% of Canadian (Mudryj et al., 2012) and 7.9% of American (Mitchell et al., 

2009) adults. In addition, 20% of Canadians had not consumed pulses (including beans) within 

the last 6 months (Ipsos Reid, 2010). Understanding bean consumption patterns and related 

factors in older adults could help to increase consumption; however, there is a lack of research 

exploring this topic. Therefore, the purpose of this study was to explore bean consumption and 

factors related to bean consumption in older adults.  

3.3 Methods 

3.3.1 Study design and participants 

This study used a mixed-methods approach to enable breadth (through a study 

questionnaire) and depth (through focus groups) to the data collection. Ethics approval was 

obtained from the University of Guelph Human Research Ethics Board (REB#16JL028; 

Appendix A) and all participants provided written consent (Appendix B; Appendix C). 

Older adults ≥65 years old who were community dwelling, English speaking and 

cognitively able to provide written consent (Appendix D) were recruited using flyers (Appendix 

E), advertisements on websites targeted towards older adults, and information tables at senior 

community centres and retirement villages. The study was advertised as a Food Survey Study to 

reduce participant bias with respect to bean consumption.  A target of 250 older adults was 
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established for the questionnaire which is comparable or greater than previously published 

studies that have examined consumption of various foods and natural health product categories 

(Durante et al., 2001; Gobert & Duncan, 2009; Lengacher et al., 2002; Vella et al., 2014).  

3.3.2 Study questionnaire 

The study questionnaire (Appendix F) included a combination of open- and close-ended 

questions designed to comprehensively explore bean consumption. Content validity testing 

(Appendix G) was completed by experts in the area of questionnaire development and/or pulse 

nutrition to examine clarity, representativeness and overall comprehensiveness (Rubio et al., 

2003). The average overall comprehensiveness score was 3.92 out of 4 and the average inter-

rater agreement (IRA) scores of 0.85 (clarity) and 0.96 (representativeness) and content validity 

indices (CVI) of 1.0 were above acceptable values (0.7 for IRA (Martuza, 1977) and 0.8 for CVI 

(Davis, 1992; Lynn, 1986)). Reliability testing (Appendix G) was completed using the test-retest 

method (Parmenter & Wardle, 2000) with a success rate of 92% based on the average mismatch 

per question within each section of the questionnaire. Pilot testing of the questionnaire was 

completed in 20 older adults to ensure participant comprehension of the questions and enable the 

research team to practice timing and flow of the questionnaire data collection.  

The questionnaire content focused on bean consumption and factors related to bean 

consumption. Participants were asked about their current bean consumption frequency (daily, 

weekly, monthly or never) and bean consumers were defined as those who consumed beans on a 

daily or weekly basis. Questions also included which meal participants were most likely to 

consume beans at and which meal they would most likely add more beans to; which season they 

would most likely consume beans; whether they consume beans as a side dish and/or within a 

mixed dish; if they consume dried, bagged, beans and/or canned beans; if they rinse canned 

beans; if they would buy low sodium/no salt added canned beans; their favourite way to consume 

beans; and awareness and consumption of different bean varieties. Motivators and barriers to 

bean consumption were also identified with a provided list. Finally, medical, lifestyle and 

demographic information was collected. 
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The questionnaire was researcher-administered and supplemented with a pictorial 

information document that summarized different bean varieties. Participants completed the 

questionnaire at senior community centres, retirement villages, senior apartment buildings or the 

Human Nutraceutical Research Unit (HNRU) at the University of Guelph.  

3.3.3 Focus groups 

Participants who completed the questionnaire were invited to participate in a focus group 

(Appendix H). Ten focus groups, each consisting of 4-6 older adults, was determined as an 

adequate target to establish saturation which was in accordance with focus group best practices 

(Krueger & Casey, 2015). Focus groups were completed at senior community centres and private 

boardrooms and researchers were trained in focus group facilitation. Researcher roles were 

consistent among focus groups and included the facilitator, who hosted the focus groups and 

generated discussion; the field note taker, who transcribed the focus groups during and 

immediately afterwards; the themes recorder, who observed and recorded key themes; and the 

attendant, who provided props throughout the focus groups. Props for each focus group included 

a pictorial information document outlining the different varieties of beans and flip chart paper to 

record comments and serve as a visual reminder of what had been mentioned to help generate 

discussion. Each focus group was digitally audio-recorded and immediately transcribed verbatim 

and de-identified for qualitative data analysis purposes. 

A focus group question for the current study’s objective of exploring barriers to bean 

consumption was constructed in accordance with the Social Cognitive Theory (Bandura, 1998) 

and included “What are barriers to your bean consumption?”. Pilot-testing of the focus group 

question was completed in a sample of older adults (2 males, 1 female) to ensure participant 

comprehension and enable the research team to practice timing and flow of facilitation.  

3.3.4 Data analysis 

Questionnaire data was summarized using frequency and percentages for qualitative 

variables and mean ± SE for quantitative variables. Prevalence of bean consumption was 

calculated as the proportion of participants who responded that they currently consume beans 

either daily or weekly, divided by the total number of participants. 
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Data were compared between bean consumers and bean non-consumers using the Chi-

square test for qualitative data and an unpaired t-test for quantitative data. Logistic regression 

analysis was performed to examine whether the likelihood of bean consumption was related to 

different potential predictor variables (Appendix I). Bean consumption was used as the response 

variable and potential predictor variables included motivators and barriers to bean consumption, 

and medical (interest in overall health, and number of diagnosed health conditions, prescription 

medications and natural health products), lifestyle (number of people living in the household), 

and demographic (age, sex, education, income, marital status) variables to calculate odds ratios 

and 95% confidence intervals. Statistical analysis was completed using the Statistical Analysis 

Software (SAS, version 9.4) with p<0.05 considered statistically significant.  

Transcribed focus group records and themes documents were reviewed by the research 

team to ensure accuracy and consistency before import into NVivo11 Pro (©QSR International 

Pty Ltd., Australia) qualitative data analysis software. Thematic analysis was completed using an 

inductive approach, beginning with open coding (Strauss & Corbin, 1990). Data was coded using 

hierarchal and subcategories based on frequency of discussion during focus groups until 

theoretical saturation was achieved. Thematic interpretation of the coded data was then 

performed by comparative analysis whereby related codes were categorized and pertinent themes 

were extracted based on the constructs of the Social Cognitive Theory (Bandura, 1998; Bandura, 

2004; Braun & Clark, 2006; Fade & Swift, 2011). Themes were reviewed and refined until they 

were distinct, internally consistent, relevant to the research question, and fully supported by the 

data (Braun & Clark, 2006). Quotes were then selected and arranged to illustrate the emergent 

themes relevant to the research question.   

3.4 Results 

3.4.1 Participant characteristics 

The majority of the 250 older adults who completed the questionnaire were female 

(76.0%), white/European (97.6%), had either a college or university degree (38.4%), and were 

married/common law (52.8%). Prevalence of bean consumption was 51.2% and bean consumer 

groups did not significantly differ in demographic characteristics (Table 3.1). Bean consumer 

groups also did not significantly differ in their interest in overall health with the majority of both 
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groups indicating they are ‘very interested’ in their overall health (91.4% of bean consumers vs. 

91.0% of non-consumers; p=0.9). Similarly, bean consumers and non-consumers did not 

significantly differ in their number of diagnosed health conditions (3.6 ± 0.18 vs. 3.5 ± 0.21; 

p=0.9), prescription medications (2.7 ± 0.22 vs. 2.4 ± 0.18; p=0.3) or natural health products (2.5 

± 0.19 vs. 2.6 ± 0.18; p=0.7). None of the demographic, lifestyle or medical variables were 

identified as predictors of bean consumption (data not shown). A total of 10 focus groups were 

completed that included 49 male and female older adults.  

Table 3.1 Demographic characteristics of community-dwelling older adults (≥65 years).a 

 
Bean  

Consumersb 

(n = 128) 

Bean  

Non-consumersc 

(n = 122) 

Sex   

Female 98 (76.6) 92 (75.4) 

Male 30 (23.4) 30 (24.6) 

   

Age (years)   

65-70  40 (31.3) 35 (28.7) 

71-75 36 (28.1) 28 (22.9) 

76-80 29 (22.7) 33 (27.1) 

81-85 15 (11.7) 17 (13.9) 

86 + 8 (6.3) 9 (7.4) 

   

Ethnicity   

White / European 124 (96.9) 120 (98.4) 

Non-White / Non-Europeand 4 (3.1) 2 (1.6) 

   

Marital Status    

Married / Common-law 69 (53.9) 63 (51.6) 

Divorced / Separated  21 (16.4) 20 (16.4) 

Widowed 31 (24.2) 34 (27.9) 

Single 7 (5.5) 5 (4.1) 

   

Education   

Some high school  9 (7.0) 12 (9.8) 

High school graduate 16 (12.5) 21 (17.2) 

Some college or university 27 (21.1) 25 (20.5) 

College or university graduate 57 (44.5) 39 (32.0) 

Graduate / professional degree 19 (14.8) 25 (20.5) 

   

Employment Status   
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a Data are participant-reported and shown as n (%).  

b Bean consumers were defined as those who consume beans on a daily or weekly basis. 

c Bean non-consumers were defined as those who consume beans on a monthly basis or never. 

d Includes black/African/Caribean, south East Asian, Aboriginal/First nations/Metis. 

Note: Sample sizes may total less than 250 as participants had the option of not answering a question. 

3.4.2 Motivators and barriers to bean consumption  

Motivators to bean consumption were significantly more likely among bean consumers 

than non-consumers, apart from “cost” (Figure 3.1). The top three reported motivators of bean 

consumption for bean consumers were “nutritional value” (93.8%), “taste and/or texture” 

(92.2%) and “versatility” (91.4%) and for bean non-consumers were “taste and/or texture” 

(83.6%), “nutritional value” (81.2%) and “health benefits” (78.7%).  These motivators, and 

Employed 10 (7.8) 6 (4.9) 

Retired 118 (92.2) 116 (95.1) 

   

Annual Household Income (Canadian $)   

˂$25,000 18 (14.1) 19 (15.6) 

$25,000 - $49,999.99 43 (33.6) 34 (27.9) 

$50,000 - $74,999.99 24 (18.8) 25 (20.5) 

$75,000 - $99,999.99 21 (16.4) 25 (20.5) 

$100,000 + 
 

11 (8.6) 9 (7.4) 
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others, were also identified as significant predictors of bean consumption (Table 3.2). Figure
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Figure 3.1 Motivators to bean consumption reported by older adult bean consumers (n=128) and bean non-

consumers (n=122). Bean consumers were defined as those who consume beans on a daily or weekly basis and 

bean non-consumers were defined as those who consume beans on a monthly basis or never. *Significantly 

different between bean consumers and bean non-consumers (p<0.05, Chi-square). 
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Table 3.2 Motivators and barriers associated with the likelihood of being a bean consumer or a bean non-

consumer in older adults ≥65 years old (n=25).a 

 
ORb,c 95% CId p value 

Motivators to bean consumption (bean consumer vs. bean non-consumer) 

     Versatility 4.24 1.99-8.98 0.0002 

     Nutritional value 3.54 1.48-8.44 0.004 

     Matches dietary preference 3.33 1.84-6.01 <0.0001 

     Health benefits 2.88 1.34-6.18 0.007 

     Taste and/or texture 2.72 1.18-6.30 0.02 

     Made/grown in Canada 2.39 1.31-4.36 0.004 

     Agriculture sustainability 2.04 1.20-3.45 0.008 

     Culture 1.84 1.09-3.12 0.02 

     Cost 1.23 0.73-2.09 0.44 

Barriers to bean consumption (bean non-consumer vs. bean consumer) 

     Dislike beans 5.18 1.61-16.72 0.006 

     Preparation/cooking beans 5.08 2.31-11.16 <0.0001 

     Taste and/or texture 3.86 1.43-10.47 0.008 

     Do not think to include beans in meals/not part of 

traditional diet 
3.85 2.21-6.73 <0.0001 

     Not willing to try new foods 2.78 0.81-9.50 0.10 

     Flatulence or abdominal discomfort 2.26 1.25-4.09 0.007 

     People you eat with do not like beans 2.03 0.95-4.34 0.07 

 Trouble using a can opener (for canned beans) 1.24 0.41-3.79 0.70 

aParticipants were asked to respond yes or no as to whether each factor acted as a motivator or barrier to 

bean consumption. 

bOR: Odds Ratio. 

cAdjusted for education and household income. 

dCI: Confidence Interval. 
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Conversely, barriers to bean consumption were significantly more likely among bean 

non-consumers than consumers, apart from “people you eat with don’t like beans”, “not willing 

to try new foods” and “trouble using can opener” (Figure 3.2). The top barrier among bean non-

consumers (57.4%) was “not part of traditional diet/do not think to include beans in meals”, 

which was also identified, with other barriers, as a significant predictor of not consuming beans 

(Table 3.2).  Focus group discussions supported this barrier through the identified theme “beans 

are not part of traditional diet”. For example, one older adult stated:  

“We don’t really have beans in our diet. Well I don’t think -- if I’m thinking 

‘oh what am I going to have tonight?’ I don’t really think of beans as part of 

whatever I’m going to do, so …” (Focus Group 8).  

The second most frequently reported barrier among bean non-consumers (34.4%) was 

“flatulence or abdominal discomfort”. This was also supported by another identified theme of 

“gas and flatulence” that arose in every focus group with one older adult commenting:  

“I just thought of another barrier to beans, …the musical fruit. I know people 

who won’t eat beans because it gives them gas…”  (Focus Group 8)  

and another older adult saying:  

“The obvious one. If we were grade 3 boys we’d all be giggling!” (Focus 

Group 7).  

The third most frequently reported barrier among bean non-consumers (27.9%) was a lack of 

knowledge related to “preparation/cooking beans” which was reinforced by the focus group 

themes of “preparation time” and “quantity of canned beans too great for one or two people”, 

with one older adult stating:  

“It takes a lot of time. It’s not quick you have to -- to soak them overnight so 

you have to think the night before.” (Focus Group 2).  

Another older adult mentioned:  

“The size of the cans, you can’t get half that size, you can get a little bit less 

and you could probably get -- but you can’t get a small can of beans. So once 

you open it you have to use the whole thing and if there’s just one or two of 

you …” (Focus Group 10).  
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Other barriers to bean consumption identified in the focus group thematic analysis included 

“family culture”, “lack of familiarity”, “dislike of taste” and “perception of beans being a poor 

man’s meat”. 
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Figure 3.2 Barriers to bean consumption reported by older adult bean consumers (n=128) and bean non-

consumers (n=122). Bean consumers were defined as those who consume beans on a daily or weekly basis and 

bean non-consumers were defined as those who consume beans on a monthly basis or never. *Significantly 

different between bean consumers and bean non-consumers (p<0.05, Chi-square). 

3.4.3 Bean consumption patterns 

Bean consumption among seasons did not significantly differ between bean consumers 

and non-consumers with the majority of both groups preferring winter (50.0% vs. 58.2%; p=0.2) 

followed by no preference (47.7% vs. 36.1%; p=0.2). Similarly, bean consumption at different 

meals did not significantly differ between bean consumers and non-consumers with both groups 

reporting dinner as their most preferred meal (75.0% and 80.3%; p=0.6). However, bean 

consumers were significantly more likely to add more beans to their lunch meal (46.1% vs. 

31.2%; p=0.009), and significantly less likely to add more beans to their dinner meal (48.4% vs. 

* 

* 
* 

* * 
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67.2%; p=0.009). When asked about favourite recipes, the three most commonly reported by all 

participants were chili (46.5%), soup (16.3%) and baked beans (13.9%).  

Consumption of canned beans was similar between bean consumers and non-consumers 

(96.9% vs 96.0%; p=0.7) but bean consumers were significantly more likely to rinse canned 

beans (83.1% vs. 67.5%; p=0.005) and buy canned beans that are low sodium or have no added 

salt (85.2% vs. 72.1%; p=0.01). Bean consumers were also significantly more likely to consume 

dried, bagged beans (76.6% vs. 56.6%; p=0.0008). Furthermore, bean consumers were 

significantly more likely to consume beans within a mixed dish (e.g. tacos, salads, chili) (98.4% 

vs. 92.6%; p=0.03), but not as a side dish (e.g. baked beans) (68.0% vs. 71.3%; p=0.6).  

Bean consumers were significantly more likely to be aware of different bean varieties 

including adzuki (p=0.008), black (p=0.009), cranberry (p=0.001), fava (p=0.0009), great 

northern (p=0.008), navy (p=0.001), pinto (p<0.0001) and white kidney (p=0.0006) compared to 

non-consumers (Figure 3.3). Similarly, bean consumers were significantly more likely to 

consume most of those bean varieties including adzuki (p=0.003), black (p=0.04), cranberry 

(p=0.0005), fava (p=0.003), great northern (p=0.006), pinto (p=0.0003), and white kidney 

(p<0.0001) (Figure 3.3).  
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Figure 3.3 Awareness (a) and consumption (b) of bean varieties by older adult bean consumers (n=128) and 

bean non-consumers (n=122). Bean consumers were defined as those who consume beans on a daily or weekly 

basis and bean non-consumers were defined as those who consume beans on a monthly basis or never. 

*Significantly different between bean consumers and bean non-consumers (p<0.05, Chi-square). 

Other bean varieties not significantly different between bean consumers and non-

consumers for awareness included dark red kidney (98.4% vs. 95.9%; p=0.2), light red kidney 

(67.9% vs. 58.2%; p=0.1), and small red (59.4% vs. 51.6%; p=0.2) (Figure 3.3a); and for 

consumption included dark red kidney (96.1% vs. 94.3%; p=0.5), light red kidney (62.5% vs. 

51.6%; p=0.08), navy (80.5% vs. 70.5%; p=0.07), and small red (50.8% vs. 41.0%; p=0.1) 

(Figure 3.3b). 

3.5 Discussion 

This research explored motivators, barriers and other factors related to bean consumption 

in a sample of 250 older adults using a mixed-methods approach that included a validated 

researcher-administered questionnaire followed by focus groups. The results of this study add to 

the limited literature on the food consumption habits of older adults and provide insights on bean 

consumption habits that can be considered when developing new dietary strategies to promote 

bean awareness and consumption. 

3.5.1 Bean consumption 

The current study found that just over half of the older adult participants were classified 

as bean consumers. The literature is lacking in bean consumption data; however, other studies of 

more broad age ranges showed that 13% of Canadian adults (Mudryj et al., 2012) and 7.9% of 

American adults (Mitchell et al., 2009) reported consuming pulses (including beans) on any 

given day while another report found that 20% of Canadian adults reported they had not 

consumed pulses (including beans) in the last six months (Ipsos Reid, 2010). A more recent 

study by Winham et al. reported higher frequencies of bean consumption in low-income women 

with 10.8%, 22.8% and 19% of participants (n=158) reporting bean consumption ≥5 times, 3-4 

times and 1-2 times per week, respectively (Winham et al., 2019). Collectively, these studies and 

the current study provide some information relating to bean consumption habits of specific 

demographics but also highlight the need for more research on this topic. 
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3.5.2 Motivators to bean consumption 

Top motivators to bean consumption were reported as nutritional value and taste and/or 

texture by both bean consumers and non-consumers, and were also identified as predictors of 

bean consumption. These findings are consistent with a Canadian survey in adults that also 

identified health benefits, which included nutritional value, and taste as motivating factors to 

pulse consumption (Ipsos Reid, 2010). Also consistent is an earlier Latin American review of 

factors influencing pulse consumption that recognized nutritional value and the taste of beans 

(Leterme & Munoz, 2002). Bean consumers reported versatility as their third top motivator (also 

identified as a predictor of bean consumption), which has not been shown in the literature 

although its identification here is encouraging, as it suggests older adults are recognizing the 

potential for beans to be included in a variety of dishes. In contrast, bean non-consumers 

reported health benefits, specifically, as their third top motivator which was identified in the 

aforementioned Canadian survey (Ipsos Reid, 2010) and has also been identified as a motivating 

factor for consumption of other foods including fruit and vegetables in focus group discussions 

with American adults (Yeh et al., 2008). Identification of these motivators can inform strategies 

to emphasize these factors among older adults and other population segments to increase bean 

consumption such as showcasing the versatility of beans.  

3.5.3 Barriers to bean consumption 

Top barriers to bean consumption reported by bean non-consumers included flatulence or 

abdominal discomfort, which was also identified as a predictor of not consuming beans.  This is 

consistent with a previous study of low-income women (n=158) wherein ‘beans cause intestinal 

gas’ was reported as one of the top reasons (out of seven statements) that prevent them from 

eating or cooking beans (Winham et al., 2019). Despite the anecdotal nature of these common 

observations, intervention studies suggest otherwise with one study that combined data from 

three bean interventions and found that <50% of participants reported flatulence at the start and 

this frequency decreased as the interventions progressed (Winham et al., 2011). Another barrier 

identified was that participants did not think to include beans in meals or they were not part of 

their traditional diet. Compared to the Western diet that typically does not include beans, the 

Latin American diet has deep roots of beans being a staple food which has been discussed 
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previously in the literature as a contributor to their pulse consumption (Leterme & Munoz, 

2002). Finally, bean non-consumers also reported a lack of knowledge of preparation/cooking 

beans as a top barrier which has been reported previously in a survey of factors related to pulse 

consumption although in a more broadly-aged sample (Ipsos Reid, 2010). These barriers were 

also identified as predictors of not consuming beans and were supported by focus group 

discussions making them important targets to overcome in the development of strategies to 

increase bean consumption in older adults. For example, the identification of not thinking to 

include beans as a barrier calls for efforts on providing creative ways that beans can be included 

in meals and snacks. 

3.5.4 Bean consumption patterns 

Winter was reported as the favourite season to consume beans by both bean consumers 

and non-consumers in the current study, which is in contrast to Latin American countries where 

pulses (including beans) are consumed more consistently year-round (Leterme & Munoz, 2002). 

The preferred season of winter by both bean consumers and non-consumers align with the top 

two favourite recipes of chili and soup, which themselves connect with the most frequently 

reported meal of dinner to consume beans. Reporting these bean consumption patterns of older 

adults can help to reveal the gaps in their current daily consumption which can inform 

development of creative dietary strategies for inclusion of beans in all meals and snacks.   

Canned beans were consumed by the majority of all participants, consistent with previous 

studies in Canadian adults (n=1,100) reporting that canned whole beans are the most frequently 

purchased type for home consumption (Ipsos Reid, 2010) and in low-income women (n=158) 

reporting that the majority (65.7%) purchase canned beans (Winham et al., 2019). The current 

study suggests, however, that bean consumers are more knowledgeable than bean non-consumers 

about how to buy and prepare beans since they were significantly more likely to rinse those 

canned beans and buy low sodium or no added salt canned beans, as well as buy dried bagged 

beans. Several bean varieties were more frequently identified in terms of awareness and 

consumption by bean consumers in the current study, likely due to their greater usage of beans 

and therefore, greater likelihood of exploring and trying new varieties. Despite significant 

differences between bean consumers and non-consumers for consumption of several bean 
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varieties (adzuki, black, cranberry, fava, great northern, pinto, and white kidney), there were 

some more common bean varieties (dark red kidney, light red kidney, navy) that were consumed 

by the majority of both bean consumers and non-consumers. This is consistent with kidney beans 

and navy beans being among the major bean varieties that Canadians reported being aware of, 

consuming and had purchased in the past three months (Mudryj et al., 2012; Ontario Bean 

Growers, 2017) as well as those consumed by American adults (Lucier et al., 2000; US Dry Bean 

Council, 2017).  

3.5.5 Limitations and strengths 

Limitations of this research include self-reported data and a lack of diversity in the 

participant sample with a majority of female, white/European participants from one geographical 

region, all of which compromises generalizability. Strengths include validity and reliability 

testing of the questionnaire which was researcher-administered to ensure participant 

comprehension of each question, and a mixed-methods approach to data collection which 

provided breadth and depth to this research. 

3.6 Conclusion 

In summary, this study showed that just over half of older adults consume beans on a daily 

or weekly basis, and report a variety of motivators and barriers to their bean consumption. The 

top three motivators for bean consumers included nutritional value, taste and/or texture and 

versatility; all of which were also identified as predictors of bean consumption. The top three 

barriers for bean non-consumers included not part of traditional diet/do not think to include 

beans in meals, flatulence or abdominal discomfort and a lack of knowledge related to 

preparation/cooking beans, which were also identified as predictors of not consuming beans. The 

majority of older adults prefer consuming beans in the colder months and during their dinner 

meal. Awareness and consumption of several bean varieties was greater for bean consumers than 

non-consumers; however, the more common varieties, such as red kidney beans and navy beans, 

did not significantly differ in consumption between groups since the majority of older adults 

consume them. These results provide insight into bean consumption patterns of older adults and 
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can help inform dietary strategies that emphasize motivators, target barriers and consider other 

factors to help increase bean consumption.  

3.7 Take away points 

1. Just over half of the older adults in the current study were identified as bean consumers 

and consume beans on at least a weekly basis. 

2. Bean consumers were significantly more likely to report motivators to their bean 

consumption and bean non-consumers were significantly more likely to report barriers to 

their bean consumption. 

3. Seasonal and meal preference for bean consumption did not significantly differ between 

bean consumer groups; however, bean consumers were significantly more likely to add 

beans to their lunch meal and significantly less likely to add beans to their dinner meal.  

4. Bean consumers were significantly more likely to be aware of and consume several bean 

varieties. 

5. Future dietary strategies designed to increase bean consumption may benefit by 

reinforcing the motivators and addressing the barriers to bean consumption identified in 

this study. 
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3.11 Bridge to Chapter 4 

Given the high prevalence of CVD in North America, strategies to reduce disease risk are 

needed. Beans offer a nutrient dense, versatile, whole food option for consumers that can 

improve nutrient intake (Mitchell et al., 2009; Mudryj et al., 2012) and reduce CVD risk (Mudryj 

et al., 2014). Currently, bean consumption is low in North America and strategies to address this 

issue are warranted; however, scientific evidence to inform such strategies are limited. Study #1 

used a validated and reliable questionnaire to explore bean consumption habits in older adults. 

This study showed that 51.2% of older adult participants were bean consumers. Additionally, 

motivators and barriers to bean consumption were identified through this research which 

contributes to the understanding of current bean consumption habits in North America and can 

inform the development of dietary strategies to emphasize motivators and overcome barriers to 

increase bean consumption. Other factors were also explored, all of which could also contribute 

to the development of dietary strategies to increase bean consumption in North America. 

Importantly, other factors could also play a role in understanding bean consumption habits and 

inform strategies such as older adults’ knowledge and awareness of the nutritional and health 

attributes of beans. Thus, Study #2 explored older adults’ awareness and knowledge of beans in 

relation to their nutritional attributes and demonstrated health benefits. 
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4.1 Abstract 

Awareness and knowledge of nutrient-dense foods are important for older adults to help 

them make dietary choices that support a food-first approach to healthy aging. This is especially 

important since age is a major risk factor for chronic disease and the proportion of older adults in 

North America is increasing. Beans can contribute to a food-first approach to healthy aging as 

they are nutrient-dense and can reduce the risk of chronic diseases. However, studies exploring 

awareness and knowledge of beans in older adults are lacking. Therefore, the aim of this study 

was to explore older adults’ awareness of beans in relation to their nutrient content and role in 

chronic disease risk. Community-dwelling older adults (≥65 years old) were recruited and 

completed a validated researcher-administered questionnaire (n = 250), which was followed by 

10 focus groups (n = 49). Results showed that the majority of older adults considered beans as a 

healthy food and thought consuming them could improve their health (99.2% and 98.0%, 

respectively); however, only 51.2% were bean consumers. While the majority (83.6%) of older 

adults were aware that a serving of beans is high in dietary fibre, bean consumers were 

significantly more likely to think that consuming beans could improve health areas related to 

dietary fibre including body weight management and constipation. Furthermore, most (84.8%) 

older adults thought consuming beans could improve heart health; however, bean consumers 

were significantly more likely to be aware that one serving of beans is low in nutrients relevant 

to heart health including total fat, saturated and trans fat as well as cholesterol. This research can 

help to inform healthcare professionals and public health agencies to create specific dietary 

strategies focusing on increasing older adults’ awareness and knowledge of beans in relation to 

their nutrient profile and role in promoting health. 

4.2 Introduction 

Awareness and knowledge of the nutrients that healthful foods provide and their potential 

to promote health can contribute to their increased consumption (Alkerwi et al., 2015). This is 

particularly important for older adults since the need for a nutrient-dense diet is enhanced by 

age-related declines in nutrient intake and absorption due to several factors. These factors 

include reduced appetite and food intake, changes in smell and taste, and medication interactions 

(Ramage-Morin & Garriguet, 2013). While most micronutrient requirements remain constant or 
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increase with age, energy requirements decrease (Montgomery et al., 2014; World Health 

Organization, n.d.), therefore requiring less food intake which may also result in less nutrient 

intake. These factors could contribute to the 34% of Canadian (Ramage-Morin & Garriguet, 

2013) and 56.3% of American (DiMaria-Ghalili et al., 2013) older adults that are classified as 

being at nutritional risk. Thus, awareness and knowledge of nutrient-dense foods and their 

potential for health promotion and disease risk reduction can benefit older adults by better 

equipping them with dietary strategies to optimize healthy aging. 

Beans are a nutrient-dense food that have been extensively studied for their health benefits. 

Beans contain high amounts of protein, complex carbohydrates and micronutrients, while 

remaining low in total fat, saturated and trans fat, and sodium and free of cholesterol (Messina, 

2014; Mudryj et al., 2014). Importantly, nutrients of concern for older adults such as dietary fibre 

and potassium are high in beans (Shlisky et al., 2017), providing rationale for the inclusion of 

beans in a healthful diet for older adults. The nutrient density of beans enables them to improve 

nutrient intake through the diet (Papanikolaou & Fulgoni, 2008) and reduce the risk of chronic 

diseases such as CVD, cancer and diabetes (Hayat et al., 2014); all of which older adults are at a 

higher risk of developing (Shlisky et al., 2017). 

Improving the diets of older adults with nutrient-dense foods such as beans is particularly 

relevant since older adults are a rapidly growing proportion of the population, with the North 

American older adult population projected to increase to almost 30% by 2050 (UN Department 

of Economic and Social Affairs, Population Division, 2019). This demographic shift calls for a 

focus on educating older adults about nutrient-dense foods, such as beans, that can help reduce 

their risk of age-related chronic disease. However, research exploring awareness and knowledge 

of beans in relation to their nutrient profile and their role in health promotion is currently 

minimal. Therefore, the purpose of this study was to explore older adults’ awareness and 

knowledge of beans in relation to their nutrient profile and their potential to promote health 

through reducing chronic disease risk. 
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4.3 Materials and Methods 

4.3.1 Participants and study design 

Participants included older adults who were ≥65 years old, community-dwelling, English 

speaking and cognitively able to provide written consent (Appendix D). Recruitment occurred 

through flyers (Appendix E), advertisements on websites targeted towards older adults, and 

information tables at senior community centres and retirement villages. The study was advertised 

as a Food Survey Study to reduce participant bias with respect to bean consumption and a target 

of 250 older adults was established based on previous studies of similar design (Durante et al., 

2001; Gobert & Duncan, 2009; Lengacher et al., 2002; Vella et al., 2014). 

This study used a mixed-methods approach to allow for breadth (phase one: study 

questionnaire) and depth (phase two: focus groups) to the data collection. The study was 

approved by the University of Guelph Human Research Ethics Board (REB#16JL028; Appendix 

A) and all participants provided written consent before participation (Appendix B; Appendix C). 

4.3.2 Phase one: study questionnaire 

Phase one included a researcher-administered validated questionnaire (Appendix F) that 

explored awareness of the nutrient composition of beans and their role in health and disease in 

relation to bean consumption status. The questionnaire was developed with reference to the 

literature and included open- and close-ended questions. The questionnaire was evaluated for 

content validity (Appendix G) including clarity, representativeness and overall 

comprehensiveness (Rubio et al., 2003). The average overall comprehensiveness score was 3.92 

out of 4 and the average inter-rater agreement (IRA) scores of 0.85 (clarity) and 0.96 

(representativeness), and content validity indices (CVIs) of 1.0 were above acceptable values 

(0.7 for IRA scores (Martuza, 1977) and 0.8 for CVI (Lynn, 1986; Davis, 1992)). Reliability 

testing (Appendix G) was completed using the test-retest method (Parmenter & Wardle, 2000) 

with a success rate of 92% based on the average mismatch per question within each section of 

the questionnaire. Pilot testing of the questionnaire was completed in 20 older adults to ensure 

participant comprehension of the questions and to allow the research team to practice timing and 

flow of the questionnaire data collection. 
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The questionnaire was comprised of a variety of questions including current bean 

consumption frequency, which was identified as daily, weekly, monthly or never, and bean 

consumers were defined as those who consumed beans either daily or weekly. Participants were 

asked about their awareness of the amount of nutrients in one serving of canned beans using 

Health Canada’s daily values (DVs) as an indicator, wherein ≤5% of the DV is considered a low 

amount; 5.1%–14.9% of the DV is considered a medium amount; and ≥15% of the DV is 

considered a high amount. Participants were also asked about beans in relation to Canada’s Food 

Guide (the 2007 version which was current at the time of data collection). Additional questions 

related to the nutrient quality of beans included identifying if beans have a low glycemic index, 

and identifying if the nutrient content differs between canned and dried, bagged beans; between 

rinsed and unrinsed canned beans; and among the different varieties of beans (a pictorial 

information document was provided that outlined the different bean varieties). Questions also 

explored whether participants thought bean consumption could improve health and which 

specific health areas bean consumption could improve. Lastly, medical, lifestyle and 

demographic information were collected. Data collection occurred at senior community centres, 

retirement villages, senior apartment buildings and the Human Nutraceutical Research Unit at 

the University of Guelph. 

4.3.3 Phase two: focus groups 

Phase two involved ten focus groups (Appendix H), each consisting of 4 to 6 participants, 

which were completed at senior community centres and private boardrooms. Participants who 

completed the questionnaire were offered an opportunity to participate in the focus group phase. 

The research team completed focus group training to learn and implement focus group best 

practices (Krueger & Casey, 2015). Researcher roles were consistent and included the facilitator, 

who hosted the focus groups and generated discussion; the field note taker, who transcribed the 

focus groups during and immediately afterwards; the themes recorder, who observed and 

recorded key themes; and the attendant, who provided props throughout the focus groups. Props 

included a pictorial information document outlining the different bean varieties and flip chart 

paper to record comments and serve as a visual reminder of relevant comments to each question 



 

 

 

72 

to help generate discussion. Each focus group was digitally audio-recorded and immediately 

transcribed verbatim and de-identified for qualitative data analysis purposes. 

Focus group questions were constructed to explore participants’ awareness of beans in 

relation to their nutrient profile and contribution of those nutrients to health and chronic disease 

risk. Questions were developed using constructs of the social cognitive theory (Bandura, 1998) 

and included “When you hear the term ‘beans’, which nutrients come to mind?” followed by 

“What health areas do you think these nutrients could improve?”. To ensure participant 

comprehension and appropriate timing and flow of facilitation, focus group questions were pilot 

tested in a sample of older adults (2 males, 1 female). 

4.3.4 Data and statistical analysis 

Statistical analysis was completed using the Statistical Analysis Software (SAS, version 

9.4) with p ≤ 0.05 considered statistically significant. Prevalence of bean consumption was 

calculated as the proportion of participants who responded that they currently consume beans 

either daily or weekly, divided by the total number of participants. Questionnaire data were 

summarized using frequency and percentages for qualitative variables and mean ± SE for 

quantitative variables. Data were compared between bean consumers and bean non-consumers 

using the Chi-square test for qualitative data and an unpaired t-test for quantitative data. Logistic 

regression analyses were then conducted with the response variables as bean nutrients (dietary 

fibre, total fat, saturated and trans fat, cholesterol, iron, potassium, folate) and health areas 

related to beans (body weight management, constipation, diabetes, heart health), with the 

potential predictor variables as bean consumption status, medical and lifestyle variables (number 

of diagnosed health conditions, prescription medications and natural health products used, 

interest in overall health) and demographic variables (sex, education, marital status) (Appendix 

J). Potential predictor variables that alone were moderately related (p < 0.10) to the response 

variable were included in the initial combined logistic regression models for each response 

variable. Model fit was then determined for each response variable and compared to a reduced 

model through a backward elimination approach using the likelihood ratio test to determine the 

best model fit. 
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Transcribed focus group records and themes documents were reviewed by the research 

team to ensure accuracy and consistency before import into NVivo11 Pro (©QSR International 

Pty Ltd., Melbourne, Australia) qualitative data analysis software. A word frequency query was 

completed to determine the most frequently mentioned nutrients that older adult participants 

identified as being present in beans. Words that were not relevant to the question or did not 

sufficiently represent the focus group discussions were assigned to the “Stop Words” list and 

removed from the query. Top nutrients were reviewed, and health areas related to these nutrients 

identified by older adults were used to generate themes. Themes were then reviewed and refined 

to ensure relevance to the research question. 

4.4 Results 

4.4.1 Bean consumption and participant characteristics  

Among the 250 older adult (≥65 years old) participants, 97.6% were white/European, 

76.0% were female and 52.8% were married/common law and there were no significant 

differences between bean consumers and bean non-consumers (Table 4.1). The number of 

diagnosed health conditions, prescription medications and natural health products were 3.54 ± 

0.14, 2.58 ± 0.14, 2.55 ± 0.13, respectively, again with no significant differences between bean 

consumers and bean non-consumers (Table 4.1). Prevalence of bean consumption was 51.2% 

with 128 older adults categorized as bean consumers (daily or weekly) and 122 older adults 

categorized as bean non-consumers (monthly or never). 

Table 4.1. Participant demographic and health characteristics for community-dwelling older adults (≥65 

years old) based on bean consumption status (n = 250).a 

 
Bean Consumersb 

(n = 128) 

Bean Non-Consumersc 

(n = 122) 

Sex  

Female 98 (76.6) 92 (75.4) 

Male 30 (23.4) 30 (24.6) 

                   Age (years) 

65–70 40 (31.3) 35 (28.7) 

71–75 36 (28.1) 28 (22.9) 

76–80 29 (22.7) 33 (27.1) 

81–85 15 (11.7) 17 (13.9) 

86 + 8 (6.3) 9 (7.4) 
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                    Ethnicity 

White/European 124 (96.9) 120 (98.4) 

Non-White/Non-European d 4 (3.1) 2 (1.6) 

              Marital Status  

Married/Common-Law 69 (53.9) 63 (51.6) 

Divorced/Separated  21 (16.4) 20 (16.4) 

Widowed 31 (24.2) 34 (27.9) 

Single 7 (5.5) 5 (4.1) 

                   Education 

Some high school  9 (7.0) 12 (9.8) 

High school graduate 16 (12.5) 21 (17.2) 

Some college or university 27 (21.1) 25 (20.5) 

College or university graduate 57 (44.5) 39 (32.0) 

Graduate/professional degree 19 (14.8) 25 (20.5) 

             Employment Status 

Employed 10 (7.8) 6 (4.9) 

Retired 118 (92.2) 116 (95.1) 

   Annual Household Income (Canadian $) 

˂$25,000 18 (14.1) 19 (15.6) 

$25,000–$49,999.99 43 (33.6) 34 (27.9) 

$50,000–$74,999.99 24 (18.8) 25 (20.5) 

$75,000–$99,999.99 21 (16.4) 25 (20.5) 

$100,000+ 11 (8.6) 9 (7.4) 

Number of Diagnosed Health Conditions 

(mean ± SE) 
3.6 ± 0.2 3.5 ± 0.2 

Number of Prescription Medications 

(mean ± SE) 
2.7 ± 0.2 2.4 ± 0.2 

Number of Natural Health Products 

(mean ± SE) 
2.5 ± 0.2 2.6 ± 0.2 

a Data are shown as n (%) unless indicated otherwise. Sample sizes may total < 250, as participants had the 

option of not answering a question. b Bean consumers were defined as those who consume beans on a daily or 

weekly basis. c Bean non-consumers were defined as those who consume beans on a monthly basis or never. d 

Includes Black/African/Caribbean, South East Asian, Aboriginal/First Nations/Metis. 

4.4.2 Awareness of the nutrient content of beans 

The majority of older adults correctly thought that beans are a healthy food (99.2%) with 

no significant differences between bean consumers and bean non-consumers (100% vs. 98.4%; p 

= 0.20). Further, most bean consumers and bean non-consumers correctly thought that beans 

have a low glycemic index (81.3% vs. 80.3%; p = 0.50) and incorrectly thought that the 

nutritional composition does not vary among bean varieties (63.3% vs. 65.6%; p = 0.50) or 

between rinsed and unrinsed canned beans (74.2% vs. 68.9%; p = 0.30). However, bean 
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consumers were significantly less likely than bean non-consumers to report that the nutritional 

composition varies between canned and dried, bagged beans (61.7% vs. 76.2%; p = 0.01) 

The majority of all older adult participants (83.6%) correctly indicated that one serving of 

beans contains ≥15% DV of dietary fibre with no significant difference between bean consumers 

and bean non-consumers, and no predictor variables were significantly associated with the 

likelihood of this (data not shown). Dietary fibre was also one of the most frequently mentioned 

nutrients and was primarily related to digestive and bowel health by older adult participants in 

the focus group discussions 

The majority of older adult participants also correctly identified that beans contain ≤5% 

of the DV for total fat, saturated and trans fat, and cholesterol (72.8%, 75.6% and 66.8%, 

respectively); however, bean consumers were significantly more likely to do so (80.5% vs. 

64.8%; p = 0.04 for total fat; 83.6% vs. 67.2%; p = 0.01 for saturated and trans fat; and 73.4% 

vs. 59.8%; p = 0.009 for cholesterol). The odds of older adults correctly identifying beans as 

containing ≤5% of the DV for total fat, saturated and trans fat, and cholesterol was related to 

being a bean consumer (OR = 2.49, 95% CI: 1.17–5.31, p = 0.02; OR = 3.28, 95% CI: 0.99–

10.84, p = 0.052 and OR = 3.19, 95% CI: 1.39–7.33, p = 0.006, respectively) (Table 4.2). Focus 

group discussions also supported an emphasis on total fat wherein fat was one of the most 

frequently mentioned nutrients when participants heard the term ‘beans’. 

Fewer participants were correct in identifying the micronutrient content of beans with 

only 36.4%, 17.6% and 17.2% of all participants correctly identifying that one serving of beans 

contains ≥15% DV for iron, potassium and folate, respectively, with no significant differences 

between bean consumers and bean non-consumers (data not shown). However, being female was 

significantly associated with the odds of participants correctly indicating the iron content of 

beans (OR = 2.22, 95% CI: 1.07–4.62, p = 0.03) (Table 4.2). Focus group discussions also 

revealed iron as one of the most frequently mentioned nutrients by older adults who related its 

presence in beans to the health of red blood cells. There were no predictor variables that were 

significantly related to older adults correctly indicating the potassium or folate content of beans 

(data not shown). 
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Table 4.2 Predictor variables associated with older adults ≥65 years old (n = 250) indicating the correct vs. 

incorrect response for the amount of each nutrient in one serving of canned beans based on Health Canada’s 

daily values.a,b,c 

 
OR d 95% CI e p-Value 

Total fat    

Bean consumption statusf,g    

  (bean consumers vs. bean non-consumers) 2.49 1.17–5.31 0.02 

Educationg,h    

  (university/college graduate or more vs. high school or less) 1.09 0.52–2.29 0.82 

Interest in overall healthf,h,i    

  (very interested vs. somewhat interested) 1.06 0.22–5.15 0.94 

Saturated and trans fat    

Bean consumption statusg    

  (bean consumers vs. bean non-consumers) 3.28 0.99–10.84 0.052 

Interest in overall healthh,i    

  (very interested vs. somewhat interested) 1.48 0.17–12.65 0.72 

Cholesterol     

Bean consumption statusf,g    

  (bean consumers vs. bean non-consumers) 3.19 1.39–7.33 0.006 

Educationg,h    

  (university/college graduate or more vs. high school or less) 1.90 0.87–4.14 0.11 

Interest in overall healthf,h,i    

  (very interested vs. somewhat interested) 1.22 0.24–6.20 0.81 

Iron    

Sexg    

  (female vs. male) 2.22 1.07–4.62 0.03 

Interest in overall healthi,j    

  (very interested vs. somewhat interested) 1.96 0.49–7.92 0.34 

a Daily value (DV) ranges include low (≤5% of the DV), medium (5.1%–14.9% of the DV), and high (≥15% of 

the DV). b Predictor variables included for each nutrient are those that contributed to the best model fit 

according to the likelihood ratio test. c Dietary fibre, potassium and folate did not have any significant 

predictors and are therefore, not included. d OR: Odds ratio. e CI: Confidence interval. Adjusted for f 

education, g interest in overall health, h bean consumption status, and j sex. i The reference category used was 

“somewhat interested”, as no participants indicated being “not interested” in their overall health. 
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4.4.3 Awareness of the relation of beans to health and disease risk  

The majority of all older adult participants (98.0%) indicated that bean consumption could 

improve their health with no significant differences between bean consumers and bean non-

consumers (99.2% and 96.7%; p = 0.16). More specifically, most older adults indicated bean 

consumption could improve body weight management, constipation, diabetes and heart health 

(86.4%, 94.0%, 78.8% and 84.8%, respectively). Bean consumers were significantly more likely 

than bean non-consumers to indicate that bean consumption could improve body weight 

management (92.2% vs. 80.3%; p = 0.006) and constipation (96.9% vs. 91.0%; p = 0.05) but not 

diabetes (83.6% vs. 73.8%; p = 0.058) or heart health (86.7% vs. 82.8%; p = 0.40). Predictor 

variables significantly associated with the identification of these health areas, beginning with 

body weight management, included being a bean consumer (OR = 2.89, 95% CI: 1.30–6.44, p = 

0.009), being a university or college graduate or more (OR = 2.26, 95% CI: 1.05–4.84, p = 0.04) 

and the use of <3 natural health products (OR = 0.42, 95% CI: 0.19–0.94, p = 0.04); for 

constipation, being very interested in their overall health (OR = 7.31, 95% CI: 2.08–25.65, p = 

0.002), number of diagnosed health conditions (OR = 4.67, 95% CI: 0.97–22.44, p = 0.054) and 

being a bean consumer (OR = 3.76, 95% CI: 1.10–12.93, p = 0.04); for diabetes, being married 

or common law (OR = 1.97, 95% CI: 1.06–3.65, p = 0.03); and for heart health, the use of <3 

natural health products (OR = 0.32, 95% CI: 0.15–0.71, p = 0.005) (Table 4.3). 

Table 4.3 Predictor variables associated with older adults ≥65 years old (n = 250) indicating bean 

consumption could improve specific health areas.a 

 
OR b 95% CI c p-Value 

Body Weight Management    

Bean consumption statusd,e    

  (bean consumers vs. bean non-consumers) 2.89 1.30–6.44 0.009 

Educatione,f    

  (university/college graduate or more vs. high school or less) 2.26 1.05–4.84 0.04 

Number of natural health productsd,f    

  (˂3 vs. ≥3) 0.42 0.19–0.94 0.04 

Constipation    
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Interest in overall healthf,g,h    

  (very interested vs. somewhat interested) 7.31 2.08–25.65 0.002 

Number of diagnosed health conditionsf,i    

  (<3 vs. ≥3) 4.67 0.97–22.44 0.054 

Bean consumption statush,i    

  (bean consumers vs. bean non-consumers) 3.76 1.10–12.93 0.04 

Diabetes    

Marital status    

  (married/common-law vs. singlej) 1.97 1.06–3.65 0.03 

Heart Disease    

Number of natural health products    

  (˂3 vs. ≥3) 0.32 0.15–0.71 0.005 

a Predictor variables included for each nutrient are those that contributed to the best model fit according to 

the likelihood ratio test. b OR: Odds ratio. c CI: Confidence interval. Adjusted for d education, e number of 

natural health products, f bean consumption status, h number of diagnosed health conditions, and i interest in 

overall health. g The reference category used was “somewhat interested” as no participants indicated being 

“not interested” in their overall health. j Includes divorced/separated, widowed, and never married. 

4.4.4 Awareness of beans in relation to dietary guidance  

The majority of older adult participants were aware that beans are included in Canada’s 

Food Guide with no significant difference between bean consumers and bean non-consumers 

(87.5% vs. 81.2%; p = 0.20). Most participants thought beans were included in the correct meat 

and alternatives food group (53.9% vs. 53.3%; p = 0.97) followed by the incorrect fruit and 

vegetables (40.6% vs. 50.8%; p = 0.08), grain products (22.7% vs. 25.4%; p = 0.56) and milk 

and alternatives (1.6% vs. 1.6%; p = 0.95) groups, again with no significant differences between 

bean consumers and bean non-consumers. 

4.5 Discussion 

The current study explored older adults’ (≥65 years old) awareness of beans in relation to 

their nutrient profile and role in health promotion and disease prevention using a validated 

researcher-administered questionnaire followed by focus groups. This work adds to the limited 
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literature (Doma et al., 2019; Moynihan et al., 2007; Palmer et al., 2018; Winham et al., 2018) on 

awareness of the nutrition and human health properties of beans and can inform evidence-based 

dietary strategies to promote bean consumption and improve health in the rapidly growing 

demographic of older adults. 

Prevalence of bean consumption in this sample of 250 older adults was only 51.2%, 

despite the fact that almost all participants agreed that beans are a healthy food and that bean 

consumption could improve their health. This discrepancy was also observed in an American 

study in which only 10.8%, 22.8% and 19% of low-income women (n = 158) reported bean 

consumption ≥5 times, 3–4 times and 1–2 times per week, respectively; yet the majority (69.6%) 

reported that beans could improve their nutrition (Palmer et al., 2018). The discrepancy between 

these positive health perceptions of beans and actual bean consumption could be due to identified 

barriers to bean consumption in older adults such as not thinking to include beans in meals, 

flatulence, or a lack of knowledge about preparing beans (Doma et al., 2019). 

For beans in relation to their nutrient content, the majority of older adult participants 

correctly indicated that dietary fibre is high in one serving of beans. Although there were no 

predictor variables associated with this identification, bean consumers were significantly more 

likely to relate beans to improvement of health areas that dietary fibre can influence, including 

body weight management and constipation. A previous study of 177 older adults also found the 

majority (75%) to be aware that (baked) beans were a high source of fibre (Moynihan et al., 

2007). Dietary fibre is a core shortfall nutrient for older adults (Shlisky et al., 2017) and this 

work supports the idea that beans can provide a versatile solution. 

The fact that beans are low in total fat, saturated and trans fat, and cholesterol was also 

correctly identified by the majority of older adult participants. However, bean consumers were 

more likely to be aware of the low content of these nutrients in beans and being a bean consumer 

was identified as a significant predictor of this awareness. These results are intuitive since more 

frequent consumption of a food is likely to prompt a greater familiarity with its nutrient content.  

Although iron was one of the most frequently mentioned nutrients in focus group 

discussions, only about one third of older adults correctly indicated beans to be high in iron; 
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therefore, calling out an opportunity for education. Females were more likely to indicate beans to 

be high in iron, which is logical since iron is a potential nutrient of concern for females (Institute 

of Medicine Food and Nutrition Board, 2001) and females have been found to have greater 

nutrition knowledge relative to males (Parmenter et al., 2000). Awareness of beans as a food to 

increase dietary iron was also documented in an American survey of primarily female Registered 

Dietitians (RDs) (Winham et al., 2018). 

The potassium and folate content of beans was not as well understood, with the majority of 

participants indicating a lack of knowledge about their content in beans. This knowledge gap 

identifies an educational opportunity, particularly since RDs are aware of this, as shown in a 

survey of RDs (n = 296) in the US, where the majority indicated they think beans can increase 

dietary folate (Winham et al., 2018). Potassium also deserves particular attention, since it has 

been identified as a shortfall nutrient in older adults (Shlisky et al., 2017), and beans could be a 

solution that has not previously been considered. Although protein was not investigated in the 

current study since it does not have a DV, its content is of interest as an option for older adults, 

particularly with the advance of protein foods in the revised 2019 Canada’s Food Guide (Health 

Canada, 2019). Overall, these results regarding older adults’ awareness of the dietary fibre, fat, 

cholesterol, iron, potassium and folate content of beans can provide industry, public health 

agencies, and governmental agencies some insights on where and how to focus promotion of this 

nutrient-dense food. 

For beans in relation to human health, almost all older adult participants thought that bean 

consumption could improve their health, which is encouraging and speaks to the potential for 

increased bean consumption in this demographic. The specific health areas that the majority of 

older adults thought bean consumption could improve included body weight management, 

constipation, diabetes and heart health. A focus on these health areas is consistent with a recent 

survey about beans (although in a different participant group of RDs; n = 296) in which the 

majority agreed or strongly agreed that beans could reduce constipation (51.5% and 43.7%, 

respectively), help with feelings of fullness, (25.5% and 73.1%, respectively), help to lose weight 

(59.4% and 28.3%, respectively), and lower low density lipoprotein (LDL) cholesterol (46.6% 

and 48.0%, respectively) (Winham et al., 2018). In contrast, a study in low-income women 
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(again a different participant group than the current study; n = 158) found that the majority of 

participants did not know bean consumption could “help lose weight” (52.9%) or “lower bad 

cholesterol” (56.7%); however, the majority agreed or strongly agreed (50.0% and 21.8%, 

respectively) that beans can “help you feel full” (Palmer et al., 2018). Nevertheless, body weight 

management, diabetes, digestive health and heart health align with the most commonly promoted 

health benefits of beans (Ontario Bean Growers, n.d.; Pulses.org, n.d.). Further, predictor 

variables including bean consumption status and health and demographic variables (i.e., interest 

in overall health, number of diagnosed health conditions, number of natural health products, 

education and marital status), that the current study found to increase the likelihood of older 

adults identifying these health areas, provide rationale for tailoring the development of bean 

education programs. 

Awareness of beans in relation to governmental dietary guidance was also examined in the 

current study, specifically using the 2007 Canada’s Food Guide which was current at the time of 

data collection. Most older adult participants were aware that beans were included in Canada’s 

Food Guide and, more specifically, in the meat and alternatives food group. These observations 

are consistent with a previous telephone survey study, wherein the majority of participants (≥18 

years old) were “generally aware” of Canada’s Food Guide and, of those, the majority were 

“specifically aware” although no more detail was ascertained (Mathe et al., 2016). Similarly 

consistent is a questionnaire study completed in Swiss adults (50–80 years old) that found the 

majority were aware of the Swiss Food Pyramid (Gille et al., 2016). While the majority of older 

adults in the current study were aware beans were included in Canada’s Food Guide and in the 

correct food group, it is important to note that some older adults indicated beans were included in 

other food groups including milk and alternatives, highlighting some confusion surrounding food 

classification. Taken together, these studies suggest that consumers are at least aware of dietary 

guidance resources. However, more research investigating the awareness of specific 

recommendations by older adults is critical to identify gaps that can be targeted with future 

dietary guidance campaigns that are appropriate for this demographic. Moreover, with the recent 

release of the revised 2019 Canada’s Food Guide (Health Canada, 2019), research exploring 

older adults’ awareness of beans as they are included therein is warranted to remain up to date on 

this topic. 
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Strengths of this study include the validity and reliability testing of the questionnaire, the 

researcher-administration of the questionnaire to ensure participant comprehension of each 

question, and the mixed-methods approach to data collection. Despite these strengths, there were 

also limitations including the researcher-administration of the questionnaire which could have 

potentially introduced interviewer bias, the self-reported data, and the lack of information on 

specific amounts of bean consumption. Furthermore, the high level of education and the lack of 

diversity in the participant sample compromises the generalizability of the study’s results. 

4.6 Conclusion 

In summary, beans are a nutrient-dense food that help reduce chronic disease risk; 

however, research regarding awareness of the nutrient content of beans and the role beans play in 

health and disease is lacking. The current study provides insight into the awareness of these 

topics in the rapidly growing, nutritionally vulnerable demographic of older adults. Results 

showed that most older adults are aware that beans provide a high amount of dietary fibre and 

are low in total fat, saturated and trans fat as well as cholesterol; however, they are less aware of 

the iron, potassium and folate content of beans. Older adults in this study reported thinking that 

bean consumption could improve their health with the majority indicating that beans could 

improve body weight management, constipation, diabetes and heart health. A variety of medical, 

lifestyle and demographic variables were identified as predictors of their awareness of the 

amounts of some nutrients in beans and the ability of bean consumption to improve different 

health areas. Lastly, most older adults were aware that beans are included in Canadian dietary 

recommendations. Results from this research can be utilized by a variety of stakeholders 

including public health agencies, industry, and healthcare professionals, as it highlights the gaps 

in the current awareness of the nutrient content of beans and their role in health and disease risk. 

These results are challenging to contextualize due to the lack of current evidence on these topics 

in general, but also in specific demographics, including older adults. Therefore, more research on 

this topic in a variety of demographic groups is warranted to contribute to evidence related to 

consumers’ awareness of the nutrient and health benefits of beans. 
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4.11 Bridge to Chapter 5 

The results of Study #2 suggest older adults are generally aware that beans are a healthy 

food but also identify gaps in their awareness of beans in relation to their nutrient content and 

role in chronic disease risk. This information could be used to develop dietary strategies aimed at 

increasing awareness of bean nutrition and health-related topics which could contribute to 

increased bean consumption. In addition to generating evidence-based information about factors 

related to bean consumption, it is also necessary to examine the biological effects of beans in 

humans using high-quality clinical trials, which is what Study #3 aimed to address. Despite 

beans being shown to improve CVD risk biomarkers, studies have largely focused on navy beans 

(as baked beans) (Anderson et al., 1990; Cobiac et al., 1990; Shutler et al., 1989; Winham & 

Hutchins, 2007), pinto beans (Finley et al., 2007; Winham et al., 2007) or their combination 

(Anderson et al., 1984; Mackay & Ball, 1992). Moreover, most studies have examined a single 

daily intake amount (Anderson et al., 1984; Cobiac et al., 1990; Finley et al., 2007; Shutler et al., 

1989; Winham & Hutchins, 2007; Winham et al., 2007). This has resulted in a need for high-

quality studies that examine the effects of multiple varieties and varying daily amounts of beans 

on CVD risk biomarkers. Therefore, Study #3 examined the effects of canned beans of multiple 

varieties in two daily amounts (1 cup and ½ cup) on fasting serum lipid profile (LDL cholesterol, 

total cholesterol, HDL cholesterol, non-HDL cholesterol, triglycerides and cholesterol ratios) in 

adults with elevated LDL cholesterol.  
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5 Chapter 5: Canned beans of multiple varieties in one cup but not 

half cup daily amounts for four weeks significantly decrease total 

cholesterol and LDL cholesterol in adults with elevated LDL 

cholesterol  

Katarina M. Doma, Karen F. Dolinar, D. Dan Ramdath, Thomas M.S. Wolever, Alison M. 

Duncan 

This chapter has been adapted from a manuscript that was accepted for publication by the 

Journal of Nutrition in August 2021.
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5.1 Abstract 

Background: Cardiovascular disease is a leading cause of death in North America and practical 

strategies that target modifiable risk factors are warranted. Beans can reduce low-density 

lipoprotein (LDL) cholesterol; however, research into daily amounts and different varieties is 

needed.  

Objective: To examine the effects of canned beans (daily rotation of black, navy, pinto, dark red 

kidney, white kidney) in 1-cup (1CB, 180 g) and ½-cup (½CB, 90 g) daily amounts, compared to 

a 1-cup white rice (WR) control on serum lipid and glycemic biomarkers in adults with elevated 

LDL cholesterol. 

Methods: Adults (n=73, mean ± SD age: 48.1 ± 14.2 years; BMI: 25.9 ± 4.22 kg/m2; fasting 

serum LDL cholesterol 3.0-5.0 mmol/L) consumed 1CB, ½CB and WR for 4-wk treatment 

periods separated by ≥4-wk washouts in a multi-center, randomized, crossover study.  Fasting 

serum LDL cholesterol (primary outcome), other lipids and glycemic biomarkers (secondary 

outcomes) were measured on study days 1 and 29 of each treatment period with study day 29 

values compared using repeated measures ANCOVA including study day 1 values as covariates. 

Results: Treatment completion was n=66 for 1CB, n=68 for ½CB and n=64 for WR.  Total 

cholesterol on study day 29 was lower for 1CB (p=0.04) but not ½CB (p=0.77) compared to WR 

(-5.46%, -2.74%, -0.65% changes from study day 1, respectively) and did not differ between 

1CB and ½CB (p=0.17).  LDL cholesterol on study 29 was also lower for 1CB (p=0.002) but not 

½CB (p=0.30) compared to WR (-8.08%, -3.84%, +0.49% changes from study day 1, 

respectively) and did not differ between 1CB and ½CB (p=0.11).  Other lipids and glycemic 

biomarkers did not differ among treatments. 

Conclusions: These results demonstrate that daily consumption of 1 cup but not ½ cup of canned 

beans of multiple varieties reduces total cholesterol and LDL cholesterol in adults with elevated 

LDL cholesterol.  This provides support for a practical dietary strategy for cardiovascular disease 

risk reduction. This trial was registered at clinicaltrials.gov as NCT03830970. 
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Key Words: adults with elevated LDL cholesterol, beans, bean varieties, cardiovascular disease 

risk, LDL cholesterol, multiple daily amounts, total cholesterol 

5.2 Introduction 

Cardiovascular disease (CVD) is the leading cause of death in the United States (Virani et 

al., 2020) and the second leading cause of death in Canada (PHAC, 2018). Moreover, CVD risk 

factors are prevalent among Americans (Fryar et al., 2012) and Canadians (Heart and Stroke 

Foundation of Canada, n.d.).  Among the many CVD risk factors, hypercholesterolemia is a 

major modifiable risk factor that offers a target for improvement through dietary changes such as 

consumption of nutrient-dense foods like beans (Pearson et al., 2021).  

Beans are dry, edible seeds enclosed in pods of leguminous plants and are a type of pulse 

(Pulse Canada, n.d.). Beans are nutrient-dense with high amounts of dietary fiber, protein and 

micronutrients, a low amount of saturated fat and a low glycemic index (Messina, 2014). The 

nutrient density of beans has enabled their consumption (as part of pulses) to be associated with 

higher intakes of dietary fibre, protein and micronutrients (Mitchell et al., 2009; Mudryj et al., 

2012).  Bean consumption has also been studied in relation to health outcomes including CVD 

risk.  For example, pulse intake (including beans with or without other legumes such as 

soybeans) was related to significant decreases in risk of CVD by 8% and coronary heart disease 

by 10% in a systematic review and meta-analysis of prospective studies (Viguiliouk et al., 2019).  

Bean consumption can also improve biomarkers of CVD risk as demonstrated in 

experimental studies. Bazzano et al. (2011) summarized 10 intervention studies that focused on 

non-soy legumes that included beans (as well as other pulses; 80-440 g/d) for durations of ≥3 wk 

and found significant decreases in total cholesterol and LDL cholesterol (Bazzano et al., 2011). 

Beans (on their own or as part of pulses; median 130 g/d) were also found to significantly 

decrease LDL cholesterol in a more recent meta-analysis of 26 intervention studies of ≥3 wk 

durations, although there was inter-study heterogeneity and the need for more high-quality 

studies was noted (Ha et al., 2014).  
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To advance research on the effects of beans on CVD risk biomarkers, examination of 

more bean varieties is needed since previous research has predominantly focused on navy beans 

(as baked beans) (Anderson et al., 1990; Cobiac et al., 1990; Shutler et al., 1989; Winham & 

Hutchins, 2007), pinto beans (Finley et al., 2007; Winham et al., 2007) or their combination 

(Anderson et al., 1984; Mackay & Ball, 1992). Examination of the efficacious amount of beans 

for cholesterol reduction also warrants focus, especially the inclusion of different daily amounts 

of beans in the same study.   

Therefore, the current study was designed to address these gaps by including multiple 

varieties of canned beans in two daily amounts using a high-quality randomized, crossover, 

multi-center study design.  The primary objective was to determine the effect of 4-week 

consumption of canned beans of multiple varieties in 1 cup and ½ cup daily amounts on fasting 

serum LDL cholesterol in adults with elevated LDL cholesterol.  Secondary outcomes included 

total cholesterol, HDL cholesterol, non-HDL cholesterol, triglycerides, and lipid ratios.. 

5.3 Methods 

5.3.1 Study design 

This study used a multi-centre, randomized, crossover design in which participants 

completed three 4-week treatment periods separated by 4-week washout periods. Data collection 

took place at the Human Nutraceutical Research Unit (HNRU), Guelph, ON, Canada and 

INQUIS Clinical Research, Toronto, ON, Canada. Participants reported to their respective 

research centre for 30-60 minute study visits on three different occasions – beginning (study day 

1), mid-way (study day 15), and end (study day 29) of each treatment period.  

This study received ethics approval from the University of Guelph Human Research 

Ethics Board (REB#18-10-045; Appendix K) and the Western Institutional Review Board-

Copernicus Group Institutional Review Board (WCG IRB; formerly the Western Institutional 

Review Board (WIRB); #20190962) and was registered on ClinicalTrials.gov (NCT03830970). 
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5.3.2 Participant recruitment and screening 

5.3.2.1 Participant recruitment 

Participants were recruited using various strategies including newspaper and online 

advertisements, community posters and flyers (Appendix L), information tables at various 

community centres and email contact to various community organizations. Each study site aimed 

to recruit an equal number of males and females. 

5.3.2.2 Participant screening 

Participants were screened using a two-phase process starting with a Screening-1 phone 

questionnaire (Appendix M) containing questions pertaining to the highest priority eligibility 

criteria (e.g., medical conditions, medication use, allergies; Table 5.1). If eligible, participants 

proceeded to a Screening-2 in-person visit to which they arrived after a 10-12 hour overnight fast 

having avoided alcohol, unusual physical activity, over-the-counter medications and pulses for 

24 hours prior. After reviewing and signing the Screening-2 consent form (Appendix N), 

anthropometric measures (height, body weight, blood pressure) were completed followed by a 

detailed eligibility questionnaire and a finger prick blood sample collection using a Microtainer 

contact-activated lancet (21 G X 1.8 mm, Becton, Dickinson and Company, Mississauga, ON, 

Canada), a capillary tube and a Cholestech LDX™ lipid profile and glucose cassette (Abbott 

Laboratories, Abbott Park, IL, USA) and immediately analyzed for total cholesterol, HDL 

cholesterol, triglycerides, calculated LDL cholesterol and glucose using the Cholestech LDX™ 

Analyzer (Abbott Laboratories, Abbott Park, IL, USA) (Appendix O).  

Upon completion of the screening process, the research team reviewed all screening data 

to determine participant eligibility according to the study inclusion and exclusion criteria (Table 

5.1). Eligible participants then completed a study orientation session during which they were 

provided with a study handbook, had their questions answered, and provided written informed 

consent (Appendix P).  
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Table 5.1 Inclusion and exclusion criteria for study eligibility.1 

Inclusion Criteria 

 
Exclusion Criteria 

• Male and female 

adults (≥18 years). 

• BMI 18.5-35 kg/m2. 

• Elevated LDL 

cholesterol (fasting 

serum LDL cholesterol 

3.0 and 5.0 

mmol/L). 

 

• Fasting blood triglycerides ≥3.0 mmol/L. 

• Diabetes (fasting blood glucose ≥7.0 mmol/L). 

• Fasting blood pressure >140/90 mmHg. 

• Major medical conditions. 

• Medical or surgical events requiring 

hospitalization within the last 3 months. 

• Medication use that would interfere with the 

study outcomes (e.g., cholesterol-lowering 

medications, diabetes-related medications, 

steroids). All other medications are okay if at a 

stable (3-month) dose. 

• Antibiotic use within the last 3 months. 

• Tobacco product use (>5 times per week). 

• Cannabis use during the study. 

• Probiotic supplement use (could do a 1-month 

washout before study). 

• Dietary fibre supplement use (could do a 1-

month washout before study). 

• Natural health products (NHP) used for 

cholesterol lowering or glycemic control. All 

other NHPs are okay if at a stable (3-month) 

dose. 

• Pulse consumption >4 servings per week. 

• Food allergy or non-food life-threatening 

allergy. 

• Pregnant or breastfeeding. 

• Alcohol consumption (>14 drinks/week or >4 

drinks/sitting). 

• Recent or intended significant weight loss or 

gain (>4 kg in previous 3 months). 

• National-level or professional athlete. 

• Overnight shift worker. 

1Abbreviations used: BMI = body mass index. 

5.3.2.3 Sample size calculation 

A sample size calculation was completed using data from bean intervention studies 

reported in a meta-analysis (Ha et al., 2014) and a multi-center study with the same primary 

outcome (LDL cholesterol) as the current study that was conducted in part at the HNRU and 
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INQUIS centres (Wolever et al., 2010).  Results showed that a minimum of 43 participants 

would allow detection of at least a 7% reduction in the primary outcome LDL cholesterol (0.28 

mmol/L based on a baseline value of 4.0 mmol/L) using an alpha of 0.05, a power of 0.80, a SD 

of 0.64 mmol/L and two-sided testing.  The current study aimed to complete 60 participants and 

to account for participant attrition, each center aimed to enrol 38 participants.  

5.3.2.4 Study treatments and randomization 

Study treatments (Table 5.2) consisted of canned beans (black, navy, pinto, red kidney, 

white kidney) in either a ½ cup (½CB) or 1 cup (1CB) serving and white rice (WR) in a 1 cup 

serving as the control (Minute Rice® Premium Instant Long Grain White Rice). Study 

treatments were consumed for 4-week treatment periods separated by 4-week washout periods. 

Participants were randomized to one of six possible treatment orders using simple 

randomization. The canned beans were donated by the Bonduelle Food Group (Montreal, 

Quebec, Canada) and the Minute Rice was purchased from the local grocer. 

During the bean treatment periods, participants were asked to follow rinsing instructions 

provided in their participant handbook which involved draining the beans for two minutes, 

rinsing for one minute, and draining again for two minutes. Bean treatment consumption was 

rotated between the five varieties in alphabetical order from Monday to Friday, with participants 

having the option to choose any bean varieties for weekend days (Table 5.3). Participants were 

provided with all study treatments during their visits on study days 1 and 15 of each treatment 

period. Participants were asked to record their daily treatment consumption (date, time, amount, 

method of consumption) in a daily treatment consumption log (Appendix Q) included in their 

participant handbook which was returned on study days 15 and 29. Participant compliance was 

assessed using a treatment compliance metric that tallied the number of days that each participant 

reported that they consumed their treatment divided by the total number of days in each 

treatment period multiplied by 100.   
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Table 5.2 Energy and nutrient composition of the canned beans and white rice treatments in the amounts of one cup for the 1CB and WR treatments 

and half cup for the ½CB treatment.1,2  

 Black Navy Pinto 
Dark Red 

Kidney 
White Kidney White Rice 

Weight (g)3 

     1 cup 180 180 180 180 182 132 

     ½ cup 90 90 90 90 91 --- 

Energy (kcal) 

     1 cup 170 170 167 168 170 164 

     ½ cup 85.0 84.8 83.4 84.1 85.2 --- 

Protein (g) 

     1 cup 13.5 12.9 13.2 14.4 14.5 2.88 

     ½ cup 6.73 6.45 6.62 7.21 7.27 --- 

Fat (g) 

     1 cup 0.84 1.16 0.78 0.74 0.84 0.66 

     ½ cup 0.42 0.58 0.39 0.37 0.42 --- 

Carbohydrates (g) 

     1 cup 27.2 26.8 26.8 26.2 26.4 35.3 

     ½ cup 13.6 13.4 13.4 13.1 13.2 --- 

Dietary Fibre (g) 

     1 cup 10.9 11.1 12.0 11.0 11.5 0.79 

     ½ cup 5.46 5.56 6.01 5.49 5.75 --- 
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1The nutritional composition of each canned bean variety (Bonduelle Group, Montreal, QC, Canada) was analyzed by Central Testing Laboratory Ltd. 

(Winnipeg, MB, Canada) except for dietary fibre which was analyzed by Merieux Nutrisciences (Markham, ON, Canada). Values are the average of the 

duplicate measurements. The nutritional composition of the white rice (Minute Rice® Premium Instant Long Grain White Rice) was determined from 

the Canadian Nutrient File, food code 4482. 

2Abbreviations used: 1CB = one cup beans; ½CB = half cup beans; WR = white rice 

3Data are the average of 3 measurements to the accuracy of 1 g (StarFrit Electronic Kitchen Scale, Atlantic Promotions Inc., Longueuil, QC, Canada). 

The beans were drained, rinsed and drained (which were the same instructions the participants received) before weighing in ½ cup amounts for which 

values were multiplied by 2 to determine the weights of the 1 cup amounts.  The white rice was weighed in the cooked form since participants were 

instructed to consume 1 cup of cooked white rice.    
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Table 5.3 Bean treatment consumption rotation for participants.1 

Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Black Navy Pinto 
Dark Red 

Kidney 

White 

Kidney 

Participant 

choice 

Participant 

choice 

1Participants were asked to not consume the same bean variety for two or more consecutive days. 

5.3.3 Study visit preparation and protocol, data collection and analysis 

Participants were instructed to maintain their habitual lifestyle, dietary and physical 

activity habits throughout the entire study with the exception of not consuming any beans 

(beyond their study treatments) or other pulses (chickpeas, lentils, dried peas).  Participants 

reported to their respective research centres on study days 1, 15 and 29 of each treatment period 

for a total of nine study visits (Appendix R). For all study visits, participants were asked to arrive 

in a fasted state (i.e., 10-12 hours without food or drink except water) in preparation for 

collection of fasted body weight and blood pressure measurements. For study days 1 and 29 

visits, participants were also instructed to avoid alcohol, any unusual or strenuous physical 

activity, and over-the-counter medications for the 24 hours prior and to consume their pre-study 

dinner meal the evening before in preparation for a fasted blood sample. Pre-study dinner meals 

were of participant choosing but remained consistent for study days 1 and 29 within each 

treatment period. 

Upon arrival to scheduled study visits, participants completed a check-in questionnaire 

for any health and/or medication updates and to monitor participant compliance to study visit 

preparation instructions. For all study visits, fasted body weight and blood pressure 

measurements were collected while blood samples were only collected on study days 1 and 29 

with food records completed during the three days leading up to the study day 15 visit when they 

were collected by the researchers.  

5.3.3.1 Anthropometric Measurements 

Participant height was measured in duplicate during the screening process using a 

stadiometer (SECA Portable Stadiometer 214, Hanover, MD, USA) by having participants 

remove any footwear, stand at the base of the stadiometer with heels against the foot gauge, 
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facing forward and standing up straight. Participant body weight was measured in duplicate with 

participants stepping on a digital scale (Acculab Sartorius Group SVI-200F, Edgewood, NY, 

USA) without shoes, with empty pockets and in a fasted state. Finally, blood pressure was 

measured in duplicate by asking participants to relax quietly for 5-10 minutes after which they 

were instructed to hold their arm extended with their palm facing upwards. A 

sphygmomanometer cuff was wrapped around the bicep and aligned according to the position of 

the brachial artery. Participants were instructed to relax their arm and the automatic 

sphygmomanometer (Omron® Digital Blood Pressure Monitor, HEM-907 XL, Omron 

Healthcare Inc., Burlington, ON, Canada) recorded the measurement. 

5.3.3.2 Three-Day Food Record 

Participants completed a 3-d food record on study days 12-14 of each treatment period 

following detailed instructions for recording food intake and using blank forms provided. Food 

record data was entered into ESHA Food Processor Nutritional Analysis Software program, 

version 11.7.1 (ESHA Research, Salem, OR, USA) and analyzed for 3-d averages of energy and 

nutrient intake (protein, fat, saturated fat, monounsaturated fat, polyunsaturated fat, cholesterol, 

carbohydrates and dietary fibre). 

5.3.3.3 Fasted Blood Samples 

Fasting venous blood samples were collected on study days 1 and 29 of each treatment 

period.  Participants were instructed to avoid food and beverages (except water) for 10-12 h 

prior. Participants were also instructed to avoid alcohol, unusual or strenuous physical activity, 

and over-the-counter medications for 24 h prior and to consume the same self-selected dinner the 

night before, as previously mentioned. A trained phlebotomist collected blood samples using BD 

Vacutainer® Serum Separator Tubes (Becton, Dickinson and Company, Mississauga, ON, 

Canada) which were immediately inverted 5x, left to clot at room temperature for a minimum of 

30 min and then centrifuged at 25ºC for 10 min at 1200 x g (Beckman Coulter). Serum aliquots 

were stored in Corning cryogenic vials (Corning Inc., Lowell, MA, USA) at -80°C until analysis. 

Total cholesterol, HDL cholesterol, and triglycerides were analyzed using an automated 

analyzer (Synchron UniCel DxC660i, Beckman Coulter, Brea, CA, USA) at Guelph General 
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Hospital (Guelph, ON, Canada). All samples from each participant were analyzed in the same 

analysis day and 2 control samples were included in every analysis day for calculation of inter-

assay variability, which averaged to 3.85%. LDL cholesterol was calculated using the 

Friedewald equation (Friedewald et al., 1972), non-HDL cholesterol was calculated by 

subtracting HDL cholesterol from total cholesterol and lipid ratios (total cholesterol/HDL 

cholesterol, LDL cholesterol/HDL cholesterol, non-HDL cholesterol/HDL cholesterol and 

triglycerides/HDL cholesterol) were calculated. 

5.3.4 Statistical analysis 

A modified intention-to-treat analysis was completed that included data collected from all 

participants who were randomized and completed a treatment period study day 1 and 29 

regardless of whether they completed all 3 treatment periods.  Data were not included in 8 

instances where treatment period study day 1 but not study day 29 data were collected (Figure 1). 

Statistical analyses were completed using the Statistical Analysis System (SAS version 9.4, 

Cary, NC, USA) with p<0.05 considered statistically significant. Data were examined for 

normality and homogeneity of variance using box plots, stem leaf diagrams and residual plots.  

Triglyceride data required log transformation and are therefore exponentiated and presented as 

geometric least-squares means and 95% CI.  

Summary statistics were computed for baseline participant demographic and 

anthropometric data. Body weight, BMI and blood pressure were compared among treatments at 

study day 1 using repeated measures ANOVA controlling for center and at study days 15 and 29 

using repeated measures ANCOVA controlling for center and including study day 1 values as a 

covariate, followed by a Tukey’s test for multiple comparisons. Treatment period was not 

controlled for since it was not significant.  Energy and nutrient intake data were compared 

among treatments using repeated measures ANOVA controlling for center, followed by a 

Tukey’s test for multiple comparisons. Treatment period was not controlled for since it was not 

significant. 

Lipid measures were compared among treatments at study day 1 using repeated measures 

ANOVA controlling for center and at study day 29 using repeated measures ANCOVA 
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controlling for center and including study day 1 values as a covariate, followed by a Tukey’s test 

for multiple comparisons.  Treatment period was not controlled for since it was not significant. 

The data were also analyzed using SAS proc mixed which did not change the results. 

5.4 Results 

5.4.1 Participants 

As summarized in Figure 1, of the 73 participants who started treatment period I, 4 were 

lost to follow up due to the COVID-19 pandemic disruption during treatment period I (n=3) or 

during the washout period after treatment period I (n=1) (Figure 5.1).  Therefore, 70 participants 

completed treatment period I. Of the 69 participants who started treatment period II, 3 were lost 

to follow up due to COVID-19 pandemic disruption during treatment period II (n=2) or during 

the washout period after treatment period II (n=1), 1 participant discontinued due to personal 

reasons during treatment period II and 1 participant discontinued due to starting a cholesterol-

lowering medication during the washout period after treatment period II. Therefore, 66 

participants completed treatment period II.  Of the 64 participants who started treatment period 

III, 1 was lost to follow up due to COVID-19 pandemic disruption and 1 was discontinued due to 

consumption of the incorrect treatment. Therefore, 62 participants completed treatment period 

III.  Data from the 198 completed treatment periods (n=70, n=66 and n=62 for treatment periods 

I, II and III, respectively) were included in the analysis as n=66 for 1CB, n=68 for ½CB and 

n=64 for WR. 

Baseline participant age was 48.1 ± 1.66 years, BMI was 25.9 ± 0.49 kg/m2 and fasting 

serum LDL cholesterol was 4.15 ± 0.08 mmol/L (mean ± SEM) (Table 5.4). During the study, 

body weight, BMI, systolic blood pressure and diastolic blood pressure did not significantly 

differ between the 1CB, ½CB and WR treatments on study days 1, 15 or 29 (data not shown). 
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Figure 5.1 Participant flow diagram. 1Data were collected for study day 1 but not study day 29 of the 

treatment period and therefore not included in the analysis (this happened on 8 occasions); however, any 

previously completed treatment periods were included in the analysis. 2Data from the completed treatment 

period I was included. 3Data from the completed treatment periods I and II were included.   
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• Schedule conflicts (n=2)

• Participant in another study (n=1)

Treatment Period I (n=73)

Treatment Period II (n=69)

• Lost to follow up due to COVID-19 

pandemic disruption during the 

treatment period (n=3)1 or during 

the washout period (n=1)2

Treatment Period III (n=64)

• Lost to follow up due to COVID-19 
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Table 5.4 Participant baseline characteristics.1,2  

Characteristic 

 

Value 

Age (year) 
48.1 ± 1.66 

Sex (female) 
41 (60.0%) 

BMI (kg/m2) 
25.9 ± 0.49 

Ethnicity 

     White 
41 (56.2%) 

     South or Southeast Asian 
16 (21.9%) 

     Latin American 
5 (6.85%) 

     Black 
4 (5.48%) 

     Other 
4 (5.48%) 

     Arab 
3 (4.11%) 

Systolic blood pressure (mm Hg) 
119.9 ± 1.32 

Diastolic blood pressure (mm Hg) 
73.8 ± 1.00 

Fasting serum total cholesterol (mmol/L) 
6.19 ± 0.09 

Fasting serum LDL cholesterol (mmol/L) 
4.15 ± 0.08 

Fasting serum HDL cholesterol (mmol/L) 
1.48 ± 0.04 

Fasting serum triglycerides (mmol/L) 
1.06 (0.94, 1.20) 

Fasting serum glucose (mmol/L) 
4.89 ± 0.05 

1Values are mean ± SEM or n (%) or geometric mean (95% CI), n=73.   

2 Abbreviations used: BMI = body mass index. 

5.4.2 Participant-reported treatment compliance 

Participant-reported compliance to consumption of the treatments was high as indicated by 

calculation of the percentage of days participants reported consuming their treatment during each 

4-week treatment. Results showed that participants consumed their treatments on 99.2 ± 3.13%, 
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99.1 ± 0.71% and 98.8 ± 0.53% (mean ± SEM) of study days during the 1CB, ½CB and WR 

treatments, respectively. 

5.4.3 Energy and nutrient intake 

Energy, protein, fat, saturated fat, monounsaturated fat, polyunsaturated fat, cholesterol 

and carbohydrates did not significantly differ among the 1CB, ½CB and WR treatments (Table 

5.5). Dietary fibre intake, however, was significantly higher during the 1CB compared to the 

½CB and WR treatments, and significantly higher during the ½CB compared to the WR 

treatment (Table 5.5). 

Table 5.5 Energy, macronutrient and dietary fibre intakes on study days 12-14 of the 4-week 1CB, ½CB and 

WR treatments in adults with elevated LDL cholesterol.1,2 

 
1CB 

(n=66) 

½CB 

(n=68) 

WR 

(n=64) 

Energy (kcal) 
2078 ± 87.0 1988 ± 85.2 2070 ± 86.6 

Protein (g) 
88.5 ± 4.42 81.1 ± 3.40 83.2 ± 4.55 

Fat (g) 77.7 ± 4.14 77.3 ± 4.67 79.5 ± 4.72 

     Saturated Fat (g) 
24.6 ± 1.44 24.9 ± 1.70 25.3 ± 1.57 

     Monounsaturated Fat (g) 23.6 ± 1.57 22.8 ± 1.69 23.7 ± 1.87 

     Polyunsaturated Fat (g) 
12.3 ± 0.94 12.4 ± 1.07 12.8 ± 1.03 

Cholesterol (mg) 
309.7 ± 27.8 271.6 ± 21.5 303.7 ± 26.0 

Carbohydrates (g) 
256.1 ± 13.1 242.8 ± 11.7 254.2 ± 11.3 

Dietary Fibre (g) 
31.6a ± 1.29 27.0b ± 1.14 20.4c ± 1.09 

1Data are means ± SEM. 

2Abbreviations used: 1CB = one cup of beans; ½CB = half cup of beans; WR = white rice.  

3 Values with different superscripts within a row are significantly different (p < 0.05) from comparison of the 

treatments using repeated measures ANOVA, controlling for center and followed by a Tukey’s test for 

multiple comparisons. Treatment period was not controlled for since it was not significant. 
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5.4.4 Fasting serum lipid profile  

On study day 1, fasting serum total cholesterol, LDL cholesterol, HDL cholesterol, non-

HDL cholesterol, triglycerides (Table 5.6) and lipid ratios (data not shown) were not 

significantly different among the 1CB, ½CB and WR treatments. On study day 29, fasting serum 

total cholesterol was significantly lower for the 1CB treatment (p=0.04) but not the ½CB 

treatment (p=0.77) compared with the WR treatment and it did not significantly differ between 

the 1CB and ½CB treatments (p=0.17) (Table 5.6, Figure 5.2). Fasting serum total cholesterol 

changed from study day 1 to study day 29 by -5.46%, -2.74% and -0.65% for the 1CB, ½CB and 

WR treatments, respectively.  Similarly, fasting serum LDL cholesterol on study day 29 was 

significantly lower for the 1CB treatment (p=0.002) but not the ½CB treatment (p=0.30) 

compared with the WR treatment and it did not significantly differ between the 1CB and ½CB 

treatments (p=0.11) (Table 5.6, Figure 5.2). Fasting serum LDL cholesterol changed from study 

day 1 to study day 29 by -8.08%, -3.84% and +0.49% for the 1CB, ½CB and WR treatments, 

respectively. On study day 29, HDL cholesterol, non-HDL cholesterol, triglycerides (Table 5.6) 

and lipid ratios (data not shown) were not significantly different among the 1CB, ½CB and WR 

treatments.  

Table 5.6 Fasting serum lipid profile before and after 4-week consumption of 1CB, ½CB and WR in adults 

with elevated LDL cholesterol.1,2 

 
1CB 

(n=66) 

½CB 

(n=68) 

WR 

(n=64) 
P value 

Total cholesterol (mmol/L)3 

Study Day 1 6.23 ± 0.11 6.21 ± 0.11 6.14 ± 0.11 
0.825 

  Study Day 29 5.89a ± 0.06 6.04a,b ± 0.06 6.10b ± 0.06 
0.046 

LDL cholesterol (mmol/L)3 

Study Day 1 4.21 ± 0.09 4.17 ± 0.09 4.09 ± 0.09 
0.605 

  Study Day 29 3.87a ± 0.05 4.01a,b ± 0.05 4.11b ± 0.05 
0.0036 

HDL cholesterol (mmol/L)3 
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Study Day 1 1.47 ± 0.05 1.46 ± 0.05 1.49 ± 0.05 
0.925 

  Study Day 29 1.43 ± 0.02 1.47 ± 0.02 1.48 ± 0.02 
0.186 

non-HDL cholesterol (mmol/L)3 

Study Day 1 4.76 ± 0.10 4.74 ± 0.09 4.65 ± 0.10 
0.685 

  Study Day 29 4.46 ± 0.05 4.58 ± 0.05 4.63 ± 0.05 
0.086 

Triglycerides (mmol/L)4 

Study Day 1 1.06 (0.94, 1.20) 1.14 (1.01, 1.28) 1.05 (0.92, 1.18) 
0.585 

 Study Day 29 1.13 (1.04, 1.22) 1.03 (0.95, 1.11) 1.09 (1.01, 1.17) 0.236 

1Abbreviations used: ½CB = ½ cup of beans (90 g); HOMA-IR = homeostasis model assessment of insulin 

resistance; 1CB = 1 cup of beans (180 g); WR = white rice. 

2Values with different superscripts within a row are significantly different (p < 0.05) from a comparison of 

the treatments on study day 29 using repeated measures ANCOVA controlling for center and including study 

day 1 values as a covariate followed by a Tukey’s test for multiple comparisons.  Treatment period was not 

controlled for since it was not significant. 

3Values are least-squares means ± SEM.  

4Values are least-squares geometric means (95% CI). 

5P value from comparison of the treatments on study day 1 using repeated measures ANOVA, controlling for 

center. Treatment period was not controlled for since it was not significant. 

6P value from comparison of the treatments on study day 29 using repeated measures ANCOVA controlling 

for center and including study day 1 values as a covariate.  Treatment period was not controlled for since it 

was not significant. 
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Figure 5.2 Fasting serum total (A) and LDL cholesterol (B) before and after 4-week consumption of 1CB (1 

cup of beans; 180 g, n=66), ½CB (½ cup of beans, 90 g; n=68), and 1 cup of WR (white rice; n=64) in adults 

with elevated LDL cholesterol. Values are least-squares means ± SEM. *1CB study day 29 significantly 

different from WR study day 29 (P = 0.04 for total cholesterol and P = 0.002 for LDL cholesterol) using 

repeated measures ANCOVA controlling for center and including study day 1 values as a covariate, followed 

by a Tukey’s test for multiple comparisons.  Treatment period was not controlled for since it was not 

significant. 

5.5 Discussion 

This randomized, crossover, multi-center study was designed to examine the effects of 

canned beans of multiple varieties in two daily amounts on CVD risk biomarkers in adults with 
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elevated LDL cholesterol. This study addresses two gaps in the current literature through its 

examination of multiple varieties of canned beans and its direct comparison of different daily 

amounts of beans on biomarkers of CVD risk. 

The current study found that total cholesterol and LDL cholesterol were significantly 

decreased (by 5.46% and 8.08%, respectively) after consumption of the 1CB treatment (1 cup, 

average 180 g of multiple varieties including black, navy, pinto, dark red kidney, white kidney 

beans) compared to the WR control. These results are consistent with previous bean intervention 

studies that found respective reductions in total cholesterol and LDL cholesterol of 19% and 24% 

with 115 g/d of dried pinto and navy beans served as cooked beans for 21 d in 20 men with 

hypercholesterolemia (Anderson et al., 1984), 4-8% and ~7% with ½ c/d of canned pinto beans 

for 12 weeks in 40 adults with and 40 adults without pre-metabolic syndrome (Finley et al., 

2007) and 8.4% and 8.6% with ½ c/d of canned pinto beans for 8 weeks in 16 adults with mild 

insulin resistance (Winham et al., 2007). Other bean intervention studies have found significant 

reductions in total cholesterol (but not LDL cholesterol) of 11.7% with one 450 g can/d of baked 

beans for 14 d in 13 healthy men (Shutler et al., 1989), 10.4% with 182-227 g/d of canned pork 

and beans for 21 d in 24 men with hypercholesterolemia (Anderson et al., 1990) and by 5.6% 

with ½ c/d of canned baked beans for 8 weeks in 23 adults with hypercholesterolemia (Winham 

& Hutchins, 2007).  However, two other studies reported no significant effects in total 

cholesterol or LDL cholesterol with an average of six 440 g cans/wk of baked beans for 4 wk in 

20 men with mild hypercholesterolemia (Cobiac et al., 1990) or with 80 g/d of mixed cooked 

beans for 6 weeks in 39 adults with hypercholesterolemia (Mackay & Ball, 1992).   Overall, the 

current study, along with the majority of previous studies, support a role for bean consumption to 

reduce total cholesterol and LDL cholesterol.  However, it should be noted that the interpretation 

and application of results can be complicated by differences in core parameters related to the 

bean interventions such as daily amounts and bean varieties; both of which the current study 

aimed to address. 

Daily amount of beans was a parameter that the current study focused on by also 

examining a ½ cup daily amount of beans (½CB).  Although the reductions in total cholesterol 

(2.64%) and LDL cholesterol (3.80%) were approximately half of those caused by the 1 cup 
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daily amount (1CB) (5.46% and 8.08%, respectively), they were not significantly different from 

either the 1CB or the WR control. Previous studies that have examined ½ cup daily amounts of 

beans have found significant decreases in total cholesterol (Finley et al., 2007; Winham et al., 

2007; Winham & Hutchins, 2007) and LDL cholesterol (Finley et al., 2007; Winham et al., 

2007).  However, comparability with these and other studies is challenged by the fact that both 

cup measures and corresponding weights are not always reported and when they have been, they 

are inconsistent among studies.  For example, the weight of the ½ cup bean treatment in the 

current study (½CB) averaged 90 g among the 5 bean varieties which is considerably less than 

the ½ cup weights of 130 g (pinto beans) reported by Finley et al. (2007) and 140 g (pinto beans) 

reported by Winham et al. (2007), both of which found significant decreases in total cholesterol 

and LDL cholesterol. These inconsistencies could be due to variation in the density of the beans 

examined, the methodology of weighing the beans, and/or whether the beans were drained and/or 

rinsed prior to weighing. The reporting of bean treatment amounts for intervention studies in 

both cup and gram measures is important for interpretation and facilitates comparability of 

results among studies. However, for practical use by clinicians and consumers, the cup measures 

are likely more relevant and easier to understand as a target for efficacious amounts.   

Bean variety is another parameter that the current study focused on by examining 5 

varieties of beans (black, navy, pinto, dark red kidney, white kidney) that were consumed on a 

rotational basis.  These bean varieties were selected using Canadian data on top bean varieties 

sold and/or consumers reported they would purchase (Ontario Bean Growers, 2017), therefore 

adding generalizability to the study results.  Although pinto beans were not identified in either of 

these criteria, they were included to facilitate comparability of results since they were examined 

in many previous bean intervention studies (Anderson et al., 1984; Finley et al., 2007; Mackay & 

Ball, 1992; Winham et al., 2007).  Examination of multiple bean varieties adds to the literature 

since the majority of previous bean intervention studies have focused on a single bean variety 

(Anderson et al., 1990; Cobiac et al., 1990; Finley et al., 2007; Shutler et al., 1990; Winham & 

Hutchins, 2007; Winham et al., 2007) while 2 early studies included multiple varieties (Anderson 

et al., 1984; Mackay & Ball, 1992). Taken together, the current study and previous studies 

demonstrate that consumption of both a single bean variety and multiple bean varieties can 
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improve total cholesterol and LDL cholesterol, providing consumers with multiple options to 

utilize beans for cardiovascular health.    

The current study also examined fasting HDL cholesterol, non-HDL cholesterol, 

triglycerides and lipid ratios, none of which were significantly affected after consumption of 

1CB or ½CB compared to the WR control. The lack of significant effect on HDL cholesterol is 

consistent with the majority of previous bean intervention studies (Anderson et al., 1984; 

Anderson et al., 1990; Cobiac et al., 1990; Winham & Hutchins, 2007; Winham et al., 2007). 

However, other bean intervention studies have found both a significant decrease (Finley et al., 

2007; Shutler et al., 1989) and increase (Mackay & Ball, 1992) in HDL cholesterol. Non-HDL 

cholesterol has not been included in previous bean intervention studies although it is relevant to 

consider for CVD risk (Pearson et al., 2021) and was calculated from aggregate data in a meta-

analysis of pulse intervention studies and found to not be significantly affected (Ha et al., 2014). 

The lack of significant effect on triglycerides is consistent with most (Anderson et al., 1984; 

Cobiac et al., 1990; Finley et al., 2007; Mackay & Ball, 1992; Shutler et al., 1989; Winham & 

Hutchins, 2007; Winham et al., 2007) but not all (Anderson et al., 1990) previous bean 

intervention studies. Finally, lipid ratios have not been included in many bean intervention 

studies; however, those that did also found no significant effects (Anderson et al., 1984; 

Anderson et al., 1990; Shutler et al., 1989) while others found a significant decrease in LDL 

cholesterol/HDL cholesterol (Mackay & Ball, 1992) and total cholesterol/HDL cholesterol 

(Winham & Hutchins, 2007).  Future bean intervention studies could consider inclusion of both 

non-HDL cholesterol and lipid ratios due to their ease of calculation and relevance to CVD risk 

(Natarajan et al., 2004; Pearson et al., 2021).   

The cholesterol-lowering effects of beans could be explained by multiple mechanisms.  

The dietary fiber content of beans can bind bile salts in the gastrointestinal tract causing an 

interruption in enterohepatic circulation (Lin et al., 2020).  Related to this, a recent study showed 

that pinto beans reduced hepatic cholesterol and intestinal cholesterol absorption as well as 

increased fecal cholesterol in rats fed a diet high in saturated fat (Nguyen et al., 2019). Another 

potential mechanism relates to the resistant starch in beans that is fermented by colonic bacteria 
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to produce short chain fatty acids (Sanchez-Tapia et al., 2020) that can disrupt cholesterol 

metabolism (He et al., 2020).  

Strengths of this study include the use of a high-quality randomized, crossover study 

design that included a multi-center component which enabled a large sample size and contributed 

to generalizability.  Another strength is the inclusion of 2 daily amounts of beans which allows 

for their direct comparison in the same study.  Furthermore, the inclusion of 5 varieties of beans 

demonstrates the ability of more bean varieties beyond those previously studied to lower total 

cholesterol and LDL cholesterol.  Limitations of this study include the reliance on self-reported 

study treatment compliance data to monitor compliance.  Another limitation is the potential for 

background diet and lifestyle to confound results in free-living participants, although participants 

were instructed to maintain their usual diet and lifestyle during the study.  

In summary, this work adds to the literature with its focus on 2 daily amounts and 5 

varieties of canned beans.  Results demonstrate that daily consumption of 1 cup but not ½ cup of 

canned beans of multiple varieties significantly decreased total cholesterol and LDL cholesterol 

in adults with elevated LDL cholesterol. The respective reductions in total cholesterol and LDL 

cholesterol of 5.46% and 8.08% are clinically relevant to CVD risk reduction. Since every 1 

mmol/L reduction in LDL cholesterol has been related to a 20-22% reduction in CVD risk 

(Silverman et al., 2016), the current study's LDL cholesterol reduction equates to an approximate 

7% reduction in CVD risk.  Therefore, these results support the inclusion of 1 cup of beans as an 

accessible and practical dietary strategy to reduce risk of CVD, a major leading cause of death in 

North America.  Continued research on beans and CVD risk is warranted with focus on 

mechanisms, longer study durations and more risk biomarkers.   
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6 Chapter 6: Integrated Discussion 

6.1 Summary of Thesis Purpose and Objectives 

The overall purpose of this thesis was to address current gaps in the literature related to 

beans and bean consumption and provide evidence to advance healthy aging, improve CVD risk 

and ultimately improve the overall health of North Americans. Three specific objectives were 

identified to address this overall purpose. Objective #1 was to determine the prevalence of bean 

consumption and identify motivators and barriers, and other factors related to bean consumption 

among older adults; objective #2 was to determine the awareness and knowledge of the 

nutritional and health attributes of beans among older adults; and objective #3 was to determine 

the effect of multiple daily amounts (1 cup and ½ cup) of canned beans of multiple varieties on 

fasting serum lipid profile (total cholesterol, LDL cholesterol (primary outcome), HDL 

cholesterol, triglycerides, non-HDL cholesterol, cholesterol ratios), in adults with elevated LDL 

cholesterol. Objectives #1 and #2 were achieved through a researcher-administered questionnaire 

study in older adults (65 years old) while objective #3 was achieved through a multi-centre, 

randomized, crossover clinical trial in which adults with elevated LDL cholesterol completed 

three 4-week treatment periods (1 cup beans, ½ cup beans and white rice control) separated by 

minimum 4-week washout periods.  

6.2 Summary of Study Findings 

Results from Study #1 (Chapter 3) showed that among the 250 older adult participants, 

51.2% were classified as bean consumers who were defined as those who consumed beans on a 

weekly or daily basis. As expected, bean consumers were significantly more likely to indicate 

motivators to their bean consumption while bean non-consumers were significantly more likely 

to indicate barriers to their bean consumption. However, more specific results provided the top 

three motivators to bean consumption reported by bean consumers which were “nutritional 

value”, “taste and/or texture” and “versatility”.  The first two also most frequently reported by 

bean non-consumers but instead of “versatility”, bean non-consumers identified “health benefits” 

as the third top motivator. Conversely, the top barriers to bean consumption most commonly 



 

 

 

110 

reported by bean consumers were “not part of traditional diet”, “flatulence/abdominal 

discomfort” and “knowledge of preparation/cooking of beans”. Similar to motivators, the top two 

barriers identified by bean non-consumers were also identified by bean consumers however, 

“people you eat with don’t like beans” was identified as the third top barrier by bean consumers. 

Identification of motivators and barriers to bean consumption provides valuable insight and 

offers opportunities, namely through addressing the identified barriers, to increase bean 

consumption in North America.  

In Study #2 (Chapter 4), most older adults considered beans to be a healthy food and 

thought consuming them could improve their health. More specifically, the majority of older 

adult participants were aware that a serving of beans (1 serving = ¾ cup) is high in dietary fibre; 

however, bean consumers were significantly more likely to be aware that one serving of beans is 

low in total fat, saturated and trans fat as well as cholesterol. However, fewer older adult 

participants were aware of the micronutrient content of beans. For health attributes, most older 

adult participants thought consuming beans could improve heart health and diabetes; however, 

bean consumers were significantly more likely than non-consumers to think that consuming 

beans could improve body weight management and constipation. While older adult participants 

appeared to be generally aware of the nutritional and health attributes of beans, gaps in their 

knowledge of specific nutritional and general health attributes were identified. This research can 

contribute to the development of dietary strategies that target awareness and knowledge gaps of 

beans to support greater consumption of beans. 

Finally, Study #3 (Chapter 5) employed a randomized, crossover multi-centre clinical trial 

to examine the effects of canned beans of multiple varieties in different daily amounts (1 cup and 

½ cup) in adults with elevated LDL cholesterol. Seventy-three participants were recruited for this 

clinical trial of which 62 completed all three treatment periods. Results demonstrated 1 cup but 

not ½ cup of beans significantly decreased total cholesterol and LDL cholesterol compared to the 

white rice control after 4 weeks of daily consumption. Other lipid measures were not 

significantly affected by either bean treatment. These results provide a practical and versatile 

dietary strategy to improve biomarkers of CVD and reduce CVD risk in adults with elevated 

LDL cholesterol.  
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6.3 General Discussion  

Study #1 showed about half of older adult participants consumed beans on at least a 

weekly basis, adding to the limited, but growing, literature on bean consumption habits among 

national (Ipsos Reid, 2010; Lucier et al., 2000; Mitchell et al., 2009; Mudryj et al., 2012; Perera 

et al., 2020) and specific (Heer & Winham, 2020; Winham et al., 2018; Winham et al., 2019) 

populations. Older adult bean consumption prevalence revealed in this research (51.2%) is 

comparable to that of low-income women wherein 52.6% reported they consumed beans 1-2 

times per week or greater (Winham et al., 2019) but less frequent than American Registered 

Dietitians (71%) (Winham et al., 2018) and more frequent than low-income men (36.6%) (Heer 

& Winham, 2020) who also indicated they consumed beans 1-2 times per week or greater. 

Motivators to bean consumption have not been extensively examined in the literature but one 

study of Canadian adults (Ipsos Reid, 2010) identified similar motivators identified in this 

research. Moreover, previous research exploring barriers to bean consumption have revealed 

many reasons that may prevent people from eating beans that are both similar and different to the 

barriers identified in the current research (Heer & Winham, 2020; Winham et al., 2018; Winham 

et al., 2019). Taken together, these studies demonstrate that while some bean consumption habits 

along with motivators and barriers to bean consumption can be similar among different 

population segments, there also appears to be some variation. The variations in these bean 

consumption habits among population segments should be considered in the development of 

tailored dietary strategies to increase the likelihood that they will increase bean consumption.  

Study #2 revealed that almost all older adult participants were aware that beans are a 

healthy food and bean consumption can improve health; however, more specific details about the 

nutritional and health attributes of beans were less understood. Few studies have examined 

nutritional and health awareness or knowledge of beans and those that have found that similar to 

older adult participants in the current research, the majority of RDs (Winham et al., 2018), low-

income women (Palmer et al., 2018) and low-income men (Heer & Winham, 2020) thought 

beans could improve nutrition. The majority of older adult participants thought beans could 

improve various areas of health and when asked similar questions, as expected, almost all RDs 

were knowledgeable in these areas (Winham et al., 2018) whereas low-income women (Palmer 
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et al., 2018) and low-income men (Heer & Winham, 2020) appeared to be less knowledgeable of 

these health areas in relation to beans. Addressing awareness and knowledge gaps about beans 

and nutrition and health could be another mechanism that could contribute to dietary strategies to 

increase bean consumption. Since the nutritional and health attributes of beans have been 

identified as motivating factors to bean consumption previously and in Study #1 of the current 

research, dietary strategies aimed at increasing knowledge and awareness of beans among the 

general public could motivate those unaware of these beneficial bean attributes to consume beans 

and consume them more often.   

Study #3 demonstrated that 1 cup but not ½ cup of beans significantly decreased total 

cholesterol and LDL cholesterol compared to the white rice control. The significant decrease in 

total cholesterol and LDL cholesterol are, at least in part, consistent with some (Anderson et al., 

1984; Anderson et al., 1990; Finley et al., 2007; Shutler et al., 1989; Winham & Hutchins, 2007; 

Winham et al., 2007) but not all (Cobiac et al., 1990; Mackay & Ball, 1992) previous bean 

intervention studies. However, direct comparison among studies is compromised by differences 

in core study parameters such as daily amount of beans, bean varieties used and duration of the 

bean intervention. Results from this research support a practical and feasible role for beans in 

CVD risk reduction and contributes high-quality research that can be relied on for the evidence-

based promotion of the health benefits of beans to increase bean consumption. 

Taken together, the work of this thesis advances the literature on multiple different, but 

related, topics and addressed important research gaps. This research can contribute to different 

mechanisms that can be used in dietary strategies to increase bean consumption thereby 

contributing to healthy aging through reducing CVD risk and improving overall health in North 

Americans.  

6.4 Future Directions  

Despite the recent increase in studies exploring bean consumption habits and factors 

related to bean consumption at the national population level and in specific segments of the 

population, ongoing efforts to remain up to date on this evidence is needed. National-level 

research data can provide an overall snapshot of bean consumption habits and can be reasonably 
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accessed through existing nation-wide survey data. However, research within various population 

groups is important to better understand specific consumption habits especially in nutritionally 

vulnerable populations that could benefit from more frequent bean consumption. Future 

exploration of the prevalence and frequency of bean consumption in population groups most 

vulnerable to nutritional shortcomings could provide valuable insight into the specific 

demographics as well as how (i.e., recipes, meals) and when (i.e., timing throughout the day) 

individuals are currently consuming beans. This data could be useful to understand where 

resources could be focused to increase bean consumption. Lastly, given the more recent increase 

in societal interest and public health focus on plant-based proteins including updates to dietary 

guidelines in Canada and the United States, it will be interesting to see how these factors may 

affect bean consumption habits in the coming years.  

Further examination into the motivators and barriers to bean consumption is also important 

as it could contribute to tailored approaches to increasing consumption in various population 

segments such as those a nutritional risk. In particular, further identification of barriers to bean 

consumption is an important area of opportunity where efforts could be placed to target and 

overcome. A mixed methods approach to data collection could enable more detailed and 

comprehensive data collection on these identified barriers and potentially provide insight on how 

these could be overcome by those who have identified them.  

Further exploration of the awareness and knowledge of the nutritional and health attributes 

of beans is also needed. Related to this, studies exploring strategies that could be effective for 

disseminating nutrition information could inform best practices for public dissemination of 

research knowledge.  Moreover, further examination into the relationship between nutritional 

awareness and knowledge and consumption of nutritious and health-promoting foods could help 

to better understand the utility of public health nutritional education programs and clarify where 

public health efforts are best focused. 

The relationship between bean consumption and circulating cholesterol profile has been 

examined in several studies that have demonstrated the cholesterol-related beneficial effects of 

consuming beans. While multiple different bean constituents and corresponding mechanisms 

have been proposed to contribute to these beneficial effects, the exact responsible mechanisms 
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are not fully understood and warrant continued attention. Additionally, the proportion of their 

contribution remains unclear but could provide insight into the potential benefits of specific bean 

fractions that could be used in the development of innovative food products.  

Study #3 examined multiple bean varieties while previous research has focused on a single 

variety or a combination of two bean varieties. Results demonstrated that the multiple bean 

varieties examined herein significantly improved total cholesterol and LDL cholesterol; 

however, additional studies examining a combination of multiple bean varieties are needed to 

verify these results. In addition, studies of longer duration using multiple bean varieties in a ½ 

cup daily amount would improve the understanding of how ½ cup of beans also play a role in 

CVD risk. Finally, one overall important methodological factor of the scientific process related 

to bean intervention studies, which became clear throughout this research, is the importance of 

reporting both the weight and cup measures of the bean treatment to facilitate interpretation and 

comparison of results. As such, future studies are encouraged to explicitly report the weight and 

cup measures of the bean treatment and the methods of the weight measure including whether 

the beans were rinsed and/or drained prior to measuring.  

Overall, the past several decades has seen an increase in bean research activity, but further 

study of these topics is warranted for ongoing monitoring of bean consumption habits, generation 

of evidence to contribute to dietary strategies to increase bean consumption and an overall better 

understanding of the various topics related to beans and bean consumption.  

6.5 Concluding Remarks 

Beans are a nutrient-dense food that can improve nutrient intake, reduce CVD risk and 

therefore, contribute to healthy aging. In addition, they are a cost-effective, versatile food that 

can be used in a variety of dishes and as a result, are well poised to benefit the nutrition and 

health of North Americans. The work in this thesis provides valuable insight into bean 

consumption habits of older adults, factors related to bean consumption in older adult bean 

consumers and non-consumers and provides further, high-quality evidence of the health benefits 

of consuming beans. Collectively, these studies can be used to inform and support the 
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development of dietary strategies to increase bean consumption which could subsequently 

improve the overall health of North Americans. 
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Appendix B: Study Consent Form for Phase 1: Questionnaire for Study #1 and Study #2 

Exploration of bean consumption in older adults 

Questionnaire Study Consent Form 

INTRODUCTION 

You are invited to take part in a research project to study bean consumption in older adults. This 
study is directed by Professor Alison Duncan from the Department of Human Health and 
Nutritional Sciences at the University of Guelph. The results of this research study will contribute 
to the thesis of University of Guelph Ph.D. student Katarina Doma and to the research activities of 
HHNS M.Sc. and B.Sc. students at the University of Guelph. This project is funded by the Ontario 
Ministry of Agriculture, Food and Rural Affairs (OMAFRA) – University of Guelph partnership and 
has been approved by the University of Guelph Research Ethics Board (REB16JL028).  

RESEARCHER CONTACT INFORMATION 

If you have any questions or concerns, please don’t hesitate to contact: 

Alison Duncan, Ph.D., R.D. 
University of Guelph Study Director 
Professor, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: amduncan@uoguelph.ca, Phone: 519-824-4120 x53416 
 
Katarina Doma, M.Sc. 
University of Guelph Study Coordinator  
Ph.D. Student, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: kdoma@uoguelph.ca, Phone: 519-824-4120 x58081 
 
Victoria Soucier, B.Sc. 
University of Guelph Study Coordinator  
M.Sc. Student, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: vsoucier@mail.uoguelph.ca, Phone: 519-824-4120 x58081 
 
Erin Leith, B.Sc. 
University of Guelph Study Coordinator  
M.Sc. Student, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: eleithba@uoguelph.ca, Phone: 519-824-4120 x58081 
 
PURPOSE AND DESCRIPTION OF RESEARCH 

Beans are well known for their excellent nutrient profile. They are high in dietary fibre, resistant 
starch, and several micronutrients while remaining low in fat content and having a low glycemic 
index. In fact, beans are included as part of Canada’s Food Guide. Studies have shown that bean 
consumption can improve nutrient intake and thus, improve diet quality. Additionally, higher 
quality diets are linked to reduced risk of several chronic diseases in older adults. This is relevant 
to the older adult population as they are currently at nutritional risk and could benefit from 
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increased bean consumption.  

The goal of this research project is to explore bean consumption in older adults. Therefore, 
individuals aged 65 years or older, who speak English and are currently living in a community 
setting, will be able to participate. We are interested in hearing from people who consume beans, 
as well as those who do not. Thus, you do not need to consume beans to participate in this study. 
This questionnaire will ask questions related to bean consumption, factors related to bean 
consumption, awareness of beans and their nutrient profile, awareness of beans in relation to 
health promotion and disease prevention, health claims, information sources, food skills, and 
finally, demographics. The data collected from this study can contribute to new dietary strategies 
to improve health in the older adult population and promote Ontario agriculture.  

STUDY PROCEDURES 

If you volunteer to participate in this study, we would ask you to complete a questionnaire 
administered by a study researcher.  This will take place at the Human Nutraceutical Research 
Unit at the University of Guelph or at a retirement villages or a community centre. You are asked 
to answer each question as honestly as you can and to the best of your ability and knowledge. It is 
expected that the questionnaire will take approximately 90 minutes to complete, including 
breaks. If at anytime during the questionnaire process you have any questions, please feel free to 
ask the researcher. If you are interested, a summary of the research results can be emailed or 
mailed to you. Please note that we will retain your contact information in case we need to contact 
you to clarify any of your answers. We will keep this information on a ‘Confidential Participant 
List’, which will be stored separately from your questionnaire data in a locked filing cabinet 
within the locked office of Study Director Alison Duncan. Once all data has been entered and 
interpreted, and results have been sent to all participants the Confidential Participant List will be 
destroyed. 

STUDY RESULTS AND PUBLICATION 

Results from this study may be published and presented at scientific conferences. Knowledge 
dissemination events with researchers, dietitians and chefs to share results and educate older 
adults about bean preparation skills will also take place. However, results will always be 
presented as group data and with no ability to link data back to an individual (i.e. data will always 
remain confidential). Your decision to be a participant in this study is voluntary and you are free 
to withdraw yourself and/or your data from the study at any time. Following completion of the 
study analyses, a summary of the results will be sent to you using your preferred method (mail or 
email). 

POTENTIAL RISKS AND DISCOMFORTS 

There are no known risks or discomforts associated with this research. 

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 

Your involvement in this study will contribute to information that can help you increase variety 
and add creativity to your meals by integrating nutrient rich local Ontario foods. This knowledge 
will also help to inform public health nutrition program development and counseling for 
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improved understanding and increased consumption of beans. In addition, dissemination events 
will take place, which will benefit the agri-food sector. 

PAYMENT FOR PARTICIPATION 

If you consent to take part in this study, you will receive a cookbook in appreciation ($25 value). 

COSTS FOR PARTICIPATION 

Participants will need to pay for metered parking if they complete their questionnaire or focus 
group at the University of Guelph during business hours. 

CONFIDENTIALITY 

Every effort will be made to ensure confidentiality of any identifying information that is obtained 
in connection with this study. All participants will be assigned a number and your name will 
never be used in communicating results of the study. Records will be kept on a password-
protected computer and/or in a locked file cabinet in a locked office. Completed questionnaires 
will be kept in a filing cabinet in the locked lab of Alison Duncan. Only the faculty advisor and 
graduate students will have access to these documents. In following these guidelines, participant 
confidentiality will be maintained to the best of our ability. Results from the study may be 
published but will be presented as group data. Your name will not be listed in any publication or 
presentation, nor will individual results be reported. All data will be kept for 25 years, in 
accordance with the guidelines set by Health Canada. 

If requested, direct access to your research records for this study will be granted to study 
monitors, auditors, the University of Guelph Research Ethics Board, and regulatory authorities 
for the verification of study procedures and/or data.  Your confidentiality as a study participant 
will not be violated during this process, to the extent permitted by applicable laws and 
regulations.  By signing this written informed consent form you are agreeing to authorize such 
access. 

PARTICIPATION AND WITHDRAWAL 

You can choose whether to be in this study or not.  If you volunteer to be in this study, you may 
withdraw at any time without consequences of any kind. You may also refuse to answer any 
questions you don’t want to answer and still remain in the study.  The investigator may 
withdraw you from this research if it is necessary to do so.  The researchers may withdraw you if 
participation is no longer in your best interest, or if you fail to follow the directions of the study. 
If you decide to participate, you agree to cooperate fully with study procedures.  We will tell you 
about new information that may affect your health, welfare, or willingness to stay in this study. 
You will be given a copy of this consent form to keep. If within the next 30 days you realize you 
no longer feel comfortable with us using your data, please contact us and we will remove your 
data from the study. 

RIGHTS OF RESEARCH PARTICIPANTS 

You may withdraw your consent at any time and discontinue participation without 
penalty. You do not waive any legal rights by agreeing to take part in this study. This 
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project has been reviewed by the Research Ethics Board for compliance with federal 
guidelines for research involving human participants. If you have questions regarding 
your rights as a research participant, contact:  

Director, Research Ethics        Telephone: (519) 824-4120, ext. 56606 
University of Guelph          E-mail: sauld@uoguelph.ca  
437 University Centre      Fax: (519) 821-5236  
Guelph, ON   N1G 2W1 
 

SIGNATURE OF RESEARCH PARTICIPANT 

I have read the information provided for the study “Exploration of bean consumption in older 
adults” as described herein.  My questions have been answered to my satisfaction, and I agree to 
participate in this study.  I have been given a copy of this form. 

 

NAME OF PARTICIPANT            SIGNATURE OF PARTICIPANT                  DATE  

 

__________________________________________________________________________________________________________ 

NAME OF WITNESS                      SIGNATURE OF WITNESS                            DATE 
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Appendix C: Study Consent Form for Phase 2: Focus Groups for Study #1 and Study #2 

Exploration of bean consumption in older adults 

Focus Group Study Consent Form 

INTRODUCTION 

You are invited to take part in a research project to study bean consumption in older adults. This 
study is directed by Professor Alison Duncan from the department of Human Health and 
Nutritional Sciences at the University of Guelph. The results of this research study will contribute 
to the thesis of University of Guelph Ph.D. student Katarina Doma and to the research activities of 
HHNS M.Sc. and B.Sc. students at the University of Guelph. This project is funded by the Ontario 
Ministry of Agriculture, Food and Rural Affairs (OMAFRA) – University of Guelph partnership and 
has been approved by the University of Guelph Research Ethics Board (REB16JL028).  

RESEARCHER CONTACT INFORMATION 

If you have any questions or concerns, please don’t hesitate to contact: 

Alison Duncan, Ph.D., R.D. 
University of Guelph Study Director 
Professor, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: amduncan@uoguelph.ca, Phone: 519-824-4120 x53416 
 
Katarina Doma, M.Sc. 
University of Guelph Study Coordinator  
Ph.D. Student, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: kdoma@uoguelph.ca, Phone: 519-824-4120 x58081 
 
Emily Farrell, B.Sc. 
University of Guelph Study Coordinator  
M.Sc. Student, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: efarre01@uoguelph.ca, Phone: 519-824-4120 x58081 
 
Victoria Soucier, B.Sc. 
University of Guelph Study Coordinator  
M.Sc. Student, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: vsoucier@mail.uoguelph.ca, Phone: 519-824-4120 x58081 
 
Erin Leith, B.Sc. 
University of Guelph Study Coordinator  
M.Sc. Student, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Email: eleithba@uoguelph.ca, Phone: 519-824-4120 x58081 
 

PURPOSE AND DESCRIPTION OF RESEARCH 
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Beans are well known for their excellent nutrient profile. They are high in dietary fibre, resistant 
starch, and several micronutrients while remaining low in fat content and having a low glycemic 
index. In fact, beans are included as part of Canada’s Food Guide. Studies have shown that bean 
consumption can improve nutrient intake and thus, improve diet quality. Additionally, higher 
quality diets are linked to reduced risk of several chronic diseases in older adults. This is relevant 
to the older adult population as they are currently at nutritional risk and could benefit from 
increased bean consumption.  

The goal of this research project is to explore bean consumption in older adults. Therefore, 
individuals aged 65 years or older, who speak English and are currently living in a community 
setting, will be able to participate. This questionnaire will ask questions related to bean 
consumption, factors related to bean consumption, knowledge and awareness of beans and their 
nutrient profile, beans in relation to health promotion and disease prevention, health claims, 
information sources, food skills, and finally, demographics. The data collected from this study can 
contribute to new dietary strategies to improve health in the older adult population and promote 
Ontario agriculture.  

STUDY PROCEDURES 

If you volunteer to participate in this study, we would ask you to participate in a focus group 
discussion related to beans which will be facilitated by a study coordinator and will include 3 or 4 
other older adults. This will last 60-90 minutes. If you are interested, a summary of the research 
results can be emailed or mailed to you. Please note that we will be recording this focus group 
session and transcribing the data.  All data will be presented in themes and not connected to any 
person.  We will retain your contact information in a ‘Confidential Participant List’, which will be 
stored separately from your focus group data in a locked filing cabinet within the locked office of 
Study Director Alison Duncan. Once all data has been entered and interpreted, and results have 
been sent to all participants the Confidential Participant List will be destroyed. 

STUDY RESULTS AND PUBLICATION 

Results from this study may be published and presented at scientific conferences. Knowledge 
dissemination events with researchers, dietitians and chefs to share results and educate older 
adults about bean preparation skills will also take place. However, results will always be 
presented as group data and with no ability to link data back to an individual (i.e. data will always 
remain confidential). Your decision to be a participant in this study is voluntary and you are free 
to withdraw yourself from this study at anytime. However, since your data will be recorded as a 
group we will not be able to remove individual data once it has been recorded. There is a 
possibility of quotes being used verbatim from the focus groups, however, no names will be used 
with these quotes Following completion of the study analyses, a summary of the aggregate 
results from the focus groups will be sent to you. 

POTENTIAL RISKS AND DISCOMFORTS 

There are no known risks or discomforts associated with this research. 

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
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Your involvement in this study will contribute to information that can help you increase variety 
and add creativity to your meals by integrating nutrient rich local Ontario foods. This knowledge 
will also help to inform public health nutrition program development and counseling for 
improved understanding and increased consumption of beans. In addition, dissemination events 
will take place, which will benefit the agri-food sector. 

PAYMENT FOR PARTICIPATION 

If you consent to take part in this study, you will receive two cookbooks in appreciation ($25 
value). 

COSTS FOR PARTICIPATION 

Participants will need to pay for metered parking if they complete their questionnaire or focus 
group at the University of Guelph during business hours. 

CONFIDENTIALITY 

Every effort will be made to ensure confidentiality of any identifying information that is obtained 
in connection with this study. All participants will be assigned a number and your name will 
never be used in communicating results of the study. Discussions from the focus groups will be 
digitally recorded and transcribed verbatim without the use of any names. Only study 
coordinators and investigators will have access to the recordings. Records will be kept on a 
password-protected computer and/or in a locked file cabinet in a locked office. In following these 
guidelines, participant confidentiality will be maintained to the best of our ability. Results from 
the study may be published but will be presented as group data. Your name will not be listed in 
any publication or presentation, nor will individual results be reported. Once the results have 
been published all audio/video recordings will be destroyed. All data will be kept for 25 years, in 
accordance with the guidelines set by Health Canada. 

Please note that confidentiality cannot be guaranteed since you will be discussing your thoughts 
in front of others, so they will be aware of your participation and thoughts.  In order to maintain 
confidentiality as best we can, we ask that you not discuss the conversations of this focus group 
outside this focus group. 

If requested, direct access to your research records for this study will be granted to study 
monitors, auditors, the University of Guelph Research Ethics Board, and regulatory authorities 
for the verification of study procedures and/or data.  Your confidentiality as a study participant 
will not be violated during this process, to the extent permitted by applicable laws and 
regulations.  By signing this written informed consent form you are agreeing to authorize such 
access. 

PARTICIPATION AND WITHDRAWAL 

You can choose whether to be in this study or not.  If you volunteer to be in this study, you may 
withdraw at any time without consequences of any kind. However, you cannot withdraw your 
contribution to a focus group recording once it has been recorded. You may refuse to answer 
any questions you don’t want to answer and still remain in the study. The investigator may 
withdraw you from this research if it is necessary to do so.  The researchers may withdraw you if 
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participation is no longer in your best interest, or if you fail to follow the directions of the study. 
If you decide to participate, you agree to cooperate fully with study procedures.  We will tell you 
about new information that may affect your health, welfare, or willingness to stay in this study. 
You will be given a copy of this consent form to keep. 

RIGHTS OF RESEARCH PARTICIPANTS 

You may withdraw your consent at any time and discontinue participation without 
penalty. You do not waive any legal rights by agreeing to take part in this study. This 
project has been reviewed by the Research Ethics Board for compliance with federal 
guidelines for research involving human participants. If you have questions regarding 
your rights as a research participant, contact:  

Director, Research Ethics        Telephone: (519) 824-4120, ext. 56606 
University of Guelph          E-mail: sauld@uoguelph.ca  
437 University Centre      Fax: (519) 821-5236  
Guelph, ON   N1G 2W1 
 
SIGNATURE OF RESEARCH PARTICIPANT 

I have read the information provided for the study “Exploration of bean consumption in older 
adults” as described herein.  My questions have been answered to my satisfaction, and I agree to 
participate in this study.  I have been given a copy of this form. 

_________________________________________________________________________________________________________ 

NAME OF PARTICIPANT            SIGNATURE OF PARTICIPANT                  DATE  

_________________________________________________________________________________________________________ 

NAME OF WITNESS                      SIGNATURE OF WITNESS                            DATE 
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Appendix D: Participant Eligibility and Data Collection Flowsheet for Study #1 and Study #2 

BQ; REB16JL028  Participant ID: _________________ 

Exploration of bean consumption in older adults 

Participant Screening and Data Collection Flowsheet 

1. Establish eligibility. Researcher: ___________ Date and time: _____________ 
 

 YES, this individual 
meets this criteria 

NO, this individual does 
not meet this criteria 

Age (≥65 years)   
Community-dwelling   

English speaking   

How did you hear about this study? ________________________________ 

2. Assign participant ID. 
• Once eligibility has been established, assign participant ID and record on this flowsheet, 

the study questionnaire. 
• Start a file folder with this flowsheet, the questionnaire and two copies of the study 

consent form. 
 

3. Book study appointment. 
• Study Appointment: _________________________________ 
• Ask participant to bring in list of prescription medications, over the counter medications 

and any dietary supplements / natural health products they are currently taking. 
• Record study apt. in email account calendar as: “BQ-PartID-Researcher”.  

 
4. Obtain study consent. Researcher: _________________ Date and time: ______________________ 

• Review study consent form with participant and have them sign two copies. 
• Give them a copy and keep a copy. 

5. Record partID, address, email for study feedback on TCPL and transfer to CPL ASAP. 

6. Complete study questionnaire.  

7. Provide study gift (could occur during questionnaire at BREAK 1). 

8. Enter study questionnaire data into excel file. 

NOTES (notes about how questionnaire went, potential questions for focus groups, etc): 
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Appendix E: Study Recruitment Poster for Study #1 and Study #2 
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This	study	involves	a	detailed	
questionnaire	that	explores	topics	

related	to	food	habits	(90	minutes)	
	

Those	who	complete	the	questionnaire	will	receive	a	
complimentary	cookbook	($25	value).	

	
This	study	is	from	the	Department	of	Human	Health	and	Nutritional	Sciences,	

University	of	Guelph	and	been	approved	by	University	of	Guelph	Human	
Research	Ethics	Board	(REB16JL028).	

	

If	you	are	interested,	please	contact		

foodsurv@uoguelph.ca	or		
519-824-4120	x58081	

Thank	you	J		
	
	
	
	
	

	

Older	Adults	(over	65	years)	
needed	for	a	Food	Survey	Study	
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Appendix F: Study Questionnaire for Study #1 and Study #2 

Exploration of Bean Consumption in Older Adults* 

The purpose of this questionnaire is to explore your consumption of beans.  All of the questions 
are meant to apply to a typical day or week in your life.  

Beans can be bought in cans or dried in a bag and are considered a type of legume and are also 
considered a type of pulse.  

Please note that beans do not include fresh green beans, soybeans or chickpeas (garbanzo 
beans).  

*The questionnaire sections included herein pertain to Study #1 and Study #2. There are other 
sections from the larger questionnaire that are not related to this research. 
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Section 1: Bean Consumption 

The purpose of this section is to explore your bean consumption. This section will allow us to better 
understand bean consumption patterns by asking questions related to: do; what; when and how.  

1. Do you currently consume beans? If so, how frequently?          
a. Daily 

b. Weekly 

c. Monthly 

d. Never 

 

2. When would you most likely consume beans? 

a. Breakfast 

b. Lunch 

c. Dinner 

d. Snack 

 

3. Please complete this table for each of these bean types. Select all that apply.  
Bean Type Bean Image Are you AWARE  

of this bean?  
YES or NO 

Have you ever 
CONSUMED this bean?  

YES or NO 
Adzuki 

 

  

Black  
(Black Turtle, 

Preto) 

 

  

Cranberry 
(Romano, 

Speckled Sugar) 

 

  

Fava Bean 
(Faba, Broad, 

Field) 

 

  

Great Northern 
(Large White) 
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Bean Type Bean Image Are you AWARE  
of this bean?  

YES or NO 

Have you ever 
CONSUMED this bean?  

YES or NO 
Kidney -  

Dark Red 

 

  

Kidney –  
Light Red 

 

  

Kidney-  
White  

(Alubia) 

 

 
 

 

Navy  
(White Pea, 

Alubias Chica) 

 

  

Pinto 

 

  

Small Red 

 

  

Other? 
(Please specify): 

 
 
 

   

 

4. If you were to add more beans to your diet, when would you most likely consider 

consuming them? 

a. Breakfast 

b. Lunch 

c. Dinner 

d. Snack 
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5. Is there one of the seasons that you would be more likely to consume beans? 

a. Winter 

b. Spring 

c. Summer 

d. Fall 

e. No difference between seasons  

 

6. Do you consume beans as a side dish (e.g. baked beans)?          YES    NO 
 

7. Do you consume beans within a recipe as a mixed dish (e.g. tacos, salad, chili)?    YES NO 
 

8. Do you consume beans from a can?       YES    NO 
i. If so, do you rinse them before consuming them?        YES    NO    N/A 

ii. Some canned beans are available in low sodium or no salt.                                  

Do you or would you buy them if they are available?      YES    NO 

 

9. Do you consume beans that are bought dried in a bag that have to be soaked  

before cooking?           YES NO 

 

10. What is your favourite way to consume beans (e.g. favourite recipe, right from the can)?  
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Section 2: Factors Related to Bean Consumption in Older Adults 

The purpose of this section is to explore the factors that may serve as motivators and barriers to 
your bean consumption.  

11. Do you think any of the following factors would be a MOTIVATOR for you to consume 
beans?  

Factor 

YES, this factor  
DOES act as a  

MOTIVATOR for me 
to consume beans 

NO, this factor  
DOES NOT act as a 

MOTIVATOR for me 
to consume beans 

Agriculture sustainability 
(“I know that beans are a sustainable food 

source”) 

  

Cost / Price 
(“Beans are inexpensive”) 

  

Culture 
 “Beans are a traditional part of my diet / I 

grew up eating beans”) 

  

Matches my dietary preferences 
(“I am vegetarian / vegan / gluten free”) 

  

Health benefits 
(“I am aware of the health benefits that 

beans provide”) 

  

Made / grown in Canada 
(“I like to support Canadian agriculture / 

knowing these beans are grown and 
packaged in Canada is appealing to me as a 

consumer”) 

  

Nutritional value 
(“I am aware that beans are nutrient dense”) 

  

Taste and / or texture 
(“I like the taste and / or texture of beans”) 

  

Versatility 
(“I am able to use beans in a variety of 

recipes / meals”) 

  

Other? (Please specify): 
 
 

 
 

 

Other? (Please specify): 
 
 

  

Other? (Please specify): 
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12. Do you think any of the following factors would be a BARRIER for you to consume 
beans?  

Factor 

YES, this factor  
DOES act as a 

 BARRIER for me to  
consume beans 

NO, this factor 
DOES NOT act as a 
BARRIER for me to 

consume beans 
Dislike beans 

(“I do not like beans”) 
  

Do not think to include beans in meals 
/ not part of traditional diet 

“When planning and preparing meals I do 
not think to include beans”) 

  

Flatulence or abdominal discomfort 
(“Beans make me feel gassy”) 

  

Not willing to try new foods 
(“I have never tried beans and I am not 

interested in trying them”) 

  

People you eat with do not like beans 
(“My family and / or friends do not like 

beans”) 

  

Preparation / cooking beans 
(“I do not know how to include beans into 

a meal”) 

  

Taste and / or texture 
(“I do not like the taste and / or texture of 

beans”) 

  

Trouble using a can opener to open 
canned beans 

(“I am not able or find it difficult to use a 
can opener to open canned beans”) 

  

Other? (Please specify): 
 
 

 
 

 

Other? (Please specify): 
 
 

  

Other? (Please specify): 
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Section 3: Awareness of Beans and Their Nutrient Profile 

The purpose of this section is to explore your awareness about beans in relation to their nutrient content.  

13. Do you consider beans to be a healthy food?          YES NO 
 

14. According to Health Canada, one serving of a food providing 5% or less of the Daily Value of a nutrient is considered LOW in 
that nutrient (“a little”), and one serving of a food providing 15% or more of the Daily Value of a nutrient is considered HIGH in 
that nutrient (“a lot”).  

Do you think one serving of canned navy beans (¾ cup (175 mL)) is a LOW, MEDIUM or HIGH source of each of the following 
nutrients?  

 

Nutrient 
LOW 

(≤5% of Daily Value) 
MEDIUM 

(5.1–14.9% of Daily Value) 
HIGH  

(≥15% of Daily Value) 
Do not know 

Carbohydrates     

Sugar     

Fat- total     

Fat- saturated + 
trans 

    

Cholesterol     

Dietary Fibre     

Calcium     

Copper     

Folate     
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Iron     

Magnesium     

 

Nutrient 
LOW 

(≤5% of Daily Value) 
MEDIUM 

(5.1–14.9% of Daily Value) 
HIGH 

(≥15% of Daily Value) 
Do not know 

Niacin      

Phosphorus     

Potassium     

Riboflavin      

Sodium     

Thiamin      

Vitamin B6     

Zinc     
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15. Canada’s Food Guide provides guidance for a healthy diet.  
a. Are you aware that beans are a part of Canada’s Food Guide?           YES    NO 
b. Canada’s Food Guide has 4 food groups.  Which of the food groups do you think beans are included in?  

Choose all that apply.  

i. Vegetables and Fruit 

ii. Grain Products 

iii. Milk and Alternatives 

iv. Meat and Alternatives 

 

c. What do you think Health Canada recognizes as one serving of beans?  

i. ¼ cup 

ii. ½ cup 

iii. ¾ cup 

iv. 1 cup  

 

16. The glycemic index (GI) of foods relates to the levels of sugar in the blood after eating that food. Foods with a low glycemic 
index (GI) raise blood sugar levels slowly after consumption, while foods with a high glycemic index (GI) raise blood sugars 
more rapidly. Therefore, foods with a high glycemic index (GI) are considered less healthy than foods with a low glycemic 
index (GI). Foods can be classified as low, medium or high glycemic index (GI) foods. What level of glycemic index (GI) do you 
think beans have? 

a. Low 

b. Medium  

c. High 

 

17. As you may be aware, beans come in many different varieties and are sold in different forms.  
a. Do you think the nutritional composition varies between type of bean?       YES NO 
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b. Do you think the nutritional composition varies between the canned and dried forms of beans?  YES NO 
i. If YES, which one do you think is more nutritious? (Please circle) 

Canned beans   Dried beans     N/A 

c. Do you think the nutritional composition varies between rinsed and unrinsed canned beans?   YES NO 
i. If YES, which one do you think is more nutritious? (Please circle) 

Rinsed beans from a can  Unrinsed beans from a can   N/A 

 

 

***BREAK*** 
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Section 4: Awareness of Beans in Relation to Health Promotion and Disease 
Prevention 

The purpose of this section is to explore your awareness of beans in relation to their potential 
effects on health.   

18. Do you think consuming beans can improve your health?    YES     NO 
 

19. What are the top three health areas you think bean consumption could improve? 
1. _____________________________________________ 

2. _____________________________________________ 

3. _____________________________________________ 

20. Do you think consuming beans can improve any of the following areas of health? 
Health area YES, consuming beans  

CAN IMPROVE  
this area of health 

NO, consuming beans 
CANNOT IMPROVE  
this area of health 

Arthritis   

Body weight management   

Bone health   

Cancer   

Constipation   

Diabetes   

Eye health   

Heart disease   

Immune function   

Mental health    

       Other? (Please specify): 
 

 
 

 

       Other? (Please specify): 
 

  

       Other? (Please specify): 
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Section 8: Medical Information 

The purpose of this section is to gather medical information to be able to relate it to bean 
consumption. 

Note that ALL information, including this medical information, will be kept confidential and 
will only be presented in GROUP format, never individually. If there are any questions you 
would prefer to not answer, it is OK to not answer them. 

50. How interested are you in your overall health? 

a. Not interested 

b. Somewhat interested  

c. Very interested 

 

52.a. Are there specific health areas that you are interested in?   YES NO 

b.   If YES, what are these health areas? 

 _________________________________________________________________________________________

 _________________________________________________________________________________________ 

53.a. Are you currently taking any prescription medications?   YES NO 

 b.   If YES, please complete the following table: 

54.a. Are you currently taking any over-the-counter medications?    YES NO 

Medication  Notes 

  

  

  

  

  

  

 

Total number of prescription medications: 
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b. If YES, please complete the following table: 

Medication  
Notes 

  

  

  

  

  

  

 

Total number of over-the-counter medications: 
 

 
55.a. Are you currently taking any Natural Health Products / Dietary Supplements?  

Natural Health Products / Dietary Supplements include vitamins and minerals  
(e.g. calcium tablets, vitamin B12 tablets), herbal remedies, homeopathic  
medicines, traditional medicines, probiotics, etc.     YES NO 

b.   If YES, please complete the following table: 

Natural Health Product /  
Dietary Supplement 

Notes 

  

  

  

  

  

  

Total number of Natural Health Products / Dietary Supplements: 

 
56.a. Have you been diagnosed with any health conditions?   YES NO 



BQ; REB16JL028  Participant ID: _________________ 

 

 

160 

 b.   If YES, please circle all that apply from the following table:  

Health 
Area 

Specific Condition / Disease / Disorder 
Within Health Area 

(Please circle any that you have been diagnosed with) 

# per 
Health 
Area 

 

Autoimmune  
 

Gout                       Lupus              Multiple Sclerosis              
 Osteoarthritis        Rheumatoid Arthritis      Other: 

__________________ 

  

 

Bone  
 

 

Osteoporosis 
 

Other: __________________ 
 

 

Cancer 
 

 

 
__________________ 

 

 
         ___________________  

 

 

Eye  
 

 

Cataracts 
Macular Degeneration 

 

Other: __________________   

 

 

Heart  
 

 

Angina          
Arrhythmia                     

Coronary Artery Disease  
Coronary Heart Disease          

Heart Attack          
Other: __________________ 

 

High Blood Cholesterol 
High Blood Pressure 

High Blood Triglycerides 
Stroke 

Transient Ischemic Attack 
 

 

 

Diabetes 
 

 

Type 1 Diabetes  
 

 

Type 2 Diabetes  

 

 

Gastro-
intestinal  

 

 

Celiac Disease  
Crohn’s Disease  

Diverticulitis 

 

Irritable Bowl Syndrome 
Ulcerative Colitis 

Other: __________________ 

 

 

Mental 
Health  

 

 

Anxiety 
Bipolar Disorder 

Dementia 

 

Depression 
Schizophrenia 

Other: __________________ 

 

 

Neurological  
 

 

Parkinson’s Disease 
 

Other: __________________  

 

Thyroid  
 

 

Hyperthyroidism 
 

Hypothyroidism  

 

Other?  
(Please Specify) 

   

 

Total Number of Diagnosed Health Conditions: 
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Section 9: Lifestyle Information 

The purpose of this section is to gather lifestyle information to be able to relate it to bean 
consumption. 

Note that ALL information, including this lifestyle information, will be kept confidential and 
will only be presented in GROUP format, never individually. If there are any questions you 
would prefer to not answer, it is OK to not answer them. 

57. Do you think food can link to health?      YES NO 
 

58. Do you think agriculture can link to health?      YES NO 
 
59. How many people live in your household, including yourself?  

a. 1 

b. 2 

c. 3 

d. 4 

e. 5 or more 

 

60. How often do you eat your meals at a restaurant or as take out? 

a. Once per week 

b. More than once per week 

c. Once per month 

d. More than once per month 

e. Never 

 

61. Do you have any dietary preferences? 

a. No dietary preferences  

b. Vegetarian (i.e. no meat or fish) 

c. Vegan (i.e. no meat, fish, eggs or dairy) 

d. Other? (Please specify): __________________________________ 

 

62. How willing are you to try new foods or food products? 

a. Very unwilling 

b. Somewhat unwilling 

c. Neither willing nor unwilling 

d. Somewhat willing 

e. Very willing 

 

63. What is your smoking status? 
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a. Non-smoker 

b. Current smoker 

c. Former smoker 

 

64.a. Do you participate in physical activity?     YES NO 

b.   If YES, how often do you participate in physical activity? 

i. Once per week 

ii. More than once per week 

iii. Once per month 

iv. More than once per month 

v. Never 

 

c.   If YES, what type of physical activity do you do?  

_______________________________________________________________ 

_______________________________________________________________ 

Section 10: Demographics  

The purpose of this section is to gather demographic information to relate it to bean 
consumption.  

Note that ALL information, including this demographic information, will be kept confidential 
and will only be presented in GROUP format, never individually. If there are any questions 
you would prefer to not answer, it is OK to not answer them. 

65. What is your sex?  

a. Male 

b. Female 

c. Other 

 

66. What is your age? 

a. 65-70 

b. 71-75 

c. 76-80 

d. 81-85 

e. 86-90 

f. 91+ 
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77. What is your current marital status? 

a. Married / Common-law 

b. Divorced / Separated 

c. Widowed 

d. Single (never married) 

e. Other 

 

78.a. Were you born in Canada?       YES NO 
 

b. If NO, please specify what country you were born in: ______________________ 

 

79. Which of the following best describes your ethnicity?  

a. Aboriginal/First Nations/Metis    

b. White/European 

c. Black/African/Caribbean   

d. Southeast Asian (e.g. Chinese, Japanese, Korean, Cambodian, Filipino, 

etc.) 

e. Arab (Saudi Arabian, Palestinian, Iraqi, etc.)  

f. South Asian (East Indian, Sri Lankan, etc.)    

g. Latin American (Costa Rican, Guatemalan, Brazilian, Columbian, etc.) 

h. West Asian (Iranian, Afghani, etc.) 

i. Other? (Please Specify) _________________________________  

 

80. What is the highest level of education you have attained?  

a. Some high school 

b. High school graduate 

c. Some college or university 

d. College or university graduate 

e. Graduate / professional degree (e.g. M.Sc., Ph.D., M.D., L.L.B.) 

 

81. What is your current employment status? 

a. Employed 

b. Unemployed  

c. Retired 

 

82. What is your total annual household income? 

a. <$25,000 

b. $25,000 - $49,999.99 
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c. $50,000 - $74,999.99 

d. $75,000 - $99,999.99 

e. $100,000+ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thank you so much for your time in completing this questionnaire.  We really 

appreciate your participation and contribution to this research.
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Appendix G: Questionnaire Validity and Reliability Methods for Study #1 and Study #2 

 

The Bean Questionnaire Study: Validity and Reliability Methods 

 

The appropriate validity and reliability testing measures for this questionnaire were 

determined through a literature review that involved searching for the different types, definitions 

and methods to measure validity and reliability. For validity, content validity, including face 

validity, was used (Table 1) and for reliability, the test-retest method was used (Table 2). 

 Table 1 Validity measures assessed. 

Validity Measure Definition References 

Content Validity 
Refers to the content of the questions 

and how they are written. 

Parmenter and Wardle, 

2000 

Face Validity 

A component of content validity; 

refers to how valid the questions are 

on their surface. 

Rubio et al., 2003 

Table 2 Reliability measure assessed. 

Reliability Measure Definition References 

Test-retest Reliability 

Used to determine if the same results 

will be produced using the same 

questionnaire two or more times on the 

same individual. 

Kimberlin and 

Winterstein, 2008 

 

Validity Testing 

 A total of six experts were selected to complete content and face validity testing of the 

questionnaire. Each expert had attained a Bachelor of Science and had partial or full completion 

of a graduate degree in a nutrition-related field at the time of testing.  Experts were selected 

based on their knowledge of human nutrition and/or questionnaire development, as well as 

availability and willingness. Each expert was randomly assigned three sections of the 

questionnaire and provided with a hard copy package that consisted of a cover letter, instruction 

page and their assigned questionnaire sections (Appendix). In addition to the validity assessment, 

experts were also encouraged to indicate any other feedback directly on the questionnaire they 

were provided. 
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 Content validity testing included three major constructs: clarity, representativeness and 

overall comprehensiveness. Experts were asked to rate each question on a scale from one to four 

for content clarity, representativeness and overall comprehensiveness. Instructions for how to 

rate each question was provided to each expert and was supplemented with an example 

(Appendix). In addition to the clarity and representativeness, which was rated directly on the 

questionnaire, experts were also asked to assess face validity. A ‘yes’ or ‘no’ question regarding 

face validity was included at the end of each section, which experts were asked to answer while 

considering the whole section. While the validity testing was completed utilizing an expert panel, 

the reliability testing was completed using the pilot phase data.  

Table 3 Content validity constructs and face validity. 

Content Validity Construct Description Reference 

Clarity Refers to how clear each of the 

questions are written. 

Rubio et al., 2003 

Representativeness Refers to how representative the 

item is of the content domain. 

Rubio et al., 2003 

Overall Comprehensiveness Refers to how accurately the 

questionnaire measures bean 

consumption as well as how 

understandable it is for the target 

population (i.e. older adults). 

Rubio et al., 2003 

Face Validity A component of content validity; 

refers to how valid the questions 

are on their surface. 

Rubio et al., 2003 

Reliability Testing 

 Reliability was examined using the test-retest method during the pilot phase. The pilot 

phase consisted of administering the questionnaire to 20 pilot participants with 10 of these 

participants re-tested for questionnaire reliability. Potential participants were contacted and were 

provided with a brief overview of the study and its main objective which was followed by asking 

whether or not they would be willing to participate in this pilot study. Following their decision, 

the researcher determined the individuals’ eligibility and scheduled a meeting date. The 

researcher then went through the outline of the questionnaire and informed the participant they 

could ask questions and take breaks at any time throughout the questionnaire process. Upon 
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completion of the questionnaire, the pilot data was entered into a Microsoft Excel data document. 

For the participants that completed the test-retest process of the reliability testing, the researcher 

allowed two to 14 days to 3 months in between the test and retest appointments (Nunnally, 1978; 

Streiner and Norman, 2008). Once pilot data collection was completed, the data was analyzed.  

Data analysis 

 The Content Validity Index (CVI) and the Inter-Rater Agreement (IRA) were used to 

assess content representativeness and content clarity of each section of the questionnaire with the 

exception of the lifestyle, medical and demographic sections. Both the CVI and IRA were used 

to evaluate content representativeness while just the IRA was used to evaluate content clarity. 

The CVI was calculated for each question by tallying all expert ratings of three or four and 

dividing by the total number of experts which was then averaged to calculate the CVI for each 

section. The section CVIs were then averaged to calculate the CVI for all questionnaire sections 

evaluated which was reported in the manuscript. CVI scores of 0.8 or above are considered 

acceptable (Lynn, 1986; David, 1992). To calculate the IRA for each section, each question IRA 

was computed by tallying the number of experts that rated the question the same divided by the 

total number of experts which was followed by computing the average IRA for all questions to 

calculate the IRA of the section. Similar to the CVI, the IRAs of each section were averaged and 

used in the manuscript reporting. IRA scores of 0.7 or above are considered acceptable 

(Martuzza, 1997). Finally, overall comprehensiveness was computed by taking the average of all 

expert scores out of 4.  

The reliability of the questionnaire was evaluated using the pilot data collected. Once 

data collection was complete for the test-retest method each question was assigned a zero or one. 

A zero was used to indicate the same answer was provided by pilot participants at both test 

intervals while a one indicated a mismatch answer. The average mismatch per question was 

calculated in each section followed by calculating the average mismatch per section. Finally, the 

overall success rate (%) of all sections evaluated was averaged which was reported in the 

manuscript.   
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Appendix (this appendix is related to The Bean Questionnaire Study: Validity and 
Reliability Methods)  

Content and Face Validity Expert Assessment 

Dear <Name of Expert>,  

You have been identified as an expert for the content and face validity assessment of the 
questionnaire we have developed over the past 6-8 months to explore bean consumption in 
older adults.  The questionnaire development process involved consideration of the 
literature and connection to the research objectives aimed at exploring bean consumption in 
older adults.  This project is funded by the OMAFRA Food Research Program.   

You have been assigned 3 sections of the questionnaire for your assessment of content 
validity (consisting of clarity (C) and representativeness (R) and overall 
comprehensiveness) and face validity.   This table provides a quick summary of the 
assessment process. 

Validity Measure Assessment Process 

Clarity (C) Rate each question on the questionnaire itself according 
to a 4 point scale (see instructions on next page) 

Representativeness (R) Rate each question on the questionnaire itself according 
to a 4 point scale (see instructions on next page) 

Overall Comprehensiveness Rate entire sections by answering question on this page 
(see below) 

Face Validity (F) Rate each section by answering one question at end of 
each section on the questionnaire itself 

Thank you again for your time and expertise in this process. If you have any questions or 
concerns please contact Kati Doma (kdoma@uoguelph.ca) or Alison Duncan 
(amduncan@uoguelph.ca).   

************************************************************************************** 

Overall Comprehensiveness Assessment (complete after you have assessed C, R and 
F) 

Please provide your assessment for the overall comprehensiveness of the sections you 
reviewed by circling which rating you think is appropriate in the table below.  

Overall 
Comprehensiveness 

Rating 

Rating 
Description 

1 This questionnaire does not appear to measure bean 
consumption in an understandable way for older adults 

2 Major changes need to be made for this questionnaire to 
measure bean consumption in an understandable way for older 

adults 



 

 170 

3 Minor changes need to be made for this questionnaire to 
measure bean consumption in an understandable way for older 

adults 

4 This questionnaire does measure bean consumption in an 
understandable way for older adults 

Content Clarity, Content Representativeness and Face Validity Assessment Instructions 

Instructions on how to assess the content clarity and content representativeness of each question, 
and how to assess the face validity of each section you have been assigned are provided below. 
Content clarity refers to how clear each of the questions are written and representativeness refers to 
how representative the item is of the content domain. Finally, face validity assessment is used to 
determine whether each of the questions measure what it is purported to measure.  

• Please read each question carefully and rate the clarity and representativeness of each on a 4-
point scale beside the question directly on the questionnaire provided behind these instructions. 

• When rating each question we ask you to please write the letter ‘C’ for clarity, or the letter ‘R’ for 
representativeness in front of the number rating. An example has been provided below.  

• For any questions that include a table, only rate the clarity and representativeness of the 
question, not each row of the table. An example has been provided below.  

• If you have any comments you would like to provide please include them where you see fit 
throughout the questionnaire (i.e. where ever there is space on the questionnaire). 

• Lastly, we have included a question about face validity at the end of each section, which is 
outlined in a text box. Please answer this question directly on the questionnaire (i.e. circle ‘Yes’ 
or ‘No’ on the questionnaire).  

Clarity Ratings and Descriptions Representativeness Ratings and Descriptions 

C1 = item is not clear R1= item is not representative 

C2 = item needs major revisions to be clear R2 = item needs major revisions to be 
representative 

C3 = item needs minor revisions to be clear R3 = item needs minor revisions to be 
representative 

C4 = item is clear R4 = item is representative 

We have provided an example of how to rate each question. Notice that the rating of ‘C4’ and ‘R4’ for 
question 2 applies to the overall question above the table, not each row of the table (i.e. bean type): 
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Appendix H: Focus Group Details for Study #1 and Study #2 

The Bean Questionnaire Study Focus Group Description 

This document outlines The Bean Questionnaire Study’s focus groups methodologies including 

researcher roles and questions. 

Focus groups were conducted to enable depth to the data collection and were based on focus 

group best practices. Participants who completed the questionnaire phase of the study were 

invited to participate in the focus group phase. A total of 10 focus groups, each consisting of 4-6 

older adult participants were completed to ensure saturation. Research roles remained consistent 

across the focus groups to ensure consistency in the data collection (Table 1). Focus group 

questions were included to address the research objectives and were based on the Social 

Cognitive Theory (Table 2).  

Table 1 Summary of the researcher roles in each focus group. 

Role Description of Role 

Facilitator 
▪ Introduce team members and study purpose, administer consent 

forms, obtain digital-audio recording approval from participants. 

▪ Facilitate focus group by posing questions and probing further as 

needed, while concurrently moderating the discussion. 

Field note taker 
▪ Record qualitative data throughout the focus group session, noting 

actions and behaviours of participants as they speak.  These data 

will be used as a base document for transcription. 

Themes recorder 
▪ Identify main themes discussed throughout the focus group and 

reflect these themes back to the participants at the end of the focus 

group session for confirmation and/or any additions or 

clarifications.  These data will be used as a reference during 

thematic data analysis. 

Focus group attendant 
▪ Welcome participants and point them in the direction of the 

refreshments.  

▪ Provide participants with printed copies of each question as it is 

asked. 

▪ Provide participants with props throughout the focus group session. 

▪ Present each participant with compensation gift at the end of each 

session. 
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Table 2 Focus group questions and details. 

Focus Group Questions Purpose of the Question 
Social Cognitive 

Theory Construct 
Props 

When you hear the word “beans” 

what types of nutrients come to 

your mind? 

To explore the knowledge 

around nutrient content of 

beans 

Behaviour Capability Flip chart 

paper 

What are barriers to your bean 

consumption? 

To explore barriers to 

bean consumption 

Behaviour capability 

and self-efficacy 

Flip chart 

paper 
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Appendix I: Logistic Regression Analysis for Study #1 

Logistic Regression Analysis Methods – Factors Related to Bean Consumption 

This document outlines the steps taken to complete the logistic regression analysis for factors 

related to bean consumption. 

Logistic Regression Model 

In the logistic regression model (LRM) the natural log odds of the outcome (response variable) is 

modeled as a linear combination of the predictor variables. The data were collected from 250 

older adults, with measurements of bean consumption in older adults. Due to the dichotomous 

groupings of participants into bean consumers and bean non-consumers (i.e., binary response 

variable), the LRM is the most appropriate analysis to use in this instance.   

Response Variables for Logistic Regression Analysis 

For the logistic regression analysis for Study #1, only one response (independent) variable was 

identified. This response variable was ‘bean consumption’ (bean non-consumers/bean 

consumers; 0/1) as we wanted to determine if any potential predictors would increase/decrease 

the likelihood of bean consumption.   

Predictor Variables for Logistic Regression Analysis 

Several potential predictor variables were identified by the research team including medical, 

lifestyle and demographic variables and motivators and barriers. The tables below outline these 

potential predictors as well as which response we used as the reference. Reference variables were 

discussed between the research team for each potential predictor and were selected based on the 

lowest/smallest variable/response. Some potential predictors had variables/responses that could 

be grouped so the research team grouped as we saw appropriate (e.g. marital status was grouped 

into ‘Single’ and ‘In a relationship’) 

Table 1 Motivators, barriers, medical, lifestyle and demographic variables included as potential predictors of 

bean consumption 

Potential Predictor  
Variables/Responses Reference Variable 

Interest in overall 

health 

a. Not interested 

b. Somewhat interested 

c. Very interested 
Somewhat interested1 

Number of people in 

household  

a. 1 

b. 2 

c. 3 

d. 4 

e. 5+ 

1 

Marital status  a. Single 

b. In a relationship Single 

Sex  
a. Male 

Male 
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b. Female 

Age 

a. 65-70 

b. 71-75 

c. 76-80 

d. 81-85 

e. 86-90 

f. 91+ 

65-70 

Education  a. Univ/Coll 

b. HighOrLess HighOrLess 

Income  a. <$25,000-74,999.99 

b. $75,000-$100,000+ <$25,000-$74,999.99 

Pxmeds a. Less3 

b. 3ormo 3ormo 

NHPs a. Less3 

b. 3ormo 3ormo 

Health Conditions a. Less3 

b. 3ormo 3ormo 

Motivators 

a. Nutritional value 

b. Taste/texture 

c. Versatility 

d. Health benefits 

e. Grown/made in Canada 

f. Cost 

g. Agriculture sustainability 

h. Culture 

i. Matches dietary preferences 

Indicating ‘no’ to 

motivator 

Barriers 

a. Dislike beans 

b. Preparation/cooking beans 

c. Taste and/or texture 

d. Note part of traditional 

diet/do not think to include 

beans in meals 

e. Not willing to try new foods 

f. Flatulence or abdominal 

discomfort 

g. People you eat with do not 

like beans 

h. Trouble using a can opener 

(for canned beans) 

Indicating ‘no’ to barrier 

1The lowest variable was not the reference variable here as no participant selected it 

(i.e. ‘Not interested’) as their answer  
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Logistic Regression Analysis Stepwise Protocol 

1. Each potential predictor variable was run in a single LRM with bean consumption as the 

response variable 

o For motivators and barriers, the models were adjusted for education and 

household income. 

2. Once each single LRM was complete, the research team reviewed the output for each 

single model and determined significance based on the Likelihood Ratio p-value (Pr > 

ChiSq).  

o The Likelihood Ratio p-value indicates whether the model with a variable fits 

significantly better than an empty model 

3. Results indicated that most motivators (excluding ‘cost’) and barriers (excluding ‘trouble 

using a can opener (for canned beans)’ and ‘people you eat with do not like beans’) were 

significant predictors of being a bean consumer (motivators) or bean non-consumer 

(barriers) but no medical, lifestyle or demographic variables were significant. 

4. We then tried to include all medical, lifestyle and demographics potential predictors into 

one LRM to see if it would result in a significant model however, no significance was 

found. 

5. For predictor variables that were significant, the SAS output “Odds Ratio Estimates” 

including “Point Estimate” and corresponding “95% Wald Confidence Limits” was used 

for reporting and interpretation of the results. For potential predictor variables that were 

not significant, the data was not reported in the manuscript. 
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Appendix J: Logistic Regression Analysis for Study #2 

Multinomial Logistic Regression Analysis Methods – Awareness of the Nutrient 

Composition of Beans  

This document outlines the steps taken to complete the multinomial logistic regression analysis 

for nutrient content awareness in one serving of beans 

Multinomial Logistic Regression Model 

Multinomial logistic regression analysis (MLRA) is used to model nominal outcome variables, in 

which the log odds of the outcomes are modeled as a linear combination of the predictor 

variables. The data were collected from 250 older adults, with measurements of older adults’ 

awareness of the nutrient content in one serving of beans. The MLRA is the most appropriate 

analysis to use in this instance since our response variables have more than 2 answer options that 

do not have any order to them which means they are nominal (i.e., they are not ordered) 

Response Variables for Logistic Regression Analysis 

For the MLRA for Study #2, six response (independent) variables were identified from section 3 

(‘Awareness of beans in relation to their nutrient profile’) of the questionnaire. The response 

variables include total fat, saturated and trans fat, dietary fibre, cholesterol, potassium, folate and 

iron as they the nutrients of most relevance to older adults. These response variables were 

identified because we wanted to determine if any potential predictors would increase/decrease 

the likelihood of older adults awareness of the level of these nutrients in one serving of beans. 

For each response variable the answer options were grouped into 3 categories including 

‘incorrect’ (which combined 2 answers for each response variable), ‘correct’, and ‘do not know’ 

(1/2/3).  

Predictor Variables for Multinomial Logistic Regression Analysis 

Several potential predictor variables were identified by the research team. The table below 

outlines these potential predictors as well as which response we used as the reference. Reference 

variables were discussed between the research team for each potential predictor and were 

selected based on the lowest/smallest variable/response. Some potential predictors had 

variables/responses that could be grouped so the research team grouped as we saw appropriate 

(e.g. marital status was grouped into ‘Single’ and ‘In a relationship’). 

Potential Predictor  Variables/Responses Reference Variable 

Bean consumer group a. Bean consumer 

b. Bean non-consumer Bean non-consumers 

Interest in overall 

health 

a. Not interested 

b. Somewhat 

interested 

c. Very interested 

Somewhat interested1 

Number of people in 

household  
a. 1 

b. 2 1 
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c. 3 

d. 4 

e. 5+ 

Marital status  a. Single 

b. In a relationship Single 

Sex  a. Male 

b. Female Male 

Education  a. Univ/Coll 

b. HighOrLess HighOrLess 

Income  a. <$25,000-74,999.99 

b. $75,000-$100,000+ <$25,000-$74,999.99 

Pxmeds Group a. Less3 

b. 3ormo 3ormo 

NHPs Group a. Less3 

b. 3ormo 3ormo 

Health Conditions 

Group 
a. Less3 

b. 3ormo 3ormo 

1The lowest variable was not the reference variable here as no participant selected it 

(i.e. ‘Not interested’) as their answer  

Determination of Individual Predictor Variables 

1. Each potential predictor variable was run in a single MLRA model with each nutrient 

(total fat, saturated and trans fat, dietary fibre, cholesterol, potassium, folate and iron) as 

response variables. 

2. Once each single MLRA was complete, the research team reviewed the output for each 

single model and determined significance based on the Likelihood Ratio p-value (Pr > 

ChiSq).  

o The Likelihood Ratio p-value indicates whether the model with a variable is a 

significantly better fit than the model without any variables 

3. Results indicated that some predictor variables were significant in the single model based 

on p<0.05 but for inclusion into a full nested model, the research team decided to include 

potential predictors with p0.1 to be less conservative and increase the number of 

potential predictor variables to include as they could still contribute to a significant 

nested model.  

o The following are the potential predictor variables identified to include into a 

nested model for each response variable based on p0.1: 

▪ Cholesterol: intoverall health (p=0.0009), educ (p=0.0007), NHPsGRP 

(p=0.1384) 

▪ Total Fat: beanGRP (p=0.0179), intoverall health (p=0.0004), educ 

(p=0.0056) 

▪ Saturated and trans fat: beanGRP (p=0.0088), intoverall health (p=0.0021) 

▪ Fibre: intoverall health (p<0.0001) 

▪ Folate: intoverall health (p=0.0004), pxmedsGRP (p=0.0657) 

▪ Iron: intoverall health (p=0.0016), sex (p=0.0406) 
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▪ Potassium: intoverall health (p=0.0232) 

4. Nested (i.e., combined) models were then run for cholesterol, fat, saturated and trans fat, 

folate and iron as they had more than one significant (p<0.1) variable (i.e., dietary fibre 

and potassium only had one significant variable so no nested model was created). 

 

Determination of Best Model Fit 

 

1. To determine the best model fit, we nested (i.e., combined) all variables that were 

significant based on the above methodologies into one “full” model for each response 

variable (total fat, saturated and trans fat, dietary fibre, cholesterol, potassium, folate and 

iron). 

2. We compared the full model to a reduced model or individual model to determine which 

fit best based on the p-value of the Likelihood Ratio Test which was computed by SAS 

software. The reduced model was a subset of variables from the full model – one less 

variable than the full model with the least significant variable removed as determined by 

the Type 3 Analysis of Effects p-value.  

o The following equations were used to calculate the p-value for the Likelihood Ratio 

Test: 

Manual Calculations 

The following calculations were computed manually and were inputted into SAS. 

Likelihood Ratio Test (LRT) 

LRT = abs(L1 – L2) 

where,  

L1 is the -2 Log L (with covariates) of the full model and  

L2 is the -2 Log L (with covariates) of the reduced model 

-2 Log L value was obtained from the SAS results output 

Degrees of Freedom (DF) 

#variables in the full model – #variables in the reduced model 

 

SAS Calculations 

The values from the manual calculations above were then entered into SAS 

using the coding below to compute the p-value for the LRT. 

Coding: data lrt_pval; 

          LRT = <numeric value of LRT as computed above>; 

          df  = <degrees of freedom as computed above>; 

          p_value = 1 - probchi(LRT,df); 

          run; 
 

 Coding: proc print data=lrt_pval; 

                title1 "LR test statistic and p-value"; 

               run; 

3. To compare models using the p-value, the following parameters were followed.  
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o If the p-value for the LRT was significant (p<0.05), this indicated that the fuller 

model (the model with more variables) fit better than the reduced model and was 

accepted and used as the model for reporting. 

o If the p-value for the LRT was not significant (p>0.05), this indicated the lesser 

model (the model with fewer variables) was the better fit.  

▪ If the p-value was not significant, comparisons of models would continue 

and the least significant variable would be removed as outlined above and 

the two models would be compared.  

▪ If the next model to be compared was a single model, the single model for 

the variable with the most significant p-value in the “Type 3 Analysis of 

Effects” table would be the one used to compare to the fuller model).   

o Comparisons of models were carried out as long as the p-value for the LRT was 

not significant (i.e. once the p-value was significant, comparisons stopped as this 

indicated the fuller model was the best fit). 

4. The SAS output “Odds Ratio Estimates” including “Point Estimate” and corresponding 

“95% Wald Confidence Limits” was used for reporting and interpretation of the results. 

 

Logistic Regression Analysis Methods – Awareness of health areas related to bean 

consumption 

This document outlines the steps taken to complete the logistic regression analysis for health 

areas related to bean consumption. 

Logistic Regression Model 

In the logistic regression model (LRM) the natural log odds of the outcome (response variable) is 

modeled as a linear combination of the predictor variables. The data were collected from 250 

older adults, with measurements of awareness of health areas related to bean consumption in 

older adults. Due to the dichotomous groupings of participants into the two answer groups (‘bean 

consumption can improve this area of health’ and ‘bean consumption cannot improve this area of 

health’), the LRM is the most appropriate analysis to use in this instance. 

Response Variables for Logistic Regression Analysis 

For the logistic regression analysis for Study #2, four response (independent) variables were 

identified. These response variables included whether the participant thought that bean 

consumption can or cannot improve: constipation, heart disease, diabetes and body weight 

management (the variables were coded in SAS to make beans cannot improve health area the 

reference of 0 and beans can improve health area the code of 1).  

Predictor Variables for Logistic Regression Analysis 

Several potential predictor variables were identified by the research team. The table below 

outlines these potential predictors as well as which response we used as the reference. Reference 

variables were discussed between the research team for each potential predictor and were 

selected based on the lowest/smallest variable/response. Some potential predictors had 
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variables/responses that could be grouped so the research team grouped as we saw appropriate 

(e.g. marital status was grouped into ‘Single’ and ‘In a relationship’). 

Potential Predictor  Variables/Responses Reference Variable 

Bean consumer group a. Bean consumer 

b. Bean non-consumer Bean non-consumers 

Interest in overall 

health 

a. Not interested 

b. Somewhat 

interested 

c. Very interested 

Somewhat interested1 

Number of people in 

household  

a. 1 

b. 2 

c. 3 

d. 4 

e. 5+ 

1 

Marital status  a. Single 

b. In a relationship Single 

Sex  a. Male 

b. Female Male 

Education  c. Univ/Coll 

d. HighOrLess HighOrLess 

Income  a. <$25,000-74,999.99 

b. $75,000-$100,000+ <$25,000-$74,999.99 

Pxmeds a. Less3 

b. 3ormo 3ormo 

NHPs a. Less3 

b. 3ormo 3ormo 

Health Conditions a. Less3 

b. 3ormo 3ormo 
1The lowest variable was not the reference variable here as no participant selected it 

(i.e. ‘Not interested’) as their answer  

Determination of Individual Predictor Variables 

1. Each potential predictor variable was run in a single LRM for each of the different health 

areas (constipation, heart disease, diabetes and body weight management) as the response 

variable. 

2. Once each single LRM was complete, the research team reviewed the SAS output for 

each single model and determined significance based on the Likelihood Ratio p-value (Pr 

> ChiSq).  

3. Results indicated that some predictor variables were significant in individual LRMs 

based on p<0.05 but for inclusion into a full nested model, the research team decided to 

include potential predictors with p0.1 to be less conservative and increase the number of 

potential predictor variables to include as they could still contribute to a significant 

nested model.  
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o The following are the potential predictor variables that were identified to include 

into a nested model for each response variable based on p0.10: 

▪ Constipation: beangrp (p=0.0463), intoverall health (p=0.0052), educ 

(p=0.0683), healthcond (p=0.0423) 

▪ Body Weight Management: beangrp (p=0.0057), intoverall health 

(p=0.0743), educ (p=0.0252), NHPgrp (p=0.043) 

▪ Heart disease: NHPgrp (p=0.0029) 

▪ Diabetes: beangrp (p=0.0569), maritalstatus (p=0.0302) 

4. Nested (i.e., combined) models were then run for constipation, body weight management 

and diabetes as they had more than one significant (p<0.1) variable (i.e. heart disease 

only had one significant variable so no nested model was created). 

 

Determination of Best Model Fit 

 

1. To determine the best model fit, we nested (i.e., combined) all variables that were 

significant based on the above methodologies into one “full” model for each response 

variable (constipation, heart disease, diabetes and body weight management). 

2. We compared the full model to a reduced model or individual model to determine which 

fit best based on the p-value of the Likelihood Ratio Test which was computed by SAS 

software. The reduced model was a subset of variables from the full model – one less 

variable than the full model with the least significant variable removed as determined by 

the Type 3 Analysis of Effects p-value.  

o The following equations were used to calculate the p-value from the Likelihood 

Ratio Test: 

Manual Calculations 

The following calculations were computed manually and were inputted into SAS 

to compute the p-value for interpretation of which model fit better 

Likelihood Ratio Test  

LRT = abs(L1 – L2) 

where,  

L1 is the -2 Log L (with covariates) of the full model and  

L2 is the -2 Log L (with covariates) of the reduced model 

-2 Log L value was obtained from the SAS results output 

Degrees of Freedom  

#variables in the full model – #variables in the reduced model 
 

SAS Calculations 

The values from the manual calculations above were then entered into SAS 

using the coding below to compute the p-value for the LRT  

Coding: data lrt_pval; 

          LRT = <numeric value of LRT as computed above>; 

          df  = <degrees of freedom as computed above>; 

          p_value = 1 - probchi(LRT,df); 

          run; 
 

 Coding: proc print data=lrt_pval; 
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                title1 "LR test statistic and p-value"; 

               run; 

3. To compare models using the p-value, the following parameters were followed.  

o If the p-value for the LRT was significant (p<0.05), this indicated that the fuller 

model (the model with more variables) fit better than the reduced model and was 

accepted and used as the model for reporting. 

o If the p-value for the LRT was not significant (p>0.05), this indicated the lesser 

model (the model with fewer variables) was the better fit.  

▪ If the p-value was not significant, comparisons of models would continue 

and the least significant variable would be removed as outlined above and 

the two models would be compared.  

▪ If the next model to be compared was a single model, the single model for 

the variable with the most significant p-value in the “Type 3 Analysis of 

Effects” table would be the one used to compare to the fuller model).   

o Comparisons of models were carried out as long as the p-value for the LRT was 

not significant (i.e. once the p-value was significant, comparisons stopped as this 

indicated the fuller model was the best fit). 

4. The SAS output “Odds Ratio Estimates” including “Point Estimate” and corresponding 

“95% Wald Confidence Limits” was used for reporting and interpretation of the results. 
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Appendix K: University of Guelph Research Ethics Board Approval Certificate for Study #3 

 
 

 

 

 

Page 1 of 1 

 

  
 APPROVAL PERIOD:  December 11, 2018    
 EXPIRY DATE:   December 10, 2019 
 REB:     NPES 
 REB NUMBER:   18-10-045 
 TYPE OF REVIEW:   Full Board  
 PRINCIPAL INVESTIGATOR: Duncan, Alison (amduncan@uoguelph.ca) 
 DEPARTMENT:   Human Health & Nutritional Sciences     
 SPONSOR(S):   Saskatchewan Pulse Growers;      
      Agriculture And Agri-Food Canada (AAFC)       
           TITLE OF PROJECT: The bean study: a dose-response study to examine the 

cholesterol-lowering effects of beans 
 
 

The members of the University of Guelph Research Ethics Board have examined the protocol which 
describes the participation of the human participants in the above-named research project and considers 
the procedures, as described by the applicant, to conform to the University's ethical standards and the 
Tri-Council Policy Statement, 2nd Edition. 
 
The REB requires that researchers: 

• Adhere to the protocol as last reviewed and approved by the REB.   

• Receive approval from the REB for any modifications before they can be implemented. 

• Report any change in the source of funding. 

• Report unexpected events or incidental findings to the REB as soon as possible with an 
indication of how these events affect, in the view of the Principal Investigator, the safety of the 
participants, and the continuation of the protocol.  

• Are responsible for ascertaining and complying with all applicable legal and regulatory 
requirements with respect to consent and the protection of privacy of participants in the 
jurisdiction of the research project. 
 

The Principal Investigator must: 

• Ensure that the ethical guidelines and approvals of facilities or institutions involved in the 
research are obtained and filed with the REB prior to the initiation of any research protocols. 

• Submit an Annual Renewal to the REB upon completion of the project. If the research is a multi-
year project, a status report must be submitted annually prior to the expiry date. Failure to submit 
an annual status report will lead to your study being suspended and potentially terminated. 

 
The approval for this protocol terminates on the EXPIRY DATE, or the term of your appointment or 
employment at the University of Guelph whichever comes first. 
 

 

Signature:     Date: December 11, 2018 
 

 

 

 

RESEARCH ETHICS BOARDS 
Certification of Ethical Acceptability of Research  
Involving Human Participants  

L. Vallis 
Chair, Research Ethics Board-NPES 
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Appendix L: Study Recruitment Poster for Study #3 
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HNRU (Guelph) 
 

Screening ID: _____  Researcher: ____________   Date: ___________ 

 

Screening-1 
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Appendix M: Screening-1 Flowsheet and Eligibility Questionnaire for Study #3 

Screening-1 

1. Greet the potential participant and explain that you have some questions to determine if they 

are eligible for the study after which you can answer their questions. 

2. Complete the Screening-1 (Scr-1) questionnaire on the next page. 

3. Ask if they have any questions. 

4. Determine eligibility. 

a. If they are INELIGIBLE as per the Scr-1 questionnaire: 

i. If it is very clear why they are ineligible right away, inform participant on the 

phone. 

ii. Otherwise, review with the research team and if ineligible, then email the 

script for Scr-1 ineligibility. In the email, note the reason they are ineligible 

(for participant flow tracking) and file in Scr-1 Ineligibility folder.  

b. If they are ELIGIBLE to continue the screening process as per the Scr-1 

questionnaire: 

i. If it is very clear that they are eligible right away, inform participant on the 

phone and set up date and time for Screening-2 (Scr-2) visit. 

ii. Otherwise, review with the research team and if eligible, then email the 

script for Scr-1 eligibility. *Await response from them on their availability.  

iii. Once participant provides availability, check the TBS and HNRU calendars 

and schedule accordingly. Send the email script for Confirmation of Scr-2 

Appointment and remember to attach HNRU directions and a copy of the 

Scr-2 Consent Form for their review.  

Pre-Scr-2 Study Visit Checklist  

5. Assign a Screening ID number 

6. Update the Screening Confidential Participant List (CPL) 

7. Book Scr-2 Study Visit in HNRU- [TBS(screening): Table X, Sampling Bay #X] 

8. Book Scr-2 Study Visit in TBS email calendar- [Screening ID-Scr2-Time-Researchers] 

9. Send Scr-2 reminder email as per email script 

10. Prepare a file folder with: 

a. Scr-2 consent form (2 copies) 

b. Scr-2 flowsheet 

c. Scr-2 questionnaire 

d. Scr-2 compensation receipt confirmation 

e. Tim Hortons gift card 

f. Completed Scr-1 questionnaire 
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Screening-1 Questionnaire 

First name of caller: __________ Contact info: Record in Confidential Screening Participant List 

1. How did you hear about the study? _______________________ 
 

2. What is your date of birth (month/year)? __________   
 

3. How tall are you? ___________    
 

4. How much do you weigh? ________       BMI:  __________ kg/m2    
   

5. Have you recently experienced significant weight loss/gain?  YES NO  
 

6. Do you currently use tobacco products (e.g. cigarettes, chewing tobacco)?   YES NO 
a. If YES, do you use them more than 5 times a week?  YES NO 

  
7. Are you currently pregnant or breastfeeding or planning to become pregnant?   YES     NO 

 
8. Are you an overnight shift worker in any capacity?     YES NO 

 
9. Do you have any medical conditions?         YES NO 

a. If YES, please describe ___________________________________________ 
 

10. Are you currently taking any medications or NHPs (e.g. probiotics, fibre supplements)?  YES NO 

If YES, what are they?  

Medication or NHP Purpose/Notes 
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a. If they mention using any fibre or probiotic supplements, ask them:  Are you willing to stop 
your probiotic and/or fibre supplement use for the duration of the study beginning with a 
one-month washout before starting the study?      YES NO 
 

11. Do you have any food or other allergies?        YES NO 
a. If YES, please describe ___________________________________________ 

 
12. Do you consume beans or other pulses (lentils, chickpeas or dried peas)?  YES NO 

a. If YES, how many servings do you consume per week?____________(1 serving=3/4 cup)   
 

13. Do you consume alcohol?        YES NO 
a. If YES, how many drinks per week? _____  How many typically in one sitting? _____ 

   (1 drink = 12oz beer, 5oz wine, 1.5oz hard liquor) 

14. Are you an athlete that is involved in sports at the national or professional level?    YES NO 
 

15. The study visits are in the morning after a 10-12 hour fast, would this be OK?                YES      NO                      
 

16. As part of this study you will be required to visit the University of Guelph for three separate study 
visits over three 4-week treatment periods (so one visit at the beginning, in the middle and at the 
end). These study periods will be separated by 4-week breaks during which you will not need to visit 
the university. Study appointments will consist of a 30-40 minute visit on 3 different occasions, 
separated by two weeks. Can your schedule accommodate these visits?              YES  NO 

 

If caller meets the study eligibility requirements, describe the study to them and answer any questions 
they have.  If they are still interested in the study, set up a Screening-2 visit where they will fill out a 
more detailed questionnaire, body measurements, a fasted blood sample, and learn more about the 
study.  Arrange to send potential participant a map to the HNRU and provide information about parking 
at the meters. If the caller does not meet the eligibility requirements, they will be advised that that their 
screening data will be destroyed according to protocol to protect their confidentiality.    

Study Description: For the Bean Study we are studying what dose of beans is best for improving blood 
cholesterol and how beans improve cholesterol.  To do this, we are collecting blood and fecal samples 
from you before and after you consume different amounts of beans and a control (white rice) for 4-
week periods.  You will visit the HNRU 3 times during each treatment period. We will have you come in 
for each visit fasted (no food/drink for 10-12 hours) where we will measure fasted body weight and 
blood pressure. On the first and last visit of each treatment period a fasting blood sample and a fecal 
sample will be collected. A 3-day food record will be completed in the middle of each treatment period. 
Throughout the study we will ask you to maintain your typical lifestyle, including your usual diet (except 
do not consume any beans other than the study treatments), physical activity and natural health 
product routines, unless your physician tells you otherwise, and then please inform us. 
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SCHEDULE SCREENING-2 VISIT DATE  

 

 

 

 

 

 

 

 

 

Screening-ID: 
 

 
Screening-2 Visit Date 

 
Screening-2 Visit Time 
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Appendix N: Screening-2 Consent Form for Study #3 

 

CONSENT TO PARTICIPATE IN RESEARCH 

The Bean Study 

Screening-2 Study Visit 

INTRODUCTION 

You are being asked to participate in phase 2 of this screening process to determine 
your eligibility for this study. Those who are deemed eligible will have the chance to 
volunteer to participate in the full study. This research project is directed by Professor 
Alison Duncan of the Department of Human Health and Nutritional Sciences (HHNS). 
The results of this research will contribute to the thesis of University of Guelph Ph.D. 
candidate, Katarina Doma, the MSc thesis of Karen Dolinar and to the research 
activities of HHNS M.Sc. Coursework students Alexis Dempsey and Sara Robinson, as 
well as research project B.Sc. students at the University of Guelph. This research is 
funded by Saskatchewan Pulse Growers and Agriculture and Agri-Food Canada, and all 
canned bean study treatments are donated by The Bonduelle Group. 

RESEARCHER CONTACT INFORMATION 

If you have any questions or concerns, please don’t hesitate to contact any member of 
the research team: 
 
Katarina Doma, M.Sc 
The Bean Study Lead Coordinator 
Ph.D. Candidate, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x58081 or email: kdoma@uoguelph.ca 
 
Karen Dolinar, B.Sc 
The Bean Study Coordinator 
MSc. Candidate, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x58081 or email: kdolinar@uoguelph.ca 
 
Alexis Dempsey, B.Sc. 
The Bean Study Coordinator 
MSc. Candidate, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x58081 or email: dempseya@uoguelph.ca 
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Sara Robinson, B.Sc. 
The Bean Study Coordinator 
MSc. Candidate, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x58081 or email: srobin17@uoguelph.ca 
 
Alison Duncan, Ph.D., R.D. 
The Bean Study Director 
Professor, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x53416 or email: amduncan@uoguelph.ca 

RESEARCH PURPOSE  

The purpose of this research is to determine the effect of multiple doses of whole mixed 
beans on fasting serum lipid, glucose and insulin profiles, bile acid and gut microbiota in 
adults with high cholesterol.  

Beans are known for their nutrient-dense profile and previous research has suggested 
that bean consumption significantly improves nutrient intake and diet quality, reducing 
the risk of chronic disease. Specifically, beans have been shown to improve levels of 
circulating cholesterol, a biomarker of heart disease risk.  
 
While bean consumption is associated with various health benefits, consumption in 
North America is low and one strategy to increase consumption is to improve the 
awareness of beans and their health benefits through health claims. Health claims 
provide an opportunity to communicate the benefits of beans to the consumer, making 
them more likely to purchase a product. 

This research is being conducted to investigate whether there is a dose-response effect 
of bean consumption on blood cholesterol. This research may or may not contribute to 
the substantiation of a cholesterol-lowering health claim for beans.  

 
STUDY PROCEDURES 
This Screening-2 Study Visit will take approximately 30 minutes. If you choose to 
volunteer to participate, the Screening-2 Study Visit appointment will take place at the 
Human Nutraceutical Research Unit (HNRU) located in room 144 of the Food Science, 
Guelph Food Technology Centre Building, 88 McGilvray St. at the University of Guelph 
(phone: 519-824-4120 x53925).  

You will be asked to arrive to your Screening-2 Study Visit fasted which means having 
avoided food and drink for the previous 10-12 hours (except water which is encouraged 
as it makes the blood sample easier). You will be greeted by a study coordinator and 
the following will happen: 
 

• In a private area, have body measurements taken including: height, body weight 
and blood pressure. 

 

mailto:amduncan@uoguelph.ca
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• Have a blood sample collected by a trained research team member through a 
small finger prick. The exact procedure of the blood sample will involve the 
following:  

 
o In a private area, your hand will be wrapped in an electric blanket to warm 

it up and improve circulation. 

o An alcohol wipe will be used to sterilize one of your finger tips. 

o A fully-trained researcher will prick one of your fingers with a finger-prick 
device that has a small retractable blade. The device will be lightly 
pressed against your finger to activate and the blade will not be visible at 
any point during the procedure. 

o Your finger will be pressed gently to allow a small amount of your blood to 
be collected into a small tube. 

o Gauze will be placed on your finger tip and you will be asked to apply 
pressure and your finger will be wrapped with a bandage. 

o The blood sample will be analyzed for glucose and cholesterol profile. 

• Complete a Screening-2 questionnaire that will gather information about your 
medical history, dietary habits and lifestyle habits. 
 

• You will be provided with some snacks including juice, cookies, fruit cups, 
cheese and granola bars. 

• You will learn more about the study and have your questions answered. 

Those who are deemed eligible after the screening process will have a chance to 
participate in the full study. The full study involves three, 28-day treatment periods that 
are separated by two, 28-day washout periods (i.e. no treatments are consumed) for a 
total of 20 weeks of participation. 

Those who are deemed ineligible after the screening process will be informed by the 
research team through email which will include the reason for ineligibility. 

POTENTIAL RISKS AND DISCOMFORTS 

There are minimal risks associated with participation in this study. The following 
summarizes the potential risks and discomforts: 

• There is a chance that the finger prick blood sample could cause you some 
momentary discomfort through the prick of a needle and may cause bruising 
and/or tenderness the next day.  

• The collection of sensitive information including medical history, body weight and 
blood pressure. All information will be stored in a locked cabinet and only a 
participant ID and not names will be associated with information to reduce these 
discomforts.  
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• Every effort to ensure your comfort and safety will be made during this study. In 
the unlikely event of a study-related injury, study staff will engage appropriate 
emergency response services to assist in your care.  

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 

If you participate in this research, you will have the benefit of gaining experience 
participating in a research study. You will receive a written summary of your individual 
study data. More generally, the knowledge gained from this study may contribute to 
dietary recommendations for individuals who are at risk for developing heart disease. 
This research may lead to providing essential information to substantiate health claims 
and ultimately increase the consumption of beans.  

PAYMENT FOR PARTICIPATION 

You will receive a $5 gift card to Tim Horton’s for participation in this Screening-2 Study 
Visit. 

COSTS FOR PARTICIPATION 

There is no direct cost for participating in this Screening-2 Study Visit. However, you will 
be responsible for covering any costs related to ensuring you are able to attend your 
scheduled study visits (i.e. gas money, parking fees, public transportation fees, child 
care fees, etc.). 

CONFIDENTIALITY 

Every effort will be made to ensure confidentiality of any identifying information that is 
obtained in connection with this study. All participants will be assigned a screening ID 
number which will be used on all study documents. Your name will never be used in 
communicating any aspect of the study. Prof. Alison Duncan, as well as study 
investigators will have access to identifying information. Records will be kept on a 
password-protected computer and/or in a locked file cabinet in a locked office. In 
following these guidelines, participants’ confidentiality will be maintained to the best of 
our ability.  Results from the study may be published but will be presented as group 
data. All data will be kept for 25 years, in accordance with the guidelines set by Health 
Canada. The locked filing cabinets and password locked computer are located in Prof. 
Alison Duncan’s lab in room 302 of Animal Science and Nutrition Building. Following 
publication, your individual identifying information will be destroyed, and all data will 
remain anonymous.  

If requested, direct access to your research records for this study will be granted to 
study monitors, auditors, the University of Guelph Research Ethics Board, and 
regulatory authorities for the verification of study procedures and/or data. Your 
confidentiality as a study participant will not be violated during this process, to the extent 
permitted by applicable laws and regulations. By signing this written informed consent 
form you are agreeing to authorize such access.  
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PARTICIPATION AND WITHDRAWAL 

You can choose whether to be in this study or not. If you volunteer to be in this study, 
you may withdraw at any time without consequences of any kind. You may exercise the 
option of removing your data from the study. You may also refuse to answer any 
questions you don’t want to answer and still remain in the study. The investigator may 
withdraw you from this research if it is necessary. The researchers may withdraw you if 
participation is no longer in your best interest, or if you fail to follow the directions of the 
study. If you decide to participate, you agree to cooperate fully with study procedures.  
We will tell you about new information that may affect your health, welfare, or 
willingness to stay in this study. You will be given a copy of this consent form. 
 
RIGHTS OF RESEARCH PARTICIPANTS 

This project has been reviewed by the Research Ethics Board for compliance with 
federal guidelines for research involving human participants. If you have any questions 
regarding your rights and welfare as a research participant in this study (REB #18-10-
045), please contact: Director, Research Ethics; University of Guelph; 
reb@uoguelph.ca; 519-824-4120 ext. 56606. You do not waive any legal rights by 
agreeing to take part in this study. 

 
SIGNATURE OF RESEARCH PARTICIPANT 

I have read the information provided for the study “The Bean Study: Screening-2 Study 
Visit” as described herein. My questions have been answered to my satisfaction, and I 
agree to participate in this study. I have been given a copy of this form.  

 

 

 

 

 

 

NAME OF PARTICIPANT  SIGNATURE OF PARTICIPANT             DATE 

 

 

 

 

GUELPH   ONTARIO    CANADA    N1G 2W1    519-824-4120                                                        

mailto:reb@uoguelph.ca
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Appendix O: Screening-2 Flowsheet and Eligibility Questionnaire for Study #3 

Screening-2 

1. Greet the potential participant and thank them for coming.  Review and have them sign the            
Scr-2 Consent Form and provide them with one copy to keep. 
 

2. Complete the following table: 

 
Yes No Notes: 

How are you feeling today?  

Have you consumed anything besides water for 
the past 10-12 hours? 

   

Have you consumed any water this morning?    

Do you have any health issues to report or any 
changes in your medications or NHPs? 

   

Have you avoided alcohol for 24 hours?    

Have you avoided unusual or vigorous physical 
activity for 24 hours? 

   

Have you avoided OTC medication for 24 hours?    

Have you avoided consuming pulses for 24 hours?    

Have you had any unusual events recently that 
might affect your participation (i.e. stress, 

insomnia, illness)? 

   

Do you have any questions or concerns? 
 

 
3. Complete body measurements in accordance with SOPs. 

 
 

Screening-ID: _______ Scr-2 Study Visit Notes 

Height (cm) 
1 2  

Body Weight (kg) 
1 2  

BMI (kg/m2) 
1                       2  

Systolic Blood Pressure (mmHg) 
1 2  

Diastolic Blood Pressure (mmHg) 
1 2  
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4. One researcher completes the fasting finger prick blood sample according to the SOP (see TBS 
Finger Prick Instructions document) while the other prepares for the blood sample analysis using 
the Cholestech machine. Enter the blood results in the following table. *Ensure values are 
recorded from the Cholestech before moving to the next step. 
 

5. Have participant complete the Scr-2 questionnaire providing participant with a snack.  Sit with 
them in case of any questions and to complete the 24-hr recall part. 

 
6. Thank participant and explain to them that you will confirm their study eligibility with the 

research team and be in touch to establish their orientation and study schedule if they are 
eligible.  
 

7. Complete the Participant Screening IE Checklist on next page. 

 

 

 

 

 

 

 

 

Participant Screening-ID: _______ Cholestech 
value 

Date 
analyzed 

Notes 

Glucose (mmol/L) 
  

 

Total Cholesterol (mmol/L) 
  

 

HDL Cholesterol (mmol/L) 
  

 

Triglycerides (mmol/L) 
  

 

LDL Cholesterol (mmol/L) 
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Participant Screening IE Checklist 

Inclusion Criteria YES NO Notes 

Male and female adults (≥18 years)    

BMI 18.5-35 kg/m2   BMI:  

Hypercholesterolemic  

(Blood LDL cholesterol ≥3.0 and 5.0 mmol/L) 

  LDL cholesterol:  

Exclusion Criteria YES NO Notes 

Blood triglycerides ≥3.0 mmol/L   Triglycerides: 

Diabetes (Fasting blood glucose ≥7.0 mmol/L)   Glucose: 

Blood pressure >140/90 mmHg   Blood pressure: 

Major medical conditions     

Medical or surgical events requiring hospitalization 
within the last 3 months 

   

Medication use that would interfere with the study 
outcomes (e.g. cholesterol-lowering medications, 
diabetes-related medications, steroids).  All other 
medications are OK if at a stable (3-month) dose 

   

Antibiotic use within the last 3 months    

Tobacco product use (>5 times per week)    

Cannabis use during the study    

Probiotic supplement use  
(Could do a 1-month washout before study) 

   

Dietary fibre supplement use  
(Could do a 1-month washout before study) 

   

NHPs used for cholesterol lowering or  
glycemic control.  All other NHPs are OK if at a 

stable (3-month) dose 

   

Pulse consumption >4 servings per week    

Food allergy or non-food life-threatening allergy    

Pregnant or breastfeeding    

Alcohol consumption  
(>14 drinks/wk or >4 drinks/sitting) 

   

Recent or intended significant weight loss or gain  
(>4 kg in previous 3 months) 

   

National-level or professional athlete    

Overnight shift worker    

8. If participant is ineligible, email the script for Scr-2 ineligibility.  Note the reason they are 
ineligible (for participant flow tracking) and file in Scr-2 Ineligibility folder. 

9. If the participant is eligible then email the script for study eligibility. *Await response from them 
providing their availability for a Study Orientation visit.  

a. Once participant provides Study Orientation availability, check TBS and HNRU calendar 
and book accordingly. Send the email script to participant for Study Orientation Visit 
Confirmation. Remember to attach HNRU directions and a copy of the Study Consent 
Form for their review before their Study Orientation visit. 

b. On the day before their Study Orientation Visit, send Study Orientation Reminder email 
script and attach the HNRU directions and a copy of the Study Consent Form again.  
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Screening 2 Questionnaire 

The purpose of this questionnaire is to gather information about you to assess your eligibility to be a 
participant in The Bean Study. Please feel free to not answer any questions you are uncomfortable with 

answering. All information provided in this questionnaire will be kept strictly confidential. 

DIET-RELATED QUESTIONS: 

17. Do you have any food or other allergies?        YES NO 
a. If YES, please describe ____________________________________ 

 
18. Are you on a special diet?         YES NO 

a. If YES, please describe ____________________________________ 
 

19. Do you consume pulses (beans, chickpeas, lentils, split peas) regularly?  YES NO 
a. If YES, how many servings do you consume per week?________(1 serving=3/4 cup)   

 
20. Do you consume alcohol?        YES NO 

a. If YES, how many drinks per week? _____  How many typically in one sitting? _____ 

   (1 drink = 12oz beer, 5oz wine, 1.5oz hard liquor) 

21. Do you consume caffeine (coffee, tea, pop, energy drinks, supplements)?  YES NO 

If so, how much per day? ________________ 

22. Do you consume breakfast on a regular basis?          YES       NO 
 

23. Completion of brief 24-hour dietary recall (the researcher will write notes below).  When you have 
completed the questionnaire, the study coordinator will ask you what you consumed in the last 24 
hours to get a rough idea of your diet.   
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HEALTH AND LIFESTYLE-RELATED QUESTIONS Date of Birth: ____________ Age _______ 

  `                (month/year)  

24. How would you describe your general health?  

POOR           GOOD   VERY GOOD           EXCELLENT 

25. Do you currently use tobacco products (e.g. cigarettes, chewing tobacco)?  YES NO 

If YES, is it more than 5 times a week? _____________ 

If NO, have you ever smoked?       YES NO 

      If you used to smoke, how long ago did you stop smoking? __________________ 

26. Do you use cannabis?  YES NO 
a. If YES, would you be willing to stop using it for the duration of the study? YES NO  

 
27. Are you currently pregnant or breast feeding?      YES        NO 

 
28.  Are you currently trying to become pregnant?     YES        NO  

 
29. Are you an overnight shift worker in any capacity?     YES NO 

 
30.  Do you have, or have you had, any of the following health conditions? 

Health Condition Currently Have Have Had in Past 

Arthritis   
Cancer   

Celiac Disease   

Constipation   

Crohn’s Disease   
Depression or Anxiety   

Heart Disease   

High Blood Pressure   
Impaired Kidney Function   

Impaired Liver Function   

Irritable Bowel Syndrome   

Pre-Diabetes   

Type 1 Diabetes   

Type 2 Diabetes   

Ulcerative Colitis   
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31.  Are there any other health conditions you have or have had?    YES NO 

  If YES, what are they? _________________________________________ 

32.  Are you currently taking any prescription medications?     YES NO 

  If YES, please complete the following table: 

 

Medication Purpose 
Start Date 

(month/year) 
Notes 

  
 

  

  
 

  

 
 

   

 
 

   

 
 

   

 
33.  Have you taken antibiotics in the last 3 months?     YES NO 

      If YES, when did you stop using them? ________________________ 

34.  Have you had any surgeries or medical events in the last 3 months?    YES NO 

  If YES, what are they? ________________________________________ 

35.  Do you use any over-the-counter medications, including pain relievers (i.e. Tylenol)?  YES NO 

If YES, what are they, and how often?___________________________ 

_________________________________________________________ 

36.  Do you take vitamin, mineral or herbal supplements (natural health products)?    YES       NO 

If YES, please complete the following table: 
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Natural Health Product Purpose 
Start Date 

(month/year) 
Notes 

 
 

   

 
 

   

   
 

 

   
 

 

   
 

 

 
37.  If a natural health product you are taking is known to affect study endpoints (e.g. fibre or probiotics), 

would you be willing to discontinue it for the duration of the study?   YES NO  
 

38. Are you an athlete that is involved in sports at the national or professional level?    YES NO 
 

39.  Has your body weight changed: 

In the past 3 months?      YES    NO If YES, by how much? __________ 

In the past year?       YES    NO If YES, by how much? __________ 

If necessary, please explain: ____________________________________________ 

40.  It will be very important to maintain your body weight throughout this study.     

Will you be OK with this?       YES NO 

STUDY LOGISTIC QUESTIONS 

41.  Do you have any issues with having your blood sampled?           YES NO 
 

42.  Do you have any issues with collecting a fecal sample?                                    YES NO 
 

43.  The study visits are in the morning after a 10-12 hour fast, would this be OK?   YES NO 
 

44.  As part of this study you will be required to visit the University of Guelph for  
 30-45 minutes on 9 different occasions over a period of 5 months. 
 The study visits will occur in the morning hours and occur roughly twice a month.  
 Can your schedule accommodate these visits?     YES NO 
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45.  Are there particular weekdays you prefer to have study visits? 

MONDAY      TUESDAY      WEDNESDAY      THURSDAY      FRIDAY 

46.  Is there a particular weekday that you absolutely could NOT have a study visit? 

MONDAY      TUESDAY      WEDNESDAY      THURSDAY      FRIDAY 

47.  Are you currently involved in any other research study?    YES NO 
 

48.  Have you ever been involved in a research study before?    YES NO 

If YES, please expand briefly ______________________________________ 

 

________________________________________________________________ 

 

Thank you for completing this questionnaire. The study coordinator will now review the questionnaire 
with you and answer any questions you may have. Thank you again for your time and cooperation.
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Appendix P: Study Consent Form for Study #3 

 

CONSENT TO PARTICIPATE IN RESEARCH 

The Bean Study 

Study Consent Form 

INTRODUCTION 

You are being asked to participate in a research study directed by Professor Alison 
Duncan of the Department of Human Health and Nutritional Sciences (HHNS). The 
results of this research will contribute to the thesis of University of Guelph Ph.D. 
candidate, Katarina Doma, the MSc thesis of Karen Dolinar and to the research 
activities of HHNS M.Sc. Coursework students Alexis Dempsey and Sara Robinson, as 
well as research project B.Sc. students at the University of Guelph. This research is 
funded by Saskatchewan Pulse Growers and Agriculture and Agri-Food Canada, and all 
canned bean study treatments are donated by The Bonduelle Group. 

RESEARCHER CONTACT INFORMATION 

If you have any questions or concerns, please don’t hesitate to contact any member of 
the research team: 

 
Katarina Doma, M.Sc. 
The Bean Study Lead Coordinator 
Ph.D. Candidate, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x58081 or email: kdoma@uoguelph.ca 
 
Karen Dolinar, B.Sc. 
The Bean Study Coordinator 
MSc. Candidate, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x58081 or email: kdolinar@uoguelph.ca 
 
Alexis Dempsey, B.Sc. 
The Bean Study Coordinator 
MSc. Candidate, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x58081 or email: dempseya@uoguelph.ca 
 

mailto:plukus@uoguelph.ca
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Sara Robinson, B.Sc. 
The Bean Study Coordinator 
MSc. Candidate, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x58081 or email: srobin17@uoguelph.ca 
 
Alison Duncan, Ph.D., R.D. 
The Bean Study Director 
Professor, Dept. of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x53416 or email: amduncan@uoguelph.ca 

RESEARCH PURPOSE  

The purpose of this research is to determine the effect of multiple doses of whole mixed 
beans on fasting serum lipid, glucose and insulin profiles, bile acid and gut microbiota in 
adults with high cholesterol. 

Beans are known for their nutrient-dense profile and previous research has suggested 
that bean consumption improves nutrient intake and diet quality, reducing the risk of 
chronic disease. Specifically, beans have been shown to improve levels of circulating 
cholesterol, a biomarker of heart disease risk.  
 
While bean consumption is associated with various benefits, consumption in North 
America is low and one strategy to increase consumption is to improve the awareness 
of beans and their health benefits through health claims. Health claims provide an 
opportunity to communicate the benefits of beans to the consumer, making them more 
likely to purchase a product. 

This research is being conducted to investigate whether there is a dose-response effect 
of bean consumption on blood cholesterol. This research may or may not contribute to 
the substantiation of a cholesterol-lowering health claim for beans.  

STUDY PROCEDURES 

If you decide to participate in this study, your study visits will take place at the Human 
Nutraceutical Research Unit (HNRU), located in room 144 of the Food Science, Guelph 
Food Technology Centre Building, 88 McGilvray St. at the University of Guelph (phone: 
519-824-4120 x53925).  

The study will use a high-quality randomized, crossover design, which means that each 
of the 30 participants will consume every treatment in a random order. During each of 
the three treatment periods that each last 28 days, you will attend a total of 3 study 
visits at the HNRU (on Study Day 1, Study Day 15 and Study Day 29).  The treatment 
periods will each be separated by a 4-week (28-day) break (we ask that you not 
consume beans during the break between treatment periods). Throughout the duration 
of the study you will be asked to maintain your regular eating habits and physical activity 
routines with the exception of not eating beans (outside of the study treatments) or other 
pulses (chickpeas, lentils or dried peas) during your participation in the study. You will 

mailto:amduncan@uoguelph.ca
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be asked not to start any new dietary approaches or natural health products (unless 
instructed by a physician and then please let us know). The following table outlines what 
will be measured and analyzed at each study visit during every 28-day treatment period.  

Data collection schedule for each of the three 28-day treatment periods 

Activity 
Day 

1 
Day 15 

Day 
29 

Analyses 

Body weight    Body weight 

Blood pressure    Systolic and diastolic blood pressure 

Fasting blood    
Cholesterol profile, apolipoproteins,            

short chain fatty acids 

Fecal sample    
Short chain fatty acids, bile acids, 

microbiota 

3-day food record    Energy and nutrients 

Appetite and Treatment 
Tolerance 

Questionnaire 
   

Hunger, fullness, desire to eat, 
prospective food consumption, abdominal 

comfort, flatulence, bowel movements 

*This questionnaire will be completed by participants 5 days leading up to beginning treatment, 
during the first 5 days of treatment and during the last 5 days of each treatment period. 

 

• The following describes in more detail what will happen at each study visit. The 
day before every Day 1 and Day 29 study visit, you will need to consume the 
same dinner of your choice to be consistent for the blood samples.  After your 
dinner, you should drink water, but should not consume any other drinks or 
foods to ensure you are fasted for 10-12 hours before your study visit for your 
blood sample. Water is encouraged in the evening and especially in the morning 
of your study visit, as it helps with the blood sampling.  We also ask that for 24 
hours before your study visit, you avoid alcohol, over-the-counter medication, 
unusual/strenuous exercise and consuming any pulses (beans, chickpeas, 
lentils, peas).   

• You will be provided with your study treatments which you will consume every 
day while maintaining your usual diet (except for not consuming beans other than 
your bean study treatments). The study treatments include white rice (the control 
treatment) and a variety of canned beans (black, navy, pinto, red kidney and 
white kidney), which will be consumed in a scheduled rotation since the study is 
focused on mixed beans. Study treatment serving sizes include 1 cup white 
rice, 1 cup beans and ½ cup beans, each of which you will consume for one 
complete 28-day treatment period. You will be provided with half of your study 
treatment supply (i.e. cans of beans or boxes of instant rice) at the beginning 
(Study Day 1) of each treatment period and the other half at the midway point 
(Study Day 15) of each treatment period. Lastly, you will be provided with 
multiple ways to best incorporate the study treatments into your daily diets. There 
will be no cost to participants related to the study treatments. All canned bean 
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treatments will be donated by The Bonduelle Group and the white rice will be 
sourced by the research team from a local grocery store. 

• You will be provided with a study treatment log to record details about when 
and how you consume your daily study treatment (either 1 cup of beans, ½ cup 
of beans or 1 cup of rice).  There will also be space in your study treatment log to 
record anything else you think the researchers should know such as medication 
use or sickness. Study treatment logs will be collected at each study visit and 
reviewed by the study coordinators.  

• You will have your body weight and blood pressure measured on Study Day 1, 
Study Day 15, and Study Day 29. This will be done by a trained study coordinator 
in a private area.  
 

• You will have a blood sample collected by a trained medical technician highly 
experienced in blood sampling.  The amount of blood will be approximately 40 
mL which is very small in comparison to the amount to the 450 mL that is 
collected when blood is donated to Canadian Blood Services. The exact 
procedure of the blood sample will involve the following:  
 

o In a private area, a tourniquet will be placed on your arm. 
 

o An alcohol wipe will be used to sterilize your arm. 

o A fully-trained phlebotomist will collect a blood sample (~40 mL) from your 
forearm through a needle prick in your arm.  

o Gauze and a bandage will be placed on your arm.  

o You will be provided with some snacks including juice, cookies, fruit cups, 
cheese and granola bars. 

• You will collect a fecal sample once during the 3 days before Study Day 1 and 
once during the 3 days before Study Day 29 of each treatment period. The 
collection of a fecal sample will involve the following: 

o You will collect your fecal sample following the detailed instructions in your 
study handbook. 

o You will bring in your fecal sample to the HNRU at your study visit using 
the materials provided by the research team and following the instructions 
provided in your study handbook. 

• You will be asked to complete a 3-day food record on the forms provided to you 
during the days leading up to your Study Day 15 study visit. These food records 
will be analyzed for nutrient intake. 

• You will be asked to complete a Treatment Tolerance and Appetite 
Questionnaire each day on the 5 days before Study Day 1 (days -5 to -1), on 
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the first 5 days of the treatment period (days 1 to 5) and on the 5 days before 
Study Day 29 (days 24 to 28). This questionnaire will only take a few minutes to 
complete and will analyzed for factors related to your tolerance of the treatments 
and how they might affect your appetite.  

• On your last study visit, you will be asked to complete a brief study exit 
questionnaire about your participation in the study.  

Any incidental findings that occur during the study will be communicated to you as a 
participant by the lead graduate student or the principal investigator in a manner that is 
transparent and does not indicate any diagnosis but rather recommends that you may 
wish to interact with your physician. 

STUDY RESULTS AND PUBLICATION 

Results from this study may be published and presented at scientific conferences. 
However, results will always be presented as group data and with no ability to link data 
back to an individual (i.e. data will always remain confidential). After publication, 
individual identifying information will be destroyed. Following completion of the study 
analyses, a summary of your individual results will be mailed or emailed to you. All 
blood samples and fecal samples will be kept frozen until publication of results. 
Following publication, frozen samples will be discarded. If you are interested in 
obtaining the full study results, please let the researchers know and we will put you on a 
list to send you the results once they are complete. 

POTENTIAL RISKS AND DISCOMFORTS 

There are minimal risks associated with participation in this study. The following 
summarizes the potential risks and discomforts: 

• A fully trained medical technician will collect a blood sample. There is a chance 
that this process could cause you some momentary discomfort through the prick 
of a needle and may cause bruising and/or tenderness the next day.  

• The collection of sensitive information including body weight, blood pressure and 
fecal samples may cause discomfort. All information will be stored in a locked 
cabinet and only a participant ID and not names will be associated with 
information to reduce these discomforts.  

• Every effort to ensure your comfort and safety will be made during this study. In 
the unlikely event of a study-related injury, study staff will engage appropriate 
emergency response services to assist in your care.  

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 

If you participate in this research, you will have the benefit of gaining experience 
participating in a research study. You will receive a written summary of your individual 
study data. More generally, the knowledge gained from this study may contribute to 
dietary recommendations for individuals who are at risk for developing heart disease.  
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This research may lead to providing essential information to substantiate health claims 
and ultimately increase the consumption of beans.  

PAYMENT FOR PARTICIPATION 

You will be financially compensated for your time and effort for this study up to a total 
amount of $600, which equates to $200 for each treatment period. If you withdraw from 
the study before its completion, your compensation will be pro-rated accordingly. You 
will be asked to sign a document that you have received your payment upon completion 
of the study. The paperwork will then be submitted to the University’s financial 
department for processing and you should receive compensation within 4-6 weeks. You 
can request to have your compensation mailed to or you can come in to pick it up. 

COSTS FOR PARTICIPATION 

There is no direct cost for participating in this study.  You will only be responsible for 
covering any costs related to ensuring you are able to attend your scheduled study 
visits (i.e. gas money, public transportation fees, child care, etc.).  It is our intention that, 
through the financial compensation that is provide for your time and effort participating 
in this study, it partially reimburses you for some of the costs you may incur.  

CONFIDENTIALITY 

Every effort will be made to ensure confidentiality of any identifying information that is 
obtained in connection with this study. All participants will be assigned a screening ID 
number which will be used on all study documents. Your name will never be used in 
communicating any aspect of the study. Prof. Alison Duncan, as well as study 
investigators will have access to identifying information. Records will be kept on a 
password-protected computer and/or in a locked file cabinet in a locked office. In 
following these guidelines, participants’ confidentiality will be maintained to the best of 
our ability.  Results from the study may be published but will be presented as group 
data. All data will be kept for 25 years, in accordance with the guidelines set by Health 
Canada. The locked filing cabinets and password locked computer are located in Prof. 
Alison Duncan’s lab in room 302 of Animal Science and Nutrition Building. Following 
publication, your individual identifying information will be destroyed, and all data will 
remain anonymous.  

If requested, direct access to your research records for this study will be granted to 
study monitors, auditors, the University of Guelph Research Ethics Board, and 
regulatory authorities for the verification of study procedures and/or data. Your 
confidentiality as a study participant will not be violated during this process, to the extent 
permitted by applicable laws and regulations. By signing this written consent form you 
are agreeing to authorize such access.  
 
PARTICIPATION AND WITHDRAWAL 

You can choose whether to be in this study or not.  If you volunteer to be in this study, 
you may withdraw at any time without consequences of any kind. You may exercise the 
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option of removing your data from the study up until the study results have been 
analyzed.  You may also refuse to answer any questions you don’t want to answer and 
still remain in the study. The investigator may withdraw you from this research if it is 
necessary. The researchers may withdraw you if participation is no longer in your best 
interest, or if you fail to follow the directions of the study.  If you decide to participate, 
you agree to cooperate fully with study procedures.  We will tell you about new 
information that may affect your health, welfare, or willingness to stay in this study. You 
will be given a copy of this consent form. 
 
RIGHTS OF RESEARCH PARTICIPANTS 

This project has been reviewed by the Research Ethics Board for compliance with 
federal guidelines for research involving human participants. If you have any questions 
regarding your rights and welfare as a research participant in this study (REB #18-10-
045), please contact: Director, Research Ethics; University of Guelph; 
reb@uoguelph.ca; 519-824-4120 ext. 56606. You do not waive any legal rights by 
agreeing to take part in this study. 
 
SIGNATURE OF RESEARCH PARTICIPANT 

I have read the information provided for the study “The Bean Study” as described 
herein. My questions have been answered to my satisfaction, and I agree to participate 
in this study. I have been given a copy of this form.  

 

 

  

NAME OF PARTICIPANT  SIGNATURE OF PARTICIPANT             DATE 

 

 

 

 

 

 

 

 

GUELPH   ONTARIO    CANADA    N1G 2W1    519-824-4120                                                        

mailto:reb@uoguelph.ca


Treatment Period:  I    II    III            Treatment:  OCB   HCB   WR                 Participant ID: ______ 

Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Black Navy Pinto Red Kidney 
White 
Kidney 

Participant 
choice 

Participant 
choice 
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Appendix Q: Treatment Consumption Log for Study #3 

Treatment Consumption Log 
Study Days 1-14 

Please record the details of your study treatment consumption for each day. Thank you ☺ 

Study 
Day 

Date 
Bean Type 
or White 

Rice 

Time 
Consumed   

How Much 
Consumed 
(i.e. amount of 

daily treatment)   

How Consumed 
(and any other 

relevant study notes) 

1 
     

2 
     

3 
     

4 
     

5 
     

6 
     

7 
     

8 
     

9 
     

10 
     

11 
     

12 
     

13 
     

14 
     



Treatment Period:  I    II    III            Treatment:  OCB   HCB   WR                 Participant ID: ______ 

Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Black Navy Pinto Red Kidney 
White 
Kidney 

Participant 
choice 

Participant 
choice 
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Treatment Consumption Log  
Study Days 15-28 

Please record the details of your study treatment consumption for each day. Thank you ☺ 

 

Study 
Day 

Date 
Bean Type 
or White 

Rice 

Time 
Consumed 

How Much 
Consumed 
(i.e. amount of 

daily treatment)   

How Consumed 
(and any other 

relevant study notes) 

15 
     

16 
     

17 
     

18 
     

19 
     

20 
     

21 
     

22 
     

23 
     

24 
     

25 
     

26 
     

27 
     

28 
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Appendix R: Study Visit Flowsheets for Study #3 

Study Day 1 Flowsheet 

1. Greet the participant, thank them for coming in and collect their fecal sample, complete table and 
place purple-cap tube at room temperature and white-cap container in freezer for later processing. 

 
2. Collect their completed Appetite and Treatment Tolerance Questionnaires (Study Days -5 to -1) and 

review for completeness. 
 

3. Complete the following table: 

 Yes No Notes 

How are you feeling today?  

Have you consumed anything besides water for the 
past 10-12 hours? 

   

Have you consumed any water this morning?    

Do you have any health issues to report or any 
changes in your medications or NHPs? 

   

Have you avoided alcohol for 24 hours?    

Have you avoided unusual or vigorous physical activity 
for 24 hours? 

   

Have you avoided OTC medication for 24 hours?    
Have you avoided consuming pulses for 24 hours?    

Have you had any unusual events recently that might 
affect your participation (i.e. stress, insomnia, illness)? 

   

Did you consume your pre-study dinner last night?    

Do you have any questions or concerns?  

 
 

4. Complete body measurements and record in the following table. 

Participant ID: 
________ 

Treatment 
Period 
I   II   III 

Date and Study Day 
Sample was Collected 

by Participant 

Date 
Received by  

Research Team 
Notes  

 
Study Day 1 
Fecal Sample 

Collected 
 

 Purple-cap tube: Purple-cap tube:  

White-cap container: White-cap container: 
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5. Collect a fasting venous blood sample and process for freezer storage for later analysis. 

 
6. Provide participant with their study treatments for Study Days 1-14 and complete the appropriate 
part of the table according to what treatment they are on.  

Date 
Treatment  

OCB   HCB   WR 
Study 
Day 

Treatments Provided  Notes 

 

BEANS: 14 cans       
(2 of each variety) 

and 1 extra of each 
variety to keep 

during the study: 19 
cans. 

 
WHITE RICE: 1 box 

(1.4 kg) of white 
rice. 

1 

 
# 

Cans 
Researcher 

initials 
 

BEANS 

Black beans   

Navy beans   

Pinto beans   

Red kidney beans   

White kidney beans   

Saturday (2)   

Sunday (2)   

WHITE RICE  

Minute Rice 1 box   
 

Participant ID: ______ Study Day 1 Notes 

Fasting Body Weight (kg) 1 2  

Systolic Blood Pressure (mmHg) 1 2  

Diastolic Blood Pressure (mmHg) 1 2  

Tube Type 
Tube 
Size 

Process Blood to Serum: 
-invert SST tubes 5x immediately following blood collection 
-allow blood to clot at room temperature for at least 30 min (may need longer for solid clot retraction) 
-centrifuge for 10 min, 3000 rpm, 25 ºC 
-transfer serum to labelled Corning® cryovials and store in one box per measure and one box for extras 

BD 
Vacutainer® 

Serum 
Separator 
Tube (SST) 

Five  
5 mL 

Cholesterol 
Profile 

ONE 1.2 mL 
cryogenic vial 

(#430658) 

Apolipoprotein 
Profile 

ONE 1.2 mL 
cryogenic vial 

(#430658) 

Glucose 
ONE 1.2 mL 

cryogenic vial 
(#430658) 

Insulin 
ONE 1.2 mL 

cryogenic vial 
(#430658) 

SCFA 
ONE 2.0 mL 

cryogenic vial 
(#430659) 

EXTRA 
2-3 of 1.2 mL 
ONE 2.0 mL 

cryogenic vials 

Researcher Initials:       

Notes:  
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6. Replenish participant study handbook with study activity forms needed before next study visit  
(5 ATTQs, TCL, 3-day food record). 

 

7. Provide participant with their choice of snacks and before they leave, remind them to: 

• Maintain their habitual lifestyle, dietary and exercise habits throughout the entire study 
and do not consume any beans (other than the study treatments) or any other pulses 
(chickpeas, lentils, dried peas). 

• Complete their Treatment Consumption Log daily and bring to their Study Day 15 visit. 

• Complete their Appetite and Treatment Tolerance Questionnaire on Study Days 1 
through 5 and bring to their Study Day 15 visit. 

• Complete 3-day food record on Study Days 12-14 and bring to their Study Day 15 visit. 

• Bring their study handbook to every study visit.  
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Study Day 15 Flowsheet 

1. Greet the participant, thank them for coming in and collect their completed Treatment 
Consumption Log (from Study Days 1-14), Appetite and Treatment Tolerance Questionnaires (from 
Study Days 1-5) and 3-day Food Record (from Study Days 12-14) and review for completeness. 
 

2. Complete the following table: 

 Yes No Notes 

How are you feeling today?  
Have you consumed anything besides water for the past 

10-12 hours? 
   

Have you had any unusual events recently that might 
affect your participation (i.e. stress, insomnia, illness)? 

   

Do you have any questions or concerns?  

 

3. Complete body measurements and record in the following table. 

 
4. Provide participant with their study treatments for Study Days 15-28 and complete the 

appropriate part of the table according to what treatment they are on. 

Date 
Treatment  

OCB   HCB   WR 
Study 
Day 

Treatments Provided  Notes 

 

BEANS: 2 of each 
variety: 14 cans. 

 
WHITE RICE: 1 box 

(1.4 kg) of white 
rice. 

15 

 # Cans 
Researcher 

initials 
 

BEANS 

Black beans   

Navy beans   

Pinto beans   

Red kidney beans   

White kidney beans   

Saturday (2)   

Sunday (2)   

WHITE RICE  

Minute Rice 1 box   

Participant ID: ______ Study Day: ______ Notes 

Fasting Body Weight (kg) 1 2  

Systolic Blood Pressure (mmHg) 1 2  

Diastolic Blood Pressure (mmHg) 1 2  
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5. Replenish participant study handbook with study activity forms needed before next study visit  
(5 ATTQs, TCL) and provide participant with their fecal sample kit for their next Study Day 26-28 
fecal sample. 

 
6. Provide participant with their choice of snacks and before they leave, remind them to: 

• Maintain their habitual lifestyle, dietary and exercise habits, throughout the entire study 
and do not consume any beans or any other pulses (chickpeas, lentils, dried peas). 

• Avoid alcohol, unusual physical activity, over-the-counter medication and consuming 
pulses 24 hours before their Study Day 29 visit. 

• Complete their Treatment Consumption Log every day and bring to their Study Day 29 
visit. 

• Complete their Appetite and Treatment Tolerance Questionnaire on Study Days 24 
through 28 and bring to their Study Day 29 visit. 

• Complete their fecal sample collection during Study Days 26-28 and bring to their Study 
Day 29 visit or before. 

• Bring their study handbook to every study visit. 
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Study Day 29 Flowsheet 

1. Greet the participant, thank them for coming in and collect their fecal sample, complete table 
and place purple-cap tube at room temperature and white-cap container in freezer for later 
processing. 

 
2. Collect their completed Treatment Consumption Log (from Study Days 15 to 28) and Appetite and 

Treatment Tolerance Questionnaires (Study Days 24 to 28) and review for completeness. 
 

3. Complete the following table: 

 Yes No Notes 

How are you feeling today?  

Have you consumed anything besides water for the 
past 10-12 hours? 

   

Have you consumed any water this morning?    

Do you have any health issues to report or any 
changes in your medications or NHPs? 

   

Have you avoided alcohol for 24 hours?    

Have you avoided unusual or vigorous physical activity 
for 24 hours? 

   

Have you avoided OTC medication for 24 hours?    
Have you avoided consuming pulses for 24 hours?    

Have you had any unusual events recently that might 
affect your participation (i.e. stress, insomnia, illness)? 

   

Did you consume your pre-study dinner last night?    

Do you have any questions or concerns?  

 

4. Complete body measurements and record in the following table. 

Participant ID: 
________ 

Treatment 
Period 
I   II   III 

Date and Study Day 
Sample was Collected 

by Participant 

Date 
Received by  

Research Team 
Notes  

 
Study Day 29 
Fecal Sample 

Collected 
 

 Purple-cap tube: Purple-cap tube:  

White-cap container: White-cap container: 
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5. Collect a fasting venous blood sample and process for freezer storage for later analysis. 

 
6. If Treatment Period I or II: 

a. Replenish participant study handbook with 5 new ATTQs for their next Study Days -5 to  
-1 and provide participant with their fecal sample kit for their next Study Day -3 to -1 
fecal sample. 

 
7. Let participant know that we will submit the information for their study cheque to be processed 

and we will let them know when it’s ready (it may take 3-5 weeks).  
 

8. Provide participant with their choice of snacks before they leave and... 

• If Treatment Period I or II, remind them: 
o They are entering one of their 28-day washout periods 
o The date of their Study Day 1 visit for the next treatment period (also confirm 

Study Day 15 and Study Day 29 visits for their next treatment period). 
o To maintain their habitual lifestyle, dietary and exercise habits throughout the 

entire study and do not consume any beans or other pulses (chickpeas, lentils, 
dried peas). 

o To complete their Appetite and Treatment Tolerance Questionnaire on Study 
Days -5 through -1 and bring to their Study Day 1 visit. 

Participant ID: ______ Study Day 1 Notes 

Fasting Body Weight (kg) 1 2  

Systolic Blood Pressure (mmHg) 1 2  

Diastolic Blood Pressure (mmHg) 1 2  

Tube Type 
Tube 
Size 

Process Blood to Serum: 
-invert SST tubes 5x immediately following blood draw 
-allow blood to clot at room temperature for at least 30 min (may need longer for solid clot retraction) 
-centrifuge for 10 min, 3000 rpm, 25 ºC 
-transfer serum to labelled Corning® cryovials and store in one box per measure and one box for extras 

BD 
Vacutainer® 

Serum 
Separator 
Tube (SST) 

Five  
5 mL 

Cholesterol 
Profile 

ONE 1.2 mL 
cryogenic vial 

(#430658) 

Apolipoprotein 
Profile 

ONE 1.2 mL 
cryogenic vial 

(#430658) 

Glucose 
ONE 1.2 mL 

cryogenic vial 
(#430658) 

Insulin 
ONE 1.2 mL 

cryogenic vial 
(#430658) 

SCFA 
ONE 2.0 mL 

cryogenic vial 
(#430659) 

EXTRA 
2-3 of 1.2 mL 
ONE 2.0 mL 

cryogenic vials 

Researcher Initials:       

Notes: 
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o To complete their fecal sample collection during Study Days -3 to -1 and bring to 
their Study Day 1 visit or before. 

o Bring their study handbook to each study visit. 

• If Treatment Period III: 
o Thank them for their participation in the study and have them complete the 

Study Exit Questionnaire.  Tell them that we will be in touch once we receive 
their Treatment Period III cheque to have them sign for it, and that we will 
provide them with their confidential individual study results once the data are 
analyzed. 
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