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ABSTRACT 
 

Background: As Canada's population continues to age, it is essential to screen for 

nutrition risk in frail older adults to support older adults to benefit from services and care 

that can improve their nutrition and prevent outcomes of nutrition risk, such as frailty. 

Frailty is defined as "an age-related syndrome of physiological decline, characterized by 

marked vulnerability to adverse health outcomes" (Walston et al., 2022).  Over time, 

insufficient protein and energy intake may increase the risk of malnutrition (Hoogendijk 

et al., 2019) and may lead to weight loss in an older population, which is an indicator of 

frailty (Cederholm et al., 2019; Fried et al., 2001: Wei et al., 2018). The Seniors in the 

Community Risk Evaluation for Eating and Nutrition (SCREEN)-14 is a 17-item 

questionnaire created to measure nutrition risk in older adults aged 50+ (Keller et al., 

2005). As SCREEN was created before frailty became a relevant concept in clinical 

care, refinements to SCREEN-14 may be needed to specifically target frail older adults. 

Further, to promote use of nutrition screening tools in practice, they need to be as brief 

as possible. SCREEN-8 was developed using a mixed method of classical test theory 

and expert opinion to meet this need. However, it is not known if this is the best short 

version of the tool, specifically considering frail older adults.    
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Objectives: The objectives of this thesis were to: (1) use expert opinion to determine 

the minimum set of SCREEN-14 questions needed to identify nutrition risk in potentially 

frail older adults (i.e., content validity), and if any new questions are required (Chapter 

4) (2) use Item Response Theory (IRT) to also identify a minimum data set that can 

differentiate those most likely to be at risk, and specifically within the oldest age groups 

(proxy for frailty) (Chapter 5), and (3) evaluate the differences and overlap in these 

tools as compared to SCREEN-8. (Chapter 5). Two discrete studies will be completed 

to address these objectives.  

 

Methods and results: The first study (Chapter 4) uses a Delphi technique which 

gathers expert opinion and builds consensus on an issue by way of anonymous 

surveys. Forty-six experts in the field who have used SCREEN in the past and had 

contacted the originator were invited to participate in a two-round Delphi process. 

Eighteen experts participated throughout the two rounds. They were asked to rate (first 

round survey) and confirm (second round survey) the importance of current SCREEN-

14 items for the inclusion in a minimum set that specifically could identify risk in those 

who are frail. Additional questions were asked on expansion of items (round one) and 

consensus on inclusion of new items (round two). The experts concluded that eight 

current SCREEN questions should be included in the final set with no new questions 

added.  
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 The second study (Chapter 5) addresses objectives two and three in a secondary 

data analysis of the Nutri-eSCREEN dataset. Nutri-eSCREEN contained SCREEN-14 in 

an online platform as well as self-reported sex, age, and geographic location. After 

cleaning and applying the exclusion criteria there were n=20,093 participants in the 

dataset used in the analyses. To address objective two, psychometric models, 

specifically a Graded Response Model (GRM) was conducted to identify a draft 

minimum SCREEN (i.e., what items discriminate risk) using the whole sample as well as 

only participants 75+years (n=2,749) to serve as a proxy for frailty. From both samples 

eight different questions (six of them overlapping) were identified using the item 

parameter estimates and consideration on coverage of the concept of nutrition risk. The 

IRT 75+ version was decided to be a better tool and used in subsequent analyses. 

Using demographic variables, a bivariate analysis was also completed to determine the 

statistical differences among SCREEN-14 questions by sex and age groups to 

demonstrate construct validity of the abbreviated IRT version. Variations of SCREEN 

(SCREEN-8 and SCREEN resulting from the Delphi) were created for comparison to 

this IRT version resulting from the GRM analysis to address objective three. SCREEN-8 

identified the highest proportion at risk (42.1%) and the SCREEN-IRT the least (27.7%).  

The overlap of all three versions identifying participants to be at risk was 77.4%. Finally, 

model fit statistics among the three brief versions were calculated with SCREEN-8 and 

SCREEN-IRT found to be better tools than SCREEN-Frail. 
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Conclusion: As the population is rapidly aging, easy to use and brief tools that target 

nutrition risk identification to those most in need of further evaluation are required. 

These studies helped to identify two separate potential versions of SCREEN through 

different methods. The different versions both contained eight questions as does 

SCREEN-8. The conclusion is that although these two new versions were created via 

consensus and IRT methods they do not appear to be superior to SCREEN-8 with 

respect to, brevity, model fit, and identification of prevalence of risk. Future work should 

further test and validate these versions for comparison to SCREEN-8. 
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OVERVIEW OF WORK 
 

The introductory chapter provides background information to the relevance and 

importance of doing this research. It also defines the population this research aims to 

help. Chapter 2 highlights relevant literature, to emphasize the importance of proper 

nutrition risk screening tools in the community, specifically on frail older adults. Chapter 

3 provides the research objectives along with the research questions. Chapters 4 and 5 

are individual studies written in a manuscript style. Finally, chapter 6 is the overall 

discussion of this thesis, providing a conclusion on this work. 
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CHAPTER 1: INTRODUCTION 
 

As Canada’s aging population continues to grow, it is becoming increasingly 

important to identify those who have health risks and conditions to provide services and 

supports that can improve their overall health and well-being. Frailty is one of these 

conditions and can be defined as “an age-related syndrome of physiological decline, 

characterized by marked vulnerability to adverse health outcomes" such as falls, bone 

fractures, hospitalizations, and mortality (Walston et al., 2023). Rockwood’s 

accumulation of deficits model suggests that frailty is a non-specific vulnerability, and 

there are many factors that lead to a frail state (Rockwood & Mitnitski, 2007).  

Regardless of the factors that lead to frailty, frail older adults are less likely to adapt 

and/or recover from chronic injuries or disabilities (Fried et al., 2021). Early identification 

for frailty is crucial, specifically in adults aged 50 and over when treatments may benefit 

and reverse frailty (Abbasi et al., 2018). The current prevalence of frailty in Canada is 

1.2 million (2017) older adults, which is approximately 25% of those over the age of 65; 

frailty increases with age as half of those over the age of 80 have been identified as frail 

(Canadian Frailty Network, 2019). It is projected by 2025 that the prevalence of frailty 

will be over two million Canadians (Canadian Frailty Network, 2019), thus increasing the 

demand for frailty prevention and/or delay of progression.  
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In the definition of frailty, it is noted as a syndrome and not a disease state which 

alludes to the idea that frailty is dynamic and can improve with interventions like 

nutrition support (Ni Lochlainn et al., 2021). Nutrition plays a key role in ‘successful 

aging’ (Berrut et al., 2013; Young et al., 2009) such as improving disease burden, 

increasing physical and mental functioning, as well as social functioning (e.g., mealtime 

socialization) (Fekete et al., 2022). Long-term (over four or five years) poor food intake, 

specifically in the older population, can lead to insufficient protein and energy intake 

(Liang et al., 2021). Overtime, this can lead to weight loss, an indicator of frailty (Fried et 

al., 2001; Wei et al., 2018) as well as malnutrition (Buhl et al., 2022; Cederholm et al., 

2019; Laur et al., 2017). Thus, early identification of those who have nutrition problems, 

such as low intake of key food groups, especially in those who are at greatest risk for 

frailty (e.g. over the age of 75 years), is important for improving their overall health and 

well-being.  

 
 SCREEN (Seniors in the Community: Risk Evaluation for Eating and Nutrition) 

was created almost 25 years ago as a tool to determine nutrition risk in those over the 

age of 50 years (Keller et al., 2000). Since SCREEN’s original creation it has gone 

through adaptations to abbreviate (SCREEN-8, and SCREEN-3; Keller et al., 2005; 

Morrison et al., 2019) to promote use in clinical settings. Further testing of SCREEN-14 

is warranted as frailty has become an increasingly relevant condition. Recent evidence 
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demonstrates that SCREEN-8 predicts strength and physical performance change over 

a three-year period (Keller & Trinca, 2023). However, consensus on what questions 

should be included in a tool to specifically identify nutrition risk in frail older adults is not 

yet available.  
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CHAPTER 2: LITERATURE REVIEW 
 
2.1 Frailty, Malnutrition, and Nutrition Risk  

 Both frailty and malnutrition are individual health ailments, but they have 

extensive overlap in both construct, diagnosis, and treatment. Malnutrition is defined as 

“a state resulting from lack of intake or uptake of nutrition that leads to altered body 

composition (decreased fat free mass) and body cell mass leading to diminished 

physical and mental function and impaired clinical outcome from disease” (Cederholm 

et al., 2016). The European Society of Clinical Nutrition and Metabolism (ESPEN) 

guidelines identify that frailty is a separate condition from, but is often associated with, 

malnutrition (Cederholm et al., 2016). Nutrition risk is defined by the risk of poor 

nutritional status, lying on the continuum between nutritional health and malnutrition 

(Dent et al., 2023; Ramage-Morin & Garriguet, 2013).  

There are many contributing factors to poor nutritional status especially in aging 

adults such as age-related physiological changes, diseases, medications, and social 

and economic constraints, to name a few (Dent et al., 2023; Fávaro-Moreira et al., 

2016; Ramage-Morin & Garriguet, 2013; Volkert et al., 2019). The factors that are 

associated with poor nutrition/nutrition risk are often very similar to those associated 

with frailty, such as age (those over 75 have a higher risk), sex (specifically female), or 

are part of the deficit compilation that is considered for identifying frailty in older adults 
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(e.g. sensory loss, more disease conditions, anemia, loss of teeth, changes in mobility, 

loss of social network) (Lang et al., 2009; Pérez-Ros et al., 2020; Rockwood & Mitnitski, 

2007). In addition to the similar risk factors for frailty and malnutrition, there are also 

similar characteristics with respect to changes in body composition (e.g. a loss of body 

tissue, both fat and muscle). This can result in negative outcomes such as increased 

risk of falls, poor quality of life, and increased risk of mortality (AlMohaisen et al., 2022; 

Jeejeebhoy, 2012). The overall conclusion is that there is a strong correlation between 

poor nutrition and frailty (Laur et al., 2017; Laur et al., 2020; Pérez-Ros et al., 2020; Wei 

et al., 2018). 

Although nutrition risk is the beginning stage that could potentially lead to 

malnutrition, it is not measured in the same way as malnutrition. Once a patient has 

been detected with nutrition risk, typically measured with a brief tool, they undergo a 

comprehensive nutritional assessment to identify the course of action and degree of 

malnutrition (Serón-Arbeloa et al., 2022). Having a screening tool that is easy to use 

and understand makes it simple for community-dwelling older adults to complete and if 

interventions are put into place, prevent the downslide to malnutrition. In Canada the 

prevalence of high nutrition risk in community-dwelling older adults over 65 years of age 

is 34% using data from 2008/2009 (Ramage-Morin & Garriguet, 2013). More recently, 

there is evidence to show that one third of the community dwelling older Canadians 
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have nutrition risk according to SCREEN-8 (Keller & Trinca, 2023; Ramage-Morin et al., 

2017).  

Nutritional status is a modifiable risk factor for frailty, therefore maintaining a 

good nutritional status can help aid in the prevention of frailty (Ni Lochlainn et al., 2021; 

Bardon et al., 2021). Determining and treating frailty is becoming a priority in health care 

and research (Bloom et al., 2022; Roberts et al., 2019).  Due to the high prevalence of 

nutrition risk in older adults living in the community (Laur et al., 2017; Ramage-Morin & 

Garriguet, 2013), and commonly comorbid with frailty (Pérez-Ros et al., 2020), it is 

important to also screen for nutrition risk in those who are potentially frail (Bloom et al., 

2022).  

2.1.1 Macro- and Micro-nutrient Considerations with Frailty 

Frailty is noted as a syndrome, where many deficits (e.g. sensory loss, disease 

states, medication usage, social changes) accumulate and lead to someone being frail 

(Rockwood & Mitnitski, 2007). A main contributor can be inadequate energy and 

nutrient intake (Gingrich et al., 2019) that results in weight loss and other nutritional 

deficits. In fact, in the phenotype definition of frailty, weight loss is considered an 

indicator (Fried et al., 2001). Optimal nutrition is not only important for the prevention 

and treatment of diseases, but it also helps to facilitate independence and overall, helps 

the population achieve healthy aging (Norman et al., 2021; Rudnicka et al., 2020). Yet, 
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there are important micro- and macro-nutrients that are commonly inadequately 

consumed by older adults, such as vitamin D, calcium, and most importantly, protein 

(Dent et al., 2019; Hernández Morante et al., 2019).  

A review examined previously published literature on frailty and different factors 

involved in this overall syndrome, with a specific focus on the nutritional evidence 

(Hernández Morante et al., 2019). The greatest evidence is focused on the 

macronutrients and most notably, protein; those with a low protein intake are more likely 

to be frail (Dent et al., 2019; Hernández Morante et al., 2019). There are many different 

sources of protein both animal-based, and plant-based, although there are sufficient 

arguments on both sides for which type of protein is best when trying to prevent or delay 

the progression of frailty (Coelho-Junior et al., 2020; Coelho-Junior et al., 2022; Landi et 

al., 2016). Experts note that if you are achieving the daily minimum requirements of 1.0 

to 1.2 g/kg/day for older adults (Deutz et al., 2014), then the type of protein source is not 

as critical, although animal-based protein is the best source from a quality (e.g. 

essential amino acids) perspective (Berrazaga et al., 2019). Overall, in the literature 

there is strong evidence that shows the association of protein intake with frailty status; 

thus, it is very important to the prevention or delay of frailty to consume the right amount 

of protein (Prado et al., 2022). 
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A further review also identified individual micronutrients that were independently 

associated with frailty; these were vitamins D, C, folate, and B6 (Lorenzo-López et al., 

2017). As vitamin C, folate, and B6 are nutrients relatively common in a nutrient-dense 

diet, low intake of these nutrients and the association with frailty, suggests overall low 

food intake or a poor-quality diet (e.g. low in micronutrients) by these older adults. As 

adults get older, recommended dietary allowances for vitamin D increase due to the 

body’s inability to synthesize vitamin D efficiently (Dodd, 2019). The recommended daily 

dosage for adults over the age of 70 of vitamin D is 800IU with 4000IU as the tolerable 

upper limit (Health Canada, 2021). As a result of this increased recommendation for 

intake, older adults typically do not consume enough vitamin D (Ter Borg et al., 2015; 

Vatanparast et al., 2020), causing this to be a nutrient of concern for this population. 

Similarly, the recommended calcium intake also increases as people age (Institute of 

Medicine, 2011). The recommended daily dosage for males 51-70 years is 1,000mg 

and for females it is 1,200mg, whereas for all over the age 70 years the 

recommendation is 1,200 mg daily (Health Canada, 2010). Older adults also commonly 

have a low intake of calcium from their diet (Ter Borg et al., 2015; Vatanparast et al., 

2020).  

As previously indicated, vitamin D and calcium have an influence on the frailty 

syndrome. Previous literature notes that vitamin D promotes strong bones, helps 

muscles to move, and has a role in keeping the immune system healthy (Meehan & 
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Penckofer, 2014). All these mechanisms of vitamin D can help reduce frailty or the 

severity of frailty (Buchebner et al., 2019). As people age, vitamin D is not easily 

synthesized by the skin from sunlight, and older adults tend to spend more time indoors 

and away from the sun (Meehan & Penckofer, 2014). Further, few foods are considered 

good sources of vitamin D. As a result, supplementation in older adults is needed 

(Buchebner et al., 2019; Cai et al., 2022). Vitamin D is also known to play a role in the 

absorption of calcium which can lead to reduced bone density and strength. Therefore, 

the need for increased vitamin D is crucial for potentially frail older adults (Buchebner et 

al., 2019; Cai et al., 2022). Along with vitamin D, calcium is also an important nutrient 

for frailty (Hernández Morante et al., 2019). There is not a lot of literature solely on 

calcium and its link to frailty; most literature focuses on the combined action of vitamin D 

and calcium (Hernández Morante et al., 2019).  Nutrition risk tools that evaluate the 

intake of protein especially, and potentially key nutrients that are commonly poorly 

consumed (e.g., vitamin D and calcium) would be useful for helping to identify nutrition 

risk in potentially frail older adults.  

 
 2.2 Current Nutrition Risk Screening Tools  

There are many nutrition risk screening tools circulating the globe, but not all are 

appropriate and have gone through the correct process for creation and testing (Power 

et al., 2018). One of the more popular valid and reliable tools is the Mini Nutritional 
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Assessment (MNA). There is a short-form (MNA-SF) that is considered a screening tool 

(6 questions: has food intake declined over the past three months due to loss of 

appetite, digestive problems, chewing or swallowing difficulties; weight loss during the 

last three months; mobility difficulties; suffered psychological stress or acute disease in 

the past three months; neuropsychological problems (e.g. dementia) and  BMI or if BMI 

cannot be done then calf circumference (cm)). When all eighteen questions are 

completed, the MNA is considered a useful malnutrition assessment tool rather than a 

screening tool (Rubenstein et al., 2001). The MNA-SF has had an abundance of 

research that demonstrates good sensitivity and specificity (Guigoz & Vellas, 2021). 

Three studies have determined the sensitivity and specificity for the MNA-SF to be over 

80% with kappa values of 0.6 or above, which shows good validity and interrater 

reliability (van Bokhorst–de van der Schueren et al., 2014). Although the statistics show 

that MNA-SF has good validity, it has only been validated against the full version of 

MNA, which results in criterion contamination (Power et al., 2018).  There has also been 

a lot of research completed to validate the MNA in many populations and there is some 

contention that the tool can even be used to determine frailty (Dent et al., 2012; Power 

et al., 2018). A study conducted on the ability of MNA-SF to predict frailty in hospitalized 

patients concluded that the MNA-SF was a quick and easy tool that predicted both 

malnutrition (as measured by the MNA) and frailty (as measured by Fried’s frailty 

criteria) in older adults admitted to the hospital (Dent et al., 2012). The tool however 
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includes anthropometric measures, which can limit its use as a screening tool in some 

clinical settings (Power et al., 2018) and results in the need for interviewer 

administration. 

 Another screening tool designed specifically for older adults is the Simplified 

Nutritional Appetite Questionnaire (SNAQ 65+). This screening tool is only composed of 

four questions pertaining to the patient’s weight loss, mid-upper arm circumference, 

appetite and functionality (www.fightmalnutrition.eu). As this tool is very short in length, 

it is more commonly used in the community setting for determining risk of malnutrition in 

Europe (Wijnhoven et al., 2012). Predictive validity was studied with respect to six-year 

mortality and the Hazard Ratio was 2.46 for those in the ‘at risk’ of malnutrition group 

(Wijnhoven et al., 2012). Although predictive validity has been demonstrated, the 

concurrent criterion validity with a gold standard has not been tested which can affect 

the overall understanding of the validity of the tool in the community population (Keller 

et al., 2020; Power et al., 2018). The lowest evidence for validation is content, with the 

best being concurrent criterion validation; in the scope of malnutrition there is no defined 

gold standard, but a semi-gold standard is known as an in-depth nutrition assessment 

completed by a trained nutrition expert (Keller et al., 2020). As SNAQ65+ has not been 

compared against this semi-gold standard the validation is not as strong as other 

screening tools in practice (Power et al., 2018). Further, as anthropometric measures 

are required, this can limit its use in some community settings.  

http://www.fightmalnutrition.eu/
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 A nutrition risk screening tool that was developed in Canada is known as the 

SCREEN-14 (previously known as Seniors in the Community: Risk evaluation for eating 

and nutrition Version II). SCREEN was originally developed for research to assess the 

association of nutritional risk with health outcomes within the community (Keller et al., 

2000) and can be self-administered as it is solely based on questions and requires no 

anthropometric measures. This increases the usefulness of SCREEN for 

epidemiological survey studies. This 17-item tool covers nutritional risk factors such as 

weight change, perception of body weight, skipping meals, avoidance of certain foods, 

two questions on intake of protein foods (meat and plant based proteins; dairy and soy 

alternatives),  fruits and vegetables, and fluids, as well as issues with biting/chewing, 

usage of meal replacements, frequency of eating meals with other people, difficulty with 

meal preparation, and lastly, difficulty getting groceries (Keller et al., 2005).  As 

compared to other screening tools, SCREEN includes questions that can address 

protein, calcium and vitamin D intake and identifies functional challenges that may be 

associated with frailty.  

SNAQ 65+ and the MNA-SF do not contain specific questions regarding the 

intake of the food and specifically nutrients that are poorly consumed by older adults 

that may be associated with frailty (Hernández Morante et al., 2019). SCREEN has 

questions focused on high protein and calcium food choices, but not specifically vitamin 

D, as there are not many foods which are naturally rich in vitamin D. In Canada, there 
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are foods which are fortified with vitamin D such as margarine, meal replacements and 

nutritional supplements, different types of milk (skim, skim milk powder, etc.) goat’s milk, 

and liquid eggs (Health Canada, 2024), but in other countries where SCREEN is also 

used, these fortified products may not exist. Further, it is recommended that those over 

the age of 50 years take a vitamin D supplement due to their increased requirement for 

vitamin D (Health Canada, 2022). 

SCREEN has been previously compared to the MNA- SF in community dwelling 

seniors in Bosnia and Herzegovina (Pavlović et al., 2020). The conclusion of this study 

was that the MNA-SF has a limited role in the nutritional risk screening within the 

community sector, whereas SCREEN-14 has promising results. Further testing was 

recommended in different populations (Pavlović et al., 2020). SCREEN-14 has also 

been compared to SNAQ 65+. Final conclusions were that SCREEN-14 was more 

individualized to older adults, which can lead to tailored interventions (Borkent et al., 

2020). It has also been suggested that at a population level there should be greater 

focus on common nutrition risk factors (Borkent et al., 2019), such as those included in 

SCREEN. The most frequently reported nutrition risk item on SCREEN in the study 

comparing SNAQ 65+ to SCREEN was the perception of body weight as being either too 

high or too low (Borkent et al., 2019). Unfortunately, when an older adult attempts to 

lose weight, they may also lose muscle mass if they do not have enough protein content 

in their diet (Villareal et al., 2005). Overall, the early determinants of nutrition risk are 
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better represented in SCREEN-14, whereas in SNAQ 65+ the late symptoms of 

malnutrition are identified (Borkent et al., 2019). 

 
2.3 SCREEN Creation, Validation and Variations 
 

SCREEN was originally created as a research tool to assess the association of 

nutrition risk with health outcomes in the community population (Keller et al., 2000). It 

was developed iteratively considering psychometric and clinical perspectives on 

nutrition risk and included older adults to support the identification and wording of items 

(Keller et al., 2000). Shortly after its original development, SCREEN went through both 

construct and criterion validation testing (Keller et al., 2000). For criterion validation, 

there needs to be a gold standard to compare the measurement to; in the case of 

nutritional risk screening there is no gold standard, therefore researchers must choose 

the next best thing, or a ‘semi’ gold standard (Cederholm et al., 2019; Keller et al., 

2005). Due to the lack of a true gold standard, SCREEN was validated against a 

dietitian’s assessment of nutrition risk (rating 1-10) based on medical history, weight 

history, anthropometric measures, and diet history for communality-dwelling older adults 

(Keller et al., 2000). The first version of SCREEN was modified to address concerns 

from users as well as to increase discriminate ability of items (Keller et al., 2000).  

SCREEN-II (now known as SCREEN-14) was compared to a dietitian’s assessment of 

nutrition risk and the dietitian rating was used with Receiver Operator Characteristic 
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curves to determine sensitivity (84%) and specificity (62%) of SCREEN-14. Test-retest 

and inter-rater reliability as well as inter-modal reliability have also been completed on 

this version of SCREEN (Keller et al., 2005).  

Since its creation, there has been demand for a shorter version or a ‘minimum 

set’ of SCREEN questions that can identify nutrition risk for use in clinical practice 

(Keller et al., 2005).In the validation of SCREEN-II (now known as SCREEN-14), an 

abbreviated version was also developed though statistical analysis (regression with the 

dietitian rating of nutrition risk) and expert ranking of the items (Keller et al., 2005). In 

the development of SCREEN, a group of dietitians had ranked twenty-three draft items 

to the importance of the construct of nutritional risk (Keller et al., 2005). Some items 

were double weighted in scoring, the dietitian experts thought they were the most 

important questions to determine the concept of nutrition risk. In the validation testing of 

SCREEN II, the eight-item abbreviated SCREEN was found to have a sensitivity of 

84%, specificity of 58%, and a positive predictive value of 83% and a negative 

predictive value of 59% when compared to the semi-gold criterion of a dietitian’s risk 

rating (Keller et al., 2005). SCREEN-8 (previously known as SCREEN-II-AB) is 

commonly used in practice throughout Canada and has been used by Statistics Canada 

in surveys (Keller & Trinca, 2023; Morrison et al., 2019; Ramage-Morin et al., 2017).  

However, this version does not include the high protein and calcium food questions 

potentially important for frailty.  
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Despite the development of a valid and reliable SCREEN-8, there continued to 

be demand for an even shorter version of SCREEN. To address this demand, SCREEN 

was further tested.  SCREEN-3 was originally created through construct validity of a 

three-item version of SCREEN-II-AB when compared with self-perceived health and diet 

perceptions in older Canadian community-dwelling males (Akhtar et al., 2015). The full 

SCREEN-14 was compared to the results of just three questions selected based on the 

early development of SCREEN by experts who indicated determining weight change, 

appetite, and swallowing difficulties as essential in any risk evaluation by a dietitian 

(Keller et al., 2005; Morrison et al., 2019). The constructs for comparison to SCREEN-3 

were self-perceived health, diet healthiness, and the participants’ rating of nutrition’s 

importance to aging. The results of this initial study show that all construct items were 

significantly associated with SCREEN-14 and the three-item version (Akhtar et al., 

2015). 

Due to the limited number of items (three items), there is room for high 

misclassification of older adults with this version, either as falsely not having (false 

negative) or having nutrition risk (false positive) when they are either known to have or 

not have nutrition risk.  SCREEN-3 was subsequently tested in a large data set with 

diverse outcomes, where SCREEN-8 had been used (Morrison et al., 2019). 

Misclassification of risk as compared to SCREEN-8 and construct validity were 

determined with self-reported health and hospitalization. Misclassification is important to 
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try and avoid in a screening tool; specifically, a false negative with SCREEN could result 

in an older adult continuing with their current dietary patterns which could lead to 

worsening their health and potentially causing irreversible damage (Reber et al., 2019).  

SCREEN-3 on its own was found to misclassify participants as being at nutrition risk 

(i.e., at nutrition risk when they were not; Morrison et al., 2019).  A compromise was 

reached by re-ordering SCREEN-8 questions, so that the SCREEN-3 questions were 

asked first. If a participant had a high score on these three questions, it was unlikely the 

person would be at risk and the remaining five did not need to be asked. This SCREEN-

3 Extended version is intended for primary care use to get a quick and easy 

understanding on if the person is at potential nutritional risk or not, and if they are 

detected to be at potential risk based on the first three questions, the remaining five 

questions in the SCREEN- 8 version would be completed to confirm this risk (Morrison 

et al., 2019).  

Despite this careful development and testing of SCREEN, there are concerns 

about the lack of specificity of SCREEN (Borkent et al., 2019; Haakma & Wham, 2015; 

Morrison et al., 2019), resulting in higher prevalence of nutrition risk, that cannot be 

addressed with current services, such as dietitians, to assess and treat older adults 

(Donnelly & Keller, 2021). In a study conducted in the Netherlands, there was evidence 

to show that the prevalence of nutrition risk is higher when SCREEN is used when 

compared to SNAQ 65+, likely as a result of the items included in these two tools 
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(Haakma & Wham, 2015). Another study used to validate SCREEN-14 in New Zealand 

(Wham et al., 2014) showed that SCREEN had a higher sensitivity and specificity as 

compared to the original validation study of SCREEN-II (Keller et al., 2005), but this was 

likely due to the scope of their exclusion criteria (limited to those 85-86 years) and the 

difference in methodology (Wham et al., 2014). Specifically, in the original validation of 

SCREEN it was self-administered (Keller et al., 2005) among participants whereas in 

this New Zealand study it was interview administered which could result in the 

difference of specificity (Wham et al., 2014).  These issues raise the potential for 

considering how SCREEN-14 can be further refined to target those most in need of 

nutrition services, those who are potentially frail.   

 

2.4 Summary of Literature Review 

Frailty is “an age-related syndrome of physiological decline, characterized by 

marked vulnerability to adverse health outcomes” (Walston et al., 2018). There are 

many factors associated with frailty, but poor nutrition is a driving factor to becoming 

frail (AlMohaisen et al., 2022; Bloom et al., 2022; Buhl et al., 2022; Cederholm et al., 

2016). Many nutrients are associated with frailty and if they are lacking in the older 

adult’s diet, they may perpetuate frailty. Key nutrients which are often poorly consumed 

and linked to bone and muscle as well as overall health are protein, calcium, and 

vitamin D (Hernández Morante et al., 2019). There are a variety of nutrition risk 
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screening tools, however, most do not include food intake items that can provide a 

sense of these three nutrients. The SCREEN tool does have the capacity to elicit risk 

due to protein and calcium intake from consumption of foods that contain these 

nutrients. All the current SCREEN versions have the intended purpose of identifying 

nutrition risk in older adults, but the abbreviated versions have their limitations in 

development and testing. It is still questioned if a better minimum version of questions 

from SCREEN-14 is possible and if it can be specifically targeted to those most in need, 

those at nutrition risk who are also potentially frail older adults living in the community.  
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CHAPTER 3: RESEARCH QUESTIONS 
 

3.1 Objective 
 
To develop and test for content and construct validity, shortened versions of SCREEN-

14 that can identify nutrition risk in potentially frail older adults and compare these 

versions to SCREEN-8.  

 

3.2 Research Questions 
 

1. What is the expert consensus (i.e., content validity) on the minimum set of 

SCREEN-14 questions that should be used to measure nutrition risk in those 

who are frail? Are new SCREEN questions required to further identify nutrition 

risk in frail older adults? 

2. What minimum set of items from SCREEN-14 are identified using the 

psychometric approach of Item Response Theory? Is this minimum set different if 

only those 75+ years of age are included in the analysis? 

3. What are the differences by age and sex (discriminant validity) and overlap in 

identification of nutrition risk between these new versions (developed in question 

1 and 2) and the original SCREEN-8 (e.g., items, prevalence, and same 

individuals identified)? 
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4.1 Overview 
 
Background 
 
Frail older adults are at a greater likelihood of having poor nutrition or risk for 

malnutrition, yet no nutrition risk tool has been created specifically for this group.  

 

Objective  

The objective of this study was to determine how the current SCREEN-14 nutrition risk 

screening tool could be refined to screen for nutrition risk in frail older adults living in the 

community. 

 

Design 

A Delphi method was used to achieve content validity with experts in the field of older 

adult nutrition, who had previous experience with SCREEN-14. The Delphi was 

conducted through an online anonymous survey using two rounds. Existing knowledge 

though previous literature about the nutritional factors associated with frailty and 

SCREEN-14 usage helped to inform the Delphi questions and response options.  

 

Participants/setting 

Forty-six experts were contacted to be a part of the study, Of the forty-six, only forty-

three were eligible to participate and a total of eighteen experts responded. Of the 
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eighteen, twelve participants completed round one (27.9% response rate), and fifteen 

completed round two (34.9% response rate); nine out of the fifteen were returning from 

round one (60% of participants). The two rounds of the Delphi were completed using 

Qualtrics (Provo, Ut). This survey contained study details, consent forms, the SCREEN-

14 tool, demographic information questions, and questions pertaining to SCREEN-14.  

Data was collected between February and May 2023.  

 

Results 

After two rounds of the Delphi, experts reached consensus on eight questions from 

SCREEN-1 that they believed would better identify nutrition risk in frail older adults. No 

new questions reached consensus for addition.  

 

Conclusions 

These findings provide a new brief version of SCREEN, named SCREEN-Frail. The 

eight questions identified have four overlapping with SCREEN-8. The remaining 

questions are geared towards a frail older adult and include items on consumption of 

protein and dairy products. 
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4.2 Introduction 
 

Screening for nutrition risk in frail older adults is key to optimizing early 

identification and subsequent services and treatment that can support nutritional 

recovery and potentially improve health (Keller & Trinca, 2023; Laur & Keller, 2017; 

Valentini et al., 2018). Previous literature indicates the importance for sufficient protein, 

calcium, and vitamin D in preventing and delaying the progression of frailty (Buchebner 

et al., 2019; Coelho-Junior et al., 2020; Coelho-Junior et al., 2022; Hernández Morante 

et al., 2019; Landi et al., 2016; Ni Lochlainn et al., 2021; Prado et al., 2022). A nutrition 

risk screening tool that identifies risk in frail older adults should consider assessing 

consumption of these nutrients, as well as key factors associated with nutrition risk in 

frail older adults. With these nutritional indicators of frailty in mind, SCREEN-14 is a 

potential candidate tool for risk identification in frail older adults.  

SCREEN-14 has been through validation for the general older adult population 

(Keller et al., 2005) and the original version has demonstrated predictive validity for 

mortality and health related quality of life in older adults who use community services 

like meal programs (Keller et al., 2004; Keller et al., 2005). However, modification may 

be needed to make the tool more specific to the frail population, especially as a high 

prevalence of risk is noted among the oldest age groups (Keller, 2015). As compared to 

other screening tools, SCREEN-14 has questions pertaining to daily consumption of 

high protein foods and dairy products, which are high in calcium. Furthermore, there 
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have been studies comparing SCREEN-14 to different nutritional risk screeners such as 

MNA-SF and SNAQ65+ (Borkent et al., 2020; Pavlović et al., 2020). SCREEN-14 was 

preferred due to its form of criterion validation, consideration of over and undernutrition, 

as well as inclusivity of risk factors and different determinants that impact food intake 

(Borkent et al., 2020; Borkent et al., 2019).  

Along with the SCREEN-14 version there is also an abbreviated version 

(SCREEN-8) which has undergone validity and reliability testing (Keller et al., 2005). 

This version was created due to clinical and research demand to have a shorter version. 

SCREEN-8 predicts relevant outcomes (Morrison et al., 2019) and has been used 

extensively in research and practice. However, it does not contain the items on high 

protein or dairy foods that may be beneficial for determining nutrition risk in potentially 

frail older adults.  

The aims of this study were to determine consensus, from a group of experts 

familiar with SCREEN-14, on a) whether this tool should be used in its entirety to 

determine nutrition risk in frail older adults, b) if questions can be eliminated, and c) if 

new questions are required to further identify nutrition risk in frail older adults. The 

ultimate objective of this study was to determine the best subset of core questions for 

SCREEN that can be constituted and used to identify nutrition risk in a frail group of 

older adults. When developing or altering a tool to support clinical practice, seeking the 
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opinion of experts is a common approach (Barrett & Heale, 2020). The objective and 

aims were carried out through a modified Delphi method.  

 

4.3 Methods 
 

The Delphi process is a consensus-based method that gathers expert opinion to 

address a specific issue, refine questionnaires or develop guidance in areas where 

there is a lack of evidence (Niederberger & Spranger, 2020; Santaguida et al., 2018). A 

Delphi also uses collective intelligence from experts in an area that has conflicting or 

lack of evidence (Nasa et al., 2021). The Delphi method was chosen as the best 

method of gathering opinions for this study based on its previous use for research in the 

field of health (Nasa et al., 2021).  A Delphi consists of two or more rounds of questions 

asked of experts anonymously. Multiple rounds provide an opportunity to become more 

specific with questions based on the information gathered from the previous round and 

allows the experts to evolve into developing a consensus on the issue (Barrett & Heale, 

2020). Multiple rounds also allow the participants to reconsider their responses when 

viewed in combination with other experts’ responses (Barrett & Heale, 2020). The on-

line Delphi is a widely used approach because it gathers opinion in a way which 

provides anonymous and simultaneous responses from a wide geographical location 

(Keller et al., 2015). Consensus on inclusion of SCREEN items was defined at 80% 



 
 
 

 27 

agreement rate or higher among participants (Diamond et al., 2014; Gattrell et al., 2022; 

Vogel et al., 2019). 

 

4.3.1 Creation of the Questionnaires 
 

A total of two rounds were conducted which was sufficient to attain consensus 

from experts to create SCREEN-Frail. The creation of the Delphi questions presented in 

the first round was based on previous knowledge of SCREEN and allowed invited 

experts to identify the SCREEN questions/issues that needed to be included in the 

potential refined version specific to frail older adults. The questions were focused on 

creating a nutrition risk screening tool that was as short as possible but still effective in 

picking up nutrition risk in frail older adults. Delphi questions were created by the 

research team through several iterations. The first survey was open for approximately 

four weeks. Once all the responses and comments were gathered from the first round, a 

new set of questions was developed by the research team for the second round of the 

Delphi. All original invitees were included in the second round, due to ethics 

requirements that the respondents remain anonymous. Thus, even people who did not 

respond in the first round were still sent the second-round survey.  

The types of questions that were in the surveys were 7-point Likert scales, open 

text questions, multiple choice, and matrix questions. In round one of the Delphi, 

panellists were asked to rate their confidence (scale of 1 low to 7 high) in the current 
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SCREEN-14 tool to determine nutrition risk in the frail population (e.g. older adults who 

might require community services, have limited mobility, etc.). This was followed by 

asking participants to identify which SCREEN questions were required for inclusion in a 

tool specific to determining nutrition risk in frail older adults. All seventeen SCREEN 

questions were provided in a matrix for the participants to indicate which questions 

should be included in the final set (answers that could be selected were: unnecessary, 

somewhat necessary, or absolutely necessary and prefer not to answer). The next 

question in the survey was similar to the previous, except it was asking the experts to 

distinguish between the SCREEN questions that would trigger nutrition risk or not 

trigger risk for frail older adults. Subsequently, the next question asked participants to 

rate the high protein foods and the use of milk products or fortified soy beverages 

questions to adequately determine potential risk in frail older adults due to low protein 

intake (1= not adequate 7= very adequate). Similarly, the fifth and sixth questions in the 

survey asked the experts to rate the adequacy of the current SCREEN question on use 

of milk products or fortified soy beverages to determine potential risk in frail older adults 

due to low calcium intake and low vitamin D intake (1=not adequate 7=very adequate). 

The final two questions in round one were open-text focused on the experts’ thoughts 

on changing any of the current questions and adding any additional questions to 

SCREEN, such as an item focused on vitamin D supplementation.  



 
 
 

 29 

For the questions two and three that reached our criteria of 80% for agreement in 

the first round, Delphi participants were then asked to confirm these SCREEN questions 

in the second round and asked additional questions that were related to their comments 

from round one. Specifically, two questions were posed on vitamin D and calcium 

supplementation, and if it was necessary to include a new question on vitamin D or 

calcium supplementation in SCREEN. The scale for these questions was set at 1= 

unnecessary to 7= absolutely necessary. Two further questions were asked on the 

format of the potential new supplementation questions.  The first format was focused on 

the actual dosage of vitamin D or calcium and the second option was a simplified ‘yes’ 

or ‘no’ question on if the older adult takes these supplements. These two formats were 

multiple choice options where experts indicated their preference for question format. 

Although there were a few comments about including financial stability in SCREEN in 

round one, questions on this issue were not included in the second round as it was 

considered out of the scope for SCREEN.   

The Delphi for this study was carried out through an online survey platform, 

Qualtrics (Provo, UT). The questionnaire also captured demographic information such 

as age, gender identity, racial/ethnic identity, region of employment, and usage of 

SCREEN in the past. If a participant only completed round two, they were asked to 

complete the demographic questions in that round. The platform was tested by the first 

author, other members of the research team and members of the Nutrition and Aging 
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Lab until the questions and response options worked as designed. At the end of the 

survey, the participants were thanked and reminded of the subsequent version to come 

(for round one only). At the end of the round two survey, the participants were thanked 

for completing the round and informed of how to receive the summary of the findings.  

 

4.3.2 Participants 
 

Experts were defined to be researchers and providers who had recent 

experience with SCREEN. Potential participants were identified through previous email 

communication around using or attaining permission to use the tool with the originator of 

SCREEN between 2019 and 2022. An original forty-six potential participants were 

identified through this mechanism. Two emails were identified to be no longer valid. All 

participants that were identified were invited to complete both rounds of the Delphi 

survey, unless they had indicated they wanted to receive no further information about 

the study. One email participant indicated they no longer worked in seniors’ nutrition 

and was not sent an invitation for the second survey. Although there is no set standard 

for the sample size of a Delphi, it has been suggested that a minimum number of twelve 

panel members is generally sufficient to achieve consensus, although larger sample 

sizes can improve the validity of the findings (Chalmers & Armour, 2019; Vogel et al., 

2019). Of the forty-three experts eligible to participate in this Delphi study, a total of 

eighteen experts responded. Of the eighteen, twelve participants completed round one 



 
 
 

 31 

(27.9% response rate), and fifteen completed round two (34.9% response rate); nine out 

of the fifteen were returning from round one (60% of participants). Table 1 presents the 

demographic characteristics of participants. There was a high proportion of women 

(88.9%) with the largest age group being 40-55 years old (50%). Over half had a white 

ethnic background from both North America and Europe and worked in both Canada 

and Europe. Finally, most of the participants (77.8%) used SCREEN-14 as a part of 

their research. 
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Table 1 Demographics of Participants 

Delphi Rounds 
 

Round 1  Round 2** Total  
n % n % n % 

Gender       
 Women 10  83.3 6  100 16  88.9 
 Man 2 16.7 0 0 2 11.1 
Age Group       
 26-39 years old 3 25 2 33.3 5 27.8 
 40-55 years old 7 58.3 2 33.3 9 50 
 56+ 2 16.7 2 33.3 4 22.2 
Ethnic Background        
 White – European  5 41.7 2 33.3 7 38.9 
    White – North America 3 25 3 50 6 33.3 
  Asian - East 1 8.3 0 0 1 5.5 
     Métis, White - North 

American (e.g., 
Canadian, American) 

0 0 1 16.7 1 5.5 

     Prefer to self-describe  2 16.7 0 0 2 11.1a 

     Prefer not to answer 1 8.3 0 0 1 5.5 
Region of employment        
 Canada 4 33.3 4 66.7 8 44.5 
 Europe 5 41.7 0 0 5 27.8 
 Australia and Oceania 2 16.7 1 16.7 3 16.7 
    Southeastern Asia 1 8.33 0 0 1 5.5 
  Other North America  0 0 1 16.7 1 5.5 
Usage of SCREEN*       
  Research 10 83.3 4 66.7 14 77.8 
  As part of managing 

others to conduct 
nutrition screening 

2 16.7 0 0 2 11.1 

  Clinical Practice 0 0 3 50 3 16.7 
    Have not used 

SCREEN in research 
or Practice 

1 8.3 0 0 1 5.5 
 

*Option for more than 1 response per participant 
** Demographics for round 2 are only the new participants who had not completed round 1 
a prefer to describe as, Türk and White-Australian  
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4.3.4 Data Collection 
Delphi responses were collected from February 21st, 2023 to March 19th, 2023, 

for the first round and the second round was conducted from April 24th, 2023 to May 5th, 

2023. The surveys were only available in English and only the first author had access to 

the data. Ethics review and approval was obtained from the University of Waterloo 

Office of Research Ethics (ORE #44963).  

 

4.4 Results 
On a Likert scale rated 1-7 on the confidence of SCREEN-14 to identify nutrition 

risk in frail older adults, the mean was 5.17 (SD 1.14) and five of the twelve participants 

(41.7%) ranked their confidence at a 6 or 7, indicating a high confidence level in the full 

screening tool to identify nutrition risk for the frail population. The next few questions 

were focused on identifying a minimum set of SCREEN questions for a potentially frail 

population. Table 2 provides a summary of ratings for the SCREEN questions that 

reached an 80% consensus as candidates for a shorter version. In Table 3, there is a 

list of the SCREEN questions that did not achieve this level of rating for inclusion. 

Tables 2 & 3 also contain the rating of the trigger question from round 1 and the 

subsequent confirmation for inclusion in round two.  For round two, items to include 

were confirmed, however, only two items to exclude reached agreement at the 80% 

criterion.  
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Table 2 SCREEN Questions that Reached Consensus for Inclusion 
 
SCREEN Questions  Round 1 Round 2 Questions 

Confirmed  
 Very Necessary 

to include in 
final set (%) 

Would trigger 
nutrition risk in 
frail older adults 
(%) 

Include in final set (%) 

Has your weight changed in 
the past 6 months? 

91.7  91.7 93 

Do you skip meals? 91.7  91.7 93 
How would you describe your 
appetite? 

83.3 100 86.7 

How often do you eat meat, 
eggs, fish, poultry, tofu, dried 
peas, beans, lentils, nuts, or 
nut butters? 

91.7 100 86.7 

How often do you have milk, 
soy beverages, or milk 
products such as cheese, 
yogurt, or kefir? 

83.3 66.7 80 

Do you cough, choke or have 
pain when swallowing food 
OR fluids? 

83.3 83.3 80 

Is biting or chewing food 
difficult for you? 

75 83.3 80 

Do you have any problems 
getting your groceries? 

66.7 75 80 
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Table 3 SCREEN Questions that were excluded from final set 

SCREEN Item Round 1 Round 2 Confirmed to 
Exclude 

 Very Necessary 
to include in 
final set (%) 

Would trigger 
nutrition risk in 
frail older adults 
(%) 

Exclude from final set 
(%) 

Have you been trying to 
change your weight in the 
past 6 months? 

58.3 66.7 46.7 

Do you think your weight 
is...? 

16.7 33.3 86.7 

Do you limit or avoid certain 
foods? 

50 50 53.3 

How many pieces or servings 
of vegetables and fruit do you 
eat in a day? 

58.3 41.7 53.3 

How much fluid do you drink 
in a day? Examples are 
water, tea, coffee, herbal 
drinks, juice, and soft drinks, 
but NOT alcohol. 

58.3 66.7 33.3 

Do you use commercial meal 
replacements or 
supplements? Examples are 
shakes, puddings, or energy 
bars. 

41.7 33.3 60 

Do you eat one or more 
meals a day with someone? 

58.3 50 60 

Who usually prepares your 
meals? 

25 25 80 

Which statement best 
describes meal preparation 
for you? 

25 33.3 66.7 

 

 

In round one, participants were asked to rate the extent to which they thought the 

current questions on high protein foods and milk/fortified soy product could adequately 
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determine the potential risk in frail older adults due to low protein intake. They were 

similarly asked about the milk/fortified soy product question identifying risk first due to 

low calcium and next due to low vitamin D intake (scale 1-7). The mean rating for if the 

two protein-focused SCREEN items could represent protein intake in frail older adults 

was 4.92 (SD 1.11) and the median was 4.5, indicating that participants generally felt 

these two questions together could adequately determine risk as a result of low protein 

intake in older adults. For the milk/soy product question representing risk due to low 

calcium intake the mean was 4.42 (SD 0.95) and the median was 4. Lastly, experts 

were asked to rate if the milk/soy products consumption question could adequately 

determine risk in older adults due to low vitamin D intake. The mean was rated at 3.42 

(SD 1.04) with a median of 2.5, and it was concluded that this question was not 

adequate to identify risk due to low vitamin D.  

In round two, participants were asked to rate a question on calcium supplement 

intake suggested by participants in round one as a useful addition to a shorter version of 

SCREEN. The participants reported their preference with a Likert rating of 1-7. The 

mean was rated at 3.21 (SD 1.52), which indicates that the participants found that the 

calcium supplementation question was somewhat necessary to unnecessary to include 

in the final set of SCREEN questions. Some round one participants suggested a vitamin 

D supplement question would be useful. Participants in round two were asked to rate a 

vitamin D supplementation question; the mean was 3.93 (SD 2.09), thus indicating a 
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somewhat necessary addition to SCREEN. Continuing the survey, there were two 

questions presented to the experts on the format of supplementation. One question had 

the option for a specific dosage of either calcium or vitamin D supplementation, while 

the second question focused on simply asking use of a supplement of vitamin D or 

calcium. A simple question to ask older adults on their supplementation was ranked as 

most appropriate (Table 4). (Do you take a supplement; yes, no, not sure).  

 
Table 4 Supplement Rating Questions (n=15) 

Questions  Preference 
Please 
identify the 
one you 
prefer in the 
box below 
and suggest 
any changes 
in wording. 

A) If you take a daily supplement with 
vitamin D, what is the dose?  

4□ more than 1000IU. 
3□ 1000IU.  
2□ 400- 999IU  
1□ less than 400IU  
0□ do not take a vitamin D supplement  

4 (26.7%) 

 B) Do you take a Vitamin D supplement?  
4□Yes.  
1□ Not sure.  
0□ No. 

10 (66.7%) 

 Prefer not to answer 1 (6.7%) 
 

Please identify    
the one you 
prefer in the box 
below and 
suggest any 
changes in 
wording. 

A)   If you take a daily supplement with 
calcium, what is the dose?  

4□more than 800 mg  
3□ 501- 799 mg 2□ 250- 500 mg  
1□ less than 250 mg  
0□ do not take a supplement with 
calcium 

3 (20%) 

 B)   Do you take a calcium supplement? 
       4□Yes. 
       1□ Not sure.  
       0□ No. 

9 (60%) 

 Prefer not to answer 3 (20%) 
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4.5 Discussion 
 

SCREEN-14 is rated relatively high as a tool that could identify nutrition risk in 

older adults who are frail. After two rounds of a Delphi, a potential new version of 

SCREEN that can be used specifically for frail older adults has been created through 

expert consensus. This version of SCREEN (SCREEN-Frail) has eight questions, 

similar to SCREEN-8, an already existing brief version of SCREEN. However, 

SCREEN-Frail focuses more on questions about protein, calcium, and vitamin D 

consumption, consistent with the literature on key nutrients of focus for individuals with 

frailty (Buchebner et al., 2019; Coelho-Junior et al., 2020; Coelho-Junior et al., 2022; 

Hernández Morante et al., 2019; Landi et al., 2016; Ni Lochlainn et al., 2021; Prado et 

al., 2022). In the first round there were two questions that asked experts to indicate the 

necessity of SCREEN-14 questions and the questions’ ability to trigger risk in a frail 

older adult. There were similar results from both questions, with 80% consensus on 

what items to include in SCREEN-Frail which were confirmed in the second round. 

However, consensus on what items to exclude was only achieved for two items. 

Considered with the rating for the full SCREEN-14 assessing risk in frail older adults, 

the full version may be preferable for identifying risk in frail older adults.  

Moving through the two rounds of the Delphi there were some thoughts on 

adding additional questions on supplementation. In round one, experts felt that the 

SCREEN questions around protein and calcium were adequate for a frail older adult, 
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but that items did not do a good job of reflecting vitamin D. It was noted in comments 

that a majority of older adults are likely to be taking a vitamin D supplement and some 

suggested asking about supplementation in SCREEN-Frail. With this in mind, 

supplementation questions were asked in the second round to gather experts’ opinion 

on including a question or two in the final set.  However, there was a lack of consensus 

on adding a calcium or vitamin D question to SCREEN-Frail.  

Overall, the results of the Delphi provide content validity for a new SCREEN-Frail 

version to be further tested in older adults in the community who are potentially frail. 

The scoring and cut-point for risk of SCREEN-Frail is suggested to be the same as 

SCREEN-8; SCREEN-Frail includes the same four questions as SCREEN-8 that are 

double-weighted. To be consistent with SCREEN-8, SCREEN-Frail could have a cut-

point of <38 in the doubled weighted version. For an unweighted version it can be 

suggested that the cut-point be £ 22. To further validate SCREEN-Frail, the eight 

questions selected for inclusion would need to be tested in a frail population to indicate 

whether it can identify nutrition risk in this population as compared to SCREEN-8. 

Criterion validation when using the semi-gold standard of the dietitian’s clinical frailty 

scale score should also be pursued if SCREEN-Frail is to be used in clinical practice 

and research. 
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4.5.1 Strengths 
 

This study has several strengths, the first being that the Delphi method can 

determine content validity based on the judgement of experts (Fink-Hafner et al., 2019). 

This study had a sample that is considered sufficient for a Delphi method (Diamond et 

al., 2014; Gattrell et al., 2022; Vogel et al., 2019), and diverse geographic 

representation beyond Canada was achieved due to the use of an online survey, which 

could be completed at the participant’s convenience. The lack of face-to-face interaction 

also allowed for anonymity, thus encouraging creativity, honesty, and a balanced 

consideration of ideas while reducing the risk of group dynamics (Fink-Hafner et al., 

2019). Noisy data happens more often in focus groups, whereas a Delphi reduces this 

chance (Hsu & Sandford, 2019). Another strength to this Delphi was the short 

turnaround time between the two rounds, keeping participants interested and more 

likely to complete the different rounds (Keller et al., 2015). Finally, although there was 

some overlap between the two rounds, new participants in round two provided further 

confidence in the identification of potential items to include in SCREEN-Frail.  

 

4.5.2 Limitations 
 

The first and probably the biggest limitation is the way the participants were 

invited to join the study. It is common that the experts will be identified through a pre-

existing network of collaborators and those with shared interest in the topic or tool in this 
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case (Savic & Smith, 2022). This then leaves the possibility of sharing the same views 

as the principal investigator. All but one of the participants had used SCREEN in a 

professional or research capacity. The experts recruited to participate in this Delphi 

study were gathered from a contact list of the creator (H. Keller) of SCREEN. This 

promoted efficiency in participant recruitment but may have introduced bias. To mitigate 

this bias, the research assistant was the only person extending invitations for the 

second round, addressing any queries by participants, and reviewing the individual 

responses and amalgamating them for co-authors to review. The sample size is a 

limitation as well, although literature suggests that twelve is the minimum number of 

experts, which was met, there is a benefit to a larger sample size (Chalmers & Armour, 

2019; Vogel et al., 2019). Increasing the sample size and diversity of participants in this 

study would improve the strength of the content validity. The way participants were 

gathered could have also been improved.  Gathering experts in a different way could 

have been beneficial such as asking dietitians or people in the field of older adult 

nutrition their thoughts on the SCREEN tool. This would have helped increase sample 

size and reduce the potential bias of experts who had used the tool for research rather 

than practice. It also would have helped gather a more diverse population rather than 

mostly white females. Having a more diverse population from different parts of the world 

could have improved the quality of the results and benefits of this screening tool could 

reach a larger population (Shea et al., 2022). Another aspect of the study that could be 
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improved would be including the definition of frailty in the Delphi survey. Although the 

definition of frailty has been changing and there is no consensus, providing a definition 

would have helped frame the scope of this study. This would then have eliminated any 

concern if the participants had a different view of frailty, and it would have helped keep 

the study within the scope of our definition of frailty. Another limitation is that the results 

are based on the opinion of experts in the older adult nutrition community and not on 

primary data (Fink-Hafner et al., 2019). This is a fundamental limitation of a Delphi study 

(Hus & Sandford 2019), and although the results are based on opinion, it lays the 

groundwork for future studies to be conducted on the validity and reliability of a new 

version of SCREEN.  

4.6 Conclusion 
  

This study sought to achieve consensus on a new version of SCREEN through 

expert opinion using a Delphi method. The experts reached consensus on eight 

questions that were deemed the ‘most appropriate’ questions to ask a frail older adult 

who is at risk for poor nutrition. The questions included items that tap into protein and 

calcium intake, nutrients considered important in delaying the progression of frailty 

(Buchebner et al., 2019; Coelho-Junior et al., 2020; Coelho-Junior et al., 2022; ; 

Hernández Morante et al., 2019; Landi et al., 2016; Ni Lochlainn et al., 2021; Prado et 

al., 2022). As the older adult population continues to grow, future research should aim 

to improve screening tools to include more at-risk populations such as those over the 
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age of 75, who are more likely to be at risk for frailty (Lang et al., 2009; Pérez-Ros et al., 

2020; Rockwood & Mitnitski, 2007). SCREEN-Frail requires further testing by comparing 

to other abbreviated versions of SCREEN, as well as testing for criterion validity using a 

semi-gold standard such as the dietitian’s clinical frailty scale score.  
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5.1 Overview 
 
Background 
 
Screening for nutrition risk in the community is increasing. As there are barriers such as 

lack of time to screening in clinical settings, there is a need for brief nutrition risk 

screening tools.   

 

Objective 

This research aimed to use item-level parameters returned by Item Response Theory 

(IRT), specifically using the Graded Response Model (GRM), to inform the selection of 

items included in a brief version of SCREEN-14. Additionally, the overlap of risk 

between three versions of SCREEN (SCREEN-8, SCREEN-Frail, and SCREEN-IRT) 

was determined.  

 

Participants 

Users who visited the Nutri-eSCREEN website between December 2011 to August 

2020 were included. After applying exclusions, 20,093 participants remained. 

 

Statistical analyses 

The GRM was used to return item-parameter estimates for items in SCREEN-14. A KW-

ANOVA was preformed between SCREEN-14 and demographic characteristics of users 
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to evaluate the variance (p <0.0001). The ‘best’, items were then re-analyzed for 

assessment of unidimensionality., A kappa statistic was performed to determine overlap 

in three brief versions of SCREEN. The cut-point deemed as ‘at risk’ for this comparison 

was £ 22. 

 

Results 

Eight questions were selected for inclusion by IRT. With SCREEN-8, 42.1% were ‘at 

risk’. SCREEN-Frail, 33.6% at risk and SCREEN-IRT, 27.7%. The overlap of 

participants identified as at risk by all three was 77.4%. Items in the SCREEN-IRT 

demonstrate high item-information at the lower end of nutrition risk, a high standard 

error at the higher end of nutrition risk and demonstrate good model fit (RMSEA 0.075; 

CFI 0.905). SCREEN-8 also demonstrates a good/acceptable model fit (RMSEA 0.064; 

CFI 0.913) while SCREEN-Frail demonstrates a mediocre model of fit (RMSEA = 0.082; 

CFI 0.882). 

 

Conclusions 

A new 8-item version of SCREEN was created with IRT. This tool has different items 

than SCREEN-8 and SCREEN-Frail and appears to underestimate risk in comparison. 

Model fit was good and similar to SCREEN-8. Further research on criterion validity of 

SCREEN-IRT is needed.  
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5.2 Introduction 
 

The older adult population of Canada is on a steady incline; it is expected that 21 

to 29% of the Canadian population will be over the age of 65 by 2068 (Statistics 

Canada, 2022). As compared to the growth rate of the overall older adult population, 

those in the subset category of 75 years and older are growing at a faster rate than the 

rest of the population (Canadian Institute for Health Information, 2017). As adults get 

older there is an increased risk of becoming frail as well as an increased risk for other 

health ailments such as poor nutrition, lower mobility, and impairments of daily activities 

(Corral-Pérez et al., 2023; Volker et al., 2019). Frailty can be defined as a progressive 

age-related decline characterized by vulnerability to adverse health outcomes (Fried et 

al., 2001; Walston et al., 2018). Despite frailty being a potentially progressive condition, 

there are ways to reverse or slow the trajectory, one of which is through improving 

nutritional status (Wang et al., 2022). Nutrition risk and inadequate food intake are key 

determinants of frailty (Lorenzo-López et al., 2017). The first step to improving nutrition 

risk is through screening to know if an older adult is at risk. Valid and reliable screening 

tools in the community-dwelling older adult population are needed for this first step. 

A screening tool that is appropriate for community-living seniors and screening 

for nutrition risk in potentially frail older adults is SCREEN-14 (Seniors in the 

Community: Risk Evaluation for Eating and Nutrition). This tool has gone through 

construct and criterion validity testing in community-dwelling older adults (Keller et al., 
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2005). SCREEN is a 17-item questionnaire with three main attributes of nutritional risk 

of weight change (increase or decrease), food intake, and risk factors associated with 

food intake (Keller et al., 2005; Keller et al., 2000). The cut-point for risk is <50. As there 

was a concern that SCREEN-14 was too long for clinical practice, during the initial 

validity and reliability testing of SCREEN-14, an abbreviated version was also 

developed and tested. This shorter version was developed with the expertise of 

dietitians rating the best questions to include, as well as those that were essential which 

became double-weighted questions in SCREEN-8: self-reported weight change, 

appetite, skipping meals, and having difficulty swallowing (Keller et al., 2005). SCREEN-

8 has also gone through validity testing as compared to the criterion of a dietitian risk 

rating and a cut-point of < 38 was chosen for determining risk with the best combination 

of sensitivity and specificity (Keller et al., 2005). Another version of SCREEN was more 

recently created through a Delphi method (Chapter 4) with expert consensus on the 

best questions in SCREEN to ask potentially frail older adults; as only one item on 

SCREEN-8 is a food intake item, it was wondered if other items might better reflect the 

nutrition risk of a frail group. This version also has eight questions and the four double-

weighted questions in SCREEN-8 overlap with this newer version. The new version is 

named SCREEN-Frail and the same cut-point as SCREEN-8 has been suggested due 

its consistent length and use of double-weighted questions.  
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Since SCREEN’s original creation, there has been an upswing of online 

platforms for the intended use of providing health information and self-management. 

Research shows that there is a growing acceptance of information and communication 

through technology in the older adult population (Anderson & Perrin, 2017). The 

creation of Nutri-eSCREEN was intended to give older adults a credible source of 

information for individualized nutrition-related education, promoting awareness and 

improving knowledge about nutrition (Keller, 2016). The online platform of Nutri-

eSCREEN was originally created in 2012 containing SCREEN II (now known as 

SCREEN-14) along with resources for adults aged 50+ to self-manage their nutrition 

risk in an upstream manner (Keller, 2016). However, this tool was not specific to those 

older adults who may be most at risk for poor nutrition and need for services.  

Some of the patterns that came out of the analysis in this original paper was that 

as a user became older, mean SCREEN scores decreased, with the age group with the 

lowest score being over 85 years; 68% of those in the age 85+ age group were 

identified to be at high risk for poor nutrition as compared to 37% in those in the 50-64 

age group (Keller, 2016). There were also several age differences that were statistically 

significant especially with the older age group (85+) compared to the younger age 

groups, such as perception of weight; normally selecting underweight or ‘just right’ 

whereas the younger group had the perception of being overweight or trying to change 

their weight (Keller, 2016). These patterns show that as adults get older, they are 
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reporting increasing nutrition challenges and have different risk behaviours with age. 

Specifically, as the participant reported an older age, they were more likely to skip 

meals, eat alone, and have cooking and shopping difficulties as compared to the 

younger age groups (Keller, 2016). Poor appetite and chewing and swallowing 

difficulties were also more common in the older age groups than the younger (Keller, 

2016).  These findings suggest that if a shorter version of SCREEN is needed, one that 

specifically focuses on those most in need of services, who are potentially frail, may be 

a way to target screening in primary care clinics. With the large sample involved in 

Nutri-eSCREEN which includes the full SCREEN tool, there is the opportunity to identify 

a subset of questions that are most relevant for determining nutrition risk in potentially 

frail older adults in the community. The Nutri-eSCREEN data base was voluntarily 

completed by older adults in the community and includes age and sex as well as all the 

SCREEN questions, providing an opportunity for psychometric analysis in a large 

sample, as well as construct validity. 

 

5.3 Introduction to Item Response Theory  
 
  A brief version of SCREEN is desired for improving implementation and response 

and completion rates (Kost & Correa de Rosa, 2018). SCREEN-8 was developed out of 

the need for a short tool both in clinical practice, as well as for surveillance with national 

surveys. When measures are shortened, while still ensuring that the overall concept of 
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nutrition risk is still being captured, they are highly beneficial in research and clinical 

settings (Kost & Correa de Rosa, 2018). A model that aids in shortening a measure is 

the Polytomous Rasch Model which is a psychometric approach to the Item Response 

Theory (Ostini & Nering, 2006). The Item Repose Theory (IRT) in the past has been 

used to improve the development, refinement, and evaluation of patient reported 

outcome measures such as surveys and questionnaires (Nguyen et al., 2014). In other 

words, it is an approach used to abbreviate measures, to get the best possible 

questions or items. The IRT can model the relationship of the individual items on the 

questionnaire to the overall concept being measured (Nguyen et al., 2014). In this 

study, the individual items are the questions on the SCREEN tool and the concept is 

nutrition risk. The IRT is essentially a set of mathematical models that describe the 

relationship between an individual’s ‘ability’ or ‘trait’ and how they respond to items on a 

scale (Hays et al., 2000; Reise et al., 1993). The IRT focuses on the item level data and 

modeling, by using item level characteristics that allow for the identification and 

selection of items that differentiate across levels of a construct (nutrition risk) (Stenbeck 

et al., 1992). Within the set of mathematical models for IRT, there are a few separate 

models that can be used to differentiate items and their response within a construct. 

The model that is being used for this analysis is the Graded Response Model (GRM). 

The GRM is appropriate to use when response options to items are ordered categories 

on a rating scale (Zanon et al., 2016). In the case of SCREEN, there are ordered 
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categories of high risk and low risk depending on the response option for each 

SCREEN-14 question. In this model, there are a few major components to help decide 

on the best subset of items or questions. One of these is the graphical representation of 

the probability of a person responding to a specific category in the item being examined 

(Xie, 2017). This graphical representation is known as Item Response Category 

Characteristic Curves (IRCCC). IRCCC are curves that represent the probability of 

endorsing a response category within an item or question. These IRCCC also have a 

relationship with theta (q); as theta increases, the probability of endorsing a category 

increases for those with the trait (e.g. nutrition risk) and then decreases as the 

responses transition to the next higher category (Xie, 2017).  Through an analysis of 

different item characteristics, the IRT can guide the decision processes to help find the 

best questions for an abbreviated version of SCREEN. 

 The objectives of this study were to: 1a) create an abbreviated version of 

SCREEN-14 using the GRM of the IRT, 1b) determine if the abbreviated set is different 

if only those 75+ years of age (potentially frail group) are included in the analysis, 2) 

determine what the differences are by age and sex for each item on SCREEN-14 to 

provide construct validity for items included in the abbreviated version, and finally 3) 

compare model fit and evaluate the overlap in identification of nutrition risk between the 

new SCREEN versions (SCREEN-Frail, SCREEN-IRT) and SCREEN-8. 



 
 
 

 58 

5.4 Methods 
 

5.4.1 Participants  
 

The data used in this secondary analysis was collected from users who 

completed the Nutri-eSCREEN on the website from December 2011 until August 2020. 

Information that was collected was the participant’s age, sex, postal code, country, 

province, region, frequency of visits to the website, and their referral source to the 

website. In the dataset there is a total of 40,758 participants. The inclusion criteria for 

this analysis were: users over the age of 50, participants who completed the full survey 

(e.g. answered all SCREEN questions), who were first time visitors of the Nutri-

eSCREEN website, and Canadian users to limit potential language barriers. After 

applying these exclusions there was 20,093 participants for this analysis. This sample 

size is sufficient in providing accurate results in the IRT models (Jiang et al., 2016). 

Having more participants per item in an IRT analysis is beneficial as it can improve the 

estimation accuracy of item parameters leading to more reliable results (Jiang et al., 

2016). Ethics for secondary analysis of this data set was obtained from the University of 

Waterloo Office of Research Ethics (ORE #42476). 

5.4.2 Instrument  
 
 The Nutri-eSCREEN was a self-reported online nutrition risk screening tool for 

older adults in the community (Keller et al., 2000). This online version used the full 
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SCREEN-14 version with the highest potential score being 64 and the lowest being 0. 

Persons with higher scores have a low nutrition risk and persons with lower scores (< 

50) are considered “high risk” for poor nutrition. Scoring “high risk” with SCREEN is 

associated with poor health outcomes (Keller et al., 2000; Keller & Trinca, 2023). This 

tool has seventeen items with responses ranging from 0 – high nutrition risk to 4 – low 

risk (or 8 for double-weighted items in the abbreviated SCREEN-8).  

5.4.3 Descriptive Analysis 
 
The purpose of the descriptive analysis was to determine the participants’ differences in 

their nutrition risk behaviours (i.e. each SCREEN item) by age and sex, as well as 

determination of mean scores and risk by total sample and by age and sex. Frequency 

and mean (+ / SD) are noted. Associations between SCREEN-14 items and 

demographic characteristics of users were completed using a Kruskal Wallis ANOVA to 

evaluate whether there are statistically significant differences in the distribution of 

scores among sex and age groups separately. All analyses were completed using the 

statistical software RStudio Team (2024). RStudio: Integrated Development for R. 

5.4.4 Identifying patterns in IRT 
 

The data from Nutri-eSCREEN was cleaned in Microsoft Excel (Redmond, 

Washington, USA) and imported into R studio (Boston, Massachusetts, USA) for 

analysis. The data from the Nutri-eSCREEN dataset had to be split up between the item 

responses and the score for each SCREEN question. The reason for the division 
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between the SCREEN response options and the SCREEN scores is because in a 

polygamous IRT model, the focus is primarily on the characteristic of the items 

(question responses) rather than the scores of the individuals (Dodeen & Al-Darmaki, 

2016). Hence, the need to divide the scores from the response options. Item probability 

functions were applied to estimate location parameters and discrimination statistics, 

from which IRCCC were produced to aid in decision making and interpretation. Items 

that showed high slopes correlated with item discrimination and were considered as 

candidates for the abbreviated version of the ‘best’ questions. The GRM analysis was 

repeated with only those over 75 years of age included (n=2,749) to determine if 

different questions would discriminate. Qualitative comparisons were made between the 

versions to see which items performed better, using the entire sample.  

GRM analysis was performed on seventeen questions (full version of SCREEN). 

This model is used to provide the probability that the respondent must receive a specific 

score (high risk or the lower the score on the SCREEN item), given the underlying latent 

trait, which is nutrition risk. The more at risk for poor nutrition, the more likely they are to 

respond with options that are correlated with nutrition risk (Zanon et al., 2016). In the 

GRM, the probability (q, theta), that a person’s response falls at or above a particular 

ordered category given q (level of latent trait) may be expressed as the parameter a 

which refers to the slope of item discrimination. This parameter is constant for all 

categories of the same item (Lubbe & Schuster, 2018).  For example, in SCREEN the 
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slope for question 1a is the same across all response options. For each question 

graphically represented, there are three parameters that describe the curve, but for this 

study only two will be used. The first is the a parameter (slope), where the larger the a 

value (steeper slope) indicates that the item is more related to the trait (nutrition risk) 

and thus better for discriminating those who are at nutrition risk (Dodeen & Al-Darmaki, 

2016).The second parameter is the b parameter (the threshold parameter) which is the 

location of the inflection point on the trait scale. In other words, this parameter 

represents the amount of the trait needed to have a 50% probability of endorsing the 

item. The larger the b, the more the trait is needed by a person to endorse the correct 

response category (Dodeen & Al-Darmaki, 2016). For example, in SCREEN-14, the 

skipping meals question, you would expect that a user who skips meals almost every 

day to be at a high risk for poor nutrition, therefore the b parameter should be large.  

Once the abbreviated version was established, the shortened version was used 

to assess item and test information, standard error, predicted true score and model fit. 

The test-information function (TIF) is used to test the concept that people who have high 

nutrition risk are correctly picking the options that correlated with high nutrition risk. 

Essentially, the test-information is a graphical representation of precision and standard 

error (variability in estimation) across levels of nutrition risk (Raykov et al., 2019). There 

is no single statistic for the TIF; rather it is a function varying across the ranges of 

nutrition risk. The standard error is inversely related to the test information and 
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describes the degree of uncertainty associated with an individual’s nutrition risk level 

estimate (Raykov et al., 2019). Additionally, the expected true score prediction curve is 

also computed to represent the relationship between an individual’s observed score and 

their expected true score on SCREEN to measure nutrition risk (Raykov et al., 2019; 

Edelen & Reeve, 2007). Lastly, fitting statistics gauge how well the model can predict 

respondents’ scores and generate item statistics that are constant over samples of 

respondents (Zanon et al., 2016). A strong fit between the model and the data indicates 

that the model accurately captures the relationship between item responses and the 

underlying trait (i.e., nutrition risk) (Hu & Bentler, 1999; Weston & Gore, 2006). In the 

assessment of model fit, it involves the investigation of disparities between the observed 

responses and those predicted by the model.  In the assessment of model fit, there are 

a few statistics worth noting. The first statistic is the root mean square error of 

approximation (RMSEA), which assesses how far the hypothesized model is from a 

perfect model (Xia & Yang, 2019). The criterion for a good fit is <0.05, an acceptable fit 

is between 0.05 and 0.08, a mediocre fit is between 0.08 and 0.10, lastly, a poor fit is 

>0.10 (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006). Similarly to the 

RMSEA, the Standardized root mean square residual (SRMSR) is also used to assess 

how well the model fits the data. The difference being the SRMSR measures the 

absolute measure of fit, meaning it assesses the fit of the model without considering 

model complexities. (Byrne, 1994). Due to the added complexities measured in 
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RMSEA, it is often prioritized while reporting the model of fit (Hu & Bentler, 1999). The 

criterion for a good fit is < 0.08 and a mediocre fit is < 0.10 (Hu & Bentler, 1999; Sethar 

et al., 2022; Weston & Gore, 2006). On the flip side of RMSEA and SRMSR, the 

Tucker-Lewis Index (TLI) and the Comparative Fit Index (CFI) are incremental fit indices 

that compare the fit of a hypothesized model with a baseline model (Xia & Yang, 2019). 

Although the TLI and the CFI are very similar the key difference is that the CFI adjusts 

for sample size and is less affected by the model’s complexity making it easier to 

interpret (Xia & Yang, 2019). Both the TLI and the CFI has the good fit threshold of > 

0.90 and an excellent fit of > 0.95 (Hu & Bentler, 1999; Sethar et al., 2022; Weston & 

Gore, 2006). It is important to include the fit indices as it provides a more well-rounded 

evaluation of model fit. 

5.4.5 Coding for Risk Comparison Across Tools 
 

The Nutri-eSCREEN dataset contains all seventeen questions from SCREEN-14. 

In addition to creating an abbreviated version of SCREEN, the secondary purpose was 

to find the overlap between this new version of SCREEN-IRT, SCREEN-Frail (Chapter 

4) and SCREEN-8. In SCREEN-8 there are doubled weighted values for four questions 

deemed by experts and psychometric testing in its development to be the most 

important for nutrition risk (Keller et al., 2005). SCREEN-Frail also contains these four 

questions; therefore, they were also double weighted for scoring. The questions that are 

doubled weighted in SCREEN-8 are: has your weight changed in the past 6 months, do 
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you skip meals, how would you describe your appetite, and do you cough, choke, or 

have pain when swallowing food or fluids. SCREEN-8 uses a cut-point of < 38 to identify 

nutrition risk. As SCREEN-Frail contains the same double-weighted items, the same 

cut-point will be used. The derived IRT model from this analysis did not contain these 

same four double weighted questions but was eight items in length. To compare the 

three abbreviated tools, all questions were unweighted for scoring. We chose a cut-

point of £ 22 to identify risk in these unweighted tools, as the highest score possible on 

the unweighted version is 32. This coincides with SCREEN-8 scoring where the ‘at risk’ 

cut-point is ten less than the highest possible score.  

5.4.6 Comparison of Abbreviated Tools and Overlap of Risk 
 

The newly created version of SCREEN-Frail (Chapter 4) and the SCREEN-IRT 

were compared to SCREEN-8. Specifically, the proportions identified at risk by each of 

the three versions of SCREEN were determined. Next the overlap of each version of 

SCREEN was determined. Those at risk were plotted as a Venn-Diagram and the 

overlap visually represented. Further, a kappa statistic was calculated to determine 

agreement on determination of risk/no risk for SCREEN-IRT and SCREEN-Frail in 

comparison to SCREEN-8. The kappa statistic is often used to test inter-rater reliability 

as it identifies agreement among categorical data (McHugh, 2012). Here we will use 

kappa to indicate the agreement between the various tools for identifying a participant 
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as ‘at risk’. Fair agreement is identified as a Cohen Kappa result of 0.41-0.60, moderate 

as 0.61-0.80 and substantial as 0.81- 1.00 (McHugh, 2012).  

 
5.5 Results 
 
  After excluding participants who did not meet the inclusion criteria, 20,093 people 

were included in the analysis. Descriptive results are provided in Table 5. Of these older 

adults, about 80% were female (69.3% age 75+) and the largest age group was 50-64 

(59.3%). Finally, over 70% indicated they resided in Ontario.   

 

Table 5 Characteristics of Nutri-eSCREEN users over the age of 50 years (n= 20,093)  
 

Characteristic  
 

n % of Total 

Sex   
Male 4060 (845 age 75+) 20.2 (30.7) 
Female 
 

16033 (1904 age 75+) 79.8 (69.3) 

Age group (years)   
50-64 11915 59.3 
65-74 5429 27.0 
75-84 2130 10.6 
85+ 
 

619 3.1 

Region lives in, in Canada   
Ontario 14744 73.4 
British Columbia 1566 7.8 
Alberta 1067 5.3 
Quebec  890 4.4 
Other Canadian Provinces 1826 9.1 
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 The mean Nutri-eSCREEN score was 45.1 (SD 8.4; range 0-64) with no 

statistically significant difference by sex. However, as the user became older, the mean 

score significantly decreased for each age group with those reporting being 85+ years 

of age having the lowest mean score of 36.9 (SD 12.3). Age and sex comparisons for 

each SCREEN-14 item embedded into Nutri-eSCREEN are provided in Table 6. 

Several age differences were statistically significant. For example, those aged 50-64 

years were more likely to report a weight gain, whereas those over the age of 85 

reported a weight loss in the prior six months (X2= 46.6 p <0.0001). Younger age 

groups were more likely to be trying to change their weight (X2= 369.3 p <0.0001) or 

thought they were too heavy (X2= 263.0 p <0.0001) as compared to older adults, who 

were more likely to see themselves as just right or underweight, especially those in the 

85 and above age group. Unintentional weight change was reported at 32.3% in those 

over the age of 85 years. Key eating behaviours were different as well by age with older 

groups more likely to skip meals (X2= 53.6 p <0.0001), eat alone (X2= 334.8 p <0.0001), 

and having shopping for food difficulties (X2= 982.2 p <0.0001) than the younger age 

groups. Poor appetite (X2= 935.7 p <0.0001) and chewing ((X2= 1291.4 p <0.0001) and 

swallowing difficulties (X2= 509.0 p <0.0001) were also common in older age groups. As 

expected, older age groups also had poorer consumption than younger age groups (fruit 

and vegetable: X2= 205.5 p <0.0001; meat and alternatives X2= 350.6 p <0.0001; fluid 

intake X2= 645.8 p <0.0001; meal replacement use X2= 298.2 p <0.0001). These age-
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related differences help to identify construct validity of specific items that might be most 

relevant in an abbreviated SCREEN, if we consider advanced age (i.e., > 75 years) as a 

proxy for frailty.  

 No statistical differences in risk score were found by sex, however several 

individual items were statistically different. Notably, females compared to males were 

more likely to believe that they were too heavy (X2= 42.2 p <0.0001). However, males 

were more likely to skip meals than females (X2= 31.1 p <0.0001) and have poorer 

quality diet (fruit and vegetables X2= 209.6 p <0.0001; meat and alternatives X2= 43.8 p 

<0.0001; milk products X2= 72.8 p <0.0001; fluid intake X2= 46.0 p <0.0001). Males also 

reported more chewing difficulties than females (X2= 19.0 p <0.0001). Males were less 

involved in meal preparation (X2= 2323.9 p <0.0001) and reported meal preparation 

(X2= 434.8 p <0.0001) and grocery shopping difficulty (X2= 17.6 p <0.0001) less often 

than females.  

 

 

 

 

 

 

 



 
 
 

 68 

 
Table 6 Proportions of Nutri-eSCREEN Items and Comparisons by Age and Sex (n= 20,093) 
 
Item Total Male 

(n=4060) 
Female 
(n=16033) 

50-64 yrs 
(n=11915) 

65-74 yrs 
(n=5429) 

75-84 yrs 
(n=2130) 

85+ yrs 
(n=619) 

                                      Proportion (%) 

Weight        
Gain 10+ pounds 9.0 7.2 9.5 10.6* 7.9 4.6 2.9 
Gain 6-10 9.8 7.1 10.5 11.5 8.5 5.8 2.9 
Gain 5 12.2 9.5 12.9 13.7 11.5 8.0 3.2 
Stayed same 46.3 48.2 45.9 44.8 49.2 49.0 40.9 
Lost 5 7.3 8.8 6.9 6.2 7.6 9.6 15.2 
Lost 6-10 6.8 8.3 6.4 5.6 6.8 10.9 13.2 
Lost 10+ pounds 6.6 8.7 6.1 5.8 6.6 8.9 16.3 
Don’t know weight 1.9 2.2 1.9 1.7 1.9 3.0 5.3 
Trying to change 
weight 

       

Yes 47.9 41.0 49.6 52.8* 47.4 31.3 13.7 
No 40.5 47.3 38.2 36.7 41.9 49.9 53.9 
No but changed 
anyways 

12.1 11.6 12.2 10.5 10.7 18.8 32.3 

Weight perception        
More than want 71.3 63.9# 73.1 76.9* 72.1 50.1 28.1 
Just right 21.2 24.9 20.2 18.6 21.0 31.5 35.7 
Less than want 7.6 11.2 6.6 4.5 6.9 18.3 36.2 
Skip meals        
Never/rarely 59.0 55.5# 59.9 59.6* 59.8 57.4 46.7 
Sometimes  29.8 31.1 29.5 29.3 30.1 30.1 35.4 
Often  5.9 7.5 5.5 5.9 5.3 6.8 8.2 
Almost everyday 5.3 5.9 5.2 5.2 4.8 5.7 9.7 
Limiting foods        
Eat most foods 47.3 46.9 47.5 47.0 47.8 49.3 42.3 
Some/manage 37.2 39.5 36.7 37.2 37.6 36.8 36.3 
Some/difficult 15.4 13.6 15.9 15.8 14.6 13.8 21.3 
Appetite        
Very good 42.9 42.5 43.1 47.3* 41.7 29.5 15.7 
Good 43.7 44.3 43.5 43.7 44.9 43.0 34.6 
Fair 10.6 10.2 10.7 7.5 11.1 20.4 32.1 
Poor 2.7 2.9 2.7 1.4 2.2 7.0 17.6 
Fruit/ Vegetable        
5+/ day 30.6 24.5# 32.1 32.7* 30.7 23.1 15.7 
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4 23.3 20.5 24.0 23.5 22.9 24.1 19.2 
3 23.2 24.1 22.9 22.2 23.9 25.8 25.8 
2 13.8 17.5 12.8 12.8 13.9 16.6 21.1 
<2/day 9.1 13.4 8.1 8.8 8.5 10.3 18.1 
Meat/alternatives        
2+ per day 26.9 24.6# 27.6 30.8* 23.1 17.8 17.6 
1-2 39.9 38.0 40.4 39.8 41.1 39.8 32.2 
1 24.9 27.1 24.4 22.1 27.4 32.1 33.1 
<1 per day 8.2 10.3 7.6 7.2 8.4 10.2 16.9 
Milk products/alt        
3+ per day 11.2 10.6# 11.4 10.9 11.6 11.8 11.8 
2-3 26.7 22.4 27.8 27.3 25.5 28.1 21.0 
1-2 31.2 30.6 31.3 31.2 31.7 29.9 29.6 
1 19.8 22.2 19.2 19.5 20.2 19.2 23.3 
<1 per day 11.1 14.0 10.3 11.0 10.9 10.9 14.4 
Fluid        
8+ cups/day 22.5 20.1# 23.1 26.4* 19.7 12.3 6.9 
5-7 43.6 41.7 44.1 44.1 45.2 40.1 32.8 
3-4 26.7 29.5 25.9 23.9 28.3 34.6 39.7 
About 2 5.6 6.4 5.4 4.4 5.5 10.1 13.2 
<2 cups/day 1.6 2.4 1.4 1.2 1.2 2.9 7.3 
Swallowing difficulty        
Never 62.5 61.7 62.7 67.2* 60.4 48.6 38.7 
Rarely 23.1 24.9 22.6 20.9 24.6 30.2 27.3 
Sometimes 12.8 11.5 13.2 10.8 13.4 18.6 27.1 
Often or always 1.5 1.8 1.4 1.0 1.5 2.6 6.8 
Chewing difficulty        
Never 71.2 68.5# 71.9 77.7* 69.1 52.0 30.7 
Rarely 16.7 18.2 16.3 14.3 17.4 25.4 25.5 
Sometimes 10.2 10.1 10.2 7.1 11.4 18.8 30.9 
Often or always 1.9 3.0 1.6 0.8 2.0 3.8 12.9 
Use meal 
supplements 

       

Never or rarely 81.6 78.5# 82.4 83.7* 82.2 73.8 62.0 
Sometimes  15.4 17.7 14.8 13.7 15.2 22.0 26.2 
Often or always 2.9 3.8 2.8 2.5 2.6 4.2 11.8 
Eat with others        
Never or rarely 15.9 15.5 15.3 11.9* 17.5 24.9 31.7 
Sometimes 19.8 17.9 20.2 18.8 19.7 23.7 25.4 
Often 16.7 18.7 16.2 19.5 13.1 11.5 12.4 
Almost always 48.1 47.9 48.2 49.7 49.7 39.8 30.5 
Who prepares meals        
They do  66.9 37.9# 74.2 67.1 69.3 64.3 50.4 
They share 21.9 30.6 19.6 24.5 19.5 15.6 12.4 
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Someone else does 11.3 31.5 6.1 8.4 11.1 20.1 37.2 
Meal preparation        
Enjoy  43.7 52.5# 42.0 45.1* 44.9 35.6 23.1 
Sometimes a chore 40.1 33.1 41.4 39.9 39.6 41.8 44.5 
Usually a chore 16.3 14.5 16.6 15.0 15.6 22.6 32.4 
Satisfied with others 
cooking 

84.7 91.0 76.4 85.7 90.1 82.9 69.1 

Not satisfied with 
others cooking 

15.3 9.0 23.6 14.3 9.9 17.1 30.9 

Grocery difficulty        
Never or rarely 82.5 85.3# 82.3 87.2* 83.1 67.9 50.8 
Sometimes 12.3 9.7 12.9 9.6 12.2 23.1 27.5 
Often 3.1 3.2 3.0 2.0 3.1 6.1 11.6 
Always 1.7 1.7 1.7 1.1 1.5 2.9 10.0 
Total score        
Mean 45.1 44.9 45.1 45.9* 45.1 42.5 36.9 
SD 8.4 8.4 8.3 7.6 8.1 10.0 12.3 
#sex comparison statistically significant diHerence at p< 0.0001 
*age comparison statistically significant diHerence at p< 0.0001 

 

5.5.1 IRT Calibration and Item Selection 
 

The criteria used to select the appropriate items for the shortened SCREEN-IRT 

version were slope (a) parameter, and the location parameter (b) and IRCCC. The 

values of the discriminating slope (a) parameter in Table 7 range from -0.75 to 1.53, 

and the values in Table 8 range from -0.61 to 2.15, which shows deviation in the 

discrimination values of the items for the entire sample (Table 7) and only those items 

identified in those over the age of 75 years (Table 8). For the first question in SCREEN-

14, there are eight response options of weight change in the past six months. The 

parameter b1 represents the location where the probability exceeds 50% that the 

response is in the category ‘gained more than 10 pounds’ or in the category ‘gained 6 
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to 10 pounds’. The parameter b7 therefore, represents the location where the 

probability exceeds 50% that the response is in the categories ‘I don’t know how much I 

weigh’ or ‘lost more than 10 pounds’.  Considering the item slope (a) parameter, items 

with the highest slope values were identified.  

Based on this concept, eight items (47%) of the scale for the whole sample was 

selected for more in-depth consideration. The slope for these items ranged from 0.75 to 

1.53, thus indicating high discriminating values over the range of SCREEN-14. These 

items were 2, 4, 5, 6, 9, 10, and 14 (highlighted in Table 7). After reviewing the content 

of the items, it was concluded that it was important to include all of these since they 

capture the overarching concept of nutrition risk and there is no overlap among items. 

In the item response category characteristic curves, as the q (theta) increases, the 

probability of endorsing a category increases and then decreases as the responses 

transition to the next ordered category. Figure 1 shows the IRCCC for the eight ‘best’ 

items in the whole Nutri-eSCREEN sample. While Figure 2 shows the IRCCC for the 

nine ‘worst’ items.  
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Table 7 Slope (a) Parameter and Location (b) parameter estimates for the 17 items in 
Nutri-eSCREEN for the total sample (n= 20,093) 
 

No. Item a b1 b2 b3 b4 b5 b6 b7 
 

1a) Weight change  0.18 -12.63 -8.03 -4.43 6.66 9.28 12.85 21.22 
1b) Weight change 

intention  
0.41 -0.24 4.93 N/A N/A N/A N/A N/A 

1c) Perception of 
weight 

0.46 2.02 5.59 N/A N/A N/A N/A N/A 

2) Skipping meals 1.33 0.35 2.02 2.74 N/A N/A N/A N/A 
3) Food avoidance 0.30 -0.40 5.80 N/A N/A N/A N/A N/A 
4) Appetite 1.51 -0.30 1.66 3.10 N/A N/A N/A N/A 
5) Vegetable and 

fruit intake 
1.18 -0.88 0.16 1.28 2.39 N/A N/A N/A 

6) Protein intake 0.88 -1.32 0.91 3.11 N/A N/A N/A N/A 
7) Milk and soy 

intake 
0.54 -4.04 -0.99 1.59 4.08 N/A N/A N/A 

8) Fluid intake 0.72 -1.90 0.99 3.83 6.07 N/A N/A N/A 
9) Difficulty 

swallowing 
0.75 0.74 2.60 5.93 N/A N/A N/A N/A 

10) Difficulty chewing 
and biting 

1.18 0.95 2.06 3.96 N/A N/A N/A N/A 

11) Meal 
replacement use 

0.66 2.44 5.57 N/A N/A N/A N/A N/A 

12) Eating with 
others 

-0.75 2.53 0.92 -0.12 N/A N/A N/A N/A 

13a)  Who prepares 
the meals 

0.01 51.50 151.27 N/A N/A N/A N/A N/A 

13b) Meal preparation  0.67 -0.13 2.87 N/A N/A N/A N/A N/A 
14) Ability to grocery 

shop 
1.53 1.42 2.62 3.44 N/A N/A N/A N/A 

a represents the slope parameter (item discrimination), and b1-b7 refers to the location 
parameter estimates 
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Figure 1 Item Response Category Characteristic Curves for ‘best’ eight questions in the 
Whole Sample  

 

Figure 2 Item Response Category Characteristic Curves for ‘worst’ nine questions in 
the Whole Sample 
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When IRT analyses were re-run for only those participants in the data set over 

the of age 75, nine items (53%) were identified to have high slope parameters (a). 

Question 1c, the weight perception question (do you think your weight is…?) was 

excluded from further consideration as the other two weight-related questions were 

already included and would over-emphasize body weight in the final tool. Weight 

change, despite having a slightly lower slope, was chosen instead to move forward in 

an abbreviated tool as it is more useful in a clinical setting. Further, making a new 

questionnaire longer than SCREEN-8 was viewed as being disadvantageous for uptake 

and use of any new abbreviated tool. The slope for these items ranged from 0.97 to 

2.15, indicating high discriminating values over the range of SCREEN-14 items, and 

better than those for the overall sample provided in Table 7. These items were 1a, 1b, 

2, 4, 5, 8, 10, and 14 (indicated in bold in Table 8). In the IRCCC, as the q (theta) 

increases, the probability of endorsing a category increase and then decreases as the 

responses transition to the next ordered category. Figure 3 shows the item response 

category characteristic curves for the eight ‘best’ items in the in the 75+ Nutri-

eSCREEN sample. While Figure 4 shows the IRCCC for the nine ‘worst’ items.  
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Table 8 Slope (a) Parameter and Location (b) parameter estimates for the 17 items in 
Nutri-eSCREEN aged 75+ (n= 2,749) 
 

No. Item 
 

a b1 b2 b3 b4 b5 b6 b7 

1a) Weight change  0.97 -3.59 -2.70 -2.01 0.65 1.32 2.22 3.91 
1b) Weight change 

intention  
1.00 -1.19 1.50 N/A N/A N/A N/A N/A 

1c) Perception of 
weight 

1.11* -0.27 1.35 N/A N/A N/A N/A N/A 

2) Skipping meals 1.34 0.18 1.81 2.53 N/A N/A N/A N/A 
3) Food avoidance 0.73 -0.17 2.53 N/A N/A N/A N/A N/A 
4) Appetite 2.15 -0.84 0.55 1.75 N/A N/A N/A N/A 
5) Vegetable and 

fruit intake 
1.33 -1.28 -0.23 0.86 1.95 N/A N/A N/A 

6) Protein intake 0.88 -1.98 0.29 2.60 N/A N/A N/A N/A 
7) Milk and soy 

intake 
0.77 -2.88 -0.71 1.12 2.94 N/A N/A N/A 

8) Fluid intake 1.06 -2.32 -0.05 1.98 3.53 N/A N/A N/A 
9) Difficulty 

swallowing 
0.86 -0.22 1.49 4.24 N/A N/A N/A N/A 

10) Difficulty chewing 
and biting 

1.27 -0.16 0.96 2.74 N/A N/A N/A N/A 

11) Meal replacement 
use 

0.79 1.27 3.85 N/A N/A N/A N/A N/A 

12) Eating with others -0.61 1.82 0.00 -0.86 N/A N/A N/A N/A 
13a)  Who prepares 

the meals 
0.11 3.98 10.17 N/A N/A N/A N/A N/A 

13b) Meal preparation  0.82 -0.36 2.03 N/A N/A N/A N/A N/A 
14) Ability to grocery 

shop 
1.39 0.56 1.93 2.83 N/A N/A N/A N/A 

a represents the slope parameter (item discrimination), and b1-b7 refers to the location 
parameter estimates 
*not included in the final set despite higher slope value 
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Figure 3 Item Response Category Characteristic Curves for ‘best’ eight questions in the 
75+ sample  

 

Figure 4 Item Response Category Characteristic Curves for ‘worst’ nine questions in 
the 75+ sample 
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When qualitatively comparing the two groups of IRT results, those based on all 

participants, and those based on just the sample over the age of 75 years, it was 

decided that the IRT 75+ group of questions were better for moving forward. This 

decision was based on two reasons. First, weight change is central to the concept of 

nutrition risk in older adults, and especially those who are frail. The IRT based on the 

whole sample did not result in the identification of any weight-related questions from 

SCREEN being selected as the best final set. Second, the graphical representation of 

the IRCCC showed that the items from the IRT 75+ had better discriminate ability. 

Comparison of IRT results to the statistically significant differences found by age group 

in Table 6 did not help make this decision, as both the IRT-75 and IRT- whole sample 

items were statistically significantly associated with age group, with high age being our 

proxy for frailty. What this comparison does indicate is the construct validity of both the 

IRT-whole sample and IRT-75+ when considering age as the construct for comparison.  

After deciding to move forward with the IRT-75+ version (identified as SCREEN-

IRT from here on), two additional curves were created on the 8-selected items. These 

curves were based on the total sample of 20,093 participants. Results from the test-

information function (TIF) across the range of the nutritional risk scores confirms that 

the 8-item measure IRT- 75+ provides high accuracy for capturing those older adults 

who are at nutrition risk (Figure 5). The second curve within the graph depicts the 

standard error at different levels of risk and is an inverse reflection of the test-
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information function curve. This curve was lower for those at high nutrition risk which is 

a good indication that the measure is doing its intended job, as the lower the score the 

higher the person is at nutrition risk. The predicted test score analysis results indicate 

that using the abbreviated measure, there is a positive relationship between the latent 

trait (nutrition risk) and the expected true score, meaning that this screening tool is 

generally effective in measuring nutrition risk across the whole sample, although it is 

more sensitive at the lower end of nutrition risk (participants with low nutrition risk) 

(Figure 6).  

Testing the model fit of the shortened version (Table 9), the M2 statistic was 

2247.87 (df = 20, p <0.0001) and the M2- based root mean square error of 

approximation (RMSEA) was 0.075 which signifies an acceptable fit for the model 

(between 0.05 and 0.08). The standardized root mean square residual (SRMSR = 0.05) 

signifies a good fit (< 0.08) (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 

2006). The Tucker-Lewis Index (TLI) at 0.868 was below and the Comparative Fit Index 

(CFI) at 0.905 was above the ‘relaxed’ good fit threshold of greater than 0.90 (Hu & 

Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006).  

SCREEN-8 and SCREEN-Frail were similarly analysed in the Nutri-eSCREEN 

sample to assess item and test information, standard error, predicted true score and 

model fit. Both the test information function and the true predicted score curve was very 

similar across all three abbreviated versions. Figure 7 represents the TIF curve for 
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SCREEN-8 while Figure 8 represents the TIF curve for SCREEN-Frail. Figure 9 

represents the expected true score prediction curve for SCREEN-8 and Figure 10 

represents the expected true score prediction curve for SCREEN-Frail. Testing the 

model fit of the SCREEN-8 version (Table 10), the M2 statistic was 1663.26 (df = 20, p 

<0.0001) and the RMSEA = 0.064, which signifies an acceptable fit for the model 

(between 0.05 and 0.08). The SRMSR = 0.046 satisfied the suggested cut-off value of 

<0.08 for good fit (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006). The 

TLI at 0.878 was below and CFI at 0.913 was above the ‘relaxed’ good fit threshold of 

greater than 0.90 (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006). 

Testing the model fit of the SCREEN-Frail version (Table 11), the M2 statistic was 

2720.74 (df = 20, p <0.0001) and the M2- based RMSEA was 0.082 which signifies a 

mediocre fit (between 0.08 and 0.10) (Hu & Bentler, 1999; Sethar et al., 2022; Weston 

& Gore, 2006). The SRMSR = 0.062 satisfied the suggested cut-off values of <0.08 for 

good fit (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006). The TLI at 

0.835 and the CFI at 0.882 did not meet at the ‘relaxed’ good fit threshold of greater 

than 0.90 (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006).  
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Figure 5 Item Response Theory Test Information Curve depicting Test Information 
(precision) and Standard Error (variability in estimation) across nutrition risk levels for 
SCREEN-IRT 

 

 

Figure 6 Expected True Score prediction curve for SCREEN-IRT using Item Response 
Theory, showing the tool is effective in measuring nutrition risk across the whole 
population 
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Table 9 Assessment of unidimensionality in SCREEN-IRT: model fit statistics 

 M2 df p-value RMSEA RMSEA_5 RMSEA_95 SRMSR TLI CFI 
stats 2247.87 20 <0.0001 0.075 0.072 0.077 0.055 0.868 0.905 

M2: Chi squared statistic 
RMSEA: Root Mean Square Error of Approximation; with lower bound (5th percentile) and upper bound (95th 
percentile) 
SRMSR: Standardized Root Mean Square Residual 
TLI: Tucker-Lewis Index 
CFI: Comparative Fit Index 

 
 
Figure 7 Item Response Theory Test Information Curve depicting Test Information 
(precision) and Standard Error (variability in estimation) across nutrition risk levels for 
SCREEN-8  
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Figure 8 Expected True Score prediction curve for SCREEN-8 using Item Response 
Theory, showing the tool is effective in measuring nutrition risk across the whole 
population 

 
 
Table 10 Assessment of unidimensionality in SCREEN-8: model fit statistics 

 M2 df p-value RMSEA RMSEA_5 RMSEA_95 SRMSR TLI CFI 
stats 1663.26 20 <0.0001 0.064 0.061 0.067 0.046 0.878 0.913 

 
M2: Chi squared statistic 
RMSEA: Root Mean Square Error of Approximation; with lower bound (5th percentile) and upper bound (95th 
percentile) 
SRMSR: Standardized Root Mean Square Residual 
TLI: Tucker-Lewis Index 
CFI: Comparative Fit Index 
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Figure 9 Item Response Theory Test Information Curve depicting Test Information 
(precision) and Standard Error (variability in estimation) across nutrition risk levels for 
SCREEN-Frail 
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Figure 10 Expected True Score prediction curve for SCREEN-Frail using Item 
Response Theory, showing the tool is effective in measuring nutrition risk across the 
whole population 

 
 
Table 11 Assessment of unidimensionality in SCREEN-Frail: model fit statistics 

 M2 df p-value RMSEA RMSEA_5 RMSEA_95 SRMSR TLI CFI 
stats 2720.74 20 <0.0001 0.082 0.079 0.085 0.062 0.835 0.882 

 
M2: Chi squared statistic 
RMSEA: Root Mean Square Error of Approximation; with lower bound (5th percentile) and upper bound (95th 
percentile) 
SRMSR: Standardized Root Mean Square Residual 
TLI: Tucker-Lewis Index 
CFI: Comparative Fit Index 
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5.5.2 Overlap of Abbreviated SCREEN Versions  
 

To make the at risk cut-point comparable for all three versions, SCREEN-8 and 

SCREEN-Frail had to have all questions unweighted; an ‘at risk’ £22 cut point was 

chosen to compare prevalence and overlap among the tools. The proportion of older 

adults at risk using the cut-point of £22 for SCREEN-8 was 42.1%, while for SCREEN-

Frail risk was 33.6% and the proportion of older adults at risk using the questions from 

SCREEN-IRT was 27.7%. Keeping with the same cut-point, the overlap of people ‘at 

risk’ between SCREEN-8 and SCREEN-Frail was 83.2%, while the overlap of older 

adults ‘at risk’ between SCREEN-8 and SCREEN-IRT was 90.6%. The overlap between 

SCREEN-Frail and SCREEN-IRT was 81.3%. Lastly, the overlap between all three 

versions was 77.4%. The visual representation of the overlap between the three 

versions is shown in Figure 11. Another visual to see the overlap of questions between 

the versions is shown in Table 12. Additionally, the kappa statistic was used to 

determine agreement on risk categorization for each version. The kappa statistic for 

SCREEN-8 compared to SCREEN-Frail using the weighted version for both (cut-point 

<38), had a kappa of 0.88 indicating almost perfect agreement. The kappa statistic for 

SCREEN-8 compared to SCREEN-IRT (cut-point £22), had a kappa of 0.80 indicating 

substantial agreement. Lastly, the kappa statistic for SCREEN-Frail compared to 

SCREEN-IRT (cut-point £22), was 0.83 indicating almost perfect agreement.  
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Figure 11 Venn-Diagram of the overlap of the three versions of SCREEN with the cut-
point of £22 
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Table 12 SCREEN Questions for Each Version 

SCREEN-14 
 

SCREEN-8 SCREEN-Frail SCREEN-IRT 
 

1) Weight 
change/intention/perception 

1) Weight change 1) Weight change 1) Weight change 

2) Skipping meals 2) Skipping meals 2) Skipping meals 2) Weight change 
intention 

3) Food avoidance 3) Appetite 3) Appetite 3) Skipping meals 

4) Appetite 4) Difficulty 
swallowing 

4) Difficulty 
swallowing 

4) Appetite 

5) Vegetable & fruit intake 5) Vegetable & fruit 
intake 

5) Difficulty 
chewing 

5) Vegetable & fruit 
intake 

6) Meat, egg, fish, poultry, tofu, 
bean, lentil, & nut intake 

6) Fluid intake 6) Meat, egg, fish, 
poultry, tofu, bean, 
lentil, & nut intake 

6) Fluid intake 

7) Dairy & soy intake 7) Eating with others 7) Dairy & soy 
intake 

7) Difficulty chewing 

8) Fluid intake 8) Meal preparation 8) Ability to 
grocery shop 

8) Ability to grocery 
shop 

9) Difficulty swallowing    
10)Difficulty chewing    

11)Meal replacement use    

12) Eating with others    

13) Meal preparation    

14) Ability to grocery shop    
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5.6 Discussion 
This study employed the Graded Response Model from the Item Response 

Theory to evaluate each question in SCREEN-14 from the database of the online 

platform Nutri-eSCREEN developed for screening for nutrition risk in community-

dwelling older adults, with the intention of creating an abbreviated version of SCREEN. 

Through item-level estimation of discrimination (slope) and location (b) parameters and 

though discussions with the research team, an eight-item measure was produced. 

Through comparing the IRT version to SCREEN-8 and SCREEN-Frail, it is evident that 

they are all very similar, although there are some notable differences. All of the brief 

versions of SCREEN cover the concept of nutrition risk, including weight change, food 

intake and risk for food intake items. Further, there is considerable overlap in items, 

resulting in high kappa statistics and proportion of overlap in the Venn diagrams. 

Additionally, there is an overlap of five questions between SCREEN-IRT and SCREEN-

Frail, resulting in a high association and almost perfect agreement between the versions 

indicated by the kappa statistic.  

Despite this notable overlap in item content and identification of those at risk, the 

model fitting analysis identified important differences for determining which tool should 

be used going forward as an abbreviated tool. SCREEN-8 and SCREEN-IRT were both 

found to have good fitting models. Yet, SCREEN-8 was shown through model fitting to 

be a slightly better model for fitting the construct of nutrition risk in this data set. 

SCREEN-8’s CFI was the highest meeting the good fit threshold of greater than 0.90 
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(Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006) whereas the other 

versions were below this threshold. When determining people deemed as ‘at risk’ 

SCREEN-8 also performed better than SCREEN-Frail and SCREEN-IRT finding 42.1% 

of older adults in this sample to be at risk. With screening tools, if sensitivity and 

specificity are not both high, it is better to choose cut points that screen people in as at 

risk (high sensitivity) rather than screening people out (high specificity) in clinical 

practice (Keller et al., 2005). Misclassification is important to avoid in any screening tool, 

but specifically avoiding a false negative as compared to a false positive. For SCREEN, 

a false negative could result in an older adult continuing with their current dietary 

patterns and not being offered services which could lead to worsening nutritional health 

(Reber et al., 2019).   

After completing this IRT analysis and the comparisons among the three 

versions, it is evident that it is appropriate to continue using SCREEN-8 in practice. The 

intent of this study was to see if there was a shorter or better version than SCREEN-8, 

and it proved that there is not. In the validity testing of SCREEN-14, SCREEN-8 was 

created though a mixed methods approach, where twenty-one dietitians ranked the best 

questions on the concept of nutritional risk and regression confirmed candidates for the 

inclusion of the shortened version (Keller et al., 2005). At the time of the creation of 

SCREEN-8, frailty was not well described in the literature. Thus, the exploration of a 

new version of SCREEN, with the concept of frailty in mind was undertaken. Frailty is 
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now of high importance and the population of older adults is rapidly increasing and 

frailty is becoming more prominent in the population (Canadian Frailty Network, 2019). 

The overlap between SCREEN-Frail and SCREEN-8 (83% of those at risk are the same 

and kappa= 0.78) suggests that SCREEN-8 is consistent with a version solely identified 

by expert opinion to be a potentially useful tool for identifying risk in older adults. 

Further, SCREEN-8 has documented construct, criterion and predictive validity in 

several studies to date (Keller & Trinca, 2023; Keller et al., 2005; Ramage-Morin et al., 

2017).  Despite the conclusion that SCREEN-8 is the best tool, this study provided more 

evidence to support the claim that SCREEN-8 is in fact the best brief model. 

 

5.6.1 Limitations 
 

The first limitation of this study is the sample chosen for analysis. Due to the self-

report nature of the Nutri-eSCREEN platform, users may have been misclassified as 

being a first-time user. This would mean potential replicates of individuals in the data set 

that could have potentially biased some of the data (Mazor et al., 2002) and result in 

lack of independence of some case observations. A limitation in this study is how the 

best IRT model was selected. There was only a discussion between two of the 

researchers (MJ and HK) and experts were not contacted to give their input on the best 

IRT model. There is a potential that HK is biased as HK created the original SCREEN 

tool, and MJ is an emerging researcher. Having expert opinion would help in 
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determining the best model.  Another potential limitation of this study is the lack of 

potential constructs for validation, as the survey only included age and sex (Flake et al., 

2017). Another limitation is that no gender identity questions were asked to the older 

adults on the Nutri-eSCREEN survey prior to the SCREEN questions. In future, gender 

identity is more relevant to collect than sex as nutrition behaviours are gendered e.g. 

grocery shopping. Lastly, there is no information on diversity collected in this sample of 

older adults, thus not having available rich data to understand who is completing the 

screening tool and if there was diverse groups in the dataset based on cultural food 

habits. 

5.6.2 Strengths 
 

A strength to the Nutri-eSCREEN dataset was the amount of people included 

(n=20,093). When conducting an analysis like IRT, the model is focusing on response 

patterns and the more participants you have the more patterns are possible. A big 

strength to the analysis was the usage of the IRT to identify an abbreviated version of 

SCREEN. This model is a better theory than others used in the past, such as Classical 

Test Theory, because the same items used in different samples will keep their statistical 

properties such as item discrimination and difficulty, and a person’s scores that 

represent the latent trait (nutrition risk) will not be dependent on the screening tool they 

use (either SCREEN-14 or other versions of SCREEN) (Zanon et al., 2016).  
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5.5 Conclusion 
 

This study analyzed the seventeen items in SCREEN-14 from the Nutri-

eSCREEN dataset and proposed a shortened version. A new brief version that was 

unique as compared to SCREEN-8 and SCREEN-Frail was identified, SCREEN-IRT. 

SCREEN-IRT and SCREEN-8 were similar in their model fit, although SCREEN-8 

identified more participants to be at risk, while SCREEN-IRT found the smallest 

proportion at risk. At this point SCREEN-8 can continue to be used with confidence, 

recognizing that it has strong parameters with respect to model fit as compared to 

SCREEN-IRT and SCREEN-Frail and no shorter version was identified with IRT. Future 

validation testing of SCREEN-IRT and SCREEN-Frail in different populations with a 

criterion is warranted.  
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CHAPTER 6: DISCUSSION 
 

6.1 Overview 
 
 In the past twenty years or so, there has been an increase in nutrition risk 

screening tools created in a variety of settings such as hospitals, community, 

rehabilitation, and long-term care (Power et al., 2018). It is widely acknowledged the 

importance of good nutritional status in the aging population to encourage the 

maintenance of health and delay the progression of disease (Russell et al., 2012).  

It is also becoming widely recognized that screening for nutrition risk is an important first 

step to identifying those who are at risk and so that the right nutritional care can be 

provided to improve outcomes such as frailty (Laur & Keller, 2017). Of the current 

screening tools in use that have undergone validation testing, none have evidence that 

they have been specifically validated in a frail population. One of the current screening 

tools, SCREEN-14 had the most evidence for validity for the community setting (Power 

et al., 2018). With this in mind, SCREEN was used in this research to further the 

application of this tool through validation for the community population of potentially frail 

older adults. The studies in this thesis were designed to evaluate content validity 

through expert opinion and construct validity to analyze item level characteristics of 

SCREEN-14, as well as selecting questions for inclusion in a brief version of SCREEN 

for a frail population. 
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6.2 Summary of Key Findings 
 
 Chapter 4 presents a Delphi study (n=18) to confirm and expand SCREEN for a 

frail population. This was completed through two-rounds of the Delphi, in which experts 

identified eight existing questions from SCREEN-14 as a potential subset to identify 

nutrition risk in frail older adults. Of the eighteen participants, twelve participants 

completed round one (27.9% response rate), and fifteen completed round two (34.9% 

response rate); nine out of the fifteen were consistent across rounds (60% of 

participants). The eight questions that were identified as ‘most important’ to include in 

the final set are: weight change, skipping meals, appetite, difficulty swallowing, difficulty 

chewing, protein intake, dairy and soy intake, and ability to grocery shop. As content 

validity has only been determined for SCREEN-Frail, further construct and criterion 

validation are necessary before this brief tool is used in practice.  

 Chapter 5 examines the item-level properties of SCREEN-14 from the Nutri-

eSCREEN dataset using IRT, specifically the GRM, with the aim of identifying items 

suitable for inclusion in a shortened version. The IRT version contained eight questions. 

Two versions of the IRT were derived from the dataset. The ages 75+ IRT was selected 

as the ‘better’ version because it provided better coverage of the core components of 

risk: weight change, reduced food intake and risk factors for poor food intake, and better 

IRCC plots and statistics. The age 74-84 and 85+ groups had the highest proportions in 

the responses that correlate with nutrition risk for all SCREEN-14 items. Meaningful 
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differences in total mean scores across age groups was also observed (p<0.0001). 

Differences in scores between sex were also observed in individual SCREEN items. 

The two new versions of SCREEN (SCREEN-Frail and SCREEN-IRT) were compared 

to SCREEN-8 to identify who is at risk among these three versions.  In SCREEN-8 

(unweighted) 42.1% were deemed as at risk with the cut-point of £ 22. With SCREEN-

Frail (created from Chapter 4), 33.6% were at risk and 27.7% with SCREEN-IRT using 

the same cut-point of £ 22. The overlap in identification of those at risk in all three 

versions using the same cut-point of £ 22 was 77.4%. Additionally, the proportion of 

overlap for people at risk between SCREEN-8 and SCREEN-Frail was 83.2%, between 

SCREEN-8 and SCREEN-IRT was 90.6%, and between SCREEN-Frail and SCREEN-

IRT was 81.3%. Items in the SCREEN-IRT demonstrate high item information at the 

lower end of nutrition risk, a high standard error at the higher end of nutrition risk. The 

model fit statistics for SCREEN-IRT had a RMSEA of 0.075 which signifies an 

acceptable fit for the model (between 0.05 and 0.08). The SRMSR = 0.05 signifies a 

good fit (< 0.08) (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006. The TLI 

at 0.868 was below and the CFI at 0.905 was above the ‘relaxed’ good fit threshold of 

greater than 0.90 (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 2006). Thus, 

demonstrating good model fit. Due to the results from the overlap of risk, it was decided 

to conduct the analysis of unidimensionality on the questions in SCREEN-8 and 

SCREEN-Frail. SCREEN-8 had a RMSEA = 0.064, which signifies an acceptable fit for 
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the model (between 0.05 and 0.08). The SRMSR = 0.046 satisfied the suggested cut-off 

value of <0.08 for good fit (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 

2006). The TLI at 0.878 was below and CFI at 0.913 was above the ‘relaxed’ good fit 

threshold of greater than 0.90 (Hu & Bentler, 1999; Sethar et al., 2022; Weston & Gore, 

2006). Indicating a good model of fit. Lastly, SCREEN-Frail had a RMSEA of 0.082 

which signifies a mediocre fit (between 0.08 and 0.10). The SRMSR = 0.062 satisfied 

the suggested cut-off values of <0.08 for good fit (Hu & Bentler, 1999; Sethar et al., 

2022; Weston & Gore, 2006). TLI at 0.835 and CFI at 0.882 did not meet at the ‘relaxed’ 

good fit threshold of greater than 0.90, demonstrating a mediocre model of fit. Further 

validation of SCREEN-IRT should be undertaken before it is considered for clinical or 

research purposes.  

 

6.3 Contribution to Current Knowledge  
 
 This research highlights the importance of having valid and reliable screening 

tools for nutrition risk in the frail older adult population. It is important to have valid tools 

to ensure accurate identification of those at risk (Power et al., 2018). The importance of 

continuing to test and adjust nutrition risk screening tools is to determine if they are 

applicable in diverse populations and contexts. A tool can never be fully valid in every 

population, but it is important to test the screening tool in a wide variety of populations 

but in particular those most at risk. The population that is ‘most at risk’ is the frail older 
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population. In current literature, there are no valid tools to use specifically in the frail 

community population. These studies largely contribute to considering if adjustments 

should be made to the SCREEN tool to focus on the frail population and those who are 

in the older range of older adults (75+). The versions of SCREEN (SCREEN-Frail and 

SCREEN-IRT) are brief versions of the full SCREEN-14, aligning with the principles of 

good screening practices as it is a quick and simple procedure (Public Health England, 

2022) that can be done at home or over the phone.  However, both versions have 

differences in item content, demonstrating how different development and testing 

methods can result in different questionnaires (see Table 12). When directed to 

consider frailty and identifying risk in those who are frail, experts highlighted food 

components of SCREEN that assessed protein and calcium intake. Further, they also 

chose four items that had previously been identified in SCREEN development to be 

essential for the determination of risk: weight change, skipping meals, poor appetite, 

and difficulty swallowing. In SCREEN-8 and now SCREEN-Frail, these items are 

double-weighted to give greater value to their determination of risk.  Notably, the 

statistical process for creating SCREEN-IRT only identified three of these essential 

items and added in intentionality of weight change as a key item. Similar to SCREEN-8, 

the only consumption items on SCREEN-IRT are fruit and vegetable and fluid intake, 

but risk factors are not consistent with SCREEN-8. SCREEN-IRT and SCREEN-Frail 

overlap on these risk factors that can impair food intake: chewing difficulty and grocery 
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shopping difficulty. These studies contribute to the growing evidence of nutrition risk 

screening tools in the community and demonstrate that the briefest a SCREEN 

questionnaire can be is eight items.  

 

6.4 Overall Strengths and Limitations 
 
 The studies in this thesis should be viewed with the understanding that every 

study has its flaws, but it is also having strengths that can outweigh the limitations.  

 Chapter 4 and Chapter 5, focused on evaluating questions in the full version of 

SCREEN. In Chapter 4, the Delphi study aimed at gathering expert opinion used as a 

content validation method to confirm questions to use in a group of frail older adults 

(Fink-Hafner et al., 2019). The greatest strength of this study was the opinion of experts 

on SCREEN for selection of the eight questions used to create SCREEN-Frail. The 

questions agreed upon had similarities as a previous validated version of SCREEN 

known as SCREEN-8 (Keller et al., 2005). In Chapter 5, the research used a more 

advanced modeling technique known as the IRT. The IRT has the strength to select 

questions on an item level rather than the tool as a whole. This allows for accurate 

interpretation to including the ‘best’ statistically sound questions in a refined and brief 

screening tool.  The large sample size (n=20,093 and aged 75+ n=2,749) is an added 

benefit to this IRT because the larger the sample size (>500) the more accurate the 

parameter estimates are (Jiang et al., 2016).  
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 The focus of Chapter 4 was gathering consensus thorough a Delphi method. 

One of the fundamental limitations of the Delphi is the results are based on the opinion 

of experts in the older adult nutrition community and not on primary data (Fink-Hafner et 

al., 2019; Hus & Sandford 2019). An additional limitation of this study is the lack of a 

diverse population of experts. The majority of the experts identified as white, women 

from either North America or Europe. In future, it would have added benefits to get a 

diverse population, although identifying these experts is the challenge. In Chapter 5, 

there was no information collected on the diversity of the population.  Thus, we are 

unaware of details on the population completing the survey, and thus have limited 

information and no knowledge of potential cultural habits and other factors that could 

influence nutrition risk.   

 
 

6.5 Implications of Findings 

 SCREEN was originally created over twenty years ago for research purposes 

(Keller et al., 2000). Since then, SCREEN is used in clinical practice and has been 

validated in a few settings, with the greatest evidence in community-dwelling older 

adults (Keller et al., 2005). SCREEN-8, due to its brevity and SCREEN-3 extended are 

preferred in clinical practice, while SCREEN-8 is used in epidemiological surveys like 

the Canadian Longitudinal Study on Aging. These two studies continued to improve the 

knowledge of SCREEN with the addition of two new versions. Beginning from Chapter 
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4, the results of the Delphi, showed that no major changes needed to be done on 

SCREEN-14, only certain questions could be excluded for the frail population. Despite 

asking experts about the addition of supplementation questions around Vitamin D and 

calcium, consensus was not achieved on these additions to the current tool. 

Additionally, four of the eight questions from SCREEN-Frail (Delphi version), are the 

same four questions that are double weighted from SCREEN-8, confirming the 

importance of these items for determining nutrition risk. Moving to Chapter 5, the ‘best’ 

version of the IRT also had a total of eight questions. With all three versions having 

eight questions the goal of attaining a briefer tool than SCREEN-8 in these studies was 

not achieved. Considering the importance of ‘screening in’ in community-settings, 

SCREEN-8 was the best version among the three as the most participants were 

identified to be ‘at risk’ (42.1%) with this version. SCREEN-IRT was better at screening 

out participants with a prevalence of risk at 27.7%. Clinical sites would likely prefer to 

use SCREEN-IRT, as there are concerns about over identifying risk, resulting in 

overuse of scarce dietitian resources (Keller et al. 2005). Both the SCREEN-IRT and 

SCREEN-8 resulted in good fitting models, when considering model fitting statistics 

(RMSEA, SRMSR, TLI and CFI), but the SCREEN-Frail had a mediocre fit. Further 

criterion validation, specifically of SCREEN-IRT, is warranted based on these results to 

determine if it is a better brief version than the currently available SCREEN-8.   
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6.6 Conclusion 

 The two studies in this thesis emphasize the importance of having valid and 

reliable tools to use in screening for nutrition risk in a community-dwelling frail older 

adult population. As the population is rapidly aging, easy to use and brief tools that 

target nutrition risk identification to those most in need of further evaluation are required. 

These studies helped to identify two separate potential versions of SCREEN through 

different methods. The different versions both contained eight questions as does 

SCREEN-8. Prevalence of risk varied with these tools, suggesting differences that need 

to be further explored. Both SCREEN-8 and SCREEN-IRT had good/adequate fitting 

models, suggesting minimal differences at this stage. Further validation of SCREEN-IRT 

is required before considering it for use in clinical and research settings. As no shorter 

tool was identified and SCREEN-8 held up in model fitting, it can be concluded that 

SCREEN-8 is sufficient for screening community-dwelling older adults. It cannot be 

concluded that SCREEN-8 is sufficient for frail older adults because no measure of 

frailty was in Nutri-eSCREEN or in the creation of SCREEN-8. Although, due to the 

effort of implementing SCREEN-8 in practice and the extensive validation and reliability 

testing of this version, significant justification (e.g. lower prevalence and better validity in 

different populations) beyond these two studies would need to be shown to propose 

SCREEN-IRT as an improvement on SCREEN-8.  
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APPENDIX 2 – RECURITMENT MATERIAL 
 
Email Recruitment for both Rounds of Delphi 

 
Study Title: Confirming and Expanding SCREEN for a frail population: a DELPHI 
study 
 

First round of DELPHI [sent from H Keller email] 
EMAIL Subject line: INVITATION to Expert consensus group for SCREEN and frail 
populations 
This email is being sent on behalf of the researchers.  
You have been identified by the investigators of this study (Professor Heather Keller, 
Meagan Jackson, Sharon Kirkpatrick, and Alex Wong of the University of Waterloo) as 
someone who has made contact with Professor Keller about SCREEN or used 
SCREEN (Seniors in the Community Risk Evaluation for Eating and Nutrition) in your 
practice and/or research to identify nutrition risk of older adults living in the community. 
We are conducting a DELPHI study to determine expert opinions on if and how we 
should revise SCREEN to ensure we are identifying the nutrition risk factors common to 
older adults living with frailty in the community.  
A DELPHI study usually involves two or three rounds of focused questions to gain 
insight from experts and build consensus on a topic.  
What is being asked of me: 
The DELPHI survey will be conducted online. We anticipate that the first round of the 
survey will take approximately 20 minutes to complete. You will be provided 
approximately a two to three week period to complete each round of questions. If you 
need more time, we can extend this for you. We anticipate that the 2nd and if necessary, 
3rd round of questions will be shorter than the first. We will continue to send out 
invitations for all rounds regardless of your participation in a prior round. If you wish to 
not receive these invitations, please email the graduate student on this project at 
Meagan.jackson@uwaterloo on this project to indicate you wish to no longer receive 
further emails.  
We will ask demographic questions such as gender, age group, race, ethnicity, region of 
the world you work/live in and how you have used SCREEN in the past in order to 
describe our experts.  
Attached is an information letter that provides further details on this DELPHI study.  
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Please note that further communications around this study will be conducted by 
the graduate student Meagan Jackson to keep your identity confidential from the 
other investigators.  
Please click the following link [link to be inserted here] to be directed to an external 
platform, Qualtrics, to complete the online survey. 
Please complete this round of the DELPHI by March 19th 2023.  
If you need more time to complete this survey, please email the graduate student 
Meagan Jackson (meagan.jackson@uwaterloo.ca) to receive an extension.  
 
If you have any questions, please contact Professor Keller at hkeller@uwaterloo.ca or 
519 888 4567 ext 41761 
 
This study has been reviewed and received ethics clearance through a University of 
Waterloo Research Ethics Board (REB#44963). 
Thank you in advance for your interest in this study! 
 
 

Second Round of DELPHI {Sent from M Jackson Email} 
 
EMAIL Subject line: Round 2 survey: Expert consensus group for SCREEN and 
frail populations 
 
Thank you for participating in the DELPHI survey being used to determine your expert 
opinion on how we should revise and improve SCREEN to capture the nutrition risk of 
frail older adults living in the community.  
We are now at the 2nd round of the survey. This series of questions is shorter than the 
last version you completed. We expect the survey will take approximately 15 minutes to 
complete.  
The link for this round of the survey is here XXXXX 
 
Please complete this round by May 5th 2023.  
If you need more time to complete this survey or would like to be removed from the 
expert invitation list, please let me know by responding to this email 
(meagan.jackson@uwaterloo.ca).  
If you have any questions about the study in general, please contact Professor Keller at 
hkeller@uwaterloo.ca or 519 888 4567 ext 41761 
 

mailto:meagan.jackson@uwaterloo.ca
mailto:hkeller@uwaterloo.ca
mailto:meagan.jackson@uwaterloo.ca
mailto:hkeller@uwaterloo.ca
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This study has been reviewed and received ethics clearance through a University of 
Waterloo Research Ethics Board (REB#44963). 
 
Thank you very much for your continued interest in improving SCREEN! 
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APPENDIX 3 – STUDY INFORMATION LETTER AND 
CONSENT INDICATION 

 
Information Letter  
 

FACULTY OF HEALTH | Department of Kinesiology and Health Sciences 
519-888-4567 | fax 519-888-4666 | uwaterloo.ca/kinesiology-health-sciences 

 
 
 
 
Title of the study: Confirming and Expanding SCREEN for a frail population: a 
DELPHI study 
 
 
Investigators: Professors Heather Keller, Sharon Kirkpatrick and Alex Wong 
(University of Waterloo) 
Student investigator: Meagan Jackson (University of Waterloo) 
 
This letter explains what the study is about, possible risks and benefits, and your rights 
as a research participant. If you have any questions about the study, please contact 
Heather Keller at hkeller@uwaterloo.ca 
 
What is the study about? 
You are invited as an expert to help us determine if and how SCREEN (Seniors in the 
Community Risk Evaluation for Eating and Nutrition) should be revised to better capture 
the nutrition risk of older adults who are frail. To determine your expert opinion, we are 
conducting a DELPHI survey. DELPHI surveys involve a small number of experts (<30) 
and typically require two or three rounds of questionnaires to determine consensus on 
an issue. For this study, we hope to confirm what items on SCREEN are most relevant 
for frail older adults, if new questions are required and what the content of these 
questions may be.  
 
Who should participate? 
Experts who have used SCREEN in their clinical practice or research have been invited 
to participate. We anticipate 2 or 3  rounds of questions for this DELPHI study. We will 
email you the links for the subsequent questionnaires when they are ready and give you 
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a deadline of 2-3 weeks for completion. If you need more time to complete the survey, 
please let us know. If you wish to stop receiving invitations to participate in the survey, 
you can let the graduate student investigator know by email at 
m23jackson@uwaterloo.ca 
 
What does participation involve? 
Participants are invited to complete up to three short (~ 15- 20 minutes) online 
questionnaires on SCREEN. The first survey will be slightly longer than subsequent 
ones at about 20.  We will ask demographic questions such as gender, age group, 
race/ethnicity, region of the world you live in and how you have used SCREEN in the 
past in the first questionnaire. This information will help us describe our experts.  
 
Survey questions are focused on your thoughts and opinions as an expert who has 
used SCREEN in the past for clinical practice or research. For example, should 
questions be removed to help focus SCREEN further for frail older adults, or are new 
questions required? Open text responses will be used to help us develop the questions 
for the subsequent rounds. When providing your consent to the study, we will also 
request that you provide consent for the use of any quotes from these open text 
responses, to be used in presentations or manuscripts resulting from this research.  
 
If we find we have consensus on most or all aspects on this issue after the 2nd round, 
there will not be a third round of questions.  
  
The online survey will be conducted in English.  
 
 
Is participation in this study voluntary? 
Participation in this study is completely voluntary and you may stop at any time. If you 
decide to stop once the survey has begun, please exit out of the program by closing the 
browser window or your internet browser. Demographic questions will have a “prefer not 
to answer” option. Once your answers are submitted, data cannot be withdrawn as it is 
de-identified. 
 
After this information letter is an opportunity for you to indicate your consent to 
participate in the study and also to provide consent for the use of quotes from your open 
text responses.  By providing your consent, you are not waiving your legal rights or releasing 
the investigator(s) or involved institution(s) from their legal and professional responsibilities. 
 
Will I receive anything for participating in this study? 
We will be happy to share with you the results of this DELPHI study. 
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What are the possible benefits of this study? 
This study will not provide any personal benefit to you. The information collected from 
this study will aid in revising SCREEN to be a better tool for targeting nutrition risk in 
frail older adults living in the community. 
 
What are the risks associated with this study? 
As a person who has used SCREEN in the past, you may know or have work 
relationships with the co-investigators. To prevent any concern you may have about the 
co-investigators treating you differently as a result of completing or not completing the 
survey, we are not collecting identifying information such as your email or name on the 
survey. All data are de-identified. Further, the graduate student Meagan Jackson will be 
the only individual interacting with the data and summarizing this for the co-
investigators. If you decide to stop participating after the first questionnaire, only the 
graduate student will know this. To further ensure confidentiality, this student will 
remove all demographic information from survey responses and put these in a separate 
file for descriptive analyses.  
 
What are the risks associated with an online survey? 
You will be completing the study through an online survey operated by Qualtrics. 
Qualtrics has implemented technical, administrative, and physical safeguards to protect 
the information from loss, misuse, and unauthorized access, disclosure, alteration, or 
destruction. However, no Internet transmission is ever fully secure or error free.  
 
Please Note: We do not collect or use internet protocol (IP) addresses or other 
information which could link your participation to your computer or electronic device. 
 
Will my identity be known to others? 
As survey responses are de-identified, you will not be identifiable from your submitted 
questionnaires. We will report the number of experts by their gender, ethnicity/race, age 
group, and region of the world, as well as by how they have used SCREEN in the past.  
 
Any quotes that may be used from open text responses in results presentations or 
manuscripts will be identified by a participant number code. 
 
Will my information be kept confidential? 
Survey responses are de-identified, they are not linked to your email or name. Data 
collected through this study will be kept for a period of at least 7 years on a password 
protected server at the University of Waterloo.  
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Who is sponsoring/funding this study? 
This study is funded by the National Research Council of Canada as part of project led 
by Dr. Alex Wong at the University of Waterloo.  
 
How can I find out about the results from this study? 
You may obtain information about the final results of this study from Professor Keller by 
emailing hkeller@uwaterloo.ca 
 
Has this study received ethics clearance? 
This study has been reviewed and received ethics clearance through a University of 
Waterloo Research Ethics Board (REB #44963). If you have questions for the Board, 
please contact the Office of Research Ethics, at 1-519-888-4567 ext. 36005 or 
reb@uwaterloo.ca. 
 
Who should I contact if I have questions regarding my participation in the study? 
 
If you have any questions regarding this study please contact Professor Heather Keller 
hkeller@uwaterloo.ca or 519 888 4567 ext 41761.  
 
 
 
Sincerely, 

 
Heather Keller RD, PhD, FDC FCAHS 
Professor and  
Schlegel-UW Research Chair Nutrition & Aging 
 
          

  
 

mailto:hkeller@uwaterloo.ca
mailto:hkeller@uwaterloo.ca
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Consent Forms  
Electronic Consent 
I agree to participate in the research study and complete this online survey. I 
understand the purpose and nature of this study and I am participating voluntarily. I 
understand that I can withdraw from the study at any time, without any penalty or 
consequences. If I have submitted my answers, I understand that these cannot be 
withdrawn as they are de-identified.  
Clicking on the “I agree” button below indicates that you have read the above 
information and you voluntarily agree to participate. By agreeing to participate in the 
study you are not waiving your legal rights or releasing the investigator(s) or involved 
homes(s) from their legal and professional responsibilities. If you decide to discontinue 
participation once the survey has begun, please exit out of the program by closing this 
window or your internet browser. 
 
  
[  ] I agree to participate 
[  ] I do not want to participate 
 
I understand that some of the open text comments may be used verbatim for research 
presentations or manuscripts, but that these will be de-identified by using a participant 
number. By clicking on the “I provide consent” button below I am indicating that I am 
aware of this potential for use of quotes based on my data and provide my consent.  
 
[  ] I provide consent for my quotes to be used for research publications 
[  ] I do not want my open text material used for quotes in research publications 
 
 

 

` 
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APPENDIX 4 – STUDY SURVEYS 
 
 
 

Delphi Questions Round 1 
 
Question 1 
How confident are you that the current SCREEN-14 can identify nutrition risk in frail 
older adults living in the community (e.g., retirement homes, living in their own home) 
(1=not confident, 7= very confident) 
 
Comments: 
 
Question 2  
For each of the SCREEN-14 questions/sub-questions below, please indicate if you think 
this question is unnecessary, somewhat necessary, or absolutely necessary to identify 
nutrition risk in frail older adults. [matrix question with responses as column dial buttons; 
SCREEN questions as rows) 
 
 
Comments: 
 
 
 
Question 3  
For each of the SCREEN-14 questions/sub-questions below, please indicate if you think 
this question would be triggered (i.e., the person will receive a low score, indicating risk 
for this item) in frail older adults. [matrix question with responses as column dial buttons; 
SCREEN questions as rows] 
 
 
Comments: 
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Question 4 
To what extent do you think the current questions on high protein foods and use of milk 
products or fortified soy beverages adequately determine potential risk in frail older 
adults due to low protein intake? 
(1= not adequate, 7= very adequate) 
 
Comments: 
 
Question 5 
To what extent do you think the current question on use of milk products or fortified soy 
beverages adequately determines potential risk in frail older adults due to low calcium 
intake? 
(1= not adequate, 7= very adequate) 
 
Comments: 
 
Question 6 
To what extent do you think the current question on use of milk products or fortified soy 
beverages adequately determines potential risk in frail older adults due to low vitamin D 
intake? 
(1= not adequate, 7= very adequate) 
 
Comment:  
 
Question 7 
If we are aiming to ensure that SCREEN identifies nutrition risk in older adults who are 
frail, are there any questions you would change? 
 
Open text box 
 
Question 8 
If we are aiming to ensure that SCREEN identifies nutrition risk in older adults who are 
frail, are there any questions you would add to this screener? For example, would a 
vitamin supplement question help to determine vitamin D intake? 
 
Open text box 
 
 
Do you have any further comments about nutrition risk and frailty in community living 
older adults? 
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Open text box 
 
Demographic questions 
 
Please respond to the following questions to help us understand the characteristics of 
our expert group. Please note that your responses to these questions will not be linked 
with your responses to the prior questions on SCREEN-14. If you prefer not to answer, 
please use that option.  
 
I use SCREEN in (check all that apply) 
 My clinical practice with older adult clients 
 My research 
 As part of managing others to conduct nutrition screening 
 I have not yet used SCREEN in research or practice 
 Other, Please describe 
 Prefer not to answer 
 
What region do you work in? 
 Canada 
 Other North America 
 South America 
 Central America 
 Caribbean 
 Central and South Asia 
 Northeastern Asia 
 Southeastern Asia 
 Australia and Oceania 
 Europe 
 Middle East 
 Africa 
 Prefer not to answer 
  
 
What age group do you belong to? 

o 20-25 years 

o 26-39 years 

o 40- 55 years 
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o 56+ years 

o Prefer not to answer  

What is your gender? 

o Man/Transgender man 

o Woman/Transgender Woman 

o Gender Variant / Non-conforming/Non-binary 

o Not listed [open text response] 

o Prefer not to answer  

Which of the following best describes your racial or ethnic background? [select all 

that apply  

o Asian - East (e.g., Chinese, Japanese, Korean)  

o Asian - South (e.g., Indian, Pakistani, Sri Lankan)  

o Asian - Southeast (e.g., Malaysian, Filipino, Vietnamese)  

o Black - African (e.g., Ghanaian, Kenyan, Somali) 

o Black - Caribbean (e.g., Barbadian, Jamaican)  

o Black - North American (e.g., Canadian, American)  

o First Nations  

o Indian - Caribbean (e.g., Guyanese with origins in India)  

o Indigenous/Aboriginal not included elsewhere  

o Inuit  
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o Latin American (e.g., Argentinean, Chilean, Salvadorian)  

o Métis  

o Middle Eastern (e.g., Egyptian, Iranian, Lebanese)  

o White - European (e.g., English, Italian, Portuguese, Russian)  

o White - North American (e.g., Canadian, American)  

o Prefer to self-describe as ____________ 

o Prefer not to answer  

o Do not know 

 

 Delphi Questions Round 2 
 
First page of the Delphi Questionnaire #2 
 
Thank you for helping us to refine the SCREEN (Seniors in the Community Risk 
Evaluation for Eating and Nutrition) nutrition risk questionnaire. The first round of the 
Delphi survey completed in March, 2023 provided valuable insights on how we can 
refine SCREEN to identify nutrition risk in frail older adults. This second and last Delphi 
survey will help us to confirm these refinements.  
 
From the first round of the Delphi survey, we have identified a subset of SCREEN items 
as most relevant when determining nutrition risk in a frail older adult. We will ask you to 
confirm your agreement on these items. We will also ask you to confirm some new 
questions that were recommended.  
 
Some suggestions were outside of the scope of the current project. Although we are 
grateful for all the feedback provided, we will not be seeking consensus on those ideas 
at this time. 
 
Here is a link to the SCREEN-14 questionnaire if you would like to review this nutrition 
risk tool before answering the following questions.  
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Question 1 
Below is a minimum set of SCREEN items that most round 1 respondents indicated 
should be included in a shorter version of SCREEN to identify nutrition risk in frail older 
adults.  
 
Please indicate if you think each item should be included in or excluded from a 
minimum set of SCREEN questions to identify nutrition risk in frail older adults.  
 
Question 2  
Below are the remaining SCREEN-14 questions that were not selected as absolutely 
necessary by a high proportion of round 1 respondents.   
 
Please indicate if you think each item should be included in or excluded from a 
minimum set of SCREEN questions to identify nutrition risk in frail older adults.  
 
 
Question 3  
Some participants identified that a question on vitamin D Supplement intake would be a 
useful addition to a shorter version of SCREEN to identify nutrition risk in frail older 
adults. 
 
For identifying nutrition risk in frail older adults, do you think a new question on vitamin 
D supplementation in SCREEN is necessary … (on a scale of 1-7)  
 
 
Question 4 
Some participants identified that a question on calcium supplement intake would be a 
useful addition to a shorter version of SCREEN to identify nutrition risk in frail older 
adults. 
 
For identifying nutrition risk in frail older adults, do you think a new question on calcium, 
supplementation in SCREEN is necessary … (on a scale of 1-7) 
 
 
Question 5 
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Below are two questions [A) and B)] asking about vitamin D supplementation. Please 
identify the one you prefer in the box below and suggest any changes in wording.  

A) If you take a daily supplement with vitamin D, what is the 
dose?  
4□more than 1000IU.   
3□ 1000IU.  

2□ 400- 999IU 
1□ lless than 400IU 
0□ do not take a vitamin D supplement 

 
 

B) Do you take a Vitamin D supplement? 
  4□Yes.   

1□ Not sure. 
0□ No. 

 
 
Question 6 
Below are two questions [A) and B)] asking about calcium supplementation. Please 
identify the one you prefer in the box below and suggest any changes in wording.  
 

A) If you take a daily supplement with calcium, what is the 
dose?  
4□more than 800 mg    
3□ 501- 799 mg  

2□ 250- 500 mg 
1□ less than 250 mg 
0□ do not take a supplement with calcium 
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B) Do you take a calcium supplement? 
  4□Yes.   

1□ Not sure. 
0□ No. 

 
 
Question 7 
Do you have any further comments about using SCREEN to identify nutrition risk in frail 
older adults? 
 
Open text box 
 
 
 
 
 
 
 
 
 
 
 

 


