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Approximately four million cases of domestically-acquired foodborne illness occur each year in 

Canada, resulting in over 11,000 hospitalizations and 230 deaths. Older adults make up a 

substantive portion of these numbers because of their susceptibility to foodborne illness due to 

weakened immune function and other chronic diseases they can develop over time. Seniors 

outnumbered children in Canada in 2017, and they are predicted to increase up to 25% of the 

country's population in the next two decades. As the number of older adults continue to increase, 

there is a need to identify which aspects of safe food handling could be improved in this group. 

The objectives of this project were to (a) gain an understanding of the food safety management 

of older adults (60+) at home, and (b) identify which factors influence their safe food handling 

behaviours. This was answered through a systematic review of the literature on older adults' 

knowledge, food handling behaviours, and risky food consumption at home; and an analysis of a 

national food safety survey dataset. Key findings include a lack of awareness of Listeria and 

components of safe storage (e.g. refrigeration, reheating). Moreover, men were less likely than 

women to follow safe food handling at home. Recommendations for interventions and future 

research are provided. 
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CHAPTER 1 | Introduction, Literature Review, Thesis Rationale and 

Objectives 

1.1 Introduction 

Foodborne illness occurs when food contaminated by pathogens such as bacteria, viruses, 

and parasites are consumed (World Health Organization, 2017). The most common symptoms of 

foodborne illnesses are nausea, vomiting, diarrhea, stomach cramps, and fever (Ontario Ministry 

of Health and Long-Term Care, 2016). Worldwide estimates indicate that 600 million people 

experience foodborne illness, and 420,000 die (World Health Organization, 2017). Nationally, 

four million Canadians are affected by foodborne illness each year, of which 11,600 are 

hospitalized, and 238 die (Thomas et al., 2015). Infections from certain pathogens such as 

Salmonella spp., Campylobacter spp., Escherichia coli O157, and Listeria monocytogenes are 

more likely to result in hospitalizations (Thomas et al., 2015). Foodborne diseases have a strong 

negative economic impact because of the strain on healthcare systems, trade, absenteeism from 

work, and outbreaks affecting tourism (Scott, 1996; World Health Organization, 2017).  

There is inconsistent data on the frequency of foodborne disease outbreaks and illnesses 

originating from the home compared to other settings (e.g. restaurants, and catering and banquet 

facilities). For instance, a Centers for Disease Control and Prevention (CDC) report indicated 

low occurrence of illnesses and outbreaks originating from the home (Centers for Disease 

Control and Prevention (CDC), 2018). On the other hand, a European Union (EU) report stated 

that in foodborne outbreaks, the home was the most common place of exposure of cases to the 

implicated food vehicle (European Food Safety Authority & European Centre for Disease 

Prevention and Control, 2016). It is well understood that surveillance systems miss outbreaks 
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and sporadic cases of foodborne illness in households. However, governments are aware of this 

and encourage consumers to practice safe food handling and preparation in the kitchen. The 

Government of Canada instructs consumers to follow safe food handling practices which include 

temperature control, prevention of cross-contamination, cooking, and storing foods properly - 

they are often simplified to four key steps: cook, clean, chill, and separate (Canadian Food 

Inspection Agency, 2017; Scott, 1996).  

Consumer groups having different levels of risk for foodborne illness because of their health 

status, age, knowledge, and consumption and food handling behaviours (Kendall, Val Hillers, & 

Medeiros, 2006; United States Food & Drug Administration, 2018). An important group that is 

vulnerable is the older population because of their decreased immune system function (A L 

Anderson, Verrill, & Sahyoun, 2011). The purpose of this review is to summarize the literature 

on food safety in older consumers by covering the pathogens they are susceptible to; food safety 

knowledge; attitudes and risk perceptions; consumption behaviours; and food handling 

behaviours. The review will also discuss gaps in food safety while also making comparisons on 

the older population versus other consumer groups. 

1.2 Literature Review  

1.2.1 Burden of Foodborne Illness and Foodborne Pathogens of Interest  

Surveillance estimates show that domestically acquired foodborne illness cases in United 

States is 47.8 million, with nearly 128,000 hospitalizations, and roughly 3,000 deaths annually 

(Scallan et al., 2011). Of these, the top five pathogens that cause foodborne illness are Norovirus, 

Salmonella, Clostridium perfringens, Campylobacter spp., and Staphylococcus aureus (Scallan 

et al., 2011). The top pathogens that cause both hospitalizations and deaths are Salmonella, 
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Campylobacter spp., Toxoplasma gondii, and Norovirus (Scallan et al., 2011). Older adults have 

weakened immune systems and often have chronic diseases, which increases their susceptibility 

to these foodborne infections, including the severity of illness consequences (Kendall et al., 

2006; Larbi et al., 2013). Foodborne pathogens of concern to older adults due to the group’s 

vulnerability include Vibrio, E. coli O157, norovirus, Campylobacter, Salmonella, and Listeria 

(Kendall et al., 2006). Vibrio infections have been associated with raw and undercooked seafood; 

E. coli O157 with undercooked meat and contaminated produce; norovirus with ready-to-eat 

foods; Campylobacter with undercooked poultry; Salmonella with raw and undercooked foods of 

animal origin; and Listeria has been linked to ready-to-eat foods and refrigerated products (e.g. 

deli meats, smoked seafood, soft cheeses) (Cates, Karns, Kosa, & Godwin, 2013; Cates et al., 

2006; Kendall et al., 2006). The following sections will consider these factors further along with 

a discussion of food handling in the domestic setting and what causes this increased risk for 

foodborne illness in this population. 

1.2.2 The Older Consumer as a Vulnerable Group for Foodborne Illness  

In food safety, research often investigates consumers as an aggregate and does not 

distinguish between groups (e.g. children, immunocompromised, older adults), between the 

different needs, preferences, knowledge, attitudes, and behaviours of these population subgroups. 

Consumer groups must be investigated independently from each other to obtain more unique 

insights in their safe food handling at home (Whitelock & Ensaff, 2018). Certain consumer 

groups, such as the elderly, have been identified as high risk and vulnerable for foodborne illness 

and may have unique knowledge, attitudes, practices toward food safety at home that require 

more targeted interventions (United States Food & Drug Administration, 2018).  



 

 

4 

 

Growing older is associated with loss of appetite and changes in the digestive system, poor 

oral health, and reduced taste and smell acuity (Hickson, 2006; Pilgrim, Robinson, Sayer, & 

Roberts, 2015; Whitelock & Ensaff, 2018). This decreased appetite combined with the poor 

absorption of nutrients across the gastrointestinal tract can result in micronutrient deficiencies 

and further impair the already decreased immune function among older adults (Hickson, 2006). 

Additionally, factors such as reduced taste, reduced smell acuity, chewing problems associated 

with aging, and loss in oral health can have large impacts on the amount and types of foods older 

adults consume (Hickson, 2006; Whitelock & Ensaff, 2018). For instance, one study found older 

adults preferred fish to other meats primarily because of its ease in chewing (Whitelock & 

Ensaff, 2018), which might increase their consumption of seafood and can potentially have them 

be more likely to experience foodborne illness associated with raw or undercooked seafood. 

Furthermore, many older people live alone and must adjust to food shopping for one (Whitelock 

& Ensaff, 2018). This can be challenging because items such as vegetables can come in large 

packages and can be spoiled before it is consumed (Whitelock & Ensaff, 2018). A decline in 

physical function has also been cited for changes in dietary behaviours and can lead to the 

elderly opting for easier meals (e.g. microwavable meals, sandwiches) (Whitelock & Ensaff, 

2018). 

Seniors have different rates of foodborne illness compared to other groups (Gilliss et al., 

2013). A 2014 report stated that older adults aged 65 and over in the U.S. had the highest 

incidence of Cyclospora, Listeria, and Vibrio (Crim et al., 2014). In fact, the hospitalization rates 

from acquiring foodborne illnesses also increase with age - with a CDC surveillance report 

indicating that the overall hospitalization rates were 32.2% in the 60-69 age category, 46.2% in 
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the 70-79 age category, and 57.0% in the 80+ category (Centers for Disease Control and 

Prevention, 2017). Of all pathogens, cases of Listeria had the highest rates of hospitalization 

among older adults, at 100% (Centers for Disease Control and Prevention, 2017). The case 

fatality rate of Listeria in the entire population is at 19.5%, the highest across all foodborne 

pathogens (Crim et al., 2014) which speaks to the importance of Listeria prevention education. 

Furthermore, older adults tend to have the highest rates of incidence of foodborne illness, except 

for children aged <5 who are another high-risk category (Centers for Disease Control and 

Prevention, 2017). Besides Shigella, seniors had higher incidence rates (IR) of all pathogens 

compared to those aged 20-64 (Gilliss et al., 2013). The rates for laboratory-confirmed bacterial 

infections as of 2012 for those aged ≥65 were: Yersinia (0.49 per 100,000), Vibrio (0.78 per 

100,000); Shiga toxin-producing E. coli O157 (STEC) (0.74 per 100,000); STEC non-O157 

(0.92 per 100,000); Listeria (1.05 per 100,000); Shigella (1.42 per 100,000); Campylobacter 

(15.26 per 100,000); and Salmonella (17.22 per 100,000) (Gilliss et al., 2013). For parasitic 

infection, the IRs for Cyclospora and Cryptosporidium were 0.03 and 3.01 per 100,000, 

respectively (Gilliss et al., 2013). Canadian data also shows a high annual number of 

hospitalizations from common pathogens such as Campylobacter, Salmonella, E. coli O157, and 

norovirus (Thomas et al., 2015). In Canada, the annual number of domestic foodborne deaths for 

the most severe pathogens were Listeria (35 deaths), Salmonella spp. (17 deaths), and norovirus 

(21 deaths) (Thomas et al., 2015). 

1.2.3 Safe Food Handling Among Older Adults 

 Safe food handling consists of practicing personal hygiene (e.g. handwashing), cooking 

foods properly (e.g. using food thermometers), avoiding cross-contamination (e.g. using separate 
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cutting boards for meat and vegetables), keeping foods at safe temperatures (e.g. refrigerating 

and reheating), and avoiding food from unsafe sources (e.g. eating raw or undercooked meats) 

(L. Medeiros, Hillers, Kendall, & Mason, 2001). It is imperative for vulnerable populations to 

practice better food handling than others because of their increased risk and severity of 

foodborne illness. Existing research has shown older adults have unique food handling 

behaviours at home (Amy L. Anderson, Verrill, & Sahyoun, 2011; Shiferaw et al., 2000). Some 

studies have shown the elderly are more careful and tend to follow some safe food handling 

behaviours better than other groups (Amy L. Anderson et al., 2011; Shiferaw et al., 2000). 

However, most of the literature reports gaps in knowledge, attitudes, and behaviours (Amy L. 

Anderson et al., 2011; Cates et al., 2009; Evans & Redmond, 2015, 2016; Kosa, Cates, Godwin, 

Ball, & Harrison, 2011; Young & Waddell, 2016). To better understand the factors that 

contribute toward the increased risk of foodborne illness in this population, the commonly 

investigated components are discussed below. 

Knowledge. Consumers lack awareness of less common foodborne pathogens such as 

Staphylococcus aureus, Campylobacter spp., and Listeria (Altekruse, Street, Fein, & Levy, 1996; 

Cates et al., 2009; Cates et al., 2006; Langiano et al., 2012). For instance, studies have found 

older adults have not heard about Listeria (Cates et al., 2006; Ekos Research Associates, 2010; 

Kosa, Cates, Godwin, & Draughon, 2008), and another study which reported high awareness of 

Listeria found that consumers could not identify food products that are commonly associated 

with the pathogen (Evans & Redmond, 2016). Even when consumers have awareness of 

common pathogens such as Salmonella and E. coli, they are unable to identify common foods 

associated with these pathogens (Altekruse et al., 1996; Kennedy et al., 2005). A consumer 
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survey found that only a small portion of respondents were able to identify common foods 

associated with pathogens (Kennedy et al., 2005). Although there is some evidence that seniors 

have greater knowledge of food safety topics than their younger counterparts (The Strategic 

Counsel, 2018), these findings suggest that greater emphasis is needed on increasing general 

awareness of less common pathogens and foods associated with them among the elderly. 

Attitudes and risk perceptions. Generally, research has resulted in mixed responses on 

whether older consumers believe they are at an increased risk for foodborne illness (Cates et al., 

2013; Kosa et al., 2011; The Strategic Counsel, 2018). In fact, consumers are typically more 

concerned about food hygiene and illness when eating out compared to at home (Prior, Taylor, 

Smeaton, & Draper, 2013). A Canadian survey asking about the top food safety concerns at 

home revealed that seniors, similar to other consumer groups, were more concerned about 

expired food than unsafe food handling (The Strategic Counsel, 2018). This could mean that 

older adults and consumers in general are confident in their ability to safely handle food and are 

more worried about things out of their control. Even when there was concern about foodborne 

illness at home, one survey revealed that participants aged 75 and over were the least likely 

group to act or modify behaviours based on concerns (e.g. read food labels carefully, change 

food preparation methods), hinting that solely targeting food safety attitudes in the elderly may 

be ineffective. A study found older adults with higher education were less concerned about 

foodborne illness (Gordon et al., 2004), suggesting more focus may be required among the 

highly educated about the consequences of eating contaminated foods. 

Food handling behaviours. Studies using self-report measures to investigate handwashing 

outcomes among older adults report a high frequency of correct handwashing behaviours (Cates 
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et al., 2009; Powell, 2007; Roseman, 2007); however, a few observational studies have revealed 

these behaviours are quite low among older adults (Evans & Redmond, 2018; Jevsnik et al., 

2013; Redmond, Griffith, Slader, & Humphrey, 2004) suggesting that self-report measures may 

be inaccurate when measuring handwashing outcomes. Regarding cross-contamination, older 

participants tend to practice avoiding cross-contamination with studies reporting medium (Wyne, 

2001) and high frequency (Hudson, & Hartwell, 2002; Roy, 2016; Yap, 2016) of washing cutting 

boards between uses or using separate cutting boards, but poor frequency on other kitchen 

utensils (Evans & Redmond, 2018). 

Temperature control is an essential practice that prevents growth of foodborne pathogens in 

foods and the use of food and refrigerator thermometers is the only accurate method in ensuring 

foods are maintained at safe temperatures (Feng & Bruhn, 2019). Regarding thermometer use, 

some studies have also reported that older adults do not use one while cooking (Cates et al., 

2009; The Strategic Counsel, 2018) and those that did only used one occasionally (Medeiros et 

al., 2006). Reasons for low thermometer usage include false beliefs where consumers do not see 

thermometers as necessary and relied on sensory information (sight, touch, taste) to tell if foods 

are cooked (Feng & Bruhn, 2019; Medeiros et al., 2006; Young & Waddell, 2016), 

inconvenience (Gettings & Kiernan, 2001), inability to use (Gettings & Kiernan, 2001), and lack 

of access to thermometers (Takeuchi, Edlefsen, McCurdy, & Hillers, 2005). Therefore, more 

education is required on the importance of using food thermometers, and further investigation on 

older adults’ safe food handling at home and the determinants that influence these behaviours is 

necessary. 
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Risky food consumption. Many factors influence the risky food consumption practices of 

older adults. The elderly still engage in consumption of high-risk foods such as undercooked 

eggs, sprouts, deli meats, and raw or undercooked meats (Cates et al., 2013; Kosa et al., 2011; 

Marklinder, Magnusson, & Nydahl, 2013; Shiferaw et al., 2000). A qualitative synthesis of 

consumer food handling determinants found that eating high risk foods is due to preference (e.g. 

runny eggs) (Young & Waddell, 2016). Studies have often cited consumers’ hesitance of wasting 

food as a contributing factor for increased risk of food poisoning (Dickinson, Wills, Meah, & 

Short, 2014; Young & Waddell, 2016) and a survey found over one-third of older respondents 

found it difficult to throw out food (McWilliams et al., 2017). Furthermore, older participants in 

a qualitative study stated they did not dispose of food because of thriftiness and behaviours they 

adopted during food shortages (i.e. wartime) (Milne, 2011). Therefore, more education is needed 

to inform elderly consumers that keeping foods for long past its best-before dates can not only 

reduce food quality but allow pathogens to grow and multiply. 

In summary, those that are 60 and over face increased risk for foodborne illness because of 

their unique safe food handling knowledge, attitudes, and behaviours. Many recommendations 

have been made for education programs such as having a more personalized approach (i.e. direct 

communication) (Cates et al., 2013); expanding programs for inclusion of elderly care providers 

(Medeiros et al., 2006); targeting behavioural intentions (McWilliams et al., 2017); developing 

programs based on behavioural constructs (e.g. personal hygiene) (Medeiros et al., 2001); and 

addressing unsafe practices (e.g. ineffectiveness of visual cues to determine whether foods have 

been fully cooked) (Kosa, Cates, Godwin, & Chambers IV, 2017). In addition to this, it is also 
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believed that incorporating theories of behaviour change into research and interventions can 

make for stronger, more effective programs (Medeiros, Chen, Hillers, & Kendall, 2008). 

1.2.4 Theories of Behaviour Change  

Davis, Campbell, Hildon, Hobbs, & Michie (2015) define a theory as “a set of concepts 

and/or statements with specification of how phenomena relate to each other...and it explains and 

predicts phenomena.” Theories of behaviour change allow researchers to identify the antecedents 

of behaviours and help educators create effective programs and interventions that target the 

specific predictors which will lead to change (Davis et al., 2015). They explain why a behaviour 

occurs by considering its components and their relationship to one another (Davis et al., 2015). 

Since a theory can be viewed as the overall understanding of how to behaviour changes across 

groups and contexts, it also provides actors to test this theory and refine it in the context it is used 

in (Davis et al., 2015). This feedback process results in stronger interventions (Davis et al., 

2015). However, studies have reported only a small portion of interventions are developed or 

evaluated using theories of behaviour change (Davies, Walker, & Grimshaw, 2010; Prestwich et 

al., 2014). 

A previous scoping review identified 82 theories of behaviour and behaviour change (Davis 

et al., 2015). Some theories are specific to certain aspects of behaviour (e.g. Relapse Prevention 

Theory, Terror Management Theory), where others can be more generally applied (e.g. Theory 

of Planned Behaviour). Some of the more popular theories are the Transtheoretical/Stages of 

Change Model (TTM); the Theory of Planned Behaviour/Reasoned Action (TPB); Health Action 

Process Approach (HAPA); Social Cognitive Theory (SCT); and the Health Belief Model 

(HBM). 
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Theory of Planned Behaviour. The most well-understood model in consumer food safety is 

the TPB (Young, Reimer, Greig, Meldrum, et al., 2017). The TPB was developed in the 1980s 

and is one of the most popular theories of behaviour change (Ajzen, 1985; Glanz et al., 2008). 

The TPB came about as a result of a slight addition to the Theory of Reasoned Action (TRA) 

which assumes intentions are the most important determinant of behaviour (Glanz et al., 2008). 

(Carey, Bell, Duff, Sheridan, & Shields, 2011). Ajzen (1991) included perceived behavioural 

control to the model to account for situations where individuals do not have control over a 

behaviour (Ajzen, 1991; Armitage & Conner, 2001). The TPB states that attitude toward the 

behaviour, subjective norm (perceptions of social pressure as it relates to the behaviour), and 

perceived behavioural control (how easy or difficult the individual views performing the 

behaviour) interact with each other and are antecedents of intentions, and intentions influence 

behaviour (Ajzen, 1991). A meta-analysis on the efficacy of the TPB found that the theory 

successfully predicts intentions and behaviours but is more effective in self-report behaviours 

(Armitage & Conner, 2001). Furthermore, another systematic review found the TPB to be the 

most commonly used theory in consumer food handling research but advised caution when 

investigating high-risk groups (Young, Reimer, Greig, Meldrum, et al., 2017). Many studies 

have successfully applied the TPB to various safe food handling behaviours (e.g. handwashing, 

temperature control, cooking) (Fulham & Mullan, 2011; Mullan & Wong, 2009; Mullan, Allom, 

Sainsbury, & Monds, 2015; Shapiro, Porticella, Jiang, & Gravani, 2011). One study investigating 

the consumption of meat and sausages if well-cooked found that intentions predicted actual 

behaviour in young adults but not in adults (Mari, Tiozzo, Capozza, & Ravarotto, 2012). This 
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reinforces the idea that even when models are successfully implemented, researchers should 

consider that uniqueness of vulnerable groups such as the elderly.  

Although it is beyond the scope of this thesis to cover all theories (e.g. Health Belief Model, 

Social Cognitive Theory, Social Marketing Theory), the TPB is a good starting point for 

consumer food safety. Each theory has its own advantages and disadvantages, and both 

researchers and educators must consider which theories they wish to use to guide their work. 

1.2.5 General Trends and Projections of Older Adults  

 Between 2015 and 2016, the number of seniors (aged 65 and over) outnumbered children (0 

to 14 years old) and the gap continues to widen (Statistics Canada, 2019). Population aging is a 

twenty-first century occurrence due to reduced mortality, migration patterns, and reduced 

fertility (United Nations, 2015). Nearly all nations are experiencing an aging population because 

of one or more of these factors (United Nations, 2015). In Canada, the primary reason for the rise 

in elderly is reduced mortality, and thus increased life expectancy with the 60-64 age group 

being the fastest growing population group (Statistics Canada, 2018; United Nations, 2015). This 

trend is expected to continue into 2030, where a United Nations (UN) report states the 60 and 

over age group in Canada is projected to be 29.4% of the total population (United Nations, 

2015). Statistics Canada has more conservative estimates, but projections are still close at around 

23-25% (Statistics Canada, 2019). This aging phenomenon is also directly related to the aging of 

baby boomers, who are defined as individuals born between the years of 1946 and 1965 

(Statistics Canada, 2019). In fact, 46% of all seniors are baby boomers and this proportion is 

projected to increase (Statistics Canada, 2019). Seniors are experiencing a growth rate of 3.6%, 

which is more than twice the rate of Canada's population (1.4%). This, coupled with the 
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relatively stable growth rate of children aged 0-14 years, is a major factor in population aging of 

Canada (Statistics Canada, 2019). Naturally, as seniors represent more people in Canada and 

globally, foodborne illness has the potential to result in major socioeconomic burden if left 

unchecked. Therefore, research needs to identify gaps and offer solutions to improve food safety 

among older adults at home. 

1.3 Thesis Rationale, Methods, and Objectives  

As older adults will continue to represent a larger proportion of the population worldwide, it 

is more important than ever to further our understanding of food safety in this group to reduce 

the risk of foodborne illness that exists among them. A need exists to (a) better understand the 

available literature on safe food handling among the elderly; and (b) analyze pre-existing data on 

older adults to further investigate individual components of safe food handling at home and 

determine which factors strongly predict these behaviours among older adults. 

Food safety is a popular topic and there have been numerous studies published on consumers 

within the last few decades. However, it can be difficult to make sense of the large amount of 

information and thus systematic reviews are used to synthesize the literature on the topic. Unlike 

a typical narrative review, systematic review methodologies use structured, transparent, and 

robust procedures to identify, assess, and synthesize all available evidence on a topic (Higgins & 

Green, 2011; Uman, 2011). A systematic review is conducted in Chapter 2 to identify, 

characterize, and synthesize all available studies around food handling among older adults, 

including studies examining: the prevalence of food safety knowledge and behaviours among the 

elderly living independently; and the study-level factors affecting the difference in prevalence of 

these outcomes across studies. Results from this review will help to inform key priorities for 



 

 

14 

 

improving safe food handling knowledge and behaviours of older consumers, including 

identification of target areas for future interventions. 

The evidence from Chapter 2 will describe study characteristics of relevant articles. Since 

most of consumer safe food handling studies are cross-sectional or longitudinal in nature and 

mainly implement questionnaires (Young, Reimer, Greig, Turgeon, et al., 2017), it is also 

expected that studies investigating only older consumers will be similar. Questionnaires are a 

popular and viable method of collecting data in health research and provides important evidence 

which can help educators and decision-makers understand areas of importance (Choi & Pak, 

2005). However, poor questionnaire design (e.g. wording, inadequate response options, long 

survey) and the method of administering the survey (e.g. in-person interview, web-based, 

telephone) can introduce different types of bias (Choi & Pak, 2005) and researchers need to be 

conscious of this when reporting and interpreting these types of data. Chapter 3 will use data 

from the Foodbook study conducted by the Public Health Agency of Canada (PHAC), which was 

a population-based telephone survey conducted between 2014-2015 to create a database of 

Canadians' exposure to foods, water and animal exposure (Public Health Agency of Canada, 

2015). This thesis is only concerned with the food exposure portion of the Foodbook 

questionnaire, which contains data on demographic characteristics of participants and food safety 

knowledge and behaviours. Furthermore, only data containing older adults (60 and over) are 

analyzed and presented in Chapter 3. Therefore, the objectives of this research are to: 

1. Synthesize the relevant microbial food safety research in the independent-living elderly 

to gain a better understanding of this vulnerable consumer group, and identify knowledge 

and behaviour gaps, as well as outlining areas for further research. 
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2. Conduct an analysis on previously collected Foodbook data on older Canadians' food 

safety knowledge and behaviours related to safe food handling at home to gain a better 

understanding on which areas are worth targeting for behaviour change. 

This thesis is presented in a manuscript-based format. Chapter 2 describes a systematic review of 

older adults' food safety knowledge, risky food consumption, and food handling behaviours. 

Chapter 3 is an analysis of a nationwide telephone survey of older Canadians on their knowledge 

and behaviours related to safe food handling at home. This chapter also investigates 

sociodemographic characteristics collected from the Foodbook study that are significant 

predictors of safe food handling. The goal is to advance research in a rapidly-growing population 

and reduce the risk of foodborne illness originating from the home. 
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CHAPTER 2 | Food safety and the older consumer: A systematic 

review and meta-regression of their knowledge and practices at home 

This work has been formatted for submission to Food Control. 

2.1 Abstract 

Older adults are a high-risk population for foodborne illness because of weakened 

immune systems, chronic illnesses, and a resulting increased likelihood of complications. A 

systematic review was undertaken to identify, characterize, and synthesize the published research 

on the food safety knowledge and behaviours of older adults (60+) in the domestic setting. The 

review consisted of a comprehensive search strategy, relevance screening, article 

characterization, data extraction, and risk-of-bias assessment. Outcomes were analyzed using 

meta-regression to explain variance in prevalence estimates across studies. Fifty-seven relevant 

studies published between 1996-2018 were identified. Knowledge gaps included older adults' 

awareness of Listeria (median = 40%; range = 33-58%; n = 5 studies), and knowledge on the 
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safe operating temperatures of refrigerators (median = 43%; range = 12-65%; n = 11 studies). 

Older consumers reported refrigerating leftovers within 2 hours of cooking, with an average 

prevalence of 87% (95%CI = 0.86-0.88; I2 = 0%; n = 7 studies). Of the high-risk foods, older 

adults consumed undercooked eggs most often (median = 33%, range = 8%-50%, n = 8 studies). 

Meta-regression explained the across-study variability in prevalence of handwashing before food 

preparation, where self-report measures reported a higher prevalence than in-person observations 

(β = 0.66; CI = 0.49-0.83; I2 = 82.3%; adj. R2 = 97.8%, n = 10 studies). Food safety education 

programs and interventions should target knowledge gaps identified in this review.  

Keywords: elderly, senior, meta-analysis, synthesis, food hygiene, education 

2.2 Introduction  

 Foodborne illness generates substantial economic impacts on society through direct healthcare 

costs and indirect costs such as lost productivity (McLinden, Sargeant, Thomas, Papadopoulos, 

& Fazil, 2014). In the United States (US) alone, 14 major foodborne pathogens were estimated to 

result in total costs of up to $14.0 billion annually (Hoffmann, Batz, & Morris, 2012). In the 

United Kingdom (UK), annual economic costs associated with foodborne disease is estimated at 

$2.5 billion (Food Standards Agency, 2012). Every year, 48 million people in the US become ill 

and 128,000 are hospitalized (Scallan et al., 2011). These costs, along with the significant global 

burden on morbidity and mortality (World Health Organization, 2016) have led to continued 

research focusing on consumer food safety and behaviour change studies (Kosa, Cates, Godwin, 

& Chambers IV, 2017; McWilliams et al., 2017; Wunderlich, Bai, OḾalley, & Chung, 2015). 

The proportion of foodborne disease outbreaks and illnesses linked to private homes vary and are 

country-dependent (Bélanger, Tanguay, Hamel, & Phypers, 2015; Centers for Disease Control 
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and Prevention (CDC), 2016; Draeger et al., 2018; European Food Safety Authority & European 

Centre for Disease Prevention and Control, 2016), but these numbers likely severely 

underestimate the true proportion, especially of sporadic illnesses, that originate from the 

domestic setting due to underreporting and other surveillance challenges (Angelo, Nisler, Hall, 

Brown, & Gould, 2017; Nsoesie, Gordon, & Brownstein, 2014).  

 Consumers have an important role in the food safety chain as they are the last line of defense 

in the prevention of illness (Murray et al., 2017; Nesbitt et al., 2014). Recommendations often 

focus on the five aspects of safe food handling: personal hygiene, cross-contamination 

prevention, adequate cooking of food, time-temperature control, and avoiding high risk foods or 

foods from unsafe sources (Medeiros, Hillers, Kendall, & Mason, 2001). Young children, 

pregnant women, and the elderly have an increased susceptibility and severity to foodborne 

illness (Canadian Public Health Association, n.d.; Medeiros et al., 2006). Older adults (60+) 

compared to their younger counterparts are at greater risk of contracting listeriosis (Centers for 

Disease Control and Prevention, 2016); have higher rates of hospitalization and death once 

infected with Salmonella (Chen, Glass, Liu, Hope, & Kirk, 2016); and experience higher rates of 

hospitalization once infected with Campylobacter (Medeiros et al., 2006; Troeger et al., 2018). 

They are considered a high-risk population for foodborne illness because of their weakened 

immune function and resulting greater likelihood of complications resulting from illness (Cates 

et al., 2009; Centers for Disease Control and Prevention, 2016). Further, the elderly may also be 

more likely to practice unsafe food storage, handling, food consumption, and cooking behaviours 

that could increase an already heightened susceptibility (Evans & Redmond, 2015; Kendall, Val 

Hillers, & Medeiros, 2006; Murray et al., 2017). Health promotion in older adults who live 
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independently (i.e. community-residing) is important as lifestyle intervention has become more 

recognized in maintaining the health and well-being of these individuals (Yap, 2016). 

 Seniors (65+) accounted for 14% of Canada's population in 2011 (Statistics Canada, 2012) 

and 15% of the US population in 2015 (United States Census Bureau, 2017). More recently in 

Canada, seniors were estimated to have outnumbered children in 2017 (Central Intelligence 

Agency, 2017). These numbers are predicted to increase, and seniors will account for up to one-

quarter of Canada's total population in the next two decades; the same is expected for the US by 

2060 (Statistics Canada, 2012; United States Census Bureau, 2017). Worldwide, people aged 60 

and over are projected to increase up to 1.4 billion by the year 2030 (United Nations, 2015), 

which makes food safety a growing concern in this group of consumers. 

 To date, no study has synthesized the literature using systematic review methods to 

investigate the food safety knowledge and behaviours of the older consumer. There is a need to 

understand the elderly’s management of food safety at home because of their increased risk for 

foodborne illnesses and unique challenges they face (e.g. chronic diseases, visual impairment, 

disability, immobility). This synthesis will identify knowledge and behaviour gaps and present 

specific recommendations on the design and improvement of food safety education programs and 

interventions with the goal of reducing the risk of illness in this consumer group.  

 The purpose of the current study was to conduct a systematic review using standardized and 

structured methods to identify, characterize, and summarize the literature investigating older 

consumers’ (a) safe food handling knowledge and behaviours; (b) risky food consumption 

behaviours; and (c) the availability and preparedness of their kitchen resources. A secondary 

objective of this study was to examine trends in these outcomes across studies. Results from the 
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systematic review highlight important areas that could be targeted for future education, and 

avenues for future research in this group to better prepare older adults' transition into their latter 

stages of life. 

2.3 Methods 

2.3.1 Review approach, question, and eligibility criteria 

 This review was conducted using a pre-specified protocol (available as supplementary 

material) and standardized systematic review methodology (Higgins & Green, 2011). The 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement was 

used to guide the reporting in this article (Moher, Liberati, Tetzlaff, & Altman, 2009), and a copy 

of this checklist can be accessed as supplementary information. The review question was “What 

are the food safety knowledge, and behaviours of consumers aged 60 and over living at home, 

and what study-level factors affect the prevalence of these outcomes across studies?” The 

population of interest was older adults (60+) who prepared food for themselves and/or others at 

home, and people who lived independently but receive meals from outside (e.g. meal delivery, 

congregate meal sites). Studies were excluded if they investigated participants that had a 

caregiver prepare and handle food for them; older adults in assisted living facilities; and research 

that focused on non-microbial food safety hazards (e.g. chemicals, allergens). Eligible sources of 

evidence included journal articles as well as other research documents such as research reports, 

dissertations and theses, and conference proceedings published in English or French. All primary 

research designs were considered for inclusion. 
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2.3.2 Search strategy 

 A search strategy was developed and refined after consultation with a librarian. The algorithm 

contained a combination of terms extracted from five known relevant articles and a previous 

consumer systematic review (Young & Waddell, 2016) and pre-tested in the Scopus database. 

Search queries consisted of keywords such as food safety, elderly, knowledge and behaviours 

(Table 1). These terms were searched across titles, abstracts, and subject headings. The search 

was conducted on 09 June 2018 in the following bibliographic databases: Scopus, PubMed, CAB 

Abstracts, Food Science and Technology Abstracts, CINAHL, PsycINFO, and ProQuest 

Dissertations and Theses. A complementary search for grey literature documents (e.g. conference 

proceedings and research reports) was conducted in Google and in the Practice-based Evidence 

in Nutrition (PEN) database. Five search strings (e.g. “Safe food handling practices older 

adults”) was used to search the first 100 hits of each result in Google. Similarly, identical search 

strings were employed in PEN, and all results were examined for relevance. The reference lists 

of all relevant articles and three similar reviews on the topic (Kendall et al., 2006; Nesbitt et al., 

2014; Young, Reimer, Greig, Turgeon, et al., 2017) were hand-searched to identify any new 

relevant articles as part of the search verification strategy. Additional details are available as 

supplementary material. 

2.3.3 Relevance screening and confirmation 

 The titles and abstracts of citations identified during the search were assessed for their 

relevance using a structured screening form consisting of a single yes/no question. The form was 

pre-tested by two independent reviewers. Full articles of relevant references were obtained, 

confirmed for relevance, and key characteristics were classified using another structured form, 
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also pre-tested by two reviewers. Classification included characteristics of articles such as 

publication type; year of publication; study design; country of origin; data collection methods; 

details on target population (e.g. home delivered meal recipients, fully independent) and 

outcomes (e.g. knowledge, food safety behaviours, risky food consumption behaviours). 

2.3.4 Risk-of-bias assessment and data extraction 

 Relevant studies with extractable outcome data which met all eligibility criteria underwent a 

risk-of-bias assessment and outcome extraction using two forms. Detailed quantitative data on 

the prevalence of key outcomes (i.e. numerator and denominator for each outcome, or estimated 

numerator from a given prevalence value) were extracted using a data extraction form. Outcomes 

of interest included knowledge, behaviours, risky food consumption, and kitchen resources (e.g. 

thermometer, cutting boards). Prevalence data from the literature were extracted for only the 

older population (60+), dichotomous responses were coded as is (e.g. correct vs. incorrect, yes 

vs. no), and ordinal data were recoded to dichotomous format when raw data or percentages were 

provided. 

 The risk-of-bias tool was modified from previously developed instruments (Higgins & Green, 

2011; Sterne et al., 2016). We assessed risk-of-bias using five criteria: the likelihood of the 

participant selection process representing the target population (e.g. convenience sample of 

respondents from one grocery store vs. large scale telephone survey using random-digit dial 

methods); reliability and validity measurements were reported for outcomes of interest; whether 

authors reported losses to follow-up and exclusions from analysis; whether authors reported all 

intended outcomes; if study was free of other potential problems (e.g. industry-funded research); 

and assigning an overall risk-of-bias rating based on the previous five criteria. Three risk ratings 
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were used across all criteria (low risk, high risk, or unclear risk-of-bias) and a composite rating 

using the same scale was assigned to each study outcome.  

2.3.5 Review management 

 All steps were conducted using pre-tested tools by two independent reviewers. All references 

identified in the review were de-duplicated in the reference management program Mendeley 

(Elsevier Inc., New York, NY). Relevant screening, confirmation, and data extraction were 

conducted through a spreadsheet (Excel, Microsoft Office 365, Microsoft Corporation, Redmond 

WA). The relevance screening form was pre-tested on 50 abstracts, and all other forms were pre-

tested on five articles each. Kappa scores were estimated during screening and only proceeded 

after achieving strong agreement (>0.8), while other forms were modified as needed to improve 

clarity and consistency in interpretation between reviewers. All disagreements between 

reviewers were discussed and resolved through consensus. Copies of all review forms are 

available as supplementary information. 

2.3.6 Data analysis 

 Outcome categories were developed from the reported literature and included food safety 

knowledge and behaviours; kitchen resources; and risky food consumption. There were large 

differences in the sample populations and measurement tools used and we used a conservative 

approach of stratifying prevalence data into subgroups when the questions and constructs were 

similar in nature. Additionally, the distribution of prevalence estimates was summarized using 

the median, 25th and 75th percentiles, and range of study estimates. Prevalence data were used to 

conduct a meta-analysis of proportions within each subgroup (Nyaga, Arbyn, & Aerts, 2014). 

Subgroups were only included for final analysis when ≥3 studies reported a similar outcome as 
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problems with variance and dispersion arise in random-effects models when dealing with a small 

number of studies (Borenstein, Hedges, Higgins, & Rothstein, 2009). Subgroups consisting of 

only one or two studies were excluded. Three types of knowledge outcomes were identified: (i) 

safe operating temperature of refrigerators (i.e. respondents identify that the refrigerator must be 

at or below 5 oC) (Evans & Redmond, 2016; Hoelzl et al., 2013); (ii) awareness of best-before 

(i.e. the time that an unopened food product will retain its freshness, taste and nutritional value) 

and use-by dates (i.e. the final date which a food product can be safely consumed) (Evans & 

Redmond, 2016; The Strategic Counsel, 2018); and (iii) awareness of Listeria (e.g. items 

assessing whether respondents have heard or are familiar with the pathogen) (Cates et al., 2006;  

Kosa, Cates, Godwin, & Draughon, 2008). Three kitchen resource/operation outcomes were 

identified: (i) owned a refrigerator thermometer; (ii) owned a food thermometer; and (iii) home 

refrigerators that were found to be operating at safe temperatures between 1-5 oC. Regarding the 

third outcome in this category, studies were only included for analysis when temperatures were 

directly assessed by the researchers or thermometers were provided to the participants. Three 

risky food consumption behaviours were identified: (i) ate raw or undercooked eggs; (ii) ate raw 

or undercooked meat/poultry; and (iii) consumed raw sprouts. Lastly, eight food safety behaviour 

outcomes were identified: (i) checked use-by or best-before dates; (ii) defrosted foods using 

methods other than leaving it at room temperature; (iii) washed meat before food preparation; 

(iv) monitored refrigerator temperature; (v) washed hands before food preparation; (vi) washed 

hands after handling raw meat/food preparation; (vi) refrigerated leftovers within 2 hours of 

cooking; and (vii) safely stored raw meats in the refrigerator. 
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 Random effects meta-analysis was conducted for each subgroup. Forest plots were generated 

for each outcome subgroup. Estimation of models was conducted used the DerSimonian and 

Laird method (DerSimonian & Laird, 1986). The Freeman-Tukey double arcsine transformation 

was used for outcomes to stabilize variances of proportions (Nyaga et al., 2014). A summary 

effect estimate was only presented in forest plots of meta-analyses that demonstrated low 

heterogeneity (I2 ≤25%) because (a) otherwise they were unreliable indicators of mean effect 

sizes, and (b) the primary purpose of conducting these analyses was to understand and visualize 

variability in prevalence estimates across studies (Higgins, Thompson, Deeks, & Altman, 2003; 

Munn, Moola, Lisy, Riitano, & Tufanaru, 2015). In cases of high heterogeneity, the analysis 

focused on descriptively summarizing the distribution (median and range) of estimates across 

studies.  

     We conducted meta-regression analysis to examine possible study-level factors that could 

explain the large dispersion which was anticipated in the prevalence estimates (Thompson & 

Higgins, 2002). Meta-regression was only conducted for outcome subgroups that contained ≥10 

studies (Thompson & Higgins, 2002). All studies were considered regardless of the number of 

within-study participants. A series of univariable models were assessed for each subgroup with 

the predictor variables as follows: publication year (continuous), document type (journal article 

vs. other); study country (US vs. other); pre-testing of data collection instruments (yes vs. no); 

the study population was older adults only (yes vs. no); older adult population type (independent-

living vs. meal recipients/nutrition education program participants); the study definition of older 

adults (≥60 vs. other definitions); the overall risk-of-bias rating (high/unclear vs. low); and 

method of measuring outcome for behaviour outcomes only (observed vs. self-reported). 
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Variables were considered statistically significant if P≤0.05, and model variance was estimated 

using the restricted maximum likelihood method. Across-study variation that can be explained 

was quantified using the I2 statistic (Higgins et al., 2003). Forest plots were generated using the 

metaprop command and meta-regression was conducted using the metareg command in StataSE 

15 (StataCorp LP, College Station, USA). 

2.4 Results  

2.4.1 Characteristics of relevant studies 

 A flow diagram of the review is shown in Fig. 1. From a total of 1,452 unique references 

screened for relevance, 57 relevant studies were identified (Fig. 1). These relevant studies' 

characteristics are highlighted in Table 2. Most studies were journal articles (72%), used a cross-

sectional study design (88%), and were published in the US (56%). The median publication year 

was 2009 (ranging from 1996-2018). Only 11% of studies stated using a theory of behaviour 

change to guide the development of their data collection instrument. Many studies defined older 

adults as being 60 years of age or older (63%), and only about one-half of the studies strictly 

focused on older adults as their study population (47%). Most studies reported food safety 

behaviours (88%) and knowledge outcomes (51%); and 66% of studies reported at least one 

outcome in an extractable format to allow for possible analysis. 

 All 57 studies measured food safety knowledge, behaviours or both. However, only a small 

portion of studies (n=36) were prioritized for analysis because they met the eligibility criteria 

(e.g. similarly worded questions, similar responses, outcomes were represented by more than two 

studies). A summary of the risk-of-bias ratings of studies which contained data for at least one 

relevant prevalence outcome (n=36) are included in Table 3. The largest frequency of studies had 
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an overall unclear risk of bias (47%), primarily due to uncertainty about the validity and 

reliability of instruments that were used to measure the respective outcomes and lack of 

assurance on the representativeness of the study population (Table 3). A summary of the studies, 

its topic, and whether the study used self-report or observations have been presented in Table 4. 

A descriptive summary of outcomes, and a copy of extracted characteristics and individual risk-

of-bias ratings are presented as supplementary data. 

2.4.2 Consumer knowledge 

 We identified three knowledge outcome subgroups and the forest plots are shown in Fig. 2. 

Wide variability was observed in all three subgroups. Of the results from the meta-analysis and 

forest plots, most subgroups had high heterogeneity. In other words, there was inconsistency in 

results across studies investigating the same outcome and computing a summary effect for 

outcomes with high heterogeneity would have resulted in falsely presenting an overall effect 

size. Thus, the results are presented below using descriptive statistics. The understanding of best-

before and use-by dates ranged from 38% to 90% with a median prevalence of 80% across four 

studies. Awareness of safe operating temperatures of refrigerators were low (median prevalence 

= 43%; n = 11 studies), with a prevalence ranging from 12% to 65%. The least heterogeneous 

outcome was awareness of Listeria (median = 40%; n = 5), which ranged from 33% to 58%. 

2.4.3 Food safety behaviours 

 We identified eight food safety behaviour outcome subgroups. All studies reporting on 

elderly's refrigeration of leftovers within 2 hours showed high prevalence and low variability 

(I2=0%), with an overall effect of 87% (95% CI: 86-88%) (Fig. 3). All other subgroups in this 

category had high variability in their outcomes across studies (Fig. 4). Between-study variability 
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within outcome subgroups was an indicator of how well studies agreed with each other. Outcome 

subgroups with the largest variability in prevalence outcomes were handwashing before food 

preparation (median prevalence = 90%; n = 10 studies); handwashing after food preparation or 

handling raw meat (median = 70%; n = 10); performing the unsafe behaviour of washing raw 

meat (median = 47%; n = 7); and safely storing raw meats in the refrigerator (median = 58%; n = 

5). Participants generally reported not monitoring the temperature of their refrigerators (median 

= 32%; n = 5) (Fig. 4). On the other hand, respondents reported relatively positive outcomes for 

defrosting foods using methods other than leaving it out at room temperature (median = 74%; n 

= 9 studies), as well as checking use-by and best-before dates (median = 69%; n = 4 studies) 

(Fig. 4). 

2.4.4 Risky food consumption behaviours 

 As in the previous categories, high heterogeneity was identified for all outcomes in this 

subgroup except for eating raw sprouts. Consumption of undercooked eggs fell between 8% and 

50% prevalence across studies (Fig. 5) and had a median prevalence of 33% across eight studies. 

Older consumers reported eating raw or undercooked meat less often (median = 21%, n = 4 

studies), ranging from 9%-24%. The same was true for eating raw sprouts (median = 13%; n = 3 

studies) (Fig. 5). 

2.4.5 Preparedness and availability of kitchen resources 

 This category also had a wide variability in prevalence outcomes across studies, as shown in 

Fig. 6. Studies reported a low median prevalence (25%) and large differences refrigerators 

operating at safe temperatures between 1-5 oC (7%-80%, n = 6 studies). Studies using a 

calibrated instrument to record temperatures had identified the highest frequency of unsafe 
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temperatures (Hudson & Hartwell, 2002; Jevsnik et al., 2013; Terpstra, Steenbekkers, De 

Maertelaere, & Nijhuis, 2005). Across three studies, older adults reported owning a food 

thermometer (median prevalence = 66%; n = 3 studies) with a range of 43% to 69% (Fig. 5). 

Only a minority of the participants reported having a thermometer in their refrigerators (median 

= 24%; n = 6) (Fig. 6). 

2.4.6 Meta-regression results 

 Meta-regression was possible for only two outcome subgroups: handwashing before food 

preparation, and knowledge of safe operating temperature of a refrigerator. Studies that measured 

handwashing before food preparation via self-report measures (vs. in-person observations) were 

more likely to report a higher prevalence of this behaviour (β = 0.66, CI = 0.49-0.83, I2 = 82.3%, 

adjusted R2=97.8%, n = 10 studies). No significant predictors were identified for the knowledge 

outcome subgroup. 

2.5 Discussion  

 We used a structured and transparent systematic review approach to identify, synthesize and 

characterize all relevant studies investigating food safety knowledge and behaviours of older 

adults and risky food consumption. In addition, we also synthesized studies that investigated 

their preparedness and availability of kitchen resources. Most studies were US or UK-based 

(77%), indicating a lack of global representation of research. A few studies used observational 

techniques (n=9) (e.g. direct observations, kitchen audits), which likely reflect actual behaviours 

and kitchen conditions, and we recommend additional research focused toward observed 

behaviours and use of audit tools in older adults (Borrusso, Henley, & Quinlann, 2015; Bruhn, 

2014). Only a small proportion of studies were guided by a theory of behaviour change (11%) 
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(Medeiros et al., 2006; Roseman & Kurzynske, 2006; Roy, Francis, Shaw, & Rajagopal, 2016; 

Roy, 2016; Schmidt, 2009; Wakenight, 2004). Using theories (e.g. Theory of Planned 

Behaviour) can provide the necessary framework to help identify which factors are associated 

with safety behaviours and assist in informing the development of targeted interventions (Young, 

Reimer, Greig, Meldrum, et al., 2017). We also observed that some studies did not stratify older 

consumers into age groups (e.g. 60-69, 70-79, 80-89) and instead only reported an overall 

prevalence of outcomes. Research has suggested that even among older adults, levels of 

knowledge and behaviours can vary by age (Anderson, Verrill, & Sahyoun, 2011; Cates, Karns, 

Kosa, & Godwin, 2013). Therefore, we advise future research report age-stratified outcomes 

along with overall outcomes.  

 Most studies had an overall unclear risk-of-bias rating, which was often due to studies not 

commenting clearly on the validity and reliability of their data collection instruments; and not 

providing sufficient information to determine the representativeness of the study population. This 

raises concern about the interpretation of results of this review because of possible selection and 

misclassification bias. For instance, some studies which stated piloting was completed on the 

questionnaires had not expanded on the number of participants that tested the instruments or 

whether it was administered on the target population. Although the STROBE checklist does not 

require authors of observational studies to report on validity and reliability of instruments (von 

Elm et al., 2007), we recommend stating explicitly when validity and reliability has or has not 

been assessed.  

 Two key knowledge gaps were identified: awareness of Listeria, and safe operating 

temperatures of refrigerators. Previous surveys have shown older adults are generally aware of 
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Escherichia coli and Salmonella (Anderson et al., 2011; Evans, 2016; Kosa et al., 2008), but we 

were unable to perform further analysis on these outcomes due to the variability in questions and 

response options. Furthermore, older adults are a known high-risk population for listeriosis 

(Anderson et al., 2011; Cates et al., 2006) and informing them of this along with providing 

information on unsafe food sources and Listeria prevention practices may help in changing their 

behaviours. Promoting knowledge of Listeria in this consumer group can be accomplished by 

targeting food safety perceptions and increasing awareness of potentially risky foods (Lin, 

Jensen, & Yen, 2004). Commonly implicated foods for Listeria include deli meats, smoked fish, 

raw milk, and soft cheeses (Lopez-Valladares, Danielsson-Tham, & Tham, 2018) and therefore 

recommendations should be centered around avoiding these foods when possible and performing 

good temperature-control practices (e.g. refrigerate within recommended guidelines, reheat 

cooked foods properly) (Evans & Redmond, 2016; Lopez-Valladares et al., 2018). For example, 

this could be delivered through targeted fact sheets which have been shown to increase 

awareness of Listeria in a small group of elderly consumers (Cates et al., 2006). Surveys from 

the UK and New Zealand have also reported that most individuals' refrigerators operate above 

the recommended temperatures of 5 oC, with authors citing lack of thermometer ownership and 

built-in thermometers as factors for not being able to monitor actual operating temperatures 

(Evans & Redmond, 2016; Gilbert et al., 2007). Given there was across-study variability in the 

knowledge that refrigerators should operate between 1-5 oC (or ≤4 oC depending on the country 

of residence), we suggest focusing education on this aspect as well as providing refrigerator 

thermometers after completing food safety education programs and certifications. In addition, 

advising consumers on limiting the number of times and length of time refrigerators are opened 
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can also reduce the risk of temperatures exceeding the safe zone. Following these 

recommendations are important because maintaining the correct temperatures limit the growth of 

Listeria, and therefore, the risk of illness from foods that are commonly associated with the 

pathogen (e.g. ready-to-eat meats, soft cheeses, raw sprouts) (Campagnollo, Gonzales-Barron, 

Pilão Cadavez, Sant’Ana, & Schaffner, 2018; Coroneo et al., 2016; Pradhan et al., 2010).  

 Eight outcome subgroups under food safety behaviours were identified (Fig. 3). Checking 

use-by or best-before dates was relatively high across studies, suggesting that older adults are 

concerned with the food quality and safety of items they or members of their household 

consume. However, there is also some evidence that consumers are confused between the two 

meanings (Abeliotis, Lasaridi, & Chroni, 2014; Wills, Meah, Dickinson, & Short, 2013). These 

terms have varying definitions and meanings depending on country of study. For example, 

Canada uses “best-before” to indicate optimal quality (freshness, taste, and nutritional value) 

(Canadian Food Inspection Agency, 2018); US uses three terms to specify quality (“best if used 

by”, “best if used before”, and “use-by”) (United States Department of Agriculture: Food Safety 

and Inspection Service, 2016); and the UK uses “best-before” for quality and “use-by” for food 

safety (Food Standards Agency, 2018). Participants across all studies generally reported 

refrigerating leftovers within two hours of preparing food, indicating that older adults are aware 

of the importance of storing foods quickly. Considering older adults experience a decrease in 

appetite as they age (Pilgrim, Robinson, Sayer, & Roberts, 2015) and are the primary recipients 

of home delivered meal programs (e.g. Meals on Wheels) (McWilliams et al., 2017; Sharkey & 

Schoenberg, 2005), more research is needed to investigate how long they store leftovers in their 

refrigerator. 
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 There was wide variability in participants defrosting foods at room temperature; correctly 

storing raw meats in the refrigerator; and washing raw meat before preparation with only two 

studies reporting low prevalence of washing raw meat (i.e. correct behaviour). Many 

organizations recommend not washing raw meat or eggs before preparing them to reduce the risk 

of foodborne illness due to cross-contamination (Centers for Disease Control and Prevention 

(CDC), 2018; Government of Canada, 2016; Gravely, 2016; National Health Service, 2017; 

United States Department of Agriculture: Food Safety and Inspection Service, 2011). Future 

research should identify which factors influence this behaviour so that intervention programs can 

more effectively inform consumers and target change in their behaviours to avoid washing raw 

meats before preparation. 

 Lastly, handwashing before and after food preparation and handling raw meats were highly 

variable across studies. Meta-regression found studies measuring handwashing before 

preparation had higher prevalence for self-reported measures compared to in-person 

observations. We can therefore infer that the overall true handwashing behaviours are lower than 

what is reported among older consumers, likely due to one or more types of response bias that 

occurs during self-report measures (Arnold & Feldman, 1981; van de Mortel, 2008). A review of 

qualitative studies in adult consumers indicated they were aware of personal hygiene and 

perceived it as common sense (Young & Waddell, 2016). Another review of quantitative 

research studies of adult consumers showed a positive association between knowledge and 

prevention of cross-contamination and practicing personal hygiene (Young, Reimer, Greig, 

Turgeon, et al., 2017), demonstrating that reminding older consumers on the benefits of 
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handwashing before, during, and after food preparation may help increase the frequency of those 

behaviours. 

 Relatively low variability was observed across studies investigating eating raw or 

undercooked meat and eating raw sprouts, but high variability was observed in consumption of 

undercooked eggs. Surveys have shown older adults are less likely than young adults to consume 

high-risk foods, but men across all age groups are more likely than women to engage in the 

consumption of key risky foods (Altekruse, Yang, Timbo, & Angulo, 1999; Samuel et al., 2007; 

Yang et al., 1998). We recommend studies explore this topic, particularly about their awareness 

of risky foods as well as eating habits of those food items (e.g. soft cheeses, deli meats, and 

seafood). A misconception may still exist that runny eggs are safe to consume as observed in five 

studies reporting one-third of the respondents eating undercooked eggs (Fig. 4). However, these 

risks may also differ by country due to differences in egg production and processing practices 

(e.g. vaccination of young hens against Salmonella Enteritidis) (Elson, Little, & Mitchell, 2005). 

For example, in 2017 the UK's Food Standards Agency changed its advice based on new 

evidence about food safety risks from eggs, and now state that their eggs are safe to consume raw 

or lightly cooked by most vulnerable groups because of the minimal risk of acquiring Salmonella 

(Food Standards Agency, 2017). We recommend other countries focus their efforts on educating 

consumers on the importance of cooking eggs until both white and yolk are firm, and cooking 

fully to 160 oF (70 oC) (U.S. Food & Drug Administration, 2018). In addition, some studies have 

also found increased likelihood of consumption of risky foods among those of higher 

socioeconomic status (Samuel et al., 2007; Shiferaw et al., 2000). Thus, educators should be 
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aware of the communities in which these programs are being provided and introduce flexibility 

to programs to better provide for these groups. 

 All three outcome subgroups under kitchen resources were highly variable. We found that 

studies using calibrated instruments to record refrigerator temperatures in this review reported a 

much higher frequency of unsafe temperatures (≥5 oC), which is more consistent with previous 

consumer research (Evans & Redmond, 2016; Kennedy et al., 2005; Laguerre, Derens, & 

Palagos, 2002). Therefore, researchers should consider the use of calibrated tools and time-

temperature profiling which has been shown to be more effective in determining temperatures 

and their fluctuations (Evans & Redmond, 2016). A study on the ownership and usage of food 

thermometers in the US revealed seniors were more likely to own food thermometers than other 

age groups and its use has increased between 1998 and 2010 (Lando & Chen, 2012). 

Advancements in thermometer technology (e.g. instant-read digital thermometers) and 

affordability could be key factors in the increased ownership. Promoting food thermometer 

ownership is the only reliable method in ensuring that food is fully cooked to its safe internal 

temperature (Kosa et al., 2017; Lando & Chen, 2012; Zemmer-Nalivka et al., 2014).  

     Despite good refrigeration practices of leftovers, participants generally did not monitor the 

temperature of their refrigerators, which is likely due to the lack of access to a refrigerator 

thermometer rather than high trust in the appliance. The United States Food & Drug 

Administration recommends consumers purchase a thermometer for their refrigerator and freezer 

and checking them regularly to ensure they are at recommended temperatures (U.S. Food & 

Drug Administration, n.d.). Often, refrigerators and freezers are built only with a dial containing 

arbitrary settings (e.g. cold-coldest) (U.S. Food & Drug Administration, n.d.). These settings do 
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not reflect specific temperatures, and thus need to be monitored using appliance thermometers 

(U.S. Food & Drug Administration, n.d.). The two most common recommended thermometers 

for the refrigerator and freezer are liquid-filled and bimetallic-coil thermometers (Henneman & 

Jensen, n.d.; United States Department of Agriculture: Food Safety and Inspection Service, 

2008). Appliances with built-in sensors and temperature monitoring are available, but many 

consumers may still be using decades-old refrigerators because of the lifespan of these 

appliances. Thus, it is important to target the older demographic to increase ownership of 

refrigerator thermometers and on the importance of regularly monitoring refrigerator 

temperatures. 

 There were several study limitations in this review. Publication bias is a possibility, where 

research on the topic may be skewed toward only publishing significant findings (Higgins & 

Green, 2011; Kicinski, Springate, & Kontopantelis, 2015). However, we did not conduct 

statistical tests for this because of unreliability in assessing publication bias in meta-analysis of 

proportion studies (Hunter et al., 2014). Language bias was a concern because we only included 

two languages (English, and French), and had to exclude 11 articles because of the language 

criteria - these articles were mainly in Portuguese and Korean. This could also contribute to the 

underrepresentation of studies conducted in regions like South America and Asia in this review. 

Most of the included studies were cross-sectional in design, which are susceptible to various 

biases and the lack of more longitudinal designs may have exerted some influence over the 

findings in this review. Some studies did not report on the number of respondents under each age 

group and thus had to be excluded from analysis because prevalence data was not in an 

extractable format. This could have resulted in a form of reporting bias where only studies of 
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consumers with significantly different outcomes had stratified by age (i.e. were extractable for 

analysis). Lastly, it is possible that some relevant articles were not captured by the search 

algorithm and search verification methods. For example, our review may not have captured 

consumer studies which measured and reported food safety knowledge and behaviours across all 

age groups but that did not explicitly mention older adults in the abstract. However, we 

minimized this risk by making the search strategy as comprehensive as possible by pre-testing 

the search terms, searching through multiple databases, performing a grey literature search, and 

using a search verification strategy. In addition, we also examined the list of relevant articles 

from a previous systematic review related to consumer food handling (Young, Reimer, Greig, 

Turgeon, et al., 2017). Meta-regression was undertaken to observe the relationship between a 

study's effect size and covariates. However, the analysis could have resulted in false positive 

conclusions due to a high number of covariates (Thompson & Higgins, 2002), though we 

reduced the risk of this by prespecifying most of the covariates to be tested. 

2.6 Conclusion 

 This systematic review synthesized global research on older consumers' food safety 

knowledge, behaviours, and risky food consumption. Analysis showed large across-study 

variability of most outcomes and this highlights a need for further research in these areas. Key 

research gaps were identified related to awareness and eating habits of many high-risk foods; 

storage practices such as duration of storing leftovers in the refrigerator; and in-person 

observations of older consumers. Future research should investigate older adults’ food 

consumption behaviours to report whether they consume high-risk foods such as seafood, deli 

meats, unpasteurized milk, and soft cheeses; and the frequency in which they consume these 
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foods. We also recommend interventions and education campaigns focus on increasing 

knowledge of Listeria and improving food safety refrigeration practices. 
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2.8 Tables  

Table 2.1. Keywords and syntax used for literature search. 

#1 Topic 

 food safety OR food-borne OR foodborne OR food poisoning OR food hygiene OR safe 

food OR food handling OR food-handling OR food preparation OR risky foods OR food 

infection 

#2 Population 

 senior* OR older adult OR older people OR 60 and over OR 60 and older OR 60 plus OR 

65 plus OR 65 and over OR 65 and older OR aged 60+ OR aged 65+ OR over 60 OR over 

65 OR 60 years OR 65 years OR meal recipients OR elderly people OR elderly 

#2 Outcome 

 awareness OR knowledge OR belief* OR preference OR learn* OR motivat* OR social 

environment OR self-efficacy OR kitchen* OR behaviour* OR behavior* OR practice* 

OR survey OR interview* OR barrier* 
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Table 2.2. Characteristics of 57 studies that investigated older consumers food safety knowledge 

and behaviours in the domestic setting. 

Characteristic No. % 

Document type:   

Journal article 41 71.9 

Thesis 7 12.3 

Research report 5 8.8 

Conference proceedings paper or abstract 4 7.0 

Study country:   

US 32 56.1 

United Kingdom 12 21.1 

Canada 5 8.8 

Otherb 8 14.0 

Study focus of investigationa:   

Prevalence of outcomes 51 89.5 

Efficacy of intervention 7 12.3 

Study designa:   

Cross-sectional 50 87.7 

Experimental 7 12.3 

Longitudinal 1 1.8 

Data collection methodsa:   

Questionnairea: 55 96.5 

In-person 20 35.1 

Telephone 16 28.1 

Web-based 11 19.3 

Postal 2 3.5 

Not specified 9 15.8 

Participant observation 6 10.5 

Microbiological analysis  4 7.0 

Home audit 3 5.3 

Formative research methods used to inform development of data collection 

instrumentsa: 

  

Previous surveys / research 25 43.9 

Participant interviews 8 14.0 

Expert panels 3 5.3 
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Focus groups 2 3.5 

Informal group discussions 1 1.8 

None reported 25 43.9 

Theories of behaviour change used to inform development of data collection 

instruments: 

  

Yes 6 10.5 

No 51 89.5 

Methods used for pre-testing of data collection instrumentsa:   

Pilot study 19 33.3 

Expert review 4 7.0 

Interviews 5 8.8 

Not specified 1 1.8 

None reported 33 57.9 

Method of participant recruitment specified:   

Yes 48 84.2 

No 9 15.8 

Study response rate reported:   

Yes 27 47.4 

No 30 52.6 

Study definition of older adultsa:   

≥60 36 63.2 

≥65 17 29.8 

≥70 2 3.5 

≥75 2 3.5 

Not specified 6 10.5 

Types of older consumers investigated:   

Congregate meal site recipients 6 10.5 

Home delivered meal recipients 6 10.5 

Retirement community residents 2 3.5 

Low socioeconomic status 1 1.8 

Not specified 42 73.7 

Types of populations investigateda:   

Older adults only 27 47.4 

Mixture of consumer groups 31 54.4 

Cooks 1 1.8 

Outcome categories of interest measureda:   

Behaviours 50 87.7 

Knowledge 29 50.9 

Risky food consumption 12 21.1 

Kitchen resources 10 17.5 
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a Multiple selections were possible for these questions, and percentages may not add to 100%. 
b Other countries were investigated in one study each and included: Austria; Germany; Italy; the 

Netherlands; Saudi Arabia; Slovenia; Spain; and Sweden. 
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Table 2.3. Risk of bias assessment summary for 36 studies that investigated food safety 

knowledge and behaviours, risky food consumption, and kitchen resources among adults aged 60 

and over. 

Risk of bias criteria No. of unique 

outcome 

assessmentsa 

No. (%)a,b 

Low risk Unclear 

risk 

High 

risk 

Study participants likely to be 

representative of the target population 

36 14 (39%) 17 (47%) 5 (14%) 

Use of valid and reliable instruments 

to measure outcomes 

37 10 (28%)  25 (69%) 2 (6%) 

Losses to follow-up (attrition) and/or 

exclusions from analysis reported 

36 26 (72%) 9 (25%) 1 (3%) 

Author reporting of all intended 

outcomes 

36 32 (89%) 2 (6%) 2 (6%) 

Other potential biases 36 35 (97%) 1 (3%) 0 (0%) 

Overall risk of bias rating 36 12 (33%) 17 (47%) 7 (19%) 
a All percentages were calculated using the total number of relevant studies (n = 36) as the 

denominator, so will add to more than 100% for criteria where some studies reported multiple 

outcomes that had different risks of bias. 
b Risk of bias rating definitions: Low risk = plausible bias unlikely to significantly alter the 

results; unclear risk = plausible bias that raises some doubt about the results; high risk = 

plausible bias that considerably weakens confidence in the results. 
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Table 2.4. A summary of the 36 articles included in the analysis. 

Authors 

Year 

Topic No. of 

participantsa 

Data collection method 

Self-reported 

practices 

Observed 

practices 

Albrecht et al. 

2009 

Food safety labels and education 

for meals-on-wheels participants 

43 ✓  

Cates et al. 

2006 

Consumer knowledge and 

practices regarding Listeria in 

frankfurters and deli meats 

321 ✓  

Cates et al.  

2006a 

Older adults’ knowledge, 

attitudes, and practices regarding 

listeriosis prevention 

47 ✓  

Cates et al.  

2009 

Food safety knowledge and 

practices among older adults 

1140 ✓  

Cates et al.  

2013 

Predictors of eating raw or 

undercooked foods among older 

adults 

1140 ✓  

Domenech et 

al. 

2014 

Evaluation of risk impact of 

consumers’ behaviour with 

Listeria monocytogenes in 

lettuce 

157 ✓  

Ekos Research 

Associates  

2010 

Canadians’ knowledge & 

behaviour related to food safety 

304 ✓  

Evans and 

Redmond 

2016a 

Older adults' knowledge, 

attitudes, and storage practices of 

ready-to-eat foods and Listeriosis 

risks 

100 ✓  

Evans and 

Redmond 

2016b 

Listeriosis risk factors among 

pregnant women, older adults 

and chemotherapy patients 

100 ✓  

Evans and 

Redmond 

2018 

Older adult consumers’ cross-

contamination practices in a 

model domestic kitchen 

100  ✓ 

Gordon et al.  

2004 

Knowledge, attitudes, and safe 

food handling behaviours among 

the 65+ 

353 ✓  

Hoelzl et al. 

2013 

Safe food handling behaviours 

during food preparation using the 

example of Campylobacter spp. 

15  ✓ 

Hudson and 

Hartwell  

Food safety awareness of older 

people at home: a pilot study 

16  ✓ 
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2002 

Jevšnik et al.  

2013 

Food safety knowledge and 

practices among elderly in 

Slovenia 

100 ✓ ✓ 

Johnson et al.  

1998 

Food safety knowledge and 

practice among elderly people 

living at home 

645 ✓  

Kosa et al.  

2008 

Older adults’ food safety 

attitudes and knowledge: 

Findings from a national survey 

940 ✓ 
 

Kosa et al.  

2017 

Barriers to using a food 

thermometer when cooking 

poultry at home 

1140 ✓  

Kosa et al. 

2011 

Effectiveness of interventions to 

improve food safety practices 

among older adults 

272 ✓  

Kosa et al.  

2007 

Consumer home refrigeration 

practices: results of a web-based 

survey 

290 ✓  

Kosa et al.  

2012 

Older adults' food safety 

preparedness during power 

outages and other emergencies 

493 ✓  

Laurenti et al. 

2015 

Food safety and nutritional habits 

in elderly 

201 ✓  

Marklinder et 

al.  

2013 

A healthy lifestyle in terms of 

food handling and hygiene 

123 ✓  

McWilliams et 

al. 

2017 

Food safety practices of 

homebound seniors receiving 

home-delivered meals 

718  ✓ 

Medeiros  

2006 

Populations at elevated risk of 

foodborne disease 

249 ✓  

Murray et al.  

2017 

Canadian consumer food safety 

practices and knowledge: 

Foodbook study 

1425 ✓  

Powell 

2007 

Behaviours and beliefs about 

food safety among limited 

income elderly 

59 ✓  

Prior et al.  

2011 

Exploring food attitudes and 

behaviours in the UK: Food and 

You Survey 2010 

393 ✓  

Prior et al.  

2013 

Exploring food attitudes and 

behaviours in the UK: Food and 

You Survey 2012 

341 ✓  
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Redmond et al.  

2004 

Cross contamination risks during 

domestic food preparation 

6  ✓ 

Roseman  

2007 

Food safety perceptions and 

behaviours of participants in 

meal programs 

221 ✓  

Roy et al.  

2016 

Use of minimal-text posters in 

foodservice sites serving older 

adults 

87 ✓  

Schmidt  

2009 

Food safety knowledge of elderly 

persons receiving home-

delivered meals 

90 ✓  

Shiferaw et al. 

2000 

High-risk food consumption and 

food-handling practices among 

adults 

1566 ✓  

Terpstra et al.  

2005 

Food storage and disposal: 

Consumer practices and 

knowledge 

9  ✓ 

The Strategic 

Counsel  

2018 

Survey of Canadians' knowledge 

and behaviours related to food 

safety 

406 ✓  

Yap  

2016 

Evaluation of a SNAP-Ed 

program for older adults 

972 ✓  

a For consumer studies that included other age groups, the row only reports the number of older 

participants (aged 60 and over). 
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2.9 Figures  

 

Fig. 2.1. Review flow chart. 
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Fig. 2.2. Forest plot of the prevalence of food safety knowledge among older adults. For full 

citation information for each study, please see supplementary data. ES, effect size; CI, 

confidence interval. 
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Fig. 2.3. Meta-analysis of the prevalence of older adults’ behaviour of refrigerating leftovers 

within 2 hours of cooking with its overall effect. For full citation information for each study, 

please see supplementary data. ES, effect size; CI, confidence interval. 
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Fig. 2.4. Forest plot of the prevalence of food safety behaviours in older adults. For full citation 

information for each study, please see supplementary data. ES, effect size; CI, confidence 

interval. 

 

 

Fig. 2.5. Forest plot of the prevalence of high-risk food consumption behaviours among older 

adults. For full citation information for each study, please see supplementary data. ES, effect 

size; CI, confidence interval. 
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Fig. 2.6. Forest plot of the prevalence of kitchen resources availability and preparedness among 

older adults. For full citation information for each study, please see supplementary data. ES, 

effect size; CI, confidence interval. 
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CHAPTER 3 | Predictors of safe food handling among Canadian 

seniors living at home 

This work has been formatted for submission to Food Protection Trends. 

3.1 Abstract 

 Seniors (65+) account for 48 million people in the United States and 6 million people in 

Canada, and these numbers continue to rise. Older adults are at an increased risk for foodborne 

illness because of their decline in immune function, gut function, and underlying chronic 

conditions. In this study, a subset of previously collected survey data was analyzed to identify 

potential determinants related to safe storage and temperature control food safety practices 

among seniors at home. Data from seniors across Canada (n=1078) were collected in 2014-2015 

using a population-based, structured telephone survey. Three safe food handling outcomes and 

nine determinants were examined using logistic regression models. Most participants were 

women (66%) and lived with others (51%). Most seniors followed instructions on food labels 

(90%) and refrigerated leftovers within recommended guidelines (82%), but only a small 

proportion of respondents stored raw meats on the bottom shelf of the refrigerator (20%). Models 

revealed women and younger seniors (65-74) were more likely to have better food handling 

outcomes. Recommendations are provided based on these findings to improve targeted 

messaging and highlight areas for future research among seniors.  
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3.2 Introduction 

 Roughly 48 million Americans and 4 million Canadians are affected by foodborne illness 

every year (37, 45). This contributes to annual economic costs attributed to foodborne illness in 

the United States (US) to be estimated between $61 and 90 billion (38). Food can be 

contaminated along the food chain such as agriculture, production, storage, transportation, retail 

and consumption (35, 62). Within the chain, improper handling of food at home, foodservice and 

retail settings are major contributors to illness (17, 60). A US-based study using outbreak data 

found dairy products, vegetables, and poultry were the most frequent food sources resulting in 

hospitalizations and deaths from foodborne illness (28). Salmonella is commonly linked to eggs, 

poultry, cheese, and contaminated raw fruits and vegetables; and Listeria monocytogenes is 

linked to soft cheeses and ready-to-eat deli meats (57). Given that pathogens such as 

nontyphoidal Salmonella spp. and L. monocytogenes account for 47 and 52% of deaths due to 

foodborne illness in the US and Canada (37, 45), it may be beneficial to reduce the risk of cross-

contamination and growth of these pathogens in foods by improving consumer food handling 

around these commonly implicated foods . 

 Approximately 48 million people in the United States (US) and 6 million in Canada are 

seniors (65+) (46, 56) and projections show one in four people in North America will be 

categorized as a senior by 2060 (46, 56). Older adults have increased susceptibility and severity 

to foodborne illness, and naturally also have the highest rates of hospitalizations and death from 

gastrointestinal-related issues because of weakened immune function and other age-related 

factors (e.g. chronic diseases, gastrointestinal changes) (17, 61). Seniors are four times more 

likely than the general population to acquire Listeria infection (10) and have the highest 
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infection-related hospitalization due to Salmonella (10, 11). If no major interventions are 

implemented to reduce the likelihood of exposure, the incidence of Salmonella infections is 

expected to increase over the next decade due to the aging population in Canada (29, 55). Since 

older adults continue to experience a decline in gastrointestinal-related (41) and immune function 

(4), the need for campaigns to reduce the risk of exposure to foodborne pathogens among them is 

of greater importance. Public health initiatives and food safety interventions that target behavior 

change within these high-risk groups with effective messages are recommended to reduce the 

burden of foodborne disease within (1, 39, 54, 55). 

 The Centers for Disease Prevention and Control (CDC) recommends consumers keep raw 

meat away from other foods to avoid cross contamination, and refrigerate leftovers within 2 

hours in shallow containers and use within 3-4 days (9). These storage practices help decrease 

the risk of pathogens such as Salmonella and Listeria which are commonly implicated with poor 

refrigeration and cross-contamination prevention at home (58). Previous research has shown 

consumers, including older adults, have poor food storage and temperature control practices (8, 

13, 21, 22). Another study reported older adults had different food handling practices than 

younger people with seniors reporting storing foods for longer than recommended guidelines 

(52). Furthermore, research that has examined associations between factors that contribute to 

practices has typically only presented unadjusted estimations (i.e. crude odds ratios) and 

investigated a limited number of predictors. In 2014, a database was established to determine 

Canadians’ food exposure and food safety practices via a telephone survey known as the 

Foodbook study (34). This was conducted to inform possible sources of foodborne infections and 

set a baseline to determine the effectiveness of interventions over time (34). The study found 
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most Canadians were not aware of risks associated with frozen chicken nuggets and sprouts; men 

were less likely than women to perform safe food handling at home; and older adults (60+) were 

less likely to be aware of risks associated with raw eggs, alfalfa sprouts and unpasteurized juices 

than younger (30-59 years) respondents (26). Although these results have value and present gaps 

across various consumer groups, only weighted proportions and differences in means were 

reported, and the authors were unable to cover the older demographic in detail. Therefore, the 

objective of this study was to: (a) investigate the potential relationship between seniors' food 

storage and temperature control practices at home and their demographic profiles by examining 

these determinants using multivariable approaches; and (b) provide well-defined 

recommendations for future food safety interventions and education for seniors. 

3.3 Materials and Methods 

3.3.1 Data preparation 

 The Foodbook study examining food safety practices was part of a nationwide telephone 

survey conducted in various languages (English, French, Inuktitut, and others offered through 

verbal translation) across all Canadian provinces and territories between November 2014 and 

April 2015 (26, 33). The original study included data from individuals aged 18 years and older, 

but for the purposes of this study, only data provided by seniors (65+) were used. The Foodbook 

study was reviewed and approved by Health Canada and the Public Health Agency of Canada's 

Research Ethics Board (REB 2013-0025) and the analysis for this study was reviewed and 

approved by the University of Guelph's Research Ethics Board (REB 19-01-025). More 

information on data collection can be found in the original Foodbook report (34). After receiving 

the dataset, the data was cleaned using StataSE 15.1 for Windows (StataCorp LP, College 
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Station, USA) by dropping all data points from the 18-64 age groups as well as participants who 

did not provide their age. Metropolitan zones provided in the dataset were collapsed and 

categorized into whether the participant lived in a metropolitan area or not. Survey weights were 

provided in the data set which reflected the weights of the proportions, and all analyses were 

conducted using survey weights (34). Weighting ensured the sample was representative of the 

Canadian population. 

3.3.2 Statistical analyses 

 Logistic regression analysis was completed to determine significant predictors for the 

following food safety practices for three models: (i) following safe cooking and storage 

instructions on labels; (ii) correctly refrigerating leftovers within two hours after cooking; and, 

(iii) putting raw meat, poultry or seafood on the bottom shelf of the refrigerator to prevent cross-

contamination of other foods. In cases where the questionnaire had provided more than two 

response options, such as for following labels (yes, no, or not sure) and correctly refrigerating 

leftovers (multiple-choice), the outcomes were dichotomized (correct/best vs. incorrect practice). 

 A pre-specified number of explanatory variables consisting of demographic characteristics, 

one knowledge, and one practice were selected as potential covariates for analysis. These 

variables were sex, age category (65–74 vs. 75+), education level, income (<$30,000; $30,000–

59,999; $60,000–79,999; ≥$80,000), number of individuals in household (1, 2 or 3), province or 

territory of residence, living in a metropolitan area (i.e. an area that has a total population of 

≥100,000 of which ≥50,000 live in the core) (yes vs. no), awareness that elderly are at an 

increased risk for foodborne illness (yes vs. no), and whether individuals follow food safety 
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instructions on labels (yes vs. no). Basic assumptions for conducting regression models had to be 

met (47). Education level was collapsed from seven to four categories (less than high school; 

high school equivalency; trade certificate or some college; bachelor's degree or above) because 

some levels did not have a meaningful number enough observations to conduct regression 

analysis. The household variable violated the assumption for linearity (i.e. no linear relationship 

between predictor and outcome) and the variable was transformed from a continuous to a 

categorical variable to overcome this violation (18).  

 Univariate logistic regression models were run with the appropriate survey weighting to 

examine associations between each predictor and outcome and excluded predictors from 

multivariate analysis using a liberal p-value of ≥0.20. This was applied as selection strategy to 

reduce the number of initial variables in the model while also minimizing the risk of excluding 

relevant variables (23, 44). Next, correlations were assessed between predictor variables to 

examine whether any variables were highly correlated using a cut-off value of ≥0.8. If any highly 

correlated variables were encountered, then the more important variable was selected for 

inclusion in analysis. If the removal of any explanatory variables resulted in ≥20% change in the 

coefficient in any variable of interest, they were re-introduced into the model as a confounding 

factor (5). Two-way interaction effects were tested between predictor variables in the final 

models. All three multivariate models were estimated to determine odds ratios (ORs) with 

corresponding 95% confidence intervals (CIs). A hierarchical stepwise regression approach was 

applied to remove insignificant variables (≥0.05) if they did not have a confounding effect. This 

process continued until no further variables could be removed. Model fit was assessed using F-

adjusted mean residual goodness-of-fit tests (2). Crude and adjusted odds ratios (ORs), 95% 
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confidence interval (CI), and the significance of the p-values for the Wald tests were estimated 

for each model. Crude ORs from univariable models only report the association between the 

predictor and outcome, whereas multiple regression techniques provide adjusted ORs which 

account for confounders. All data were analyzed using StataSE 15.1 for Windows (StataCorp LP, 

College Station, USA). 

3.4 Results 

3.4.1 Characteristics of study participants 

 Table 1 shows demographic characteristics of the 1078 survey respondents. Most participants 

were in the 65-74 age category (58%, n=628) compared to the 75+ category (42%, n=450). Of 

the respondents, 66% (n=712) were women. Most participants were well educated, with 51% 

(n=546) reporting having at least a trade certificate (i.e. professional certification, or professional 

designation), and some college or university completed. Most participants reported having a total 

household income of less than $60,000 (73%, n=655), while the number of individuals living in 

the household was evenly split (1=49% vs. ≥2=51%). Fewer than half of the respondents (44%, 

n=472) reported living in a census metropolitan area. Study participants resided in the following 

provinces: British Columbia (11%, n=119), Alberta (12%, n=127), Ontario (n=16%, n=173), and 

Quebec (16%, n=172). The smallest frequencies were collected from Northwest Territories (3%, 

n=33) and Nunavut (2%, n=23).  

 Knowledge and practice frequencies are presented in Table 2. When respondents were asked 

whether the elderly were at a greater risk of foodborne illness compared to the general 

population, most agreed they were (78%, n=832). Most older participants reported the 

recommended practices of following cooking and storage instructions (90%, n=934) and 
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refrigerating leftovers within 2 hours of cooking (82%, n=884). On the other hand, only a small 

portion of respondents reported taking adequate steps to safely store raw meats, poultry, and 

seafood by placing them on the bottom shelf of their refrigerators (80%, n=834).  

3.4.2 Determinants of food safety storage practices 

 The results from final regression models included following instructions on food labels (Table 

3); refrigerating leftovers within 2 hours (Table 4); and safely storing meats, poultry, and seafood 

in the refrigerator to prevent cross-contamination (Table 5). 

 Gender, number of individuals in the household, and education significantly predicted 

following instructions on food labels, whereas income was left in the model as a confounder 

(Table 3). The odds of following instructions on food labels was significantly higher in women 

vs. men (OR=2.42, 95%CI: 1.15–5.09, P < 0.05). Participants with two individuals in their 

household were more likely to follow instructions than larger households (OR=4.26, 95%CI: 

1.38–13.13, P < 0.05). Individuals with a high school diploma were significantly more likely 

than those with less than high school education to follow instructions (OR=4.27, 95%CI: 1.50–

12.13, P < 0.01). 

 Gender, and income significantly predicted whether seniors refrigerated leftovers within 2 

hours of cooking, and education was left in the model because it was a confounding variable. 

The odds of refrigerating leftovers within 2 hours was significantly greater in women compared 

to men (OR=2.72, 95%CI: 1.49–4.98, P < 0.01) (Table 4). Those in the highest income category 

had greater odds of storing leftovers correctly than those in the lowest (OR=3.66, 95%CI: 1.30–

10.25, P < 0.05). 
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 In Table 5, associations were estimated for safe storage of raw meats, poultry and fish in the 

refrigerator. Gender was a confounder. Younger seniors (65-74 vs. 75+) were significantly more 

likely to store these items in the bottom shelf of the refrigerator (OR=1.82, 95%CI: 1.06–3.13, P 

< 0.05). Those with a high school diploma had a significantly greater odds than those with no 

diploma (OR=2.82, 95%CI: 1.18–6.72, P < 0.05) to safely store raw meats in the refrigerator. 

The highest earners were less likely to safely store meats than all other income categories. 

Specifically, those in the $30,000–$59,999 bracket (OR=2.78, 95%CI=1.16–6.66, P < 0.05) and 

the $60,000–$79,999 bracket (OR=3.51, 95%CI=1.27–9.76, P < 0.05) were significantly more 

likely than the highest earners to store raw meats in the bottom shelf of the refrigerator. Lastly, 

those who followed food labels were significantly more likely to safely store meats, poultry, and 

fish in the refrigerator (OR=2.94, 95%CI=1.08–8.02, P < 0.05). Province of residence and 

whether participants lived in a metropolitan zone were not significant predictors in any of the 

models. 

3.5 Discussion 

 The present study found most older adults were aware they are at an increased risk for 

foodborne illness and reported good storage practices. Most participants reported following 

instructions on food labels. Previous research supports these findings with older respondents 

having heard a great deal about proper cooking and cooling instructions (14, 53), and 

subsequently reported closely following safe handling instructions on food packaging (40, 53). 

Furthermore, respondents in this study reported refrigerating leftovers within two hours of 

cooking foods. This is strongly supported by other consumer food safety studies where older 
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consumers tend to be aware of storing and reheating leftovers (53) and immediately refrigerate 

their leftovers (21, 31, 36, 63). 

 The findings showed advanced seniors (75+) were less likely to safely store raw meats, 

poultry and seafood in the refrigerator despite being aware the elderly are at an increased risk for 

foodborne illness. In fact, no association was observed between being aware that elderly are at 

greater risk for foodborne illness and safe storage practices in the regression models. Knowledge 

that the elderly are at greater risk for illness may not be an accurate proxy to determine whether 

these individuals are taking steps to ensure safer food handling at home. A survey of Canadian 

consumers found older adults were aware certain groups of people were at greater risk for 

foodborne illness, but only 10% of older respondents considered themselves to be at a greater 

risk than average for complications from foodborne illness (14). Moreover, older people do not 

like to be labelled as old (48), which is partly due to factors such as ageism and declining self-

image with increasing age (27, 48). The Public Health Agency of Canada (PHAC) recommends 

campaigns avoid ageist language (e.g. feeble) and instead use more appropriate terms (e.g. 

seniors, older persons, older adults) (32). However, education materials intended for older adults 

using this language may still result in younger groups (60–69 group) avoiding them because of 

societal perceptions. Campaigns should be carefully crafted to appeal to this group as much as 

possible (e.g. avoid exclusive imagery of advanced seniors, use of inclusive language). 

 Most participants failed to follow safe refrigeration of raw meats, poultry, and seafood by not 

storing them on the bottom shelf as a cross-contamination prevention recommendation. Although 

previous literature has not recorded such similarly low proportions, studies that have measured 

this practice have shown that it is underperformed in this group of consumers (14, 19, 53). The 
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PHAC’s Foodbook report on food exposures showed 66% of seniors stated consuming seafood, 

which is greater than any other age demographic (34). Thus, increased efforts may be necessary 

to educate older adults on the risks associated with consuming contaminated seafood as well as 

safe storage practices to improve their attitudes and intentions to perform safe food handling. 

 Those in the highest income category were less likely to safely store meats, poultry, and fish 

in the refrigerator. Participants with a high school education were more likely to properly store 

meats in the refrigerator than were those with some college or university education. There is 

evidence those with higher education and income take more risks such as consuming high-risk 

foods (e.g. runny eggs, undercooked meats) and having poorer food safety practices in general 

(1, 6, 7, 30). The results from the current analysis were not unanimous across all models in 

showing that highly educated and high earners had poorer practices compared to lower 

categories, but it is worth noting these subgroups could benefit from receiving food safety 

education. 

 In all analyses, women were more likely to perform safe storage practices than men. Previous 

studies have shown women and older age are associated with more time spent cooking at home 

(1, 51), and women report having the main responsibility for meal preparation in their household 

(15, 42). A meta-analysis of consumer food safety knowledge and practices found women were 

generally more knowledgeable and had better practices compared to men (30). 

Recommendations from previous research include food safety education be targeted to improve 

practices of men (1, 7). There is evidence that social responsibilities impact men’s cooking at 

home (49, 50). One possible approach of improving food safety among men could be appealing 

to their subjective norm by outlining the importance of how their significant other and family 
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would expect them to perform safe practices at home, and how the impact of one’s own practices 

can affect others in the same household (24, 39). 

 The current study found those who followed food label instructions were also more likely to 

safely store meats in the refrigerator. This is perhaps due to better food safety attitudes and 

perceived behavioral control among the seniors who read labels, which translates to better food 

handling (64). Perceived control has been shown to be a strong predictor of various food 

handling intentions (24, 25, 39), and although it was not measured directly in the Foodbook 

survey, it is recommended behavior change campaigns include components on controllability 

and self-efficacy to improve safe food handling outcomes. For instance, messaging can 

emphasize how simple some food safety practices can be and campaigns could increase self-

confidence among the older adults by having participants demonstrate safe storage. Future 

surveys similar to the Foodbook study should use a theory-based approach (e.g. The Theory of 

Planned Behavior) to inform the development of their questionnaire. Additionally, these theories 

of behavior change can also be used as a framework to design educational materials and 

interventions in this vulnerable population.  

 Some limitations were identified. First, weighting was applied to improve the quality and 

strength of survey data primarily through adjustment of the province and household variables to 

reflect the Canadian demographics. Most frequencies were unaffected after weighting and 

indicates a low risk. Ideally, a more robust sample design ensuring collection by province and 

household would have prevented having to use weighting procedures. Second, only a limited 

number of food handling behaviors were selected for analysis and their determinants may not 

reflect other safe food handling behaviors among older adults. Food safety practice gaps within 
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demographics cannot be generalized to other food handling outcomes at home. Third, the item on 

storing raw meats on the bottom shelf of the refrigerator may not provide a complete picture of 

safe storage. The Government of Canada recommends placing raw meats in a sealed container or 

wrapped securely to prevent cross-contamination in the refrigerator (16). The findings from this 

outcome should be interpreted with caution and should only serve as a best practice, and future 

questionnaires should consider other recommended practices (e.g. using sealed containers). 

Another key limitation of the study is the questionnaire involved self-report measures leading to 

a possibility of social desirability bias toward the interviewer and other individuals in the 

household who were listening in during the telephone call (3). This would bias the results and 

overestimate the prevalence of food safety practices. Research in healthcare have found socially 

desirable responses are more common with increased age, older women, and women of lower 

socioeconomic status (12, 20, 59). It is unclear if misclassification bias would be present in the 

results since this study only investigated food handling outcomes, but caution is advised when 

interpreting findings. 

 Areas for future research include identifying other potential poor storage habits that may be 

present in this demographic and performing field research where kitchen audits and in-person 

observations can be conducted to acquire a better understanding of older Canadians’ 

management of food safety. Furthermore, older adults suffer from health conditions (e.g. 

arthritis, osteoporosis) and reduced mobility (43), and research should consider the impact these 

could have on performing safe food handling at home. 
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3.6 Conclusions 

 Seniors are likely to engage in incorrect storage practices, putting them at a greater risk for 

foodborne illness. The older demographic requires increased attention considering the inevitable 

shift in demographics toward older adults in North America. This study successfully identified 

determinants of safe food storage and temperature control practices among seniors which support 

and build on previous research. Although food safety messaging is typically created for all 

consumers, older consumers have different levels of food handling practices than other 

demographics and it may be beneficial to have tailored messaging and interventions for seniors. 

Young seniors and men are key groups of older adults that need to be targeted for safe food 

handling interventions. Using ageism-free messaging along with an appropriate theory of 

behavior change, effective strategies might include emphasizing an improvement in attitudes, 

subjective norms, and perceived control to successfully improve older adults’ food safety 

practices. 

Acknowledgement 

 We would like to thank the Public Health Agency of Canada for kindly providing the 

Foodbook study data. The authors would also like to thank William Sears and Dr. David Pearl 

for providing feedback on analysis. Funding for this research was partially supported by the 

Ontario Graduate Scholarship and the University of Guelph’s Ontario Veterinary College 

scholarship. The authors have no conflicts of interest to declare. 

  



 

 

87 

 

3.7 References 

1.  Anderson, A. L., L. A. Verrill, and N. R. Sahyoun. 2011. Food safety perceptions and 

practices of older adults. Public Health Rep. SAGE Publications 126:220–7. 

 

2.  Archer, K. J., and S. Lemeshow. 2006. Goodness-of-fit Test for a Logistic Regression 

Model Fitted using Survey Sample Data. Stata J. Promot. Commun. Stat. Stata. Sage 

Publications 6:97–105. 

 

3.  Arnold, H. J., and D. C. Feldman. 1981. Social Desirability Response Bias in Self-Report 

Choice Situations. Acad. Manag. J. Academy of Management 24:377–385. 

 

4.  Aspinall, R., D. Pitts, A. Lapenna, and W. Mitchell. 2010. Immunity in the elderly: the 

role of the thymus. J. Comp. Pathol. 142 Suppl 1:S111-5. 

 

5.  Bursac, Z., C. H. Gauss, D. K. Williams, and D. W. Hosmer. 2008. Purposeful selection of 

variables in logistic regression. Source Code Biol. Med. BioMed Central 3:17. 

 

6.  Cates, S. C., S. Karns, K. Kosa, and S. L. Godwin. 2013. Predictors of eating raw or 

undercooked meat, poultry, seafood, and eggs among older adults. Food Prot. Trends 

33:64–72. 

 

7.  Cates, S. C., K. M. Kosa, S. Karns, S. L. Godwin, L. Speller-Henderson, R. Harrison, and 

F. Ann Draughon. 2009. Food safety knowledge and practices among older adults: 

Identifying causes and solutions for risky behaviors. J. Nutr. Elder. RTI International, 

3040 Cornwallis Road, Research Triangle Park, NC 27709, United States 28:112–126. 

 

8.  Cates, S. C., R. A. Morales, S. A. Karns, L.-A. A. Jaykus, K. M. Kosa, T. Teneyck, C. M. 

Moore, and P. Cowen. 2006. Consumer knowledge, storage, and handling practices 

regarding Listeria in frankfurters and deli meats: results of a Web-based survey. J. Food 

Prot. International Association for Food Protection, Des Moines 69:1630–1639. 

 

9.  Centers for Disease Control and Prevention. 2016. People at risk - older adults. Available 

at: https://www.cdc.gov/listeria/risk-groups/elderly.html. Accessed 15 May 2019. 

 

10.  Centers for Disease Control and Prevention. 2017. Foodborne diseases active surveillance 

network (FoodNet): FoodNet 2015 surveillance report (final data). Atlanta. Available at: 

https://www.cdc.gov/foodnet/pdfs/FoodNet-Annual-Report-2015-508c.pdf. Accessed 13 

May 2019. 

 

11.  Chen, Y., K. Glass, B. Liu, K. Hope, and M. Kirk. 2016. Salmonella Infection in Middle-

Aged and Older Adults: Incidence and Risk Factors  from the 45 and Up Study. 

Foodborne Pathog. Dis. United States 13:689–694. 

 



 

 

88 

 

12.  Deshields, T. L., R. C. Tait, J. D. Gfeller, and J. T. Chibnall. 1995. Relationship between 

social desirability and self-report in chronic pain patients. Clin. J. Pain 11:189–93. 

 

13.  Donelan, A. K., D. H. Chambers, E. Chambers, S. L. Godwin, and S. C. Cates. 2016. 

Consumer Poultry Handling Behavior in the Grocery Store and In-Home Storage. J. Food 

Prot. International Association for Food Protection 79:582–588. 

 

14.  Ekos Research Associates. 2010. Survey of canadians’ knowledge & behaviour related to 

food safety. Available at: http://www.ekospolitics.com/articles/01710.pdf. Accessed 15 

May 2019. 

 

15.  Flagg, L. A., B. Sen, M. Kilgore, and J. L. Locher. 2014. The influence of gender, age, 

education and household size on meal preparation and food shopping responsibilities. 

Public Health Nutr. 17:2061–2070. 

 

16.  Government of Canada. 2014. Safe food storage. Available at: 

https://www.canada.ca/en/health-canada/services/general-food-safety-tips/safe-food-

storage.html. Accessed 20 August 2019. 

 

17.  Government of Canada. 2019. Food safety for adults ages 60 and over. Available at: 

https://www.canada.ca/en/health-canada/services/food-safety-vulnerable-

populations/food-safety-adults-ages-60-over.html. Accessed 22 May 2019. 

 

18.  Hosmer, D. W., and S. Lemeshow. 2000. Applied Logistic Regression. John Wiley & 

Sons, Inc., Hoboken, NJ, USA. 

 

19.  Hudson, P. K., and H. J. Hartwell. 2002. Food safety awareness of older people at home: a 

pilot study. J. R. Soc. Promot. Health. Sage Publications, Ltd., Senior Lecturer, School of 

Service Industries, Bournemouth University, Poole, Dorset BH12 5BB, England 122:165–

169. 

 

20.  Kalliopuska, M. 1992. Social Desirability Related to Social Class among Adults. Psychol. 

Rep. SAGE PublicationsSage CA: Los Angeles, CA 70:808–810. 

 

21.  Kosa, K. M., S. C. Cates, S. L. Godwin, M. Ball, and R. E. Harrison. 2011. Effectiveness 

of educational interventions to improve food safety practices among older adults. J. Nutr. 

Gerontol. Geriatr. RTI International, 3040 Cornwallis Rd, Research Triangle Park, NC 

27709, United States 30:369–383. 

 

22.  Kosa, K. M., S. C. Cates, S. Bradley, E. 4th Chambers, and S. Godwin. 2015. Consumer-

reported handling of raw poultry products at home: results from a national survey. J. Food 

Prot. United States 78:180–186. 

 

23.  Mickey, R. M., and S. Greenland. 1989. The impact of confounder selection criteria on 



 

 

89 

 

effect estimation. Am. J. Epidemiol. 129:125–37. 

 

24.  Mullan, B. A., and C. L. Wong. 2009. Hygienic food handling behaviours. An application 

of the Theory of Planned Behaviour. Appetite 52:757–761. 

 

25.  Mullan, B., V. Allom, K. Sainsbury, and L. A. Monds. 2016. Determining motivation to 

engage in safe food handling behaviour. Food Control. Elsevier 61:47–53. 

 

26.  Murray, R., S. Glass-Kaastra, C. Gardhouse, B. Marshall, N. Ciampa, K. Franklin, M. 

Hurst, M. K. Thomas, and A. Nesbitt. 2017. Canadian Consumer Food Safety Practices 

and Knowledge: Foodbook Study. J. Food Prot. 80:1711–1718. 

 

27.  Nelson, T. D. 2005. Ageism: Prejudice Against Our Feared Future Self. J. Soc. Issues. 

John Wiley & Sons, Ltd (10.1111) 61:207–221. 

 

28.  Painter, J. A., R. M. Hoekstra, T. Ayers, R. V. Tauxe, C. R. Braden, F. J. Angulo, and P. 

M. Griffin. 2013. Attribution of Foodborne Illnesses, Hospitalizations, and Deaths to Food 

Commodities by using Outbreak Data, United States, 1998–2008. Emerg. Infect. Dis. 

19:407–415. 

 

29.  Parisi, A., J. A. Crump, R. Stafford, K. Glass, B. P. Howden, and M. D. Kirk. 2019. 

Increasing incidence of invasive nontyphoidal Salmonella infections in Queensland, 

Australia, 2007-2016. PLoS Negl. Trop. Dis. Public Library of Science 13:e0007187. 

 

30.  Patil, S. R., S. Cates, and R. Morales. 2005. Consumer food safety knowledge, practices, 

and demographic differences: Findings from a meta-analysis. J. Food Prot. IAMFES, RTI 

International, 3040 Cornwallis Road, Research Triangle Park, NC 27709, United States 

68:1884–1894. 

 

31.  Powell, L. 2007. Behaviors and beliefs about food safety and instructional delivery 

strategies among limited income elderly enrolled in community nutrition education 

programs. ProQuest Diss. Theses. Oklahoma State University, Ann Arbor. 

 

32.  Public Health Agency of Canada. 2010. Age-Friendly Communication: Facts, Tips and 

Ideas. Ottawa, ON. Available at: http://www.phac-aspc.gc.ca/seniors-aines/alt-

formats/pdf/publications/public/various-varies/afcomm-commavecaines/AFComm-

Commavecaines-eng.pdf. Accessed 25 May 2019. 

 

33.  Public Health Agency of Canada. 2015. [Foodbook] Unpublished raw data. Guelph. 

 

34.  Public Health Agency of Canada. 2015. Foodbook Report. Ottawa. Available at: 

https://www.canada.ca/content/dam/canada/health-canada/migration/healthy-

canadians/publications/eating-nutrition/foodbook-2015/alt/pub-eng.pdf. Accessed 22 May 

2019. 



 

 

90 

 

 

35.  Raspor, P. 2008. Total food chain safety: how good practices can contribute? Trends Food 

Sci. Technol. 19:405–412. 

 

36.  Roy, A. L. 2016. Reducing risk of foodborne illness in older adults: Interventions 

targeting at-home and foodservice handling behaviors. ProQuest Diss. Theses. Iowa State 

University, Ann Arbor. 

 

37.  Scallan, E., R. M. Hoekstra, F. J. Angulo, R. V. Tauxe, M.-A. Widdowson, S. L. Roy, J. 

L. Jones, and P. M. Griffin. 2011. Foodborne Illness Acquired in the United States—

Major Pathogens. Emerg. Infect. Dis. 17:7–15. 

 

38.  Scharff, R. L. 2018. The Economic Burden of Foodborne Illness in the United States, p. 

123–142. In Food Safety Economics. Springer International Publishing, Cham. 

 

39.  Shapiro, M. A., N. Porticella, L. C. Jiang, and R. B. Gravani. 2011. Predicting intentions 

to adopt safe home food handling practices. Applying the theory of planned behavior. 

Appetite. England 56:96–103. 

 

40.  Shiferaw, B., S. Yang, P. Cieslak, D. Vugia, R. Marcus, J. Koehler, V. Deneen, and F. 

Angulo. 2000. Prevalence of high-risk food consumption and food-handling practices 

among adults: A multistate survey, 1996 to 1997. J. Food Prot. IAMFES, Department of 

Human Services, Oregon Health Division, Portland, OR 97232, United States 63:1538–

1543. 

 

41.  Smith, J. L. 1998. Foodborne illness in the elderly. J. Food Prot. 61:1229–39. 

 

42.  Smith, K. J., S. A. McNaughton, S. L. Gall, L. Blizzard, T. Dwyer, and A. J. Venn. 2010. 

Involvement of Young Australian Adults in Meal Preparation: Cross-Sectional 

Associations with Sociodemographic Factors and Diet Quality. J. Am. Diet. Assoc. 

Elsevier 110:1363–1367. 

 

43.  Song, H.-J., J. R. Simon, and D. U. Patel. 2014. Food Preferences of Older Adults in 

Senior Nutrition Programs. J. Nutr. Gerontol. Geriatr. 33:55–67. 

 

44.  Sperandei, S. 2014. Understanding logistic regression analysis. Biochem. Medica 24:12–

18. 

 

45.  Statistics Canada. 2016. Yearly food-borne illness estimates for Canada. Available at: 

https://www.canada.ca/en/public-health/services/food-borne-illness-canada/yearly-food-

borne-illness-estimates-canada.html. Accessed 22 June 2019. 

 

46.  Statistics Canada. 2019. Annual Demographic Estimates: Canada, Provinces and 

Territories, 2018. Available at: https://www150.statcan.gc.ca/n1/en/pub/91-215-x/91-215-



 

 

91 

 

x2018002-eng.pdf?st=08xogiw2. Accessed 22 June 2019. 

 

47.  Stoltzfus, J. C. 2011. Logistic regression: a brief primer. Acad. Emerg. Med. 18:1099–104. 

 

48.  Stuart-Hamilton, I. 2006. The Psychology of Ageing: An Introduction, 4th ed. Jessica 

Kingsley Publishers, London, UK. 

 

49.  Szabo, M. 2013. Foodwork or Foodplay? Men’s Domestic Cooking, Privilege and 

Leisure. Sociology. SAGE PublicationsSage UK: London, England 47:623–638. 

 

50.  Szabo, M. 2014. Men nurturing through food: Challenging gender dichotomies around 

domestic cooking. J. Gend. Stud. Routledge 23:18–31. 

 

51.  Tashiro, S., and C. Lo. 2011. Balancing nutrition, luxury, and time constraints in food 

preparation choices. China Agric. Econ. Rev. Emerald Group Publishing Limited 3:245–

265. 

 

52.  Terpstra, M. J., L. P. A. Steenbekkers, N. C. M. De Maertelaere, and S. Nijhuis. 2005. 

Food storage and disposal: Consumer practices and knowledge. Br. Food J. Consumer 

Technology and Product Use, Wageningen University and Research Centre, Wageningen, 

Netherlands 107:526–533. 

 

53.  The Strategic Counsel. 2018. Survey of Canadian’s Knowledge and Behaviours Related to 

Food Safety. Toronto. Available at: http://epe.lac-bac.gc.ca/100/200/301/pwgsc-tpsgc/por-

ef/health/2018/035-17-e/report.pdf. Accessed 18 June 2019. 

 

54.  Thomas, M. K., R. Murray, L. Flockhart, K. Pintar, A. Fazil, A. Nesbitt, B. Marshall, J. 

Tataryn, and F. Pollari. 2015. Estimates of Foodborne Illness–Related Hospitalizations 

and Deaths in Canada for 30 Specified Pathogens and Unspecified Agents. Foodborne 

Pathog. Dis. 12:820–827. 

 

55.  Turgeon, P., V. Ng, R. Murray, and A. Nesbitt. 2018. Forecasting the incidence of 

salmonellosis in seniors in Canada: A trend analysis and the potential impact of the 

demographic shift. PLoS One. Public Library of Science 13:e0208124. 

 

56.  United States Census Bureau. 2017. Facts for Features: Older Americans Month: May 

2017. Available at: https://www.census.gov/newsroom/facts-for-features/2017/cb17-

ff08.html. Accessed 18 June 2019. 

 

57.  United States Food & Drug Administration. 2018. What You Need to Know about 

Foodborne Illnesses. Available at: https://www.fda.gov/food/consumers/what-you-need-

know-about-foodborne-illnesses. Accessed 18 June 2019. 

 

58.  United States Food & Drug Administration. 2019. Foodborne Pathogens. Available at: 



 

 

92 

 

https://www.fda.gov/food/outbreaks-foodborne-illness/foodborne-pathogens. Accessed 18 

June 2019. 

 

59.  Visser, A. P., B. Breemhaar, and J. G. V. M. Kleijnen. 1989. Social desirability and 

program evaluation in health care. Impact Assess. Taylor & Francis Group 7:99–112. 

 

60.  Vrbova, L., K. Johnson, Y. Whitfield, and D. Middleton. 2012. A descriptive study of 

reportable gastrointestinal illnesses in Ontario, Canada, from 2007 to 2009. BMC Public 

Health. BioMed Central 12:970. 

 

61.  White, A. E., N. Ciampa, Y. Chen, M. Kirk, A. Nesbitt, B. B. Bruce, and E. S. Walter. 

2019. Characteristics of Campylobacter and Salmonella Infections and Acute 

Gastroenteritis in Older Adults in Australia, Canada, and the United States. Clin. Infect. 

Dis. 

 

62.  World Health Organization. 2019. Food Safety. Available at: https://www.who.int/news-

room/fact-sheets/detail/food-safety. Accessed 22 August 2019. 

 

63.  Yap, L. L. 2016. Evaluation of a SNAP-Ed program for older adults. ProQuest Diss. 

Theses. Iowa State University, Ann Arbor. 

 

64.  Young, I., D. Reimer, J. Greig, P. Turgeon, R. Meldrum, and L. Waddell. 2017. 

Psychosocial and health-status determinants of safe food handling among consumers: A 

systematic review and meta-analysis. Food Control. Elsevier 78:401–411. 

  



 

 

93 

 

3.8 Tables 

Table 3.1. Frequencies and percentages of Canadian respondents’ demographic characteristics 

(N=1078) 

Variable n Total respondents 

(%) 

Weighted 

total (%) 

Age category  

65-74 

75+ 

628 

450 

58.3 

41.7 

56.6 

43.4 

Sex  

Male 

Female 

366 

712 

34.0 

66.1 

36.9 

63.1 

Education level  

Less than high school 

High school 

Trade certificate or some college 

Bachelor's degree or above 

260 

249 

321 

225 

24.6 

23.6 

30.4 

21.3 

25.2 

23.9 

30.7 

20.2 

Income categorya  

<$30,000 

$30,000-$59,999 

$60,000-$79,999 

≥$80,000 

322 

333 

109 

134 

35.9 

37.1 

12.1 

14.9 

34.3 

39.9 

11.9 

13.8 

Number of people in the household  

1 

2 

≥3 

524 

462 

84 

49.0 

43.2 

7.9 

38.7 

48.4 

12.9 

Province or territory of residence  

Ontario 173 16.1 36.6 

Quebec 172 15.9 27.7 

Alberta 127 11.8 9.3 

British Columbia 119 11.0 12.1 

Saskatchewan 86 8.0 3.0 

Manitoba 82 7.6 3.9 

New Brunswick 71 6.6 2.5 

Nova Scotia 63 5.8 3.0 

Prince Edward Island 42 3.9 0.4 

Newfoundland and Labrador 40 3.7 1.4 

Yukon 47 4.4 0.1 

Northwest Territories 33 3.1 0.1 

Nunavut 23 2.1 0.03 

Resides in a Census Metropolitan Area  

Yes 472 43.9 38.7 

No 606 56.2 61.3 
a Values are in Canadian dollars 
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Table 3.2. Frequencies and percentages of knowledge and food safety practices of Canadian 

respondents (N=1078) 

Variable na Total respondents 

(%) 

Weighted total 

(%) 

To the best of your knowledge, which of the following groups of people would be at greater 

risk of foodborne illness compared to the general population? (Elderly) 

Yes 832 77.5 76.2 

No 241 22.5 23.8 

In general, do you follow the cooking and storage instructions on food labels? 

Yes 

No 

934 

108 

89.6 

10.4 

89.7 

10.3 

Typically, how long after cooking food do you refrigerate the leftovers? (Correct answer: 

within 2 hours of cooking) 

Correct 

Incorrect 

884 

194 

82.0 

18.0 

80.2 

19.8 

When storing raw meat, poultry or seafood in your refrigerator, what steps do you take to 

prevent contamination? (Correct answer: Put raw meat, poultry or seafood on the bottom shelf 

of the refrigerator) 

Correct 

Incorrect 

214 

834 

20.4 

79.6 

20.3 

79.7 
a Values may not add up to N=1078 because of no response 
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Table 3.3. Determinants of following cooking and storage instructions on food labels at home 

(logistic regression with stepwise hierarchical regression) 

Variable OR (95%CI) p-value 

Sex:   

Female vs. male (reference) 2.42 (1.15; 5.09) 0.020 

Number of individuals in household:   

1  2.76 (0.84; 9.08)  0.095 

2 4.26 (1.38; 13.13) 0.012 

≥3 (reference)  

Education level:   

Less than high school (reference)  

High school 4.27 (1.50; 12.13) 0.006 

Trade certificate or some college 2.19 (0.90; 5.32) 0.084 

Bachelor’s degree or above 2.49 (0.64; 9.74) 0.189 

Income category:   

<$30,000 (reference)  

$30,000-$59,999 0.56 (0.23; 1.36) 0.200 

$60,000-$79,999 0.65 (0.12; 3.51) 0.616 

≥$80,000 1.00 (0.19; 5.15) 0.999 

Abbreviations: OR = odds ratio; CI = confidence interval 
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Table 3.4. Determinants of refrigerating leftovers within 2 hours of cooking them (logistic 

regression with stepwise hierarchical regression) 

Variable OR (95%CI) p-value 

Sex:   

Female vs. male (reference) 2.72 (1.49; 4.98) 0.001 

Age category (in years):   

65-74 vs. 75+ (reference) 1.21 (0.66; 2.32) 0.535 

Education level:   

Less than high school (reference)  

High school 1.51 (0.64; 3.58) 0.347 

Trade certificate or some college 1.22 (0.51; 2.93) 0.654 

Bachelor’s degree or above 1.65 (0.60; 4.52) 0.331 

Income category:   

<$30,000 (reference)  

$30,000-$59,999 1.45 (0.68; 3.10) 0.331 

$60,000-$79,999 1.77 (0.67; 4.73) 0.252 

≥$80,000 3.66 (1.30; 10.25) 0.014 

Abbreviations: OR = odds ratio; CI = confidence interval 
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Table 3.5. Determinants of storing meats, poultry and fish in the bottom shelf of the refrigerator 

(logistic regression with stepwise hierarchical regression) 

Variable OR (95%CI) p-value 

Sex:   

Female vs. male (reference) 1.25 (0.69; 2.27) 0.469 

Age category (in years):   

65-74 vs. 75+ (reference) 1.82 (1.06; 3.13) 0.031 

Education level:   

Less than high school (reference)  

High school 2.82 (1.18; 6.72) 0.019 

Trade certificate or some college 1.21 (0.54; 2.68) 0.647 

Bachelor’s degree or above 1.51 (0.62; 3.65) 0.360 

Income category (high vs. low):   

<$30,000 (reference)  

$30,000-$59,999 1.25 (0.62; 2.53) 0.539 

$60,000-$79,999 1.58 (0.66; 3.80) 0.307 

≥$80,000 0.45 (0.17; 1.16) 0.099 

Income category (low vs. high):   

<$30,000 2.23 (0.86; 5.77) 0.099 

$30,000-$59,999 2.78 (1.16; 6.66) 0.022 

$60,000-$79,999 3.51 (1.27; 9.76) 0.016 

≥$80,000 (reference)  

Follows cooking and storage instructions on food labels:  

Yes vs. no (reference) 2.94 (1.08; 8.02) 0.035 

Abbreviations: OR = odds ratio; CI = confidence interval 
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CHAPTER 4 | General Discussion and Conclusions 

This thesis has investigated safe food handling and its determinants among older adults. 

The focus of Chapter 2 was to a conduct a systematic review of older adults' food safety 

knowledge, safe food handling behaviours (handwashing, cross-contamination prevention, 

storage, and time-temperature control), and risky food consumption behaviours. The objective of 

this study was to synthesize the literature in this area, provide recommendations for interventions 

and avenues for future research. This was accomplished by following standard systematic review 

methodology and conducting meta-analytical techniques. We determined areas that needed to be 

investigated further using results from Chapter 2, followed by obtaining a national data set (i.e. 

the Foodbook study) from the PHAC and identifying which sociodemographic factors affect 

older adults' safe storage behaviours in Chapter 3. The predictors were successfully identified 

through a multivariate analysis, and both educational and intervention strategies were discussed 

on how to better target these high-risk groups that are vulnerable to foodborne illness. This was 

laid out clearly to offer evidence-based recommendations on how to improve older Canadians' 

food safety behaviours. 

 Older adults are at an increased risk for foodborne illness, and this risk increases with 

age. The global synthesis of research in Chapter 2 revealed that older adults neither had 

satisfactory knowledge of the foodborne pathogen Listeria nor were they aware on the safe 

operating temperatures of refrigerators. These two factors are tied together as Listeria is a 

pathogen that grows in refrigerators and often associated with foods (e.g. deli meats, soft 

cheeses) that are stored beyond recommended guidelines (United States Food & Drug 

Administration, 2018). Given that older adults are already at an increased risk for Listeria-
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associated hospitalization and mortality (Anderson, Verrill, & Sahyoun, 2011; Cates et al., 2006; 

United States Food & Drug Administration, 2018), education on safe storage behaviours and 

Listeria is vital to the wellbeing and safety of this group. There was high variability across 

studies in awareness of safe operating temperatures of refrigerators, which indicates that food 

safety interventions should focus on the importance of monitoring refrigerator temperatures as 

part of safe food handling. These recommendations, along with safer alternatives of high-risk 

foods (e.g. hard cheese, pasteurized dairy products, freshly cooked seafood) can reduce the risk 

of listeriosis in this population (Centers for Disease Control and Prevention, 2016). We also used 

meta-analytical techniques to determine whether older adults understood best-before and use-by 

dates on foods, but no trends were observed. 

 The systematic review also determined the level of various food handling behaviours 

among older adults. We only calculated summary effect estimates for one subgroup because 

others had high across-study variability. Overall, older adults reported they refrigerated leftovers 

within 2 hours of cooking. These findings suggest older consumers are aware of the importance 

of storing foods quickly, but very few studies reported how long consumers stored these 

refrigerated foods. Given older people have a reduction in appetite as they age (Pilgrim, 

Robinson, Sayer, & Roberts, 2015) and participate in home delivered meal programs 

(McWilliams et al., 2017; Sharkey & Schoenberg, 2005), they could be storing foods beyond 

recommended guidelines. Similarly, older adults consistently reported checking the use-by or 

best-before dates on foods, indicating they demonstrate good attitudes with food quality and 

safety. Unfortunately, this behaviour itself may not translate to safe food handling as previous 

research has reported that this population has a reluctance to waste food (DiMaria-Ghalili, 
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Laverty, Baron, & Nasser, 2015; Sharkey & Schoenberg, 2005) which may lead to foods being 

stored for excessively long periods, resulting in a higher risk of foodborne illness. Interventions 

should emphasize the "when in doubt, throw it out" mantra (Government of Canada, 2011) as it 

can reduce consumers’ risky consumption behaviours. Future directions for research should 

include identifying how long older consumers typically store foods and investigate whether any 

foods are refrigerated for unsafe lengths of time before consumption. This could be 

accomplished through self-report questionnaires and home audits conducted by researchers. We 

could not identify trends in the prevalence of defrosting foods at room temperature, safe storage 

of raw meats, and washing meats before food preparation. Due to this high variability across 

studies, further investigation may be necessary to elucidate these food handling behaviours.  

Regarding food consumption, the systematic review also explored literature on the risky 

food consumption of older adults. They generally did not eat raw sprouts or undercooked meats. 

These positive findings were balanced with high variability in the undercooked egg consumption 

where most studies reported at least one-third of their respondents engaged in this practice. 

Countries like the US and Canada advise cooking egg dishes to a minimum internal temperature 

of 71oC to reduce the risk of Salmonella (Centers for Disease Control and Prevention (CDC), 

2019; Government of Canada, 2013). Moreover, studies have shown that men and persons from 

higher socioeconomic status are more likely to consume high risk foods (Samuel et al., 2007; 

Shiferaw et al., 2000). Thus, targeting these groups of older consumers may see more 

improvement in the reduction of foodborne illness acquired from these foods.  

Older adults were also not prepared to store foods safely because of the lack of resources 

in their kitchen. Observational studies showed older adults’ refrigerators were operating at 
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temperatures above 5oC (Hudson & Hartwell, 2002; Jevsnik et al., 2013; Terpstra, Steenbekkers, 

De Maertelaere, & Nijhuis, 2005), and they did not have a thermometer in their refrigerators 

(Kosa, Cates, Karns, Godwin, & Chambers, 2007; McWilliams et al., 2017; Roseman, 2007). 

Educational materials focused around safe storage and temperature-control (thawing, monitoring, 

storing) to prevent of bacteria such as Listeria and Salmonella could be the best fit for the older 

demographic as the findings of this study showed that these safe food handling constructs were 

lacking. 

Chapter 3 was an epidemiological analysis of the national Foodbook study dataset 

provided by the PHAC. For the purposes of this investigation, we only used data from the older 

population and narrowed down outcomes of interest relating to safe storage because of the 

previous chapter identified this need. The results showed participants were aware the elderly 

were at a greater risk for foodborne illness compared to the general population, reported 

following instructions on food labels, and refrigerating leftovers within 2 hours of cooking, but 

not storing raw meats on the bottom shelf of the refrigerator. 

The regression analyses found women were more likely to perform safe storage practices 

than men, which is likely due to traditional meal preparation responsibilities, greater time spent 

cooking, and more food safety knowledge (Patil, Cates, & Morales, 2005; Smith et al., 2010; 

Tashiro & Lo, 2011). We also found those who followed instructions on food labels were more 

likely to safely store meats in the refrigerator. Therefore, targeting some general food safety 

behaviours may enhance other food handling behaviours through the change in risk perceptions 

and greater self-efficacy obtained through them. 
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The second key finding was that those in highest income category were less likely to 

safely store meats in the refrigerator, which is supported by previous research suggesting higher 

education and income individuals take more food safety risks (e.g. consuming high-risk foods). 

Additionally, these same groups also tend to have poorer food handling behaviours (Anderson et 

al., 2011; Cates et al., 2013; Patil et al., 2005). Therefore, targeting these groups' attitudes may 

help improve their risk perceptions and resulting food handling behaviours at home. 

Lastly, the findings showed that younger seniors aged 65-74 years were less likely to 

safely store meats in the refrigerator, and their awareness that older people are more susceptible 

to foodborne illness did not affect their safe food handling. This may be due to older adults not 

seeing themselves as part of the elderly group. In fact, older adults do not like to be labelled as 

old (Nelson, 2005; Stuart-Hamilton, 2006), and we recommend messaging needs to consider this 

by using inclusive language, appropriate terminology, and have images that appeal to the wide 

range of seniors (Public Health Agency of Canada, 2010). 

The results from Chapters 2 and 3 build on each other by outlining the key food safety 

gaps of older adults at home. Chapter 2 describes a systematic review of global studies, 

highlighting knowledge and behaviour gaps relating to temperature-control, Listeria, and safe 

storage. Chapter 3 continued the narrative by identifying sociodemographic factors, including 

younger seniors, men, and high-income seniors, associated with some poorer safe storage 

behaviours in the Canadian population. Older adults likely require targeted interventions because 

they lack the knowledge, attitudes, and behaviours necessary to perform safe food handling at 

home. 
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4.1 Recommendations 

Findings from this research provides suggestions for public health communication and 

education. 

 Health communication messaging for food safety should be created with the use of 

inclusive language to avoid older people being turned away from the material or campaign 

intended for them. The use of inclusive materials includes referring to the group as seniors and 

older adults as well as images that include a wide range of older adults as subjects. Materials 

should also be developed through engagement with this demographic and local organizations as 

older adults can provide input on various aspects of campaigns that could maximize its impact. 

Older consumers need to be more aware of Listeria and safe food handling related to 

storage behaviours. These storage behaviours include monitoring refrigerator temperatures, 

storing foods within their recommended guidelines, and storing foods to avoid cross-

contamination. This can be successfully achieved by structuring campaigns around the 

consequences of unsafe storage while also providing information on Listeria and the commonly 

implicated foods to increase knowledge in this population. We suggest designing interventions 

using theories of behaviour change such as the Theory of Planned Behaviour. These theories 

provide a systematic framework for understanding food safety behaviour change, and can result 

in more effective campaigns (Glanz, Rimer, & Viswanath, 2008). 

 Some studies also reported older participants engaged in washing raw meats (Ekos 

Research Associates, 2010; Jevsnik et al., 2013; The Strategic Counsel, 2018) and defrosting 

foods at room temperature (Roy, Francis, Shaw, & Rajagopal, 2016; Yap, 2016). Washing raw 
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meats is not recommended because the juices can spread to other surfaces (United States 

Department of Agriculture Food Safety and Inspection Service, 2011) and we recommend 

educational materials include this as a knowledge component to debunk the misconception. 

Defrosting foods improperly is an extension of suboptimal temperature-control practices and can 

be avoided by highlighting the risks of leaving foods out for too long. Targeting older adults' 

attitudes and subjective norms to improve their intentions to thaw foods using low-risk and 

immediate methods such as a microwave can be effective in changing this behaviour (Mullan, 

Wong, & Kothe, 2013; Shapiro, Porticella, Jiang, & Gravani, 2011). 

 Most older Canadians consume seafood (Public Health Agency of Canada, 2015), but did 

not correctly store them in the refrigerator. Furthermore, those with higher education, higher 

income, men, and younger seniors were more likely to engage in unsafe storage behaviours. It is 

unclear whether this applies to other safe food handling components (e.g. personal hygiene, 

cross-contamination prevention) as well. In the meantime, interventions should be designed to 

improve safe storage and target these groups of older adults by emphasizing their social 

responsibilities at home, improving food safety attitudes, and perceived behavioural control (e.g. 

controllability, self-efficacy). Targeting these components can lead to better behavioural 

intentions, which is a strong predictor of the behaviour itself. 

4.2 Strengths, Limitations, and Future Directions 

The research conducted has many strengths. The systematic review is the first of its kind 

that synthesizes global literature of food safety in older adults. The review included all consumer 

research that investigated food safety management in this group. Meta-analytical techniques and 

meta-regression were also employed to identify overall effects and sources of variability across 
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studies. The regression analysis in Chapter 3 involved the use of a Canada-wide dataset with 

nearly 1,000 participants. The survey employed in that study was piloted, enhancing reliability of 

the data. Both chapters outlined practical recommendations for policymakers, educators and food 

safety researchers to act on the results and improve safe food handling of older consumers at 

home. 

The research and available data also presented some limitations. Due to the large 

variability in how attitudes are measured across research in Chapter 2, we were unable to 

synthesize and present the attitudes using this study design. As with most systematic reviews, 

publication bias may have been a possibility because authors and journals are more likely to 

publish significant findings (Kicinski, Springate, & Kontopantelis, 2015). Language bias was 

possible in this review as we excluded studies published in Korean and Portuguese, which 

resulted in the underrepresentation of studies based out of South America and Asia. Some 

consumer food safety research also did not report age-stratified outcomes, which resulted in an 

inability to synthesize these data into the review. Future research should report these outcomes in 

the research or be made available as supplementary material. In Chapter 3, the original Foodbook 

study used a self-reporting questionnaire which introduced the possibility of social desirability 

bias. This could have biased the results and overestimated the prevalence of safe storage 

outcomes being investigated. In fact, there is some evidence in that social desirability is more 

prevalent with increased age and older women (Deshields, Tait, Gfeller, & Chibnall, 1995; 

Kalliopuska, 1992), and the findings presented in this chapter may be more conservative. 

Numerous areas for future research were identified. Food safety researchers should 

strongly consider implementing in-person observations and home audits to gain a better 
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understanding of true prevalence of food handling behaviours. Secondly, they should also utilize 

theories of behaviour change (e.g. Health Belief Model, Theory of Planned Behaviour) to inform 

the development of their instruments. Additionally, there were also gaps relating to the 

consumption of high-risk foods which also included the frequency with which older adults 

consumed them. A better understanding of this can help in identifying where specific campaigns 

can focus on. Lastly, there is also a need to consider the implications common health conditions 

(e.g. reduced mobility, arthritis) have on older adults' safe food handling. 

4.3 Conclusion 

In summary, this research investigates the food safety management of a highly vulnerable 

population group. Although older adults generally reported good food safety knowledge and 

behaviours, they were not aware of Listeria and had poor refrigeration and storage practices. 

Older men, and those with higher education and income, were less likely to safely store foods in 

the refrigerator. Public education campaigns should target behaviours related to temperature-

control and storage as these may be the cause of common pathogens such as Salmonella and 

Listeria that are attributed to many hospitalization and mortality outcomes among older adults. 

Findings from this research highlight the importance for public health professionals, educators, 

and intervention designers to address this issue. Improvement in components such as food safety 

knowledge and attitudes can ultimately drive behaviour change in the older consumer. 
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Appendices  

Appendix A. PRISMA Statement Checklist 

Section/topic  # Checklist item  

Reported 

on page 

#  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 

ABSTRACT   

Structured 

summary  

2 Provide a structured summary including, as applicable: background; 

objectives; data sources; study eligibility criteria, participants, and 

interventions; study appraisal and synthesis methods; results; limitations; 

conclusions and implications of key findings; systematic review registration 

number.  

2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already 

known.  
4-5 

Objectives  4 Provide an explicit statement of questions being addressed with reference to 

participants, interventions, comparisons, outcomes, and study design 

(PICOS).  

5 

METHODS   

Protocol and 

registration  

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., 

Web address), and, if available, provide registration information including 

registration number.  

7 

Eligibility 

criteria  

6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 

characteristics (e.g., years considered, language, publication status) used as 

criteria for eligibility, giving rationale.  

5-7 

Information 

sources  

7 Describe all information sources (e.g., databases with dates of coverage, 

contact with study authors to identify additional studies) in the search and 

date last searched.  

6-7, S1 

File 

Search  8 Present full electronic search strategy for at least one database, including 

any limits used, such that it could be repeated.  
6-7, S1 

File 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in 

systematic review, and, if applicable, included in the meta-analysis).  
7-10 

Data collection 

process  

10 Describe method of data extraction from reports (e.g., piloted forms, 

independently, in duplicate) and any processes for obtaining and confirming 

data from investigators.  

8 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, 

funding sources) and any assumptions and simplifications made.  
7-8, S1 

File 

Risk of bias in 

individual 

studies  

12 Describe methods used for assessing risk of bias of individual studies 

(including specification of whether this was done at the study or outcome 

level), and how this information is to be used in any data synthesis.  

8-10 
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Summary 

measures  

13 State the principal summary measures (e.g., risk ratio, difference in means).  8-9 

Synthesis of 

results  

14 Describe the methods of handling data and combining results of studies, if 

done, including measures of consistency (e.g., I2
) for each meta-analysis.  

8-10 

 

 

Section/topic  # Checklist item  

Reported 

on page 

#  

Risk of bias 

across studies  

15 Specify any assessment of risk of bias that may affect the cumulative 

evidence (e.g., publication bias, selective reporting within studies).  
14 

Additional 

analyses  

16 Describe methods of additional analyses (e.g., sensitivity or subgroup 

analyses, meta-regression), if done, indicating which were pre-specified.  
9-10 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in 

the review, with reasons for exclusions at each stage, ideally with a flow 

diagram.  

10, Fig 1 

Study 

characteristics  

18 For each study, present characteristics for which data were extracted (e.g., 

study size, PICOS, follow-up period) and provide the citations.  
10-11, 

Table 1, 

S2 File, 

Table 4 

Risk of bias 

within studies  

19 Present data on risk of bias of each study and, if available, any outcome 

level assessment (see item 12).  
S2 File 

Results of 

individual 

studies  

20 For all outcomes considered (benefits or harms), present, for each study: (a) 

simple summary data for each intervention group (b) effect estimates and 

confidence intervals, ideally with a forest plot.  

Fig 2-6, 

S1 File 

Synthesis of 

results  

21 Present results of each meta-analysis done, including confidence intervals 

and measures of consistency.  
11-13, 

Fig 2-6, 

S1 File 

Risk of bias 

across studies  

22 Present results of any assessment of risk of bias across studies (see Item 

15).  
11, 

Table 2 

Additional 

analysis  

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup 

analyses, meta-regression [see Item 16]).  
13 

DISCUSSION   

Summary of 

evidence  

24 Summarize the main findings including the strength of evidence for each 

main outcome; consider their relevance to key groups (e.g., healthcare 

providers, users, and policy makers).  

13-19 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at 

review-level (e.g., incomplete retrieval of identified research, reporting 

bias).  

13-14, 

19-20 

Conclusions  26 Provide a general interpretation of the results in the context of other 

evidence, and implications for future research.  
13-20 

FUNDING   
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Funding  27 Describe sources of funding for the systematic review and other support 

(e.g., supply of data); role of funders for the systematic review.  
20 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-

Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 For more information, visit: www.prisma-

statement.org.  

 

Appendix B. Review Protocol 

 

Review Background and Rationale: 

 

Foodborne disease has a significant global burden on morbidity and mortality. In the United 

States (US), foodborne disease agents are estimated to cause 48 million cases of illness each 

year, resulting in approximately 128,000 hospitalizations and 3,000 deaths (Scallan et al., 2011a, 

2011b). In Canada, approximately 4 million cases of domestically-acquired foodborne illness 

occur each year, resulting in an estimated 11,600 hospitalizations and 238 deaths (Thomas et al., 

2015, 2013). These illnesses have substantial economic impacts on society through direct 

healthcare costs and indirect costs such as lost productivity (McLinden et al., 2014). For 

example, in the US, 14 major foodborne pathogens were estimated to cause $14.0 billion per 

year (Hoffmann et al., 2012).  

 

In 2011, seniors accounted for 14% of Canada's population (Statistics Canada, 2012). In 2017, 

seniors were estimated to have outnumbered children in Canada (Central Intelligence Agency, 

2017). Canada is considered an aging population primarily due to the baby-boomer generation 

and declining fertility rates, and the number of seniors is predicted to increase up to 25% of 

Canada's total population in the next two decades (Statistics Canada, 2012). Older adults are 

considered a high-risk population for foodborne illness because they have weakened immune 

systems, and they have a greater likelihood of severe complications resulting from foodborne 

illness such as hospitalization and death (Centers for Disease Control and Prevention, 2016; 

Kosa, Cates, Godwin, & Draughon, 2008). Older adults are also more likely to exhibit certain 

unsafe practices compared to other age groups such as eating undercooked eggs and keeping 

foods past its best-before date (Evans, 2015; Kendall, 2006; Murray, 2017).  

There is a need to better understand the knowledge and behaviours of older adults toward the 

management of food safety at home to improve food safety education programs and to reduce the 

risk of foodborne illness originating from the domestic setting. A systematic review is proposed 

that will use standardized methods to identify, characterize, and synthesize all available studies 

in this area, including studies examining: the prevalence of food safety knowledge, behaviours 

and risky food consumption practices among the elderly living independently; and the study-

level factors affecting the difference in prevalence of these outcomes across studies. Results from 

this review will help to inform key priorities for improving safe food handling knowledge, 

attitudes, and behaviours of older consumers, including identification of target areas for future 

interventions. 

 

Methodology: 
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Review approach, question, and eligibility criteria: 

 

This research will be conducted using standard systematic review methodology, which uses 

structured, transparent, and robust procedures to identify, assess, and synthesize all available 

evidence on a topic (Higgins & Green, 2011; Young et al., 2014). The review question is: “What 

are the food safety knowledge and behaviours of consumers aged 60 and over living at home, 

and what study-level factors affect the prevalence of these outcomes across studies?” The 

inclusion criteria are as follows: 

 

• Population: adults (60+) who prepare food for themselves and/or others at home, and 

people who live independently but receive in-home meal delivery. Exclude older 

consumers that have caregivers who prepare and handle their food, and older adults in 

assisted living facilities (e.g. long term care facilities). 

• Exposure = Research on microbial food safety (e.g. microbial hazards, food products, or 

general food safety). Only factors related to microbial hazards are of interest in this 

review; outcomes related to other hazards (e.g. allergens) will be excluded. 

• Outcome = Research on knowledge, behaviours, and any other psychosocial factors (e.g. 

self-efficacy, subjective norms) related to food safety will be included. Psychosocial 

factors may or may not be explicitly derived from different theories of behaviour change 

(e.g. Theory of Planned Behaviour, Health Belief Model).  Behavioural intentions, self-

reported behaviours, and observed behaviours related to any food safety behaviour or 

practice, including: personal hygiene (e.g. handwashing); preventing cross contamination 

(e.g. separate cutting boards for raw/cooked meat); adequate cooking of food (e.g. use of 

thermometers to check doneness); time-temperature control (e.g. adequate cold storage 

and reheating of food). 

Eligible sources of evidence will include journal articles as well as any other research documents 

(e.g. research reports, dissertations and theses, and conference proceedings) published in English, 

or French. All primary research designs will be considered for inclusion. 

 

Search strategy: 

 

A comprehensive search strategy will be developed using a combination of pre-tested search 

terms implemented in the following bibliographic databases: Scopus, PubMed, CAB Abstracts, 

Food Science and Technology Abstracts, CINAHL, PsycINFO, and ProQuest Dissertations and 

Theses. The proposed search algorithm is shown below. 

A complementary search for grey literature documents (e.g. conference proceedings and research 

reports) will be conducted in Google and Practice-based Evidence in Nutrition database. A 

search verification strategy will also be employed to ensure that no relevant articles are missed, 

which will include hand-searching the reference lists of a selection of relevant articles and 

previously conducted literature reviews on the topic.  

 

Relevance screening and confirmation: 
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The titles and abstracts of citations identified during the search will be assessed for their 

relevance using a structured screening form (Appendix A). Full articles of relevant references 

will be obtained, they will be confirmed for relevance, and key characteristics will be extracted 

using another structured form (Appendix B). This data charting form will capture study 

characteristics such as: publication type and year; study methods and context (e.g. design, data 

collection methods and tools); and details on the target populations (e.g. socio-demographics), 

and outcomes (e.g. knowledge, attitudes, behaviours) investigated.  

Article characteristics from this stage will be summarized descriptively, charted, and potentially 

used to prioritize and/or refine the specific inclusion criteria for the follow-up steps. 

 

Risk-of-bias assessment and data extraction: 

 

Relevant studies with extractable outcome data and that meet all eligibility criteria will undergo a 

risk of bias assessment. A tool will be developed using assessment criteria modified and adapted 

from previously developed risk-of-bias instruments for both observational and experimental 

studies (Higgins & Green, 2011; Sterne et al., 2014; Viswanathan, Berkman, Dryden, & 

Hartling, 2013). Detailed quantitative data on the prevalence of key outcomes, and factors 

associated with key outcomes will be extracted using a data extraction form.  

 

Review management: 

 

To ensure rigour in the review process, all steps will be conducted using pre-tested tools by two 

independent reviewers. All references identified in the review will be de-duplicated in the 

reference management program Mendeley (Elsevier Inc., New York, NY). Relevant screening, 

confirmation, and data extraction will be conducted using Excel spreadsheets.  

 

Data analysis: 

 

Extracted data from relevant articles will be descriptively characterized and summarized. 

Prevalence outcomes will be synthesized to determine average proportions across studies 

(Nyaga, Arbyn, & Aerts, 2014), while meta-regression will be used to investigate possible study-

level factors associated with differences in prevalence of outcomes across studies (Borenstein, 

Hedges, Higgins, & Rothstein, 2009). Data will be stratified into sufficiently comparable 

subgroups prior to analysis, and random-effects meta-analysis will be conducted to determine the 

extent of heterogeneity across studies in each subgroup (Borenstein et al., 2009). Meta-analysis 

will be conducted using Stata (StataCorp LP, College Station, USA). 
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Appendix C. Review Forms and Detailed Search Strategy 

 

Date June 09, 2018 

Platform/Interface ProQuest 

Databases ProQuest Dissertations & Theses A&I (1988-2017) 

PsycINFO (1985-2018) 

Institution Ryerson University 

Search string:  su,ti,ab("food safety" OR foodborne OR "food poisoning" OR "food 

hygiene" OR "safe food" OR "food handling" OR "food preparation" 

OR "risky foods" OR "food infection" OR "food-borne" OR "food-

handling") AND su,ti,ab(awareness OR knowledge OR belief* OR 

attitude* OR concern* OR perceive* OR perception* OR behaviour* 

OR behavior* OR practice* OR survey OR interview* OR barrier* OR 

learn* OR motivat* OR kitchen* OR "self-efficacy" OR preference*) 

AND su,ti,ab(senior* OR "older consumer*" OR "older adult*" OR 

"older people" OR "meal recipients" OR "60 and older" OR "65 and 

older" OR "aged 60+" OR "aged 65+" OR "60 years" OR "65 years" OR 

"60 plus" OR "65 plus" OR "over 60" OR "over 65" OR "elderly 

people" OR elderly) 

in Title 

OR 

in Abstract 

OR  

in Subject Heading 

Hits 265 

Limits None 

 

Date June 09, 2018 

Platform/Interface EBSCOhost 

Databases CINAHL (1996-2018) 

Institution University of Guelph 

Search string:  ("food safety" OR foodborne OR "food poisoning" OR "food hygiene" 

OR "safe food" OR "food handling" OR "food preparation" OR "risky 

foods" OR "food infection" OR "food-borne" OR "food-handling") 

AND (senior* OR "older consumer*" OR "older adult*" OR "older 

people" OR "meal recipients" OR "60 and older" OR "65 and older" OR 

"aged 60+" OR "aged 65+" OR "60 years" OR "65 years" OR "60 plus" 

OR "65 plus" OR “over 60” OR “over 65” OR "elderly people" OR TI 

(elderly)) AND (awareness OR knowledge OR belief* OR attitude* OR 
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concern* OR perceive* OR perception* OR behaviour* OR behavior* 

OR practice* OR survey OR interview* OR barrier* OR learn* OR 

motivat* OR kitchen* OR "self-efficacy" OR preference*) 

in Title 

OR 

in Abstract 

OR  

in Subject Heading 

Hits 67 

Limits None 

 

Date June 09, 2018 

Platform/Interface CAB Direct 

Databases CAB Abstracts (1934-2018) 

Institution University of Guelph 

Search string:  ("food safety" OR foodborne OR "food poisoning" OR "food hygiene" 

OR "safe food" OR "food handling" OR "food preparation" OR "risky 

foods" OR "food infection" OR "food-borne" OR "food-handling") 

AND (senior* OR "older consumer*" OR "older adult*" OR "older 

people" OR "meal recipients" OR "60 and older" OR "65 and older" OR 

"aged 60 " OR "aged 65 " OR "60 years" OR "65 years" OR "60 plus" 

OR "65 plus" OR "over 60" OR "over 65" OR "elderly people" OR 

title:(elderly)) AND (awareness OR knowledge OR belief* OR attitude* 

OR concern* OR perceive* OR perception* OR behaviour* OR 

behavior* OR practice* OR survey OR interview* OR barrier* OR 

learn* OR motivat* OR kitchen* OR "self-efficacy" OR preference*) 

in Title 

OR 

in Abstract 

OR  

in Subject Heading 

Hits 489 

Limits None 

 

Date June 09, 2018 

Platform/Interface Thomson Reuters Web of Science 

Databases Food Science and Technology Abstracts (1970-2018) 

Institution Ryerson University 

Search string:  TS=("food safety" OR foodborne OR "food poisoning" OR "food 

hygiene" OR "safe food" OR "food handling" OR "food preparation" 

OR "risky foods" OR "food infection" OR "food-borne" OR "food-

handling") AND TS=(awareness OR knowledge OR belief* OR 

attitude* OR concern* OR perceive* OR perception* OR behaviour* 

OR behavior* OR practice* OR survey OR interview* OR barrier* OR 
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learn* OR motivat* OR kitchen* OR "self-efficacy" OR preference*) 

AND (TS=(senior* OR "older consumer*" OR "older adult*" OR "older 

people" OR "meal recipients" OR "60 and older" OR "65 and older" OR 

"aged 60+" OR "aged 65+" OR "60 years" OR "65 years" OR "60 plus" 

OR "65 plus" OR over 60 OR over 65 OR "elderly people") OR 

TI=(elderly)) 

in Title 

OR 

in Abstract 

OR  

in Subject Heading 

Hits 35 

Limits None 

 

Date June 09, 2018 

Platform/Interface Scopus 

Databases Scopus (1968-2018) 

Institution Ryerson University 

Search string:  (TITLE-ABS-KEY ("food safety" OR foodborne OR "food poisoning" 

OR "food hygiene" OR "safe food" OR "food handling" OR "food 

preparation" OR "risky foods" OR "food infection" OR "food-borne" 

OR "food-handling") AND TITLE-ABS-KEY (awareness OR 

knowledge OR belief* OR attitude* OR concern* OR perceive* OR 

perception* OR behaviour* OR behavior* OR practice* OR survey OR 

interview* OR barrier* OR learn* OR motivat* OR kitchen* OR "self-

efficacy" OR preference*) AND TITLE-ABS-KEY (senior* OR "older 

consumer*" OR "older adult*" OR "older people" OR "meal recipients" 

OR "60 and older" OR "65 and older" OR "aged 60+" OR "aged 65+" 

OR "60 years" OR "65 years" OR "60 plus" OR "65 plus" OR "over 60" 

OR "over 65" OR "elderly people") OR TITLE (elderly)) 

in Title/Abstract/Keywords 

Hits 395 

Limits None 

 

Date June 09, 2018 

Platform/Interface PubMed 

Databases PubMed (1975-2018) 

Institution Ryerson University 

Search string:  ("food safety" OR foodborne OR "food poisoning" OR "food hygiene" 

OR "safe food" OR "food handling" OR "food preparation" OR "risky 

foods" OR "food infection" OR "food-borne" OR "food-handling") 

AND (senior* OR "older consumer*" OR "older adult*" OR "older 

people" OR "meal recipients" OR "60 and older" OR "65 and older" OR 

"aged 60+" OR "aged 65+" OR "60 years" OR "65 years" OR "60 plus" 
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OR "65 plus" OR “over 60” OR “over 65” OR "elderly people" OR 

"elderly"[TI]) AND (awareness OR knowledge OR belief* OR attitude* 

OR concern* OR perceive* OR perception* OR behaviour* OR 

behavior* OR practice* OR survey OR interview* OR barrier* OR 

learn* OR motivat* OR kitchen* OR "self-efficacy" OR preference*) 

in All Fields/MeSH Terms 

Hits 297 

Limits None 

 

 

Grey literature search strings: 

• food safety older consumers 

• food hygiene older consumers seniors 

• safe food handling practices older adults elderly 

• safe food handling behaviours older consumers elderly 

• foodborne illness seniors and older adults report study 

 

 

Relevance Screening Form 

 

Question Options Definitions/additional notes 

1. Does the citation 

describe primary 

research that 

investigates 

knowledge or 

behaviours of 

older adults 

toward safe food 

handling at home? 

 Yes 

 No 

 

Safe food handling:  

Includes food handling related (but not limited to) any of the following 

constructs adopted from Medeiros et al., 2001, JNE, 33(2), 108-111:  

• personal hygiene (e.g. hand-washing);  

• preventing cross contamination (e.g. separate cutting boards for 

raw/cooked meat);  

• adequate cooking of food (e.g. use of thermometers to check 

doneness);  

• time-temperature control (e.g. prompt cooling / adequate 

reheating of food); 

• foods from unsafe sources/high risk foods (e.g. raw milk 

consumption; eat raw/undercooked seafood, meat, eggs; drink 

unpasteurized juices) 

Review scope only includes food handling at home, related to 

prevention of microbial hazards. 

 

Consumers: 

Includes older adults who are 60 years or older who handle and/or 

prepare food at home. Exclude studies conducted at long term care 

facilities, and studies investigated food safety of caregivers serving 

food to older consumers at home. 

 

Knowledge, attitudes, or behaviours: 

Includes studies investigating these as well as any other social and 
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psychological factors that might be related to safe food handling at 

home. Examples: self-efficacy; subjective norms/social influences; 

motivators; facilitators; barriers; challenges; past behaviours/habits; 

social environment constraints (e.g. lack of time, training or resources).   

 

Include  

• All quantitative primary research study designs, publication 

dates, and types, including grey literature (e.g. public opinion 

research) 

• Studies where you “can’t tell” the relevance and suspect it 

could be relevant  

 

Exclude  

• Research related to non-microbial hazards (e.g. food allergies).  

• Studies on food safety education/training interventions, unless 

abstract states or suggests that psychosocial variables of 

interest were evaluated as predictors of relevant outcomes 

measured at baseline (i.e. before intervention delivery) 

• Studies that are in the nursing or long-term care homes where 

residents are not responsible for preparing their own food. 

 

Article Characterization and Charting Form 

 

Question Options Comments 

1) Is this a 

primary 

quantitative 

research study 

investigating 

knowledge, 

attitudes, and 

behaviours of 

older adults 

toward safe 

food handling at 

home published 

in English or 

French? 

 

 Yes 

 No, specify reason(s) for 

exclusion: 

□ No relevant data for 

extraction and synthesis 

□ Not relevant to review 

question: _________ 

□ Other language: _________ 

□ Qualitative research 

□ Not primary research 

□ Other:____________ 

 

If “no” is selected, submit form 

without proceeding further.  

Older Consumers: 

Includes adults aged ≥60 (general public, 

home cooks, in-home meal delivery 

recipients, household food preparers, and 

volunteer cooks for special food events). 

Exclude studies on older adults in long-

term care homes. 

 

Outcomes: 

Includes self-reported and observed 

behaviours, attitudes, knowledge, and any 

other relevant factors, such as: perceived 

control over behaviour; self-efficacy; 

subjective norms/social influences; moral 

norms; behavioural motivations/stages of 

change; past behaviours/habits; risk 

perceptions/beliefs about consequences 

(e.g. perceived threat, susceptibility and 

severity).   

 

Primary research: Investigator(s) 

collected samples or data themselves for 

analysis. 

 

Exclude: 

• Studies with no relevant safe food 

handling outcomes (e.g. food 

purchase decisions) 
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• Research related to non-microbial 

hazards (e.g. food allergies). 

2) What is the 

publication year 

of this article? 

  _______  

3) What type of 

document is this 

article? 

 

  Journal article 

  Thesis 

  Conference paper/abstract 

  Government or research report 

  Other, please specify:_____ 

 

 

4) What is the 

article 

language? 

  English 

  French 

Exclude studies in languages other than 

English, or French 

5) Where was the 

study 

conducted?  

 

(Check all that 

apply) 

 

  North America: 

□ Canada 

□ USA 

□ Mexico 

  Europe:______________ 

  Australasia:_____ 

 Central and South America/ 

Caribbean:________ 

  Asia:_____________________ 

  Africa:____________________ 

  Not stated 

 

Central-South America/Caribbean: 

[Please specify country only and use full 

name e.g. Columbia; do not include 

region etc.] 

 

Europe: includes, Belarus, Latvia, 

Ukraine, Estonia, Cyprus & west (inc. 

Iceland and Greenland) [please specify 

country only and use full name]. 

 

Asia: Russia, Turkey, middle eastern 

countries and east  

 

Australasia is limited to Australia, New 

Guinea, New Zealand, New Caledonia, 

and neighbouring islands 

 

6) When was the 

study 

conducted? 

 

  ___________ 

  Not reported 

 

Please specify year/month to year/month 

if available (do not extract days) [follow 

format example: 2000/06-2000/08] 

7) Did the study 

focus on 

specific food 

products and/or 

microbial 

hazards? 

  Yes, specify: 

□ Microbial 

hazards:_________ 

□ Food products:__________ 

  No / not specified 

Only answer YES if there is an 

explicit/clear focus on one or more 

KEY products/hazards.  

 

Microbial hazards = study focuses on 

prevention of specific microbial hazards 

such as Listeria or Campylobacter  

 

Food products = study focuses on 

specific products such as raw meat 

consumption, or ready-to-eat meat 

consumption 

 

8) What is the   Observational study: If more than one design, report ONLY 
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study design?  

 

(Check all that 

apply) 

 

□ Cross-sectional 

□ Longitudinal  

□ Cohort 

□ Case-control 

□ Other:______________ 

  Other, please specify:_______ 

study design(s) relevant to the research 

question. 

 

Observational study: Assignment of 

subjects into a treated group versus a 

control group is natural (outside the 

control of the investigator). 

• Cross-sectional: Examines the 

relationship of a risk factor/predictor 

and outcome at a point in time on 

sample of the target population. 

• Longitudinal: Examines the 

relationship of a risk factor/predictor 

and outcome at multiple points in 

time on sample of the target 

population. 

• Cohort study: is a study in which one 

or more groups of individuals with 

differing exposures to a suspected risk 

factor/predictor are observed and 

followed through time for occurrence 

of an outcome. 

• Case-control study: compares 

exposure to the risk factor/predictor in 

subjects who have an outcome 

('cases') with those who don’t have 

the outcome, but are otherwise similar 

('controls') and drawn from the same 

sampling frame.  

 

Experimental study: Each subject is 

assigned to a treated group or a control 

group before the start of the treatment 

• Controlled trial: an experimental 

study in which people are allocated to 

intervention/comparison groups and 

evaluated for outcomes. Randomized 

(RCT) if authors specifically indicate 

random allocation of 

treatment/control. 

• Uncontrolled before-and-after 

study: observations are made on a 

population before and after receiving 

an intervention.  

• Interrupted-time-series (ITS) 

study: A study that uses observations 

at multiple time points before and 

after an intervention (the 

‘interruption’). Differs from 

uncontrolled before-after study in that 

multiple measurements (at least 3) are 

made before AND after the 

intervention. 
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Qualitative study: Aimed at 

understanding social phenomena, 

exploring issues, and answering questions 

of “why” and “how.” Example designs 

include descriptive, grounded theory, 

phenomenology, ethnography. Please 

specify the design/methodology that is 

identified by the author, and if none is 

identified explicitly then indicate “not 

specified”. 

9) How were the 

data collected? 

 

  Questionnaire: 

□ In-person 

□ Telephone 

□ Postal 

□ Web-based  

  Participant/kitchen observation:  

□ Direct observation (in 

person) 

□ Video cameras 

□ Other, specify:___ 

  Other, please specify ______ 

  Not specified 

 

 

10) Were the data 

collected on 

more than one 

occasion (e.g. 

multiple surveys 

implemented at 

different time 

points)? 

 

  Yes, specify number of 

occasions:___ 

  No 

E.g. for longitudinal studies 

11) Was the data 

collection 

instrument (e.g. 

questionnaire) 

informed by any 

theories of 

behaviour 

change? 

 

  Yes, specify: 

□ Health Belief Model 

□ Stages of Change 

Theory/Transtheoretical 

Model 

□ Theory of Planned 

Behaviour/Reasoned Action 

□ Health Action Process 

Approach 

□ Social Cognitive Theory 

□ Other:_______________ 

  No / not specified 

Select any of the options ONLY IF 

AUTHORS EXPLICITLY 

INDICATED the theory was used. 
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12) Was the 

development of 

the data 

collection 

instrument (e.g. 

questionnaire) 

informed by any 

formative 

primary 

research? 

 

  Yes, specify: 

□ Focus groups 

□ Interviews 

□ Previous surveys / research 

□ Expert panel 

□ Other:_______________ 

  No / not specified 

 

Formative primary research = research 

done prior to development of the study 

tools to inform the details of the study.   

 

Previous surveys / research = explicit 

reference to previous survey studies or 

research literature as a basis for 

development of the data collection 

instruments.  

13) Was the data 

collection 

instrument (e.g. 

questionnaire) 

pre-tested? 

 

  Yes, specify method: 

□ Expert review 

□ Cognitive interviews with 

participants 

□ Pilot study with participants 

□ Not specified 

□ Other:_______________ 

  No / not specified 

 

Only indicate testing of “entire 

questionnaire instrument” in this 

section. Any details on determining 

reliability and/or validity of specific 

composite scores/scales (e.g. Cronbach’s 

alpha, factor analysis, etc.) should NOT 

be answered in this question (they will be 

assessed in the risk-of-bias form). 

 

Cognitive interviews = qualitative 

technique where surveys are given to a 

limited number of participants (e.g. 10) 

from target population and they are asked 

to “talk aloud” (or are asked by 

investigators) about their thoughts as they 

go through each question. Usually 

conducted after questionnaire is 

developed, after any expert review, and 

before formal pilot testing to determine 

whether there are any significant 

design problems in the questions. 
 

Pilot study = quantitative pre-testing of 

the questionnaire by administrating to a 

sample of the target population (e.g. 100-

200 people) before the full study and 

analyzing their responses to detect any 

problems/patterns of misinterpretation. 

Emulates procedures proposed in main 

study.  

 

14) What 

populations 

were 

investigated? 

  Older adults/elderly exclusively 

  Mixture of older adults and other 

consumer age groups 

  Caregivers and older adults 

  Other, specify:_________ 

 

 

 



 

 

126 

 

 

15) How did the 

paper define 

older adults in 

terms of the age 

cut-off by the 

study? 

  ≥60 years 

  ≥65 years 

  Other, specify:_________ 

  Not specified 

 

 

16) Was the 

study focused 

on a particular 

gender of 

consumers? 

 

 Yes, specify: 

 Women 

 Men 

 No  

 

 

17) Was the 

study focused 

on any of the 

following high-

risk and/or 

targeted groups 

of consumers? 

 

(Check all that 

apply) 

 

  Racial/ethnic minorities, specify: 

____________ 

  Low socio-economic status 

individuals, specify: 

____________ 

  In-home meal delivery recipients, 

specify: ____________ 

  Immuno-compromised, specify: 

____________ 

  Other, specify:____________ 

  No / not reported 

 

Select options ONLY if the group was 

the main focus/target population of the 

study AS SPECIFIED BY THE 

AUTHORS 

 

18) How were 

participants 

recruited? 

 

 Random-digit dialling 

 Market/survey research agency 

 Public or private database/list 

 Ads in public places 

 Online ads 

 Other, specify:_________ 

 Not specified 

 

19) What was the 

final sample 

size? 

 

  : ______________ 

  Not reported 

Report final sample size used for analysis. 

For focus groups, report number of 

groups conducted, average number pre 

group, and total number of participants 

across all groups. 

20) Was the 

study response 

rate reported? 

 

  Yes, specify: ______________ 

  No 

 

If yes, specify response rate (percent) and 

number of participants included in 

sample out of number invited in text box. 

21) What relevant 

outcomes were 

measured? 

  Knowledge  

  Attitudes and risk perceptions    

 Behaviour: 

Specify exact measures in text boxes. If 

reviewer can’t determine where to 

place the construct, put in “other” to be 
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  Self-reported 

 Observed 

 Behavioural intentions 

  Beliefs about capabilities 

  Social influences 

  Other, specify:_________ 

 

 

 

classified later. 

 

Knowledge = refers to objective 

knowledge scores calculated from tests, 

quizzes, etc., as well as consumers’ 

perceived (self-rated) knowledge. 

 

Beliefs/attitudes/risk perceptions = 

broad category that might include 

constructs such as perceived threat of 

foodborne illness (chance of occurrence, 

susceptibility, severity) and/or general 

concern about food safety. 

 

Beliefs about capabilities = includes 

perceived behavioural control, a construct 

of the Theory of Planned Behaviour; self-

efficacy; locus of control. 

 

Social influences = e.g. subjective norms, 

social support, social norms, peer 

encouragement, other interpersonal 

factors. 

 

Intentions = consumers’ perceived 

likelihood or “subjective probability” that 

he or she will engage in a given behaviour 

in the future. E.g. outcomes where 

participants indicate they “plan to” or 

“intend to” to practice safe food handling 

behaviours. In contrast, self-reported and 

observed behaviour outcomes will report 

consumer’s current/habitual use of the 

behaviour (e.g. yes/no to eating raw meat; 

always/sometimes/rarely/never wash 

hands before handling food). 

 

22) Additional 

comments: 
  __________  

 

Risk-of-Bias Form 

 

Question / 

Excel code 

Risk of bias Definitions/additional notes 

Are study 

participants 

likely to be 

representative 

of the target 

population? 

 Yes (low 

risk of bias) 

 No (high 

risk of bias) 

 Unclear 

Describe whether selection of participants for the study was potentially 

not representative of the target population, including consideration of 

the response rate. 

 

Yes/low risk: participant selection represented target population. 

 

No/high risk: participant selection conducted in a way that does not 

represent target population. 



 

 

128 

 

 

 
 Risk of bias 

is different 

across study 

outcomes, 

specify: 

 

Unclear: insufficient information provided to permit judgement. 

Was 

measurement 

of the outcome 

variables valid 

and reliable? 

 

 Yes (low 

risk of bias) 

 No (high 

risk of bias) 

 Unclear 

 Risk of bias 

is different 

across study 

outcomes, 

specify: 

Reliability for outcomes reported as scales or composite measures of 

multiple questions/items should be measured for internal consistency, 

using Cronbach’s alpha (or comparable approach). Internal 

consistency indicates the extent that items compromising the scale are 

correlated (and measuring the same construct). 

 

Validity of outcome variables (construct validity) should be assessed 

though pre-testing the questions with members of the target population 

(e.g. pilot study) 

 

Yes/low risk: important reliability AND validity measurements are 

reported for each outcome of interest, as applicable for the given study. 

For internal consistency measures, Cronbach’s alpha values should be 

at least 0.60. If outcome was measured as single question/item, then 

internal consistency reliability is not applicable. 

 

No/high risk: variables were not assessed for one or more important 

measures of validity and/or reliability, and/or scales were used with 

poor levels of validity/reliability (e.g. Cronbach’s alpha <0.6). 

 

Unclear: insufficient information provided to permit judgement. If 

study indicates “validated” tool was used, but no details are provided 

on how validation was conducted, select this option.  

 

Assessments should be made for each main outcome, as appropriate.  

Were losses to 

follow-up 

(attrition) and 

exclusions 

from analysis 

reported? 

 

 Yes (low 

risk of bias) 

 No (high 

risk of bias) 

 Unclear 

 Risk of bias 

is different 

across study 

outcomes, 

specify: 

Evaluate the completeness of outcome data for each main outcome, 

including attrition (if applicable; for longitudinal studies) and 

exclusions from the analysis. Consider whether attrition and exclusions 

were reported, reasons for attrition/exclusions, and any re-inclusions in 

analyses performed by the review authors. 

 

Yes/low: missing outcome measures were unlikely to bias the results 

(e.g. the proportion of missing data was small and unlikely to 

significantly affect the results). 

 

No/high: missing outcome data was high and likely to bias the results. 

 

Unclear: not specified in the paper (do not assume 100% follow up 

unless stated explicitly). Observations are missing and not explained. 

 

Assessments should be made for each main outcome, as appropriate. 

 

Did the authors 

report all 

intended 

outcomes? 

 Yes (low 

risk of bias) 

 No (high 

risk of bias) 

Evaluate how the possibility of selective outcome reporting was 

examined by the review authors, and what was found.  

 



 

 

129 

 

  Unclear Yes/low: there is no evidence that outcomes were selectively reported 

(e.g. all relevant outcomes in the methods section are reported in the 

results section). 

 

No/high: some important outcomes are omitted from the results. 

 

Unclear: insufficient information provided to permit judgement. 

 

Was the study 

free of other 

problems that 

could put it at a 

high risk of 

bias?  

 

 

 Yes (low 

risk of bias) 

 No (high 

risk of bias) 

 Unclear 

Evaluate any important concerns about bias not addressed in the other 

domains in the tool (e.g. study funded by industry with concerns about 

sponsor involvement)  

 

Yes/low: there is no risk of other biases (please specify details). 

 

No/high: there is a risk of other biases (please specify details). 

 

Unclear: possible risk of other biases but insufficient information 

provided to permit judgement (please specify details). 

 

Overall risk-of-

bias for each 

outcome 

(within-study 

summary 

assessment) 

 Low 

 High 

 Unclear 

 Risk of bias 

is different 

across study 

outcomes, 

specify: 

Consider if results are believable taking all study limitations into 

account. Consider issues that may limit your ability to interpret the 

results of the study.  

 

Low: plausible bias unlikely to seriously alter the results. Low risk of 

bias for key domains. 

 

High: plausible bias that seriously weakens confidence in the results. 

High risk of bias for key domains. 

 

Unclear: plausible bias that raises some doubt about the results. 

Unclear risk of bias for key domains. 

 

Assessments should be made for each main outcome, as appropriate.  

 

 

Data Extraction Form 

 

Multiple forms should be submitted for each unique outcome reported in a study 

IMPORTANT NOTE: Data to extract using this form must consist of one of the following 

formats, otherwise do not extract. 

 

• Only knowledge, unique challenges (e.g. difficulty reading), foodborne illness 

history, and behaviour/practices outcomes are of interest for data extraction 

• Data must be in a dichotomous or ordinal (e.g. never, sometimes, always) format. 

DO NOT extract continuous outcomes (e.g. mean scores) 

• Relevant dichotomous outcomes must report the numerator and denominator, or 

the proportion of respondents that answered each outcome PLUS either the 

numerator or denominator 



 

 

130 

 

• If the outcomes are reported stratified by consume age (e.g. 60-69, 70-79, 80+), 

please extract the overall/total results only 

 

Question / Excel code Options 

What safe food handling 

behavioural constructs were 

measured? 

 

 

 Overall/combined behaviour score  

 Personal and kitchen hygiene (clean) 

 Adequate cooking/reheating of foods (cook) 

 Avoiding cross-contamination (separate) 

 Time-temperature control/outdated food (chill) 

 Avoiding foods from unsafe sources (high-risk foods)  

 Other:______________ 

 

Specify the outcome category 

being extracted 

 

  Knowledge  

  Behaviour/practices 

 

Specify the outcome variable 

description (as reported by the 

authors). 

 

 

  :___________ 

 

Specify how the outcome was 

measured (e.g. self-reported, 

correct/incorrect response, 

observed behaviour/practice) 

 

 

 :__________ 

 

Specify the population for the 

association outcome being 

extracted. 

 

 Elderly fully independent 

 Elderly receiving meal delivery 

 Not specified 

 

For the population group being 

extracted, specify the following 

demographic information. If not 

reported, indicate “not reported” 

in the cell. 

 

 

 Mean age:________ 

 Percent males (vs. females):___________ 

 

 

Extract quantitative outcome 

data in text boxes for each 

relevant category 

 

 

Dichotomous/ordinal data options 

 Number positive (numerator) 

 Total number of respondents (denominator) 

 Specify response options (e.g. yes vs. no) 

 For ordinal data, specify above info for additional response 

categories as appropriate  
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Specify any additional 

comments 

  :___________ 

 

 

 

Appendix D. Summary of the prevalence of older consumers' food safety knowledge and 

behaviours, and kitchen preparedness across studies 

Outcome category/subgroup 
No. of 

studies 

Median (25th, 75th 

percentile) of study 

estimates 

Range of 

study 

estimates 

Food safety knowledge    

Aware of safe operating temperature 

of refrigerator 

11 0.43 (0.13, 0.48) 0.12-0.65 

Aware of Listeria 5 0.40 (0.38, 0.41) 0.33-0.58 

Understood best-before and use-by 

dates 

4 0.80 (0.55, 0.89) 0.38-0.90 

Food handling behaviours    

Checked use-by or best-before dates 

on foods 

4 0.69 (0.62, 0.78) 0.59-0.85 

Engaged in the unsafe practice of 

washing raw meat 

7 0.47 (0.20, 0.86) 0.17-0.94 

Did not defrost foods at room 

temperature 

9 0.74 (0.51, 0.77) 0.35-0.85 

Monitored temperature of refrigerator 5 0.32 (0.27, 0.35) 0.12-0.49 

Refrigerated leftovers within 2 hours 

of cooking 

7 0.87 (0.86, 0.88) 0.85-0.90 

Safely stored raw meats to prevent 

cross-contamination in the refrigerator 

5 0.58 (0.55, 0.69) 0.21-0.97 

Wash hands after food preparation or 

handling raw meats 

10 0.70 (0.05, 0.86) 0.00-0.94 

Wash hands before food preparation 10 0.90 (0.63, 0.93) 0.07-0.97 

Risky food consumption behaviours    

Ate raw or undercooked meat 4 0.21 (0.15, 0.23) 0.09-0.24 

Ate raw sprouts 3 0.13 (0.04, 0.26) 0.04-0.26 

Consumed undercooked eggs 8 0.33 (0.27, 0.36) 0.08-0.50 

Kitchen resources and preparedness    

Owned a food thermometer 3 0.66 (0.43, 0.69) 0.43-0.69 

Presence of thermometer in 

refrigerator 

6 0.24 (0.14, 0.45) 0.06-0.47 

Refrigerators were operating at safe 

temperatures 

6 0.25 (0.19, 0.78) 0.07-0.80 
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