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ABSTRACT 

 

EVALUATION OF DIET QUALITY MEASUREMENT INSTRUMENTS INFORMED BY 

ITEM RESPONSE THEORY  

 

Jeehyun Lim                                               Advisor: 

University of Guelph, 2017                                   Dr. P. Brauer 

 

Item Response Theory (IRT) is one of measurement validity methods and used for evaluating item 

difficulty and item discrimination of measurement scales. The purpose of this secondary analysis 

was to evaluate Canadian Healthy Eating Index (HEI-C) and Mediterranean Diet Score (MDS) 

informed by IRT methods, which were used in the CHANGE study. A total of five HEI-C 

components showed ceiling or floor effects indicating item difficulty. Total fruits and vegetables 

and milk and alternatives showed relatively clear discriminations regarding the level of relative 

nutrient intakes and those changes over three months. MDS provided weak information regarding 

nutrient intakes except for fruits and vegetables. Modified version of MDS had weak associations 

with relative HEI-C components and nutrient intakes. In conclusion, HEI-C and MDS indicated 

weak discriminations against nutrient intakes except for some components, however this research 

provides some ideas for developing and evaluating a new assessment tool informed by IRT. 
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Overview of Study Rationale 

Metabolic syndrome (MetS) is a cluster of risk factors for cardiovascular disease and 

diabetes, and its prevalence in Canada is approximately 20% and higher in older age groups 

(Statistics Canada, 2015). Its criteria are higher waist circumstance, elevated blood pressure, 

increased fasting glucose level, higher triglyceride level, and lower high-density lipoprotein 

cholesterol (Alberti et al., 2009). Definitions vary to some degree; however, according to the 

International Diabetes Federation, if an individual has a higher waist circumference and two 

additional criteria, he or she is diagnosed as having MetS (Beilby, 2004).  

Dietary counselling for MetS is complicated to apply since each patient has different 

priorities and clinical concerns (Royall et al., 2014). Differing dietary strategies have been 

developed for each of the constituent features, and it is unclear which are most beneficial, either 

alone or in combination. Thus, specific and clear guideline for food behaviour change strategies 

are needed. 

To counsel successfully, dietitians need information on food intake, dietary patterns, and 

many aspects of lifestyle, skills, and preferences. Various health behaviour change theories or 

models guide the counselling process. Dietitians apply such evidence-based frameworks to their 

counselling in order to improve and predict the clients’ expected food behaviour changes. Eating 

patterns among individuals also vary substantially, especially in countries such as Canada where 

people eat out often and a wide variety of fresh and processed food is available. Assessing diet in 

the MetS counselling context is therefore challenging.  

There are two goals in assessing diet in the counselling context. The first goal is to 

assess an individual’s diet relative to their peers in the population or against some standard. The 
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second goal is to be able to assess change in diet intake or other outcomes as a result of 

counselling 

Currently, many individual dietary assessment tools such as 24 hour recalls, food 

frequency questionnaires, food diaries, Health Eating Index (HEI), and Mediterranean Diet Score 

(MDS) are available to assess nutrient intake, food patterns, and/or diet quality. Dietitians in 

practice typically assess clients’ or patients’ diets using multiple methods, often using 24 hour 

recalls and food histories (Bonilla et al., 2016). These may be analysed qualitatively or 

quantitatively, but typically result in lists of many nutrients.  

Newer tools, especially diet quality indices such as HEI and MDS, have potential 

advantages as they provide single numeric scores for a diet that can be used to categorize diet 

quality. This would be useful in comparing diets of individuals to groups and in assessing dietary 

change over time. HEI has been associated with risks of chronic diseases in epidemiologic 

studies (Liese et al., 2015; Yu et al. 2015). MDS was used in one large study of diet counselling 

in MetS (Panagiotakos, Ptsavos, & Stefanadis, 2006). More work is needed to determine if such 

diet quality indices will be useful in assessing eating behaviour changes in MetS counselling 

practice.  

Traditionally in diet assessment validation studies, a new tool is assessed against a more 

detailed and presumably more accurate diet assessment method that reflects longer term intake, 

using correlation and/or regression analysis, comparing nutrient intakes by two methods. For 

example, nutrient intakes from food frequency questionnaires have often been validated against 

multiple-day food records. With diet quality tools, such as HEI and MDS, scores are assigned to 

intakes of selected foods, requiring additional approaches in assessing validity.  
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One aspect in assessing validity is to assess the degree to which scoring of the tools 

reflects differences in relevant food behaviours and corresponding nutrient intakes. Previous 

work by our group has indicated that scoring is moderately associated with intake of some 

relevant nutrients, but not overall energy (Rodrigues, MSc thesis). These dietary assessment tools 

need to be evaluated for ability to “capture” food behaviour changes associated with counselling 

for MetS.  

Among possible approaches to assessing validity, item response theory analysis (IRT) 

may be a useful approach. IRT provides information how a test item relates to latent traits such 

as knowledge, self-efficacy, etc. and has been used extensively in education and psychology. Use 

of IRT type approaches may indicate how each component of diet quality indices discriminate 

food behaviour changes. Item difficulty and item discrimination are salient aspects of IRT. Item 

difficulty means the level of difficulty of an item. For example, if no one scores on a diet quality 

item OR everyone scores, then the item cannot help distinguish among people at baseline (floor 

and ceiling effects). Item discrimination indicates the ability of a diet quality item to discriminate 

better or worse food behaviour changes (or item responsiveness). Thus, in this thesis, IRT 

approaches are used to assess two diet quality tools against nutrient intake as measured by 24 

hour recall in a secondary analysis of the dietary data from an intervention study for MetS.  

Objectives 

1. To examine floor and ceiling effects of Canadian Health Eating Index (HEI-C) component scales 

at baseline. 

2. To examine item characteristics of HEI-C relative to key nutrient intakes from 24-hour recalls 

at baseline using simple IRT methods 
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3. To examine responsiveness of changes in HEI-C relative changes in key nutrients for convergent 

validity  

4. To examine the inter-method reliability of MDS criterion scoring relative to key nutrients  

5. Exploration of possible options to improve validity of MDS to capture changes in food 

consumption by comparing modified scoring to HEI-C and key nutrients.   

These analyses will be reviewed and interpreted to develop recommendations for modifying key 

components of either or both HEI and MDS in further development of diet assessment tools for 

assessing food behaviour change in future studies.  
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Literature Review 

In this literature review, key concepts of diet assessment, overview of the current project, 

and review of concepts of IRT will be introduced. First of all, the overview of MetS, its 

prevalence in Canada, etiology, and treatment in terms of lifestyle modifications will be 

explained. Second, the relationship between diet and MetS will be discussed. This part, 

especially, will be focused on what kind of dietary patterns are related to MetS based on 

observation or intervention studies. Third, individual dietary counselling models and theoretical 

models which currently apply to dietary counselling will be introduced. Fourth, dietary 

assessment tools which are frequently used by registered dietitians (RDs) and their pros and cons 

will be discussed. Fifth, the current project, Canadian Health Advanced by Nutrition and Graded 

Exercise study, will be briefly mentioned. Lastly, the key methodology, item response theory 

(IRT), and dietary research using IRT will be introduced.  

Metabolic Syndrome 

 Definition and diagnosis. MetS is a clustering of risk factors for cardiovascular disease 

(CVD) and diabetes (DM), including increased waist circumference (WC), elevated blood pressure 

(BP), increased fasting blood glucose (FBG), increased blood triglycerides (TG) and reduced high-

density lipoprotein cholesterol (HDL-C) (Alberti et al., 2009). Several groups have developed 

criteria for diagnosing MetS, and Table 1 shows thresholds of each component classified by two 

organizations and harmonized criteria. According to The National Cholesterol Education 

Program's Adult Treatment Panel III report (ATP III), when patients have at least 3 components, 

MetS is diagnosed (Beilby, 2004). The definition of MetS by International Diabetes Federation 

(IDF) differs somewhat from ATP III; IDF defines MetS as central obesity with two additional 

components (IDF, 2006). The harmonized definition requires only any three criteria (Alberti 2009).  
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Table 1. Diagnostic standards of ATP III and IDF (Beilby, 2004; IDF, 2006; Alberti, 2009) 

Components Adult Treatment 

Panel III 

International 

Diabetes Federation 

Unified criteria 

(Alberti, 2009) 

Waist 

Circumstance* 

Male >102cm  

Female >88cm 

 Male ≥102cm 

Female ≥88cm 

Triglycerides ≥1.7mmol/L ≥1.7mmol/L ≥150mg/dL 

(1.7mmol/L) 

High-density 

lipoprotein 

cholesterol 

Male <1.04mmol/L 

Female <1.30mmol/L 

Male <1.03mmol/L 

Female <1.29mmol/L 

Male <40mg/dL  

(1.0 mmol/L) 

Female <50mg/dL 

(1.3mmol/L) 

Blood pressure ≥130/85mmHg ≥130/85mmHg ≥130/85mmHg 

Fasting glucose ≥6.1mmol/L ≥5.6mmol/L ≥100mg/dL 

* Waist circumstance (WC) is followed by population- and country-specific definitions; the 

threshold of WC above is for Canadian population and proposed by Health Canada (Alberti, 2009). 

Prevalence of metabolic syndrome in Canada. According to Statistics Canada, 

approximately 21% of adults aged 18 to 79 have MetS, and its prevalence is increased in older age 

groups (2015). Based on the Canadian Health Measures Survey 2012 to 2013, the prevalence of 

MetS is less than 13% in 18 to 39 year olds, 25% in 40 to 59 years old, and approximately 40% in 

60 to 79 year olds (Statistics Canada, 2015). In addition, the indicators of MetS differ by age. 

Adults 18 to 39 years old with MetS have high WC, high TG, and low HDL-C predominantly, but 

the proportion with high FBG and elevated BP are very low in this age group. Among older 

individuals, high WC, higher FBG and elevated BP become more prominent (Statistics Canada, 

2015). This may reflect differences in etiology and prognosis, and is under active study. 

 Etiology and consequences of metabolic syndrome. The rising prevalence of 

overweight and obesity in Canada has adverse consequences for a substantial subset who will 

develop features of MetS over time. It has been observed over many studies that these people 

have central obesity, and insulin resistance (IDF, 2006; Standl, 2005). In addition, they develop 

various combinations of hypercholesterolemia, hypertriglyceridemia, or low level of HDL-C 
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(Standl, 2005). Furthermore, obesity, especially central obesity, is highly correlated with 

hypertension (HTN) and hyperglycaemia (IDF, 2006). The MetS is common in Caucasian 

populations but is also emerging in other ethnic groups, although patterns of specific indicators 

may differ.  For example, according to Standl (2005), Asian populations tend to show higher 

prevalence of DM, higher level of BP, serum fasting glucose and insulin level, TG, and lower 

level of HDL-C with higher waist-hip ratios compared to European populations at relatively 

lower body weights. The relative importance of abdominal fat versus insulin resistance in 

etiology remains controversial. Insulin resistance leads to hyperglycemia, hyperinsulinemia, and 

type 2 diabetes (T2DM) (IDF, 2006). If body cells become less sensitive to insulin, the level of 

serum glucose will be increased; at the same time, the pancreas must make more insulin to 

maintain a normal glucose level; however, over time the pancreas may have limited capacity, and 

hyperglycemia may result (IDF, 2006). Lastly, low physical activity leads to retaining body fat; 

consequently, it can cause excess weight and a proportion of people will tend to accumulate fat 

in the abdominal area. Physical activity also promotes movement of glucose into cells by non-

insulin dependent mechanisms, so clearly physical activity levels will also influence 

development of the syndrome (IDF, 2006; Standl, 2005). At the individual level, we cannot 

currently predict who will develop MetS in middle-age. 

 According to Ninomiya (2004), CVD risks are significantly increased when these risk 

factors coexist, and people with MetS have a higher incidence and prevalence of coronary heart 

disease, stroke and cardiovascular mortality (Ninomiya, 2004; Standl, 2005). Moreover, at the 

population level people with MetS have five times higher prevalence of DM, and presence of 

MetS is an independent predictor of DM and CVD (Stern, Williams, González-Villalpando, 

Hunt, & Haffner, 2004). We cannot, however, currently accurately predict which individuals will 
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develop these clinical diseases and aim to treat those at risk. 

Treatment for Metabolic Syndrome  

 Primary treatment for MetS is mainly lifestyle intervention such as dietary intervention 

and/or increased physical activity, coupled with specific medication to treat relevant risk factors 

such as hypertension (IDF, 2006; Magkos, Yannakoulia, Chan, & Mantzoros, 2009). Increasing 

physical activity with moderate intensity leads to modest weight loss, reduction in waist 

circumference, improvement of insulin sensitivity, increase in HDL-C, reduction in TG, and 

improvement of BP including both systolic and diastolic BP (Leiter et al., 2011; Magkos et al., 

2009). Likewise, calorie restriction and weight loss in the range of 5 to 10% is beneficial, with 

improvement in blood glucose levels, insulin sensitivity, and improvement of the lipid profile 

and BP (Leiter et al., 2011). Moreover, dietary composition modification such as a low salt diet, 

low fat diet, or low carbohydrate diet will also have a favourable impact, depending on the risk 

factor profile (IDF, 2006; Leiter et al., 2011; Magkos et al., 2009).  

Medications for risk factors are generally the same in MetS as for the risk factors when 

MetS is not present. Review of medications is beyond the scope of this work and will not be 

reviewed.  

With the many risk factors involved, as well the many possibilities for effects of 

different approaches to diet and exercise, determining the best approach for a particular patient 

has been challenging. The following sections focus on dietary aspects. First, population 

association studies will be reviewed, followed by review of the large dietary intervention studies 

focusing on prevention of CVD and DM.   
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Diet and Metabolic Syndrome  

 Dietary patterns from observational studies. The Framingham Nutrition Study was a 

secondary study of the Framingham cohort in the USA and investigated the relationship between 

dietary patterns and the prevalence of MetS among adult women. They found that dietary 

patterns calculated as a nutrient risk score were associated with risk factors for MetS (Millen et 

al., 2006).  

Another cross-sectional study with 3,452 Chinese adults aged 20 to 65 reported that 

higher animal food and fried food intake in men and higher salt and calorie intake in women 

were associated with higher risks of MetS (Xu et al., 2016).  

On the other hand, some dietary patterns are protective (Martínez-González and Martín-

Calvo, 2013; Rumawas, Meigs, Dwyer, McKeown, & Jacques, 2009a; Baik, Abbott, Curb, & 

Shin, 2010; Steffen et al., 2014). Many studies have reported that the Mediterranean dietary 

patterns including higher intake of fish, whole grains, nuts, olive oil, fruit, and vegetables are 

significantly associated with lower risks of MetS components including insulin resistance, FBG, 

WC, TG, and HDL-C (Martínez-González and Martín-Calvo, 2013; Rumawas et al., 2009a; 

Steffen et al., 2014).  

Moreover, a prospective cohort study with 3,504 Korean adults aged 40 to 69 showed 

that adult men with higher consumption of fish and omega-3 fatty acids had lower risks of MetS 

(Odd Ratio (OR): 0.43, 95% Confidence Interval (CI) 0.23 to 0.83; OR 0.53, 95% CI 0.28 to 

0.99 respectively). Furthermore, higher fish intake was also associated with lower TG and higher 

HDL-C in the same study (Baik et al., 2010). While Korea is not a Mediterranean country, it is 

interesting that fish was a food common to both dietary patterns. 
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In addition, higher intake of saturated fatty acids, simple carbohydrates, and sugar-

sweetened beverages were highly related to the prevalence of MetS (Martínez-González and 

Martín-Calvo, 2013). A more recent analysis of cross-sectional and cohort studies has implicated 

“Western” diet patterns as associated with MetS (Rodríguez-Monforte, Sánchez, Barrio, Costa, & 

Flores-Mateo, 2017). While observational studies point to an effect of diet, intervention study 

insights may be more directly relevant to the counselling context. 

Dietary interventions in metabolic syndrome. Many researchers have conducted 

various short-term and intensive dietary intervention studies in order to improve components of 

MetS. The Mediterranean diet (MD) was associated with reduced risks of MetS based on cohort 

studies and clinical trials (Salas-Salvado, Guasch-Ferre, Lee, Estruch, & Clish, 2016; Kastorini 

et al., 2016). The ATTICA study from Greece assessed the relationship between the adherence to 

MD and CVD events during 10-year period of follow-up; people with MetS who followed the 

MD more closely had fewer CVD events. The researchers assessed adherence to MD using a 

dietary rating score ranged from 0 to 55 (Panagiotakos et al., 2006). The association was 

expressed in terms of the increased compliance to MD of 10% being associated with a relative 

ratio of 0.85 (95% CI 0.71-1.06) (Kastorini et al., 2016). Defining the MD diet has proved 

challenging, and much of the Mediterranean region no longer follows a traditional MD. Salas-

Salvado et al. (2016) states that MD consists of a mainly whole foods diet with emphasis on 

fruit, vegetables, whole grains, legumes, nuts, fish, yogurt, cheese and wine and less on baked 

goods, sweets, red and processed meat products. Evidence from biochemical studies supports 

multiple effects of dietary constituents (Salas-Salvado et al., 2016). First of all, mono-

unsaturated fatty acids from olive oil and nuts and poly-unsaturated fatty acids, particularly 

omega-3 fatty acids, from plant oils and fish improve BP and TG level. Second, abundant fibre 
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consumption contributes to lower glycemic index and improvement of cholesterol level, insulin 

sensitivity, and BP. Third, plentiful mineral consumption from fruit and vegetables helps BP 

control and improves insulin sensitivity. Last, polyphenols from vegetables, wine and olives may 

act as strong antioxidants which protect cells against damage from oxidative stress. 

Other evidence in favour of whole foods diets comes from a recent systematic review 

and meta-analysis regarding the Paleolithic diet in MetS (Manheimer, Zuuren, Fedorowicz, & 

Pijl, 2015). The definition of the Paleolithic diet for the purposes of review excluded grains, 

additional sugar, starchy vegetables, and processed meat, but allowed meat, fruit, vegetables, 

eggs, fish, and nuts. This review included all randomized controlled trials studies (RCTs) 

regarding the Paleolithic diet published to January, 2015. The RCTs that the authors reviewed 

allowed participants to follow the Paleolithic diet guideline or to receive personalized meals. The 

objective of this review was to examine the extent of improvement of indicators of MetS by the 

Paleolithic diet over the short term; 10 days to 5 weeks. Most RCTs compared the Paleolithic 

diet to a healthy diet, based on current nutritional guidelines. The authors found that the short 

term effect of Paleolithic diet was improvement of each risk factor of MetS compared to control 

diets. 

According to Mackos et al. (2009), various dietary interventions show effects on 

improving MetS parameters. Results must be interpreted carefully, as context, subjects, and 

setting all affect results of dietary trials. First of all, changing dietary composition such as 

decreasing carbohydrate intake can be effective in improving WC, TG, BP, FBG, and insulin 

resistance but not HDL-C, which is little affected by diet.  

Moreover, the Dietary Approaches to Stop Hypertension (DASH) diet, a whole foods 
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oriented US diet pattern consisting of higher intake of fruit, vegetables, and low-fat dairy, and 

lower intake of total fat and saturated fatty acids, was effective in improving MetS criteria, 

especially BP level (Mackos et al., 2009). The authors also stated that mild or moderate intensity 

physical activities maintained for short-term periods caused reversion of MetS and provided 

beneficial effects on weight loss, BP, central obesity, FBG, insulin resistance, and low-density 

lipoprotein cholesterol (LDL-C) level.  

Finally, Yamaoka and Tango conducted a meta-analysis of lifestyle modification 

interventions in MetS with dietary education and increased physical activities that had been 

conducted for 0.5 to 3 years. Those lifestyle interventions were associated with significant 

improvements in BP, FBG, WC, and TG levels (2012). Thus, multiple dietary changes are 

potentially helpful in reversing MetS, along with increases in physical activity.   

Major long-term lifestyle intervention studies. As mentioned above, many researchers 

have conducted studies of MetS with promising results, justifying longer-term studies in more 

diverse patient groups. The following studies have been major long-term lifestyle intervention 

studies regarding CVD or DM and have reported long-term effects of lifestyle modification 

interventions.  

The Primary Prevention of Cardiovascular Disease with a Mediterranean Diet 

(PREDIMED) study in Spain examined the effects of MD on primary prevention of CVD 

(Estruch et al., 2013; Babio et al., 2014). Participants (n=7,447) aged 55 to 80 who were at a 

higher risk of CVD but who had not had a clinical CVD event were randomly assigned to the 

following three groups: MD with additional extra virgin olive oil provided (intervention 1 

group); MD with additional mixed nuts (intervention 2 group); and a low-fat diet receiving 
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advice only (control group). The study was conducted from 2003 to 2010, and the intervention 

was stopped when the participants had CVD events, death from CVD or any other reason. At the 

end point, participants assigned to the two MD diets had lower incidence of CVD events (MD 

with olive oil: hazard ratio (HR), 0.70, 95% CI, 0.53-0.91; MD with mixed nuts: HR, 0.70, 95% 

CI, 0.53-0.94) compared to the control group (Estruch et al., 2013). Among the 3392 participants 

with MetS at the baseline, 958 or 28% showed reversion of MetS, mainly due to decreases in 

central obesity and blood glucose. Groups who were assigned to MD with either olive oil or 

mixed nuts demonstrated greater reversion of MetS compared to the control group (HR: 1.35, 

95% CI: 1.15-1.58; HR: 1.28, 95% CI: 1.08-1.51); in addition, participants assigned MD with 

olive oil group significantly improved abdominal obesity and FBG, and participants assigned 

MD with mixed nuts group significantly improved abdominal obesity (Babio et al., 2014). The 

degree of weight loss was minimal (Á lvarez-Pérez et al., 2016).   

 The Look Action for Health in Diabetes (The Look AHEAD) study conducted in the 

US aimed to investigate the effect of intensive lifestyle intervention in overweight people with 

T2DM on reduction of CVD incidence and cardiovascular death (The look AHEAD research 

group, 2006). The study was active from 2001 to 2012; the participants were randomly assigned 

to either the intervention which included calorie restriction, portion control, and increased 

physical activity or the control group which provided diabetes self-management support and 

education. Participants who received the intensive lifestyle intervention had significantly more 

weight loss and fat mass reduction (mean loss: 4.0 ± 0.4kg) compared to control group (2.3 ± 

0.4kg) at year 8 (The look AHEAD research group, 2014; Pownall et al., 2015). Thus, the 

authors concluded that the intensive lifestyle intervention was more effective for weight loss and 

body composition than usual diabetes care. In spite of the additional weight loss in the 
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intervention group, CVD events were not reduced in the intervention group, an unexpected 

finding.   

An earlier study by many of the same researchers, the Diabetes Prevention Program (DPP), 

had shown more positive results. It was conducted to examine whether or not a lifestyle 

intervention or a medication treatment using metformin prevented or delayed T2DM incidence 

(Diabetes prevention program research group (DPP), 2002). Participants who were overweight and 

had impaired glucose tolerance were randomly assigned to one of the following three groups: the 

lifestyle intervention group received individualized counselling on behaviour modification for 

calorie restriction, and increased physical activity to at least 150 minutes per week, while both the 

metformin and placebo intervention groups received information about diet and exercise but no 

counselling. The interventions were continued for 3 years, and participants were followed for 9 

years (DPP, 2002). Changes in weight and physical activity were more meaningful in the lifestyle 

intervention group at month 6 than the metformin group or the placebo group, and those changes 

were consistently better in the lifestyle intervention group than in the metformin/placebo groups 

at year 4 (DPP, 2002). In addition, the lifestyle intervention and metformin groups significantly 

reduced risks of T2DM development compared to control by 58% and by 31%, respectively. 

Moreover, FBG similarly decreased in the lifestyle and metformin groups (DPP, 2002). According 

to Jaacks et al. (2014), participants in the lifestyle intervention group tended to show different 

dietary patterns; those people continuously had lower saturated fat intake and higher fibre intake 

over 9 years and lower red meat and simple sugar intake over 5 years compared to the other groups. 

Therefore, lifestyle intervention was the most beneficial to preventing T2DM.   

 The Women’s Health Initiatives (WHI) – Dietary Modification Clinical Trial aimed to 
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investigate the effect of a low-fat, high fruit, vegetable and grain diet on breast cancer, colorectal 

cancer and heart disease in postmenopausal women (Howard et al., 2006). Postmenopausal 

women (n=48,836) aged 50 to 79 participated in this research, and the participants were 

randomly assigned to the dietary modification or control group (Newhouser et al., 2012). The 

intervention and follow-up continued for 8 to 12 years, with assessment every 6 months 

(Newhouser et al., 2012). Participants in the dietary modification group attended nutrition group 

meetings led by RDs or nutritionists 18 times in the first year and every 3 months after the first 

year (Howard et al., 2006). The participants aimed to achieve the following dietary goals: 

decreased fat intake to 20% of total energy; increased fruit and vegetable intake to 5 or more 

servings per day; increased grain intake to 6 or more servings per day (Howard et al., 2006). The 

control group participants were allowed to maintain their usual diet and received standard dietary 

information (Howard et al., 2006). All participants were required to submit food frequency 

questionnaires (FFQ) at baseline and every year (Howard et al., 2006). In a secondary analysis, 

the authors found that a lower fat dietary pattern significantly reduced components of MetS after 

1 year of intervention, but not after 2 and 3 years (Newhouser, 2012). 

In summary, review of the clinical trial literature suggests that lifestyle and dietary 

interventions are promising for management of MetS. While RDs are counselling for lifestyle or 

dietary changes, the RDs use various strategies for the effective counselling. The next section 

will review typical dietary counselling models. 

Individualized Dietary Counselling Model and Theoretical Models 

Translating the promising results from the clinical trials to typical dietetic practice in the 

health system will require implementation studies to ensure feasibility and effectiveness in the 

Canadian context. The following sections review the basis for dietetic counselling practice in the 
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system. The key elements of the nutrition care process will be reviewed along with current 

theoretical models for health behaviour change that inform practice, and current methods of 

assessing diet. Work to date on assessing diet change and predicting diet change are reviewed.       

 Nutrition Care Process. Many dietitians are doing dietary counselling in a variety of 

settings such as hospital, primary care setting, and private practice, etc. To improve 

documentation of nutrition care, and eventually improve care, the American Dietetic Association 

developed the Nutrition Care Process (NCP) (Lacey & Pritchett, 2003). NCP helps dietitians to 

think critically and to document care reliably; moreover, it helps to meet clients’ needs (Lacey & 

Pritchett, 2003). The NCP is divided into the following four steps: nutrition assessment, nutrition 

diagnosis, nutrition intervention, nutrition monitoring and evaluation (Lacey & Pritchett, 2003). 

In the nutrition assessment stage, dietitians collect, analyze and interpret subjective, laboratory, 

and anthropometric data from a referral form or by interviewing clients or caregivers; in 

addition, dietitians find nutrition-related problems and causes (Buche et al., 2008; Atkins 

Basualdo-Hammond, & Hotson, 2012). Over this stage, dietitians critically determine if the data 

are appropriate, important, or relevant (Buche et al., 2008). Then, dietitians diagnose the client’s 

specific nutritional problems, which is the nutrition diagnosis stage (Atkins et al., 2012). In this 

stage, dietitians identify dietetic problems based on etiology and signs or symptoms; the most 

important fact is that nutritional diagnosis can be changeable while a client is following a 

treatment (Buche et al., 2008; Atkins et al., 2012). In the nutrition intervention stage, dietitians 

plan a dietetic intervention, discuss the plan with clients, patients or caregivers, sets goals with 

clients and implements counselling, skill building or provision strategies to achieve the goals, 

and determine the behavioural or nutrient approaches to be used (Buche et al., 2008; Atkins et 

al., 2012). In the last stage, nutrition monitoring and evaluation stage, dietitians monitor clients’ 
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or patients’ compliance with the intervention and evaluate the outcomes by self-monitored or 

self-reported dietary data such as 24 hour recalls (24HRs), food records, or FFQ, anthropometric 

data, or laboratory data (Buche et al., 2008). If the clients or patients meet the goals and have 

satisfactory compliance to the intervention, the goal and intervention can be maintained or 

modified to an advanced level; otherwise, the intervention needs to be modified to achieve the 

best outcome for the patient to meet their nutritional needs (Buche et al., 2008; Atkins et al., 

2012). This general process applies to all dietetic counselling practice and would also apply to 

counselling for MetS.   

Use of Behaviour Change Theory in Dietetic Practice  

 RDs use a range of behavioural approaches, broadly based on health education and 

counselling principles. Several strategies and frameworks have been popular in dietetic 

counselling, among them elements of the Stages of Change model (SOC), the Integrated 

Behaviour Model, the Health Belief Model, as well as the Social Cognitive Theory (SCT). These 

will be briefly discussed, as they relate to typical practice and relevance to MetS treatment. 

Stages of Change. Most behaviour change theories or models of health education focus 

on individualized counselling. Based on these theories or models, counsellors lead clients to 

change their behaviour with motivational counselling. The SOC model of Prochaska has been 

popular in practice, especially to assess clients’ readiness for lifestyle change.  Prochaska 

named five stages; pre-contemplation stage, contemplation stage, preparation stage, action stage, 

and maintenance stage. These stages are readily assessed and can be applied in dietary 

counselling (Coulston, Boushey, & Ferruzzi, 2013).  

In the pre-contemplation stage, clients without any awareness about certain problems 
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have a chance to raise their consciousness (Coulston et al., 2013). In this stage, the clients may 

have negative views of diet restriction, distorted views on health issues, or challenges in food 

behaviour changes; therefore, RDs have to examine and assess the clients’ challenges to proceed 

to the next stage. The principles of education are used to help the clients become better educated, 

so they can make informed decisions about their options.  

The contemplation stage is a stage where clients start to take the problem seriously, and 

motivational interviewing can be very helpful at this stage (Coulston et al., 2013). In this stage, 

the RDs provide appropriate information if the clients have lack of knowledge about the 

nutritional or dietetic issues. If the clients have some barriers such as absence of caregivers to do 

the action, the RDs should help the clients to reduce their barriers. 

In the preparation stage, the clients make decisions about the behaviour changes and 

start to prepare for the changes; the RDs and clients do goal setting in this stage (Coulston et al., 

2013). The clients do not have any negative views of the action and may attempt to do the 

actions already. Therefore, the RDs encourage the clients to proceed to the next stage and make a 

goal and undertake doable strategies.  

In the action stage, the clients are doing the recommended action, and the RDs train the 

clients to improve self-management skills (Coulston et al., 2013). The clients continuously need 

positive encouragement and feed-back whether or not the clients’ actions go well. Therefore, the 

RDs provide consistent encouragement and information and help the clients to build self-

management skills. For example, if the clients are undertaking weight management, the clients 

can check how much they ate and how much his or her weight has been changed, or the RDs 

may provide various strategies or recipes for weight control.   



19 

The last stage, maintenance stage, is that the clients have made the necessary changes 

and able to continue with the new behaviours indefinitely (Coulston et al., 2013). However, the 

clients may or may not achieve the goal; thus, the clients are responsible for sharing their barriers 

or challenges with the RDs, and the RDs need to re-set the goals or strategies with the clients to 

address the underlying nutrition issue.  

Overall, SOC provides counsellors to approach systematically in solving the problems 

depending on clients’ perceptional status of behaviour changes. Therefore, these steps certainly 

are applicable to the dietary treatment of MetS whereby multiple food behaviour changes are 

needed.  

Integrated behaviour models. Multiple other theoretical models have been used in diet 

studies over the past 60 years. For example, the Health Belief Model suggests four perceptions to 

predict whether or not people will perform behaviour for their health improvement (Bales & 

Ritchie, 2009). First, people have to perceive vulnerability to a health problem. Second, people 

have to perceive severity of the health problem. Third, people have to perceive advantages of the 

behaviour promoting his or her health. Last, people have to perceive certain barriers to interrupt 

the behaviour promoting the heath.   

Another popular theory is SCT. This theory focuses on social learning, which originates 

from a correlation among environmental, individual, and behavioural factors (Allen, 2004). In 

this theory, self-efficacy as a learner’s perception about the behaviour is the most important 

factor that the person can achieve the goal with efforts and adaptation to social conditions. 

Moreover, outcome expectation affects consequences of the behaviour.  

More recently, the Integrated Behaviour Model is an extension of the Theory of Planned 
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Behaviour, which built on the earlier theories. It suggests that behaviour is indeed mostly 

influenced by the purpose of the behaviour; however, the skills and knowledge to perform the 

behaviour, environmental barriers, importance or salience of the behaviour, and the degree to 

which behaviour is habitual will also affect performance of the behaviour (Glanz, Rimer, & 

Viswanath, 2008). If a person has a strong purpose for performing the behaviour, then behaviour 

change is more likely to occur. Intention to perform the behaviour is influenced by attitudes, 

perceived norms, and personal agency or personal control. Attitude is classified as experiential 

attitude based on emotional responses and instrumental attitude based on cognition about 

outcomes. For example, if a person has a positive emotional response and beliefs about 

consequences of the behaviour, he or she is more likely to have stronger intention and is more 

likely to perform the behaviour. Perceived norms are also classified as injunctive and descriptive 

norms. Injunctive norms are defined as normative beliefs; for example, a person may ask 

themselves what other people think about the behaviour. Descriptive norms are what other 

people are doing. Personal agency or personal control is affected by perceived control 

determined by environmental stimulus about the behaviour and self-efficacy. To sum up, in the 

course of diet counselling dietitians will have to assess intention as the most proximal construct, 

and may have to assess and address attitudes, perceived norms, and personal agency. Salience, 

knowledge and skills, barriers and habits are also relevant to diet counselling. 

Dietary Assessment Tools 

Assessing food behaviours and eating patterns is very important to assess current diet as 

the basis for counseling strategies, as well in assessment of short or long term effects of diet 

counselling. The following tools are currently used to assess dietary intake or diet quality.  

Dietary intake assessment tools for individual assessment.  
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24-hour recalls 24HRs ask respondents to recall and report what they ate over the 

previous day (Thompson et al., 2015b). 24HRs are frequently used by RDs in practice (Bonilla et 

al., 2016). In addition, it is used for short term dietary intake assessment in dietary counselling or 

research settings for examining associations between diet and other variables, and for evaluating 

the effectiveness of interventions (Thompson et al, 2015b). However, as it depends on 

respondents’ memories, it can provide systematic errors; for example, the respondents may miss 

out some food or report smaller portions than actually consumed. Typically, energy and protein 

are frequently under-estimated (Subar et al., 2015). Moreover, due to day-to-day variation in 

intake, estimates of dietary intake can be different depending on weekdays or weekend, so these 

day-to-day variations cause random errors in estimating usual intake (Thompson et al., 2015b). 

Therefore, a single 24HR cannot represent an individual’s usual diet; multiple days of data are 

required to reduce random errors (Zimmerman et al., 2009).  

Traditional interviewer-administered 24HRs, are conducted by well-trained interviewers 

and need to be coded to analyze the dietary data; furthermore, if 24HRs for multiple days are 

planned, it costs more (Thompson et al., 2015a). Thus, the National Cancer Institute developed a 

new type of 24HRs called an Automated-Self Administered 24-hour dietary recall (ASA 24). 

ASA 24 is a web-based 24-hour recall and provides more accurate data that reduces 

measurement errors and increases statistical power (Thompson et al., 2015a). Based on a study 

using ASA 24 to verify its validity, participants preferred to use ASA 24, and the ASA 24 group 

had lower attrition rates compared to the traditional 24HRs group (Thompson et al., 2015a). 

However, as ASA 24 is a web-based tool, it has limitations such as the need for a high speed 

internet connection, proper computer monitors, and computer literacy (Subar et al, 2012). In 

addition, with traditional 24HRs it is possible to obtain more information since the interviewer is 
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able to ask more detail about the dietary data. Therefore, more evidence regarding the pros and 

cons between traditional 24HRs and ASA 24 is needed. 

Food Frequency Questionnaire. A FFQ consists of a list of food or beverage items and 

asks frequency and quantity over a specific time period, often the previous month or year (Molag 

et al., 2007). The FFQ is used for long-term dietary frequency assessment in epidemiology 

studies and retrospective case control studies and is easy to use as a low cost tool (Thompson et 

al, 2015b). However, a FFQ may be biased, either under or over-estimating nutrient intake, 

especially energy. The FFQ is also relying on memory, and requires complex memory tasks. 

Capturing the entire diet and description of absolute dietary intake has not been successful to 

date (Thompson et al., 2015b).  

Food records. Food records or food diaries are an open-ended and self-reported dietary 

assessment instrument that is recorded by respondents as they go through their day; the 

respondents report what, when, and where they ate over a day or several days (Cantwell et al., 

2006). It minimizes dependence on memory and describes dietary intake for a certain period 

(Thompson et al, 2015b). On the other hand, systematic errors have been seen as social 

desirability bias may cause some foods to be left off the record. In addition, if respondents record 

for a long period of time, the quality of data can be decreased because of respondent burden 

(Thompson et al, 2015b).   

In practice, RDs often use a combination of methods to assess patients’ or clients’ diets 

using various combinations of records, recalls and FFQ. However, current diet assessment 

methods have many challenges in counselling for food behaviour and eating pattern changes. 

Therefore, new tools to assess food behaviour changes are needed. 
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Diet quality assessment tools. Traditionally, dietitians have qualitatively assessed food 

intake compared to servings of recommended food patterns such as Canada’s Food Guide for 

Healthy Eating or assessed nutrient intake from using 24HRs or FFQ. Nutrient analysis compares 

intake against an array of nutrients in a typical software program. Epidemiologists have become 

more interested in assessing overall diet quality, using numeric scores to obtain an quantitative 

indicator that can them be used in multivariate modelling of risks of various chronic diseases 

(Liese et al., 2015). 

Healthy Eating Index. The Healthy Eating Index (HEI) is a measure of diet quality 

based on the United States dietary guidance, and the Canadian Healthy Eating Index (HEI-C) 

was adapted from the 2005 version of the United States HEI based on the Canadian food guide 

(Glanville & Mcintyre, 2006). Table 2 shows criteria of HEI-C and its range of scores. It consists 

of 9 components addressing adequacy, moderation, and balance including grain, fruits and 

vegetables, milk, meat, other foods, total fat, saturated fat, cholesterol, and variety; each 

component scores from 0 to 10 except for fruits and vegetables and other foods scoring up to 20, 

and overall score is out of 100 points (Glanville & Mcintyre, 2006). The maximum scores of 

food components depend on total calories such as less than 1600 kcal, 1600 to 2200 kcal, and 

more than 2200kcal (Glanville & Mcintyre, 2006). Total score of HEI-C represents diet quality, 

and less than 50 score, 51 to 80 score, and more than 80 score ranges have been used to 

categorize diets as poor, needed to improve, and good diet, respectively (Garriguet, 2009; 

Glanville & Mcintyre, 2006).   

The HEI score and other diet quality scores have been shown to predict total, CVD, and 

cancer mortality in cohort studies (Liese et al., 2015). Moreover, Liese et al. also found 
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consistent results that the highest quintile of HEI-2010 was significantly associated with reduced 

risks of mortality from chronic diseases (2015). In addition, the quintile with the poorest diet 

were compared to other quintiles. For example, Yu et al. (2015) reported on the Southern 

Community Cohort study which examined the relationship between HEI score and mortality 

among 84,735 adults aged 40 to 79 from 2002 to 2009. The authors evaluated dietary quality in 

participants using HEI-2010 and HEI-2005. The result revealed that higher HEI score was 

significantly associated with lower risk of mortality from CVD, cancer, or other disease (CVD 

mortality: HR, 0.81, 95% CI, 0.70-0.94; cancer mortality: HR, 0.81, 95% CI, 0.69-0.95; other 

disease mortality: HR 0.77, 95% CI, 0.67-0.88, comparing highest to lowest quintile). Therefore, 

the higher score of HEI represents not only the better quality of diet but also lower risks of 

mortality from chronic disease.  

One of advantages of HEI is that the variation of day-to-day can be reduced since eating 

patterns are assessed (Guenther, Reedy, Krebs-Smith, Reeve, & Basiotis, 2007b). On the other 

hand, HEI has some limitations. HEI does not address trans-fatty acids and does not capture 

adequacy of energy intake, weight control and physical activities (Guenther et al., 2007a; 

Guenther et al., 2007b). In addition, it is not easy to assess nutrient quantity such as sodium 

intake and does not capture multicultural dietary habits since it is based on specific food guides 

(Guenther et al., 2007a).  

Assessment of HEI may be useful in intervention studies as well. It potentially would 

allow for comparison of diet at baseline and over time, as well as across studies. 

Table 2. Criteria of Canadian Health Eating Index for adults aged more than 19 years old 
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Component Range of Scores Scoring Criteria  

Total vegetables and fruit* 0 to 10 7 to 8 servings (Maximum) 

Whole fruit* 0 to 5 1.5 to 2 servings (Maximum) 

Dark green and orange vegetables* 0 to 5 1.5 to 2 servings (Maximum) 

Total grain products* 0 to 5 6 to 8 servings (Maximum) 

Whole grains* 0 to 5 3 to 4 servings (Maximum) 

Milk and alternatives* 0 to 10 2 to 3 servings (Maximum) 

Meat & Alternatives‡ 0 to 10 
2 to 3 servings or 150 to 225g 

(Maximum) 

Unsaturated Fats‡ 0 to 10 30 to 45 mL (Maximum) 

Saturated fats‡ 

  

8 to 10 
7% (score of 10) to 10% (score of 8) of 

total energy 

0 to 8 
10% (score of 8) to 15% (score of 0) of 

total energy 

Sodium‡ 

  

8 to 10 
Adequate intake or less (score of 10) to  

upper intake level (UL) (score of 8) 

0 to 8 UL (score of 8) to twice UL (score of 0) 

“Other food” ‡ 0 to 20 
40% or more of total energy intake 

(Minimum) 

* indicating adequacy components; ‡ indicating moderation components 

Mediterranean Diet Score. MDS is one of several scores developed to assess adherence 

to a Mediterranean diet. The scores vary, but the MDS was used in the PREDIMED study 

(Estruch et al., 2006). Table 3 shows criteria of MDS. It is scaled 0 to 14 and consists of the 

following components based on Mediterranean Pyramid: grains, fruits, vegetables, legumes, 

nuts, seeds, olive oil, dairy products, fish, poultry, eggs, sweets and red meat/processed meat 

(Lapointe, Goulet, Couillard, Lamarche, & Lemieux, 2005). Each component of the scale is 

dichotomous; when a person eats more than the median intake of the food component, a score of 

one is recorded, except for red meat or processed meat which is scored in reverse; otherwise, a 
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score of zero is recorded (McNaughton, Bates, & Mishra, 2012). A higher total score represents 

higher adherence to the MD (McNaughton et al., 2012). 

As mentioned above, MD has been correlated with reduced risks of chronic diseases 

such as DM, CVD, HTN, MetS, and so on; furthermore, literature reveals that higher adherence 

of MD represented as MDS is also significantly associated with a lower risk of CVD mortality 

(Yang, Farioli, Korre, & Kales, 2014; McNaughton et al., 2012). Yang et al. evaluated the 

relationship between adherence to MD using MDS and CVD risks with cross-sectional data from 

an ongoing cohort study in which young male adults were involved (2014). The authors found 

that higher MDS was associated with lower metabolic syndrome score (OR, 0.65, 95% CI: 0.44–

0.94); in addition, higher MDS was negatively related with LDL-C and positively related with 

HDL-C (LDL-C: β=-0.004, p=0.04; HDL-C: β=0.004, p=0.008) adjusted by age, body mass 

index, and physical activity (Yang et al., 2014). Thus, the authors concluded that adherence to 

MD can have beneficial effects on the prevention of CVD potentially in a young adult 

population. Likewise, McNaughton et al. found consistent results from the British Diet and 

Nutrition Survey data with older adults aged 65 or more that MDS was significantly associated 

with mortality (HR, 0.78, 95% CI, 0.62–0.98). In the conclusion of this study, it is suggested that 

MDS could be a meaningful predictor of long lifespan (2012). Liese et al. also included a 

different MD diet quality score in their review and the MDS was related to total, CVD and 

cancer mortality. Thus, measurement of diet quality using both HEI and MDS has been related to 

mortality in epidemiological studies. Could diet quality scores be related to changes in clinical 

markers and food behaviour changes that RDs counsel on?  

Evidence is emerging that such scores are also associated with clinical indicators related 
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to MetS. A dietary intervention study promoting MD compliance by Lapointe et al. aimed to 

investigate the effect of MD on LDL-C level in healthy women (2005). The intervention was 

conducted for 3 months, and 71 subjects from the Quebec City participated in 2 nutrition courses 

and 7 individual counselling by dietitians. MDS was used as an indicator of MD compliance. 

The authors found that higher fruit and vegetable intake was inversely associated with oxidized 

LDL-C, and higher MDS was significantly associated with a lower level of oxidized LDL-C (r=-

0.30, p=0.01). Therefore, adherence to MD has beneficial effects on CVD risk factors.  

Fung et al. examined the association between dietary quality scores including HEI, 

MDS, Alternate Healthy Eating Index (AHEI), Diet Quality Index Revised, and Recommended 

Food Score and inflammation biomarkers and endothelial dysfunction (2015). The authors found 

that only AHEI and MDS had significant differences in associations between diet and various 

inflammation biomarkers such as C-reactive protein, interleukin-6, soluble intercellular cell 

adhesion molecule 1, and soluble vascular cell adhesion molecule 1. Thus, AHEI and MDS were 

significantly associated with reduced inflammatory biomarkers which are risk factors for f CVD. 

Overall, HEI and MDS represent two different approaches to assessing diet quality and 

are closely related with risks of CVD. Therefore, higher HEI or MDS implies adherence to 

balanced diets and prevention of CVD or CVD mortality. 

Table 3. Criteria of Mediterranean Diet Score 

Component Criteria for Achieving 1 Point 

Fruits ≥ 3 servings per day 

Vegetables ≥ 4 servings per day; at least 2 servings raw 

Red or Processed meats < 2 servings per day 
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Component Criteria for Achieving 1 Point 

Legumes ≥ 3 servings per week 

Fish or Seafood ≥ 4 servings per week 

Nuts ≥ 3 servings per week 

Poultry more often than Red meat Yes 

Butter or Cream < 1 tbsp per day 

Olive oil as main added fat Yes 

Olive oil ≥ 4 tbsp per day 

Wine ≥ 7 servings per week 

Commercial baked goods ≤ 2 times per week 

Sweetened drinks < 1 per day 

Sofrito sauce ≥ 2 times per week 

Possible Total  14 

 

Using diet quality to assess change in food behaviours. Dietitians typically assess 

changes in food behaviours by food category relative to some standards such as Canada’s Food 

Guide servings of foods. Dietary patterns are complex, and people eat a wide variety of foods 

from day-to-day; thus, just as with nutrient analysis, one may be dealing with multiple small 

changes in many foods. Diet quality scores have been used in several studies to assess change in 

food behaviours and nutrient intake, but measurement properties of these scores need further 

study. A start has been made by a previous graduate student who assessed correlations between 

diet quality scores and the mean nutrient intakes from two 24-hour diet recalls at baseline and 3 

months after a diet intervention (see Rodrigues MSc thesis).      
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Predicting Food Behaviour Changes in Counselling 

It would be the most helpful to be able to predict which approaches to counselling will 

be the most effective. Demographic characteristics are typically not predictive, and the 

theoretical models mentioned above have been variably helpful. Clinical indicators in MetS have 

not been particularly predictive. Some predictors of food behaviour changes such as number of 

treatment sessions attended, self-monitoring, and eating behaviour at baseline have been found in 

previous MetS intervention studies (Tinker et al., 2007; Zazpe et al., 2010; Schmid, Jeffery, 

Onstad, & Corrigan, 1991).  

For example, Tinker et al. (2007), a research team involved in the Women’s Health 

Initiative Dietary Modification Trial, investigated predictors of low-fat dietary change in 

postmenopausal women aged 50 to 79 at year 1 and year 3 after the intervention. At year 1, 

younger age, higher education level, attending more intervention sessions, and submitting more 

food records as self-monitoring data were significant predictors of dietary change. In addition, 

being more active, having lower body mass index, more positive emotional status, and taking 

supplements also significantly predicted participants’ changes in dietary fat. At year 3, as 

predictors of maintenance of low fat diet, attending more intervention sessions and submitting 

more dietary records were significant predictors. Therefore, the authors concluded that attending 

more nutritional sessions and submitting self-monitoring records such as food records were 

predictive of dietary change and maintenance. It seems logical that engaging in more of the 

intervention process would be associated with food behaviour change. 

In the PREDIMED study, Zazpe et al. evaluated predictors of higher adherence to MD 

(2010), measured as dietary changes. The authors evaluated demographic factors, socioeconomic 

factors, cardiovascular risk factors, and baseline eating habits as predictors. The results were 
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different by gender. In male participants, higher intake of meat and saturated fatty acids and 

lower intake of fruit and vegetables at baseline were positively associated with adherence to MD. 

Among married female participants, higher intake of meat and lower intake of fruits and 

vegetables at baseline were significantly associated with compliance to MD. Overall, worse 

eating behaviours such as higher meat intake and lower fruits and vegetables intake at baseline 

can be the predictors of adherence to MD, in the sense that they had more to change in their 

diets.   

The other major relevant studies, the DPP and LookAHEAD, have not assessed 

predictors of dietary change or adherence. We also do not know if certain components of the 

dietary changes are more important for disease outcomes.  

Thus, diet quality indicators may be useful in diet counselling practice, as they are 

measured as food behaviours, which dietitians counsel on, are linked to mortality, can be 

compared across studies. MDS and HEI have been used in a few intervention studies, but their 

measurement properties in the intervention context are not well understood. Being able to assess 

and predict food behaviour changes would helpful both to practitioners and researchers, 

especially if changes could be linked to relevant clinical markers.  

Canadian Health Advanced by Nutrition and Graded Exercise (CHANGE) study 

An opportunity arose to assess the utility of diet quality scores in diet counselling for 

MetS in the Canadian Health Advanced by Nutrition and Graded Exercise (CHANGE) project. 

The majority of primary care physicians in Canada have limited resources and access to 

specialists to support intensive lifestyle change. Funding was obtained from a philanthropist to 

conduct the CHANGE study, a pre-post team-based intervention conducted at 3 different primary 
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care organizations in Toronto, Edmonton, and Quebec City (Laval). More than 300 participants 

were involved in this study. The primary outcome of the CHANGE study was reversion of MetS 

in participants by diet and physical intervention (i.e. without medication intensification). All 

participants received a 1-year lifestyle intervention with diet and exercise provided by dietitians 

and kinesiologists, respectively. All participants were diagnosed as having MetS by physicians. 

For dietary data collection, two 24-hour recalls one week apart, Canadian Health Eating Index 

(HEI-C), and Mediterranean Diet Score (MDS) were collected by dietitians at baseline, 3 months 

and 12 months. Dietitians used a care map to guide their individual counselling (see next 

paragraph). They recorded food behaviour goals, behavioural techniques, contact time and 

resources they used. There was 19% reversion of MetS after one year. The main results have 

been published (Jeejeebhoy 2017).  

 The Dietary Management Care Map was developed to guide RDs’ thinking in 

individualised counselling for MetS. As a first step, a dietitian conducts nutrition assessment 

including assessing intention and barriers and assesses whether or not a client is ready (in Action 

stage) for behaviour changes. Then, the dietitian and the client make joint goals. At this stage, 

priorities, motivation, current eating or lifestyle habits, and any concerns are considered in goal 

setting. The third step is to assess core diet strategies to address risk factors such as overweight, 

DM, HTN, and dyslipidemia. Initial counselling was mostly conducted as individual counselling. 

During this stage, dietitians used a range of behaviour techniques such as goal setting, 

motivational interviewing, or cognitive behaviour therapy. Last, the dietitian and the client plan 

follow-up. During the follow-up, the dietitian assesses clinical biomarkers or modifies the goals.  

Summary of previous result from CHANGE study. HEI-C scores and changes in 



32 

HEI-C scores, particularly total vegetables and fruits, whole fruits, dark green and orange 

vegetables, and total grains, were associated with some nutrient intakes and changes in intake 

respectively. However, MDS was not associated with nutrient intake; thus, MDS is currently 

limited as a tool to predict changes in nutrient intake. In addition, participants with lower HEI-C 

scores regardless of their CVD risk score (Prospective Cardiovascular Munster score) at baseline 

increased total HEI-C score at 3 months, but participants with higher HEI-C score at baseline 

tended to have similar scores at 3 months. In contrast, all subjects made modest changes in total 

MDS score at 3 months, which did not differ by baseline HEI and CVD risk score.  

To date, overall diet data indicate most changes occur baseline to 3 months, with little 

change at 12 months (Li, MSc thesis). Therefore, for the purposes of this analysis only baseline 

and 3 month data are considered. 

Rationale for Study 

If HEI and/or MDS are going to be useful in practice they need to be able to assess diet 

quality compared to others at baseline and to “capture change” in the relevant food behaviours 

being counselled and for changes in diet quality. A previous student has already compared HEI 

and MDS scores and change in scores with baseline, follow-up and change in nutrient intakes 

over 3 months from the 24 hour recalls. The HEI components scores were somewhat correlated 

with selected nutrients, while total HEI and MDS components were not correlated at all.  

Another way to look at diet quality would be to consider it as an unobserved construct 

and to assess the various components as “items” which are operationalizing the construct. The 

extent to which responses to the items are related to the construct of interest, they provide 

information about the unobserved construct. This basic idea has been exploited in psychology 
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and education, and one such set of latent variable measurement models is called Item Response 

Theory (IRT).  

Item Response Theory  

Diet quality indices may or may not reflect nutrient intake; however, it would be 

expected that they should be reasonably correlated with core nutrients of interest. In addition, the 

consideration of scaling is needed to differentiate high and low intake of these indices, and avoid 

floor and ceiling effects. Other methods may be used with IRT to ensure that different 

dimensions of a construct are also identified, such as factor analysis.  

IRT is a set of statistical methods to represent a probability that an examinee responds a 

specific answer about a certain item with Item Information Functions (IIF) and Item 

Characteristic Curve (ICC) and evaluate latent variables such as an individual’s ability or 

psychological traits (Streiner & Norman, 2008). In terms of dietary counselling, latent variables 

are food behaviour changes, changes in physical activity, improvement of diet quality, etc.; thus, 

using IRT provides a relationship between a certain item of measurement and latent variables 

such as food behaviour changes. Classic Test Theory (CTT) is one reliability method and 

evaluates items and its responsiveness; in addition, CTT defines that item responses are affected 

by item characteristics and targeted people (Hays, Morales, & Reise, 2010). Compared with the 

CTT, IRT is not dependent on respondents’ ability and item difficulty and provides more accurate 

estimated measurement errors (Streiner & Norman, 2008). IIF reflects average slopes and 

distances of items with multi-scales such as dichotomous or polychotomous and its curves 

contain each item’s information (Streiner & Norman, 2008). So, we can compare which item has 

better discriminations. If an item contains more information than other items, the graph of the 

item is taller and narrower in IIF (Streiner & Norman, 2008). ICC shows the relationship 
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between the item trait and the probability of a correct answer; in addition, it has an S-shape, 

called as an ogive shape with dichotomous items, and its three characteristics such as steepness, 

location, and flatness provide different meanings for item design (Streiner & Norman, 2008; 

Hays, Morales, & Reise, 2010). For example, the scoring for total fruits and vegetables should 

distinguish low and high consumers of fruit and vegetables. In ICC analysis, flatness of the 

response curve means the item does not discriminate well, which means the item has lower item 

discrimination; on the other hand, steepness of a slope means the item has better item 

discrimination (Streiner & Norman, 2008). Moreover, if only people with high values of the 

underlying trait chose an item, then item “difficulty” is considered high (Streiner & Norman, 

2008). In the dietary counseling context, the high level of item difficulty indicates that intake is 

low for most people and does not change after counselling. 

IRT is divided into one-parameter logistic model (1PLM), two-parameter logistic model 

(2PLM), three-parameter logistic model (3PLM), and polytomous model. 1PLM, in other words, 

Rasch model, provides only item difficulty, so slopes of ICC are parallel (Streiner & Norman, 

2008; Hays et al., 2010). 2PLM provides information on item difficulty and item discrimination; 

thus, steepness of each slope is different. In addition, as the steepness or flatness of slopes reflect 

individual’s trait and item difficulty, better discrimination means that the item includes greater 

information (Streiner & Norman, 2008; Hays et al., 2010). 3PLM includes ‘pseudo-guessing 

parameter’ for adjustment of impact of as well as item difficulty and item discrimination. 

However, this model is not used widely since the result is occasionally unstable (Streiner & 

Norman, 2008; Hays et al., 2010). Polytomous model, in other words Graded Response Model 

(GRM), is extended from 2PLM and used for Likert scale or ordinal variables (Streiner & 

Norman, 2008; Hays et al., 2010). HEI and MDS are both GRM and 2PLM items to be assessed.   
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Item Response Theory in diet research to date. A study by Utter et al. evaluated an 

existing questionnaire using IRT and aimed to confirm latent variables indicating healthy or 

unhealthy weight control and to discriminate severity of unhealthy weight control (2012). The 

authors used ICC to determine the relationship between the latent variables such as healthy and 

weight loss behaviours using 2PLM. In addition, the authors used factor analysis to decide what 

constituted healthy weight control. As a result, items were classified with two factors indicating 

healthy and unhealthy weight loss behaviours. Fasting and skipped meals as unhealthy weight 

loss behaviours were less difficult items and had better discrimination. On the other hand, 

counting calories and eating fewer carbohydrate as healthy weight loss behaviours were the more 

difficult items and had less discrimination or less information about the items. 

Honda et al. developed a questionnaire of diet-targeted Quality of Life for postoperative 

patients with esophagus and gastric cancer (2015). To select final items for the questionnaire, the 

authors used exploratory factor analysis and IRT. Initially, the research team prepared 14 items, 

and patients answered each item using five-grade scale. Based on the factor analysis, 14 items 

are classified with one factor indicating better quality of life. Using IRT, 6 items had lower 

discriminations as the 6 items had lower score of slope; in other words, those 6 items are hard to 

represent a better indicator of the Quality of Life. In both cases, additional factor analysis was 

used to find indicators of the underlying construct.  

In contrast, we already are dealing with well-established questionnaires that are related 

to mortality and have data on expected associations with key nutrients, not latent constructs. We 

are interested mainly in scoring and scaling at different time points and the extent to which items 

contribute to an overall diet quality score, therefore a simplified approach will be used. 
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Histograms will be created so that people’s scores on components of the HEI or MDS can be 

graphed against key nutrients of the component.  

Methods 

Study Design 

 This research is a secondary analysis using dietary data from the CHANGE study. 

Participants in the CHANGE study received weekly dietary counselling over the first 3 months 

and monthly in the next 9 months. Dietary data were collected at baseline, 3-month, and 12-month. 

Two 24 hour dietary recalls were conducted at baseline and three months and an FFQ was 

completed to calculate HEI-C and MDS scores. If the associations between each score of HEI-C 

components and relative nutrient intakes are promising, change in HEI-C or MDS component 

scores will be compared to change in key nutrients intake to see if the scores are responsive to 

change. Finally, results will be interpreted to make recommendations for further development of 

diet assessment tools. This research does not require ethics approval since it is secondary analysis 

from the CHANGE study, which already received ethics approval from the Research Ethics Board 

at the University of Guelph. 

Objectives 

1. To examine floor and ceiling effects of Canadian Health Eating Index (HEI-C) component scales 

at baseline 

2. To examine item characteristics of HEI-C relative to key nutrient intakes from 24-hour recalls 

at baseline using simple IRT methods 

3. To examine responsiveness of changes in HEI-C relative changes in key nutrients for convergent 
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validity  

4. To examine the inter-method reliability of MDS criterion scoring relative to key nutrients  

5. Exploration of possible options to improve validity of MDS to capture changes in food 

consumption by comparing modified scoring to HEI-C and key nutrients.   

Description of Diet Quality Indices Scoring 

 As previously discussed, each component of MDS is scored as 0 or 1. If a respondent 

meets the criterion, which was set to a median level of the original study, 1 can be given; otherwise, 

0 is given except for red meat and meat products. Total score of MDS is a sum of each component 

(see Table 3).  

HEI-C is a diet quality index based on Canada’s Food Guide, and each component scores 

0 to 10 except for other foods and the three fruit and vegetables components which together score 

0 to 20 (Glanville & Mcintyre, 2006). With HEI, the scores also vary by gender and age according 

to differences in recommendations from Canada’s Food Guide. The description of specific criteria 

for maximum scores of HEI-C by age and gender can be seen Appendix A (Rodrigues, MSc thesis).  

Data Analysis 

 All statistical analyses were performed using IBM SPSS 23.0. Descriptive statistics were 

used to describe participants’ characteristics including age, sex, and mean values for nutrient intake, 

HEI-C and MDS at baseline and 3 months. 

Diet recalls from 2 days, one week apart were forwarded to the University of Guelph for 

analysis throughout the CHANGE study. Diet recall data were double entered and checked by a 

third person. Dietitians were contacted about confusing entries. A coding manual was used and 

information from food companies was obtained as needed. Nutrient intakes from each 24-hour 
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recall were calculated using ESHA software, using Canadian Nutrient File data for fortification 

and the mean of 2 days used in this analysis. In addition, protein, carbohydrate, fibre, sugar, fat, 

saturated fatty acids (SFA), poly-unsaturated fatty acids (PUFA), and mono-unsaturated fatty acids 

(MUFA) intakes were adjusted by energy.  

Lists of key nutrients expected to be associated with food groups as developed by a 

previous student (Rodrigues, MSc thesis) were used. The lists can be seen Table 4. The lists are 

based on the concept of key nutrients, based on the observation that multiple nutrients exist 

together in key foods and that only certain nutrients tend to be limiting in typical Canadian diets. 

For example, in mixed diets, B vitamins are not limiting, while Vitamin C may be. It is therefore 

not necessary to review all 50+ nutrients in a diet – a more simplified list is sufficient.  

Next, a sequential analysis using typical methods of comparing HEI-C to nutrient 

intakes from the 24-hour recalls was undertaken. If there is excellent correlation, it is worth 

examining item response. If correlation is poor or non-existent, then item response cannot be 

performed. First, Pearson correlation coefficients were applied to examine correlation between 

total HEI-C and nutrient intake. Protein, fat, saturated fatty acids (SFA), mono-unsaturated fatty 

acids (MUFA), poly unsaturated fatty acids (PUFA), and sugar consumptions were recalculated 

to proportions of energy intake. Fibre intake was adjusted by energy intake (1000kcal). The 

trends of HEI-C total scores by each nutrient were also examined across the quintile categories 

of HEI-C total scores using one-way ANOVA. Bonferroni method was used for post hoc tests to 

see where differences exist across quintiles. 

In this research, we have done using simplified version of IRT which is a qualitative visual 

approach without using a sophisticated software as a first step of applying IRT to diet quality 
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assessment tools. Component scores of the HEI-C were examined next as follows. Each 

component of the HEI-C was considered in turn. First floor and ceiling effects were considered. 

Floor and ceiling effects occur when the range of scores for each component scale are very narrow 

in a particular sample and are sample dependent. Histograms of component scores of HEI-C or 

MDS are a simple way to visualize the potential for such effects.  

 Next, convergent validity of HEI-C components were considered relative to deciles of 

intake from the mean of the nutrient analysis of the 24 hour recalls at baseline. The description of 

decile of each nutrient can be seen Appendix B. These were graphed as histograms with the 

number of subjects on the Y axis and histograms of the HEI-C score by deciles of the nutrient 

intake on the x-axis. One would expect to see transitions such that low HEI-C scores are 

associated with lower deciles of intake, while high HEI scores are associated with higher deciles 

of nutrient intakes. This is visualized qualitatively and by looking at regression lines for low and 

high HEI-C scores within components and is confirmed by the variance explained (R2), with the 

understanding that the slope will vary depending on the prevalence of low and high scores. 

 Finally, we assessed if changes in HEI-C component scores over 3 months were associated 

with changes in intake of key nutrients from baseline to 3 months. It is possible that correlations 

can be low cross-sectionally at baseline but that HEI-C change scores and changes in nutrient 

intakes will be more highly correlated as the two measures could be responsive to change in the 

same direction. To do this, quartiles of HEI-C change were created and graphed against deciles of 

change in nutrient intakes.   

 The fourth objective was to examine the association between MDS and selected nutrients. 

As MDS is dichotomous, deciles of nutrient intake were grouped by MDS score (0 or 1). Again, 
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one would expect to see that MDS scores of zero will be associated with lower deciles of intake, 

while scores of 1 should be associated with the higher deciles of nutrient intake. Visual 

examination provides confirmation of the association.   

 The last objective was exploratory to examine effects of modified versions of HEI-C and 

MDS on associations with nutrient intake. The 10-or 20-scale HEI-C components were 

recalculated, and each score was combined with 2 to 3 sores. Then, the association between the 

modified score and nutrient intake at baseline and changes over 3 months were evaluated with 

same process as described above. MDS scoring system was extended from dichotomy to multi-

scale. Similar components were merged and recalculated. Then, the modified MDS component 

was compared with similar HEI-C component if the distribution of modified MDS component 

showed the similar patterns of relative HEI-C component. In addition, the association between the 

modified MDS components and deciles of nutrient intake were examined to evaluate item 

discriminations. 

Table 4. Potential associations between HEI-C components and nutrients (from Rodrigues) 

Component Potential association 

Total fruits and 

vegetables (TFV) 

The higher score of TFV, the higher intake of Fibre 

The lower score of TFV, the lower intake of Fibre 

The higher score of TFV, the higher intake of Vitamin A 

The lower score of TFV, the lower intake of Vitamin A 

The higher score of TFV, the higher intake of Vitamin C 

The lower score of TFV, the lower intake of Vitamin C 

The higher score of TFV, the higher intake of Folate 

The lower score of TFV, the lower intake of Folate 

The higher score of TFV, the higher intake of Potassium 

The lower score of TFV, the lower intake of Potassium 

Whole fruits (WF) The higher score of WF, the higher intake of Fibre 

The lower score of WF, the lower intake of Fibre 

The higher score of WF, the higher intake of Vitamin C 

The lower score of WF, the lower intake of Vitamin C 

The higher score of WF, the higher intake of Folate 

The lower score of  WF , the lower intake of Folate 
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The higher score of WF, the higher intake of Potassium 

The lower score of WF, the lower intake of Potassium 

Dark green and orange 

vegetables (DGOV) 

The higher score of DGOV, the higher intake of Fibre 

The lower score of DGOV , the lower intake of Fibre 

The higher score of DGOV, the higher intake of Vitamin A 

The lower score of DGOV, the lower intake of Vitamin A 

The higher score of DGOV, the higher intake of Folate 

The lower score of DGOV, the lower intake of Folate 

The higher score of DGOV, the higher intake of Potassium 

The lower score of DGOV, the lower intake of Potassium 

Total grains and 

products 

The higher score of Total grain, the higher intake of Carbohydrate 

The lower score of Total grain, the lower intake of Carbohydrate 

The higher score of Total grain, the higher intake of Fibre 

The lower score of Total grain, the lower intake of Fibre 

The higher score of Total grain, the higher intake of Folate 

The lower score of Total grain, the lower intake of Folate 

The higher score of Total grain, the higher intake of Magnesium 

The lower score of Total grain, the lower intake of Magnesium 

Whole grains The higher score of Whole grain, the higher intake of Carbohydrate 

The lower score of Whole grain, the lower intake of Carbohydrate 

Whole grains The higher score of Whole grain, the higher intake of Fibre 

The lower score of Whole grain, the lower intake of Fibre 

Whole grains 

Milk and alternatives  

The higher score of Whole grain, the higher intake of Magnesium 

The lower score of Whole grain, the lower intake of Magnesium 

The higher score of Whole grain, the higher intake of Potassium 

The lower score of Whole grain, the lower intake of Potassium 

The higher score of Milk and alternatives, the higher intake of Protein 

The higher score of Milk and alternatives, the higher intake of Protein 

Milk and alternatives  

Meat and alternatives 

The higher score of Milk and alternatives, the higher intake of Calcium 

The higher score of Milk and alternatives, the higher intake of Calcium 

The higher score of Milk and alternatives, the higher intake of Vitamin D 

The higher score of Milk and alternatives, the higher intake of Vitamin D 

The higher score of Meat and alternatives, the higher intake of Protein 

The higher score of Meat and alternatives, the higher intake of Protein 

Meat and alternatives 

Unsaturated fats 

The higher score of Meat and alternatives, the higher intake of Iron 

The higher score of Meat and alternatives, the higher intake of Iron 

The higher score of Unsaturated fats, the higher intake of PUFA 

The higher score of Unsaturated fats, the higher intake of PUFA 

Unsaturated fats 

Others 

The higher score of Unsaturated fats, the higher intake of n-6 fats 

The higher score of Unsaturated fats, the higher intake of n-6 fats 

The higher score of Other, the higher intake of Energy 

The higher score of Other, the higher intake of Energy 

Others The higher score of Other, the higher intake of Sugar 

The higher score of Other, the higher intake of Sugar 

The higher score of Other, the higher intake of Fat 

The higher score of Other, the higher intake of Fat 

The higher score of Other, the higher intake of Saturated fats 

The higher score of Other, the higher intake of Saturated fats 
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The higher score of Other, the higher intake of Trans fatty acids 

The higher score of Other, the higher intake of Trans fatty acids 
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Results 

The overall objective of this thesis was to assess how well diet quality measurements 

including HEI-C and MDS would capture individual food behaviour changes based on nutrient 

intake from the CHANGE project. First of all, demographic characteristics are briefly summarized. 

Then, the findings of HEI-C will be shown. Correlations between HEI-C total scores and nutrient 

intake would be firstly discussed in the HEI-C part. To verify the correlation, the trend of HEI-C 

total score by nutrient intake is shown using one-way ANOVA. In addition, the associations 

between each score of HEI-C and categorized nutrient intake are discussed. It will provide the 

characteristics of each score of HEI-C components in terms of nutrient intake. Lastly, the 

associations between some of modified HEI-C components and nutrient intake are discussed. After 

the findings of HEI-C, the findings of MDS are discussed. Each component of MDS will be 

compared with relative components of HEI-C. Then, the findings from associations between 

modified MDS and relative HEI-C components and the associations between modified MDS and 

core nutrient intakes are discussed.  

Demographic Characteristics 

The characteristics of the subjects are summarized in Table 5. A total of 293 subjects 

were eligible for the inclusion criteria. The ratio of gender was relatively similar and mean BMI 

was not different between males and females.  

Table 5. Demographic characteristics of participants  

 N Mean (SD) P value 

Age 293 59.0 (9.8)  

Male  141 58.2 (10.5) 0.141 

Female  152 59.9 (8.9)  

Body Mass Index   31.9  

Male   31.6 (3.2) 0.085 

Female   32.2 (3.4)  
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 N Mean (SD) P value 

Caregiver    

Yes 210 (72%)   

No 83 (28%)   

Ethnicity    

US and Canadian Whites 222 (76%)   

European, African, Arabic 51 (17%)   

Asian and South Central Americans 15 (5%)   

Unclear 5 (2%)   

Canadian Healthy Eating Index 

Overall nutrient intakes and HEI-C scores at baseline, three months, and its changes over 

three months are shown in the Appendix C-1 and 2. A previous graduate student developed a list 

of key nutrients expected to be associated with reported HEI-C component scores (Ariellia 

Rodrigues, MSc thesis). Based on the findings from these previous results from the CHANGE 

project, potential relationships between each score of HEI-C components and core nutrients are 

summarized in Table 4. The higher scores of HEI-C components, the higher nutrient intake; and 

the lower scores of HEI-C components, the lower nutrient intake. The sodium component is not 

considered further as HEI scores were taken directly from results of the nutrient analysis and thus 

correlations are high. 

The summaries of correlations between HEI-C total scores and nutrient intakes are shown 

in Table 6. Significant positive correlations between HEI-C total scores and nutrients intake at 

baseline were applied in protein, carbohydrate, fibre, sugar, vitamin A, vitamin C, folate, 

magnesium, and potassium at baseline. On the contrary, significant negative correlations were 

found in energy, fat, SFA, trans-fatty acids, cholesterol, sodium, and omega-6 fatty acids intakes 

at baseline. Protein, fibre, MUFA, PUFA, vitamin C, folate, calcium, magnesium, potassium, and 

omega-3 fatty acids intakes had significant positive correlations with the HEI-C total score at three 

months; SFA, trans-fatty acids, cholesterol, and sodium intakes had significant negative 
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correlations with the HEI-C total score at three months. Lastly, changes in the HEI-C total scores 

and changes in protein, fibre vitamin C, vitamin D, folate, magnesium, and potassium intakes over 

three months were significantly correlated with the HEI-C total score. In addition, changes in fat, 

SFA, trans-fatty acids, cholesterol, and sodium intakes were negatively correlated with the HEI-C 

total score. 

Table 6. Correlation between nutrient intake and total HEI score at baseline, three months, and 

changes over three months (all data) 

 Baseline (n=247) Three months (n=209) Change (n=208) 

Energy (kcal) -.184** -.066 -.109 

Protein (%Energy) .331*** .298*** .330*** 

Carbohydrate (%Energy) .208** .065 0.135 

Fibre (g/1000kcal) .539*** .473*** .460*** 

Sugar (%Energy) .205** .040 0.130 

Fat (%Energy) -.338*** -.043 -.250*** 

SFA (%Energy) -.447*** -.335*** -.389*** 

MUFA (%Energy) -.030 .142* 0.007 

PUFA (%Energy) -.080 .161* -0.065 

Trans fatty acids (g) -.311*** -.180** -.167* 

Cholesterol (mg) -.134* -.176* -.140* 

Vitamin A (IU) .146* .057 -.011 

Vitamin B12 (mcg) .002 .032 .042 

Vitamin C (mg) .375*** .215** .246*** 

Vitamin D (mcg) .088 .078 .206** 

Folate (mcg) .164** .248*** .237** 

Calcium (mg) .055 .174* .080 

Iron (mg) -.017 .119 .090 

Magnesium (mg) .191** .358*** .295*** 

Potassium (mg) .242*** .259*** .321*** 

Sodium (mg) -.302** -.239*** -.220** 

Omega-3 fatty acids (g) .131* .201** .044 

Omega-6 fatty acids (g) -.140* .043 -.024 

*** <.001, ** <.01 *<.05 

The average HEI-C total score of quintiles by each nutrient at baseline, three months, and 

changes in nutrient over three months and post hoc test were shown in Table 7-1 to 3. Mostly the 

average of each quintile tended to increase or decrease. 
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Table 7-1. Nutrient intake across quintiles of HEI-C total score at baseline 

 Q1 

(<45.9) 

Q2 

(46.0-55.2) 

Q3 

(55.3-61.5) 

Q4 

(61.6-70.2) 

Q5 

(≥70.3) 

Energy (kcal)* 1951.35 1924.21 1939.38 1705.11 1635.65 

Protein (%Energy)*** 16.85a  16.98a 18.96ab 19.39b  20.29b  

Carbohydrate (%Energy)* 45.25 a 48.24ab 47.39 ab 48.60 ab 51.49 b 

Fibre (g/1000kcal)*** 9.05a 11.29ab 10.97a 13.30b 16.38c 

Sugar (%Energy)* 16.83a 17.31 ab 18.58 ab 19.14 ab 20.66b 

Fat (%Energy)*** 37.69a  34.75a 34.27ab 31.95bc 30.47bc 

SFA (%Energy)*** 12.95a 12.00a 11.59ab 10.00bc 8.89c 

MUFA (%Energy) 11.72 11.37 11.48 11.13 11.31 

PUFA (%Energy) 6.35 5.88 5.34 5.52 5.75 

Trans fatty acids (g)*** 0.90a 0.58 ab 0.55 b 0.36 b 0.30 b 

Cholesterol (mg)* 274.97 ab 262.47 ab 318.88 a 252.83 ab 214.63 b 

Vitamin A (IU) 4795.13 6846.90 7947.23 7395.19 7567.30 

Vitamin B12 (mcg) 4.65 3.72 4.26 5.43 4.27 

Vitamin C (mg)*** 60.98a 85.28ab 110.20bc 110.38bc 135.04c 

Vitamin D (mcg) 3.18 3.07 4.56 4.63 3.58 

Folate (mcg) 281.94 281.43 304.26 303.26 336.44 

Calcium (mg) 751.04 786.03 883.79 860.87 783.92 

Iron (mg) 12.69 13.22 12.87 12.12 12.54 

Magnesium (mg) 252.24 289.68 288.92 278.50 315.16 

Potassium (mg)** 2331.35a 2562.58ab 2874.17b 2684.93ab 2929.51b 

Sodium (mg)*** 3285.53a 2970.95ab 2753.46abc 2244.82bc 1981.49c 

Omega-3 fatty acids (g) 1.02 0.97 1.06 1.00 1.39 

Omega-6 fatty acids (g) 8.96 7.97 6.99 6.58 6.57 

*** <.001, ** <.01 *<.05 
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Table 7-2. Nutrient intake across quintiles of HEI total score at three months 

 Q1 

(<57.3) 

Q2 

(57.4-67.0) 

Q3 

(67.1-72.5) 

Q4 

(72.6-79.4) 

Q5 

(≥79.5) 

Energy (kcal) 1760.50 1699.79 1707.71 1590.47 1742.95 

Protein (%Energy)** 18.65a 19.92ab 21.04abc 21.31bc 22.38c 

Carbohydrate (%Energy) 46.79 48.46 48.29 50.59 48.06 

Fibre (g/1000kcal)*** 11.39a 14.53ab 15.59bc 18.60cd 18.95d 

Sugar (%Energy) 32.15 32.64 34.59 35.02 33.05 

Fat (%Energy) 33.25 32.40 31.82 31.14 32.79 

SFA (%Energy)*** 11.18 a 10.16ab 9.27b  8.69b 8.48b 

MUFA (%Energy) 11.72 11.37 11.48 11.13 11.31 

PUFA (%Energy) 6.35 5.88 5.34 5.52 5.75 

Trans fatty acids (g) 0.52 0.38 0.36 0.34 0.34 

Cholesterol (mg) 290.88 279.24 251.68 225.87 237.82 

Vitamin A (IU) 8824.88 12355.79 12278.57 10521.57 12597.23 

Vitamin B12 (mcg) 3.98 4.59 3.89 4.00 4.55 

Vitamin C (mg)* 95.30a 115.26 ab 149.55b 144.39 ab 145.34 ab 

Vitamin D (mcg) 4.19 3.94 3.36 4.39 4.82 

Folate (mcg)** 251.46a 316.81ab 343.29b 313.28ab 366.00b 

Calcium (mg) 790.14 790.28 824.55 863.64 967.18 

Iron (mg) 11.58 12.53 12.33 12.22 14.08 

Magnesium (mg)*** 259.71a 303.31ab 320.98ab 334.41bc 392.77c 

Potassium (mg)** 2472.89a 3075.85b 3037.43ab 3023.58ab 3386.06b 

Sodium (mg)* 2389.72a 2243.88 ab 2167.49ab 2032.14ab 1788.09b 

Omega-3 fatty acids (g) 1.09 1.03 1.29 1.40 1.72 

Omega-6 fatty acids (g) 6.94 7.48 7.56 7.07 7.80 

*** <.001, ** <.01 *<.05 

 



48 

Table 7-3. Changes in nutrient intake across quintiles of changes in HEI total score  

 Q1 

(<-1) 

Q2 

(-1-4) 

Q3 

(5-12) 

Q4 

(13-23) 

Q5 

(≥24) 

Energy (kcal) -40.97 -80.78 -176.78 -194.93 -188.48 

Protein (%Energy)*** -0.18a 0.81a 2.61ab 2.49ab 4.43b 

Carbohydrate (%Energy) -3.09 0.36 1.27 1.42 2.01 

Fibre (g/1000kcal)*** 0.17a 1.73a 2.73a 5.31bc 8.02c 

Sugar (%Energy) 13.88 7.82 11.86 17.34 16.95 

Fat (%Energy)** 3.03a -1.03ab -1.16ab -2.03ab -4.54b 

SFA (%Energy)*** 1.08a -0.70ab -1.56bc -2.03bc -3.49c 

MUFA (%Energy) 0.95 -0.32 0.37 -0.11 0.72 

PUFA (%Energy) 1.02 0.42 0.22 0.72 0.20 

Trans fatty acids (g) 0.09 -0.18 -0.07 -0.31 -0.29 

Cholesterol (mg) 16.12 -0.15 -10.11 -20.12 -40.57 

Vitamin A (IU) 4139.25 4118.52 5483.61 4320.41 4569.71 

Vitamin B12 (mcg) -0.61 -0.55 -0.63 0.79 0.01 

Vitamin C (mg)** 5.47a 10.94a 13.20a 71.26b 44.82ab 

Vitamin D (mcg)* 0.13ab -0.24ab -0.26a 0.61ab 1.89b 

Folate (mcg) -8.34 -21.62 3.83 47.46 57.07 

Calcium (mg) 38.53 20.74 -9.18 57.23 109.05 

Iron (mg) -0.79 -0.03 -0.58 0.25 0.78 

Magnesium (mg)*** 5.17a 8.64a 16.58a 85.59ab 96.51b 

Potassium (mg)*** -66.08a 96.56a 281.62ab 522.99ab 756.47b 

Sodium (mg)* -66.41a -389.96ab -482.52ab -881.33ab -1008.90b 

Omega-3 fatty acids (g) 0.08 0.09 0.42 0.30 0.24 

Omega-6 fatty acids (g) 1.98 -0.21 -0.98 -0.51 0.73 

*** <.001, ** <.01 *<.05  
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Relationship between scores of HEI-C components and core nutrients. Each HEI 

component is considered in turn with correlation analysis followed by item response histograms 

to confirm distribution and responsiveness.  

As previous graduate student reported, core nutrients were collected based on 

correlations between HEI-C components and nutrient intake. Based on the correlations, each 

score of HEI-C and nutrient intake were analyzed more specifically. Categorized nutrient intake 

and rounded up scores of HEI-C would be examined to see the characteristics of each score. In 

this analysis, three months data would not be used as it is already influenced by diet counselling 

and some nutrient intakes improved at three months. For the analysis of responsiveness the 

changes in HEI from baseline to 3 months were shown in Table 8.  

Table 8. The ranges in quartile or tertile of changes in each HEI-C component 

  

Chang

e in 

TFV 

Change 

in whole 

fruits 

Chang

e in 

DGOV 

Change 

in TGP 

Change 

in whole 

grains 

Change 

in milk 

and 

alternati

ves 

Change 

in meat 

and 

alternati

ves 

Change 

in 

unsatur

ated fats 

Change 

in other 

foods 

Q

1 < 0     < -1 < -1 < -1   < -2 < 0 

Q

2 

0 to 

0.9 

    -1 to  

-0.1 

-1 to  

-0.1 

-1 to  

-0.1 

  -2 to  

-0.1 

0 to 2.9 

Q

3 

1 to 

2.9 

    0 to  

0.9 

0 to  

1.9 

0 to  

2.9 

  0 to  

1.9 

3 to 8.9 

Q

4 

>3     >1 >2 >3   >2 >9 

  

T

1   < 0 < 0       < 0     

T

2 

  0 to  

0.9 

0 to 

1.9 

      0 to  

1.32 

    

T

3 

  >1 >2       > 1.33     

TFV: fruits and vegetables; DGOV: dark green and orange vegetables; TGP: total grains and 

products 

Fruits and vegetables (three components of HEI). As anticipated in Table 5, HEI-C total 
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fruits and vegetables were significantly correlated with fibre, sugar, vitamin A, vitamin C, folate 

magnesium, and potassium intakes; however, changes in sugar intake were not correlated with 

changes in HEI-C total fruits and vegetables (Table 9). HEI-C whole fruits was significantly 

correlated with fibre, sugar, vitamin a, vitamin C, folate, magnesium, and potassium intake, but 

changes in HEI-C whole fruits over 3 months had significant correlations with fibre and potassium 

intake. (Table 9). Lastly, HEI-C dark green orange vegetables were significantly correlated with 

fibre, vitamin A, vitamin C, folate, and potassium intakes (Table 9). 

Table 9. Correlation between core nutrient intake and the scores of components for total fruits 

and vegetables, whole fruits, and dark green orange vegetables at baseline, three months, and 

changes over three months 

 Baseline Three months Change 

Total fruits and vegetables 

Fibre (g/1000kcal) .423*** .422*** .328*** 

Sugar (%E) .331*** .156* .144 

Vitamin A (IU) .380*** .329*** .191** 

Vitamin C (mg) .540*** .450*** .324*** 

Folate (mcg) .234*** .434*** .255*** 

Magnesium (mg) .235*** .357*** .211** 

Potassium (mg) .447*** .474*** .418*** 

Whole fruits 

Fibre (g/1000kcal) .418*** .401*** .298*** 

Sugar (%E) .303*** .298*** .141 

Vitamin A (IU) .148* -.043 -.119 

Vitamin C (mg) .269** .226** .131 

Folate (mcg) .130* .097 .116 

Magnesium (mg) .171** .162* .104 

Potassium (mg) .239*** .208** .185** 

Dark green orange vegetables 

Fibre (g/1000kcal) .256*** .294*** .140* 

Vitamin A (IU) .447*** .370*** .295*** 

Vitamin C (mg) .294** .273*** .153* 

Folate (mcg) .156* .300*** .219** 

Magnesium (mg) -.001 .224** .048 

Potassium (mg) .161* .272*** .176* 

*** <.001, ** <.01, *<.05 
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HEI-C total fruit and vegetables. The histograms indicate few people had very low intakes 

of total fruits and vegetables and this will influence the appearance of following analysis (Figure 

1). The distribution of scores of the dark green and orange vegetables was much more balanced.    

Figure 1. Histograms of HEI-C total fruits and vegetables, whole fruits, and dark green and 

orange vegetables at baseline 

A. Histogram of HEI-C total fruits and vegetables 

 

  

B. Histogram of HEI-C whole fruits C. Histogram of HEI-C dark green and orange 

vegetables 

  

Figure 2-1 indicated the relationship between decile of fibre intake and the number of 

people in each score of total fruits and vegetables at baseline. The overall chi square association 

between HEI-C total fruits and vegetables and fibre intake was significant (p=.003). The amount 

of the highest and lowest score of HEI-C total fruits increased (R2=.581) and decreased (R2=.182) 
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respectively as fibre intake increased. The middle scores of HEI-C were spread all around decile 

of fibre intake. 

Vitamin C intake was significantly associated with each score of HEI-C total fruits and 

vegetable (Figure 2-2). The highest score of HEI-C showed more clear association with vitamin C 

intake (R2=.767). The number of people with the highest score of HEI-C was higher in sixth decile 

of vitamin C intake than in seventh and eighth; however, the trend of the highest score of HEI-C 

increased. The lowest score of HEI-C total fruits and vegetables had a weak association with 

vitamin C intake.  

Categorized potassium intake was significantly associated with HEI-C total fruits and 

vegetables at baseline (Figure 2-3). The highest score of HEI-C was dominant at the tenth decile 

of potassium intake and was not found at first and second decile of potassium intake (R2=.854).  

Figure 2-1. Relationship between each score of total fruits and vegetables and decile of fibre 

(g/1000kcal) intake at baseline 
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Figure 2-2. Relationship between each score of total fruits and vegetables and decile of vitamin 

C intake at baseline 

 

Figure 2-3. Relationship between each score of total fruits and vegetables and decile of 

potassium intake at baseline 
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HEI-C whole fruits. The relationship between decile of fibre intake and each score of 

whole fruits at baseline can be seen in Figure 2-4. The lowest and highest scores of HEI-C whole 

fruits had clear associations with fibre intake. The trend of the highest score increased as fibre 

intake increased (R2=.860), but it was found at the first decile of fibre intake. The amount of the 

lowest score of HEI-C whole fruits tended to decrease (R2=.811).   

Vitamin C intake was significantly associated with each score of HEI-C whole fruits 

(Figure 2-5). The highest score of HEI-C was likely to show an increase trend (R2=.577), but its 

value in the first decile of vitamin C was relatively high. The lowest score of HEI-C was dominant 

at the first decile but its values in other deciles were relatively similar (R2=.145).   

The relationship between each score of HEI-C whole fruit and potassium intake at baseline 

was not statistically significant (Figure 2-6). The highest score tended to increase but relatively 

higher number of it was found in the lowest potassium intake. 

Figure 2-4. Relationship between each score of whole fruits and decile of fibre (g/1000kcal) 

intake at baseline 
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Figure 2-5. Relationship between each score of whole fruits and decile of vitamin C intake at 

baseline 

 

Figure 2-6. Relationship between each score of whole fruits and decile of potassium intake at 

baseline 
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significant. However, each score of HEI-C with categorized nutrient intakes did not show 

significant association (Figure 2-7 to Figure 2-9).  

Figure 2-7. Relationship between each score of dark green and orange vegetables and decile of 

fibre (g/1000kcal) intake in at baseline 

 

Figure 2-8. Relationship between each score of dark green and orange vegetables and decile of 

vitamin C intake at baseline 
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Figure 2-9. Relationship between each score of dark green and orange vegetables and decile of 

potassium intake at baseline 

 

Change in HEI-C total fruits and vegetables. To assess change in HEI-C components over 
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clear characteristics reflecting changes in HEI-C total fruits and vegetables. 

R² = 0.2134 R² = 0.4656

0

2

4

6

8

10

12

14

16

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

Potassium at baseline
DGOV 1 DGOV 2 DGOV 3
DGOV 4 DGOV 5 Linear (DGOV 1)
Linear (DGOV 5)

Number of people P = .894



58 

The change in potassium intake was significantly associated with the change in HEI-C 

total fruits and vegetables at baseline (Figure 2-12). Larger changes in potassium intake were 

dominantly found in third or fourth quartile of the change in HEI-C total fruits and vegetables, and 

its histograms appeared right skewed shapes. In addition, smaller changes in potassium intake such 

as first to third decile relatively decreased as the change in HEI-C increased.  

Overall, people who achieved 3-point increase of HEI-C total fruits and vegetables were 

expected larger improvement of changes in fibre, vitamin C, and potassium intakes. Thus, HEI-C 

total fruits and vegetables can capture food behaviour changes over three months in terms of larger 

improvement in fibre, vitamin C, and potassium intakes. 

Figure 2-10. Relationship between quartile of change in total fruits and vegetables and decile of 

change in fibre (g/1000kcal) intake  
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Figure 2-11. Relationship between quartile of change in total fruits and vegetables and decile of 

change in vitamin C intake  

 

Figure 2-12. Relationship between quartile of change in total fruits and vegetables and decile of 

change in potassium intake  

 

Change in HEI-C whole fruits. The relationships between change in HEI-C whole fruits 

and fibre and potassium intakes were significantly correlated. However, the associations between 

each level of change in HEI-C whole fruits and categorized fibre and potassium intakes did not 

show significant information (Figure 2-13 and Figure 2-14). Therefore, HEI-C whole fruits cannot 

capture changes in fibre and potassium intakes over three months. 
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Figure 2-13. Relationship between tertile of change in whole fruits and decile of change in fibre 

(g/1000kcal) intake  

 

Figure 2-14. Relationship between tertile of change in whole fruits and decile of change in 

potassium intake  
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vegetables did not appear clear information regarding categorized fibre, vitamin C, and potassium 

intakes (Figure 2-15 to Figure 2-17). Therefore, HEI-C dark green and orange vegetables cannot 

capture changes in fibre, vitamin C, potassium intakes over three months. 

Figure 2-15. Relationship between tertile of change in dark green and orange vegetables and 

decile of change in fibre (g/1000kcal) intake  

 

 

Figure 2-16. Relationship between tertile of change in dark green and orange vegetables and 

decile of change in vitamin C intake  
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Figure 2-17. Relationship between tertile of change in dark green and orange vegetables and 

decile of change in potassium intake  

 

Grains. The histograms in Figure 3 indicate few people had very low intakes of total grains 

and products. On the other hand, the distribution of whole grains was relatively more balanced.    

Figure 3. Histograms of HEI-C total grains and products and whole grains at baseline 

  
A. HEI-C total grains and products B. HEI-C whole grains 
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folate, magnesium, and potassium intakes. In addition, whole grains were significantly related with 

carbohydrates, fibre, magnesium, and potassium intakes. Moreover, the correlations between the 

change in total grains and products over three months and changes in carbohydrates and folate 

intakes were significant. Lastly, the change in whole grains was significantly correlated with fibre, 

folate, and magnesium intakes. 

Table 10. Correlation between core nutrient intake and the scores of components for total fruits 

and total grains and products and whole grains at baseline, three months, and changes over three 

months 

 Baseline Three months Change 

Total grains and products 

Carbohydrates (%Energy) .293*** .149* .208** 

Fibre (g/1000kcal) .021 -.080 .014 

Folate (mcg) .290*** .304*** .235** 

Magnesium (mg) .309*** .402*** .235** 

Potassium (mg) .149* .200** .063 

Whole grains 

Carbohydrates (%Energy) .200** .063 .080 

Fibre (g/1000kcal) .391*** .280*** .244*** 

Folate (mcg) .082 .163* .235** 

Magnesium (mg) .294*** .446*** .235** 

Potassium (mg) .199** .285*** 0.063 

*** <.001, ** <.01, * <.05 

HEI-C total grains and products. As Figure 4-1 showed, overall HEI-C total grains and 

products and categorized carbohydrate intake were significantly associated. However, specific 

associations between each score of HEI-C and categorized carbohydrate intake were weak. The 

lowest score of HEI-C was likely to decrease as carbohydrate intake increased (R² = .401). In 

addition, the highest score was less likely to show clear information regarding carbohydrate intake. 

Its value in the seventh decile was dominant rather than ninth or tenth decile of carbohydrate intake. 

Categorized folate intake was significant with HEI-C total grains and products (Figure 4-

2). However, the amount of the highest score of HEI-C was relatively high even though its trend 
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showed a right skewed shape (R² = .864). The lowest score of HEI-C tended to decrease as folate 

intake increased (R² = .505). The middle score of HEI-C was spread all around decile of folate 

intake. 

The relationship between each score of HEI-C total grains and products and magnesium 

intake can be seen Figure 4-3. The tendency of HEI-C total grains and products by magnesium 

intake was similar to folate intake. Overall association between HEI-C total grains and products 

and categorized magnesium intake was significant. However, each score of HEI-C showed weak 

associations with magnesium intake. 

To sum up, the highest score of total grains and products had relatively higher R squared 

value in carbohydrate, folate, and magnesium intake. However, the histograms did not show a clear 

right skewed shape. On the contrary, the lowest score of HEI-C total grains and products tended 

to show right skewed histogram in carbohydrate, folate, and magnesium intakes. Although the 

amount of the lowest score of HEI-C total grains and products was not dominantly high in the first 

decile of carbohydrate and folate intakes compared to the other decile, it tended to show a right 

skewed histogram of those nutrient intakes. Therefore, the lowest score can represent a lower 

intake of carbohydrate, folate and magnesium. The histograms were affected by the fact that few 

people had low HEI scores on total grains and products. 
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Figure 4-1. Relationship between decile of carbohydrate (%Energy) intake and the number of 

people in each score of total grains and products at baseline 

 

Figure 4-2. Relationship between each score of total grains and products and decile of folate 

intake at baseline 
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Figure 4-3. Relationship between each score of total grains and products and decile of 

magnesium intake at baseline 

 

 HEI-C whole grains. The relationship between each score of whole grains and categorized 

fibre intake were significant (Figure 4-4). The lowest score of HEI-C gradually decreased as fibre 

intake increased and was not found the tenth decile of fibre intake (R2 = .766). The highest score 

of HEI-C tended to increase as fibre intake increased (R2 = .781); however, it was found at lowest 

fibre intake and relatively increased at middle level of fibre intake.  
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low and high end values were dominant. In addition, the highest score also showed increase 

tendency as magnesium intake increased, but the lowest score did not. Thus, HEI-C whole grains 

represents fibre intake and just lowest score of HEI-C whole grains indicates higher intake of 

magnesium. 

Figure 4-4. Relationship between each score of whole grains and decile of fibre (g/1000kcal) 

intake at baseline 

 

Figure 4-5. Relationship between each score of whole grains and decile of magnesium intake at 

baseline 
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 Change in HEI-C total grains and products. To assess the characteristics of change in total 

grains and products, it was divided into quartiles. Overall changes in carbohydrate and magnesium 

intakes were significantly correlated with the change in HEI-C total grains and product. However, 

each level of change in HEI-C did not show a clear association with categorized carbohydrate and 

magnesium intakes (Figure 4-6 and Figure 4-7).  

 In conclusion, the histograms of changes in carbohydrate intake showed a right skewed 

tendency only in the fourth quartile of changes in HEI-C total grain and products. In addition, 

changes in magnesium intake did not show clear associations with changes in HEI-C total grain 

and products. Thus, more than 1 point increase of HEI-C total grain and products indicates larger 

improvement of carbohydrate per total energy intake over three months. 

Figure 4-6. Relationship between quartile of changes in total grains and products and decile of 

change in carbohydrate (%Energy) intake  
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Figure 4-7. Relationship between quartile of changes in total grains and products and decile of 

changes in magnesium intake  

 

Change in HEI-C whole grains. Overall change in carbohydrate and fibre intakes were 

significantly correlated with the change in HEI-C whole grain. However, each level of change in 

HEI-C did not show clear associations with categorized carbohydrate and fibre intakes (Figure 4-

8 and Figure 4-9).  

The change in HEI-C whole grains and the change in magnesium intake over three months 

was significantly associated (Figure 4-10). The larger changes in magnesium intake tended to show 

right skewed shapes and those were not found at the smallest change in HEI-C whole grains. It 

means that larger improvement in HEI-C whole grains can indicate larger improvement in 

magnesium intake. In addition, the first quartile of change in HEI-C whole grain showed a left 

skewed shape. In other words, the first and second decile of change in magnesium intakes were 

dominant at first quartile of change in HEI-C whole grains. 

Overall, the first and fourth quartile of changes in HEI-C whole grains tended to show left 

and right skewed histograms of changes in magnesium intake. Thus, more than 2-point increase of 

HEI-C whole grains can represent larger improvement of magnesium intake. 
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Figure 4-8. Relationship between quartile of change in whole grains and decile of change in 

carbohydrate (%Energy) intake  

 

Figure 4-9. Relationship between quartile of change in whole grains and decile of change in fibre 

(g/1000kcal) intake  

 

Figure 4-10. Relationship between quartile of change in whole grains and decile of change in 

magnesium intake  
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Milk. The histogram of milk and alternatives did not show any ceiling or floor effects 

(Figure 5). HEI-C milk and alternatives was positively correlated with calcium and vitamin D 

intake at baseline and three months (Table 11). In addition, change in HEI-C milk and alternatives 

over three months was also positively significant with changes in calcium and vitamin D intakes. 

Figure 5. Histogram of HEI-C milk and alternatives at baseline 

 
 

Table 11. Correlation between core nutrient intake and the scores of components for milk and 

alternatives at baseline, three months, and changes over three months 

 Baseline Three months Change 

Milk and alternatives 

Protein (%Energy) .106 .022 -.028 

Calcium (mg) .685*** .688*** .653*** 

Vitamin D (mcg) .428*** .389*** .337*** 

*** <.001, ** <.01, * <.05 

HEI-C milk and alternatives. The relationship between each score of milk and alternatives 

and categorized calcium intake was significantly associated (Figure 6-1). The highest and lowest 

scores of HEI-C milk and alternatives showed clear right (R2=.644) or left (R2=.650) skewed 

shapes respectively. It means that the highest score of HEI-C milk and alternatives can be 
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considered as higher calcium intake; the lowest score can be conversely considered. 

HEI-C milk and alternatives was significantly associated with categorized vitamin D 

intake (Figure 6-2). The highest lowest scores of HEI-C milk and alternatives tended to increase 

as vitamin D intake increased (R2=.617). Although it was found in the lowest vitamin D category, 

the highest score of HEI-C showed clear information regarding vitamin D intake. However, the 

lowest score of HEI-C did not have a left skewed shape. 

Overall, HEI-C milk and alternatives showed clear information regarding calcium intake. 

The lowest and highest scores of HEI-C milk and alternatives showed clear left and right skewed 

histograms respectively. In addition, the middle score such as score ‘5’ was concentrated in decile 

4 to 8. Therefore, most scores of HEI-C milk and alternatives reflect expected calcium intake. 

Figure 6-1. Relationship between each score of milk and alternatives and decile of calcium 

intake at baseline 
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Figure 6-2. Relationship between each score of milk and alternatives and decile of vitamin D 

intake at baseline 

 

Change in HEI-C milk and alternatives. Overall correlation between the change in HEI-

C milk and alternatives and the change in protein intake over three months was significant. 

However, each score of HEI-C did not show clear association regarding protein intake (Figure 6-

3). 

Each change score of HEI-C milk and alternatives was significantly associated with 

categorized change in calcium intake. The largest change in HEI-C milk and alternatives had a 

right skewed shape of changes in calcium intake. In other words, the larger improvement of HEI-

C milk and alternatives can be considered as larger improvement in calcium intake. The lowest 

score of HEI-C can be conversely considered. 

The largest change in HEI-C milk and alternatives tended to show a right skewed shape 

(Figure 6-4) even though smaller changes in vitamin D intake were found. Thus, it is likely to 

show larger improvement of vitamin D intake. The first quartile indicating the smallest change in 
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HEI-C milk and alternatives appeared to be a left skewed shape. Although the third decile of 

changes in vitamin D was dominant at quartile 1, the lower changes in HEI-C milk and alternatives 

can be considered as a small improvement of vitamin D intake.  

To sum up, changes in calcium intake showed ideal histograms in each quartile. Especially, 

the first and fourth quartiles showed clear left and right skewed histograms of changes in calcium 

intake. In addition, the histograms of changes in vitamin D were relatively similar as changes in 

calcium intake. Therefore, 3-point increase in HEI-C milk and alternatives can represent higher 

improvement of calcium and vitamin D intake over three months. On the other hand, more than 1 

point decrease in HEI-C milk and alternatives was associated with little improvement in calcium 

and vitamin D intake. 

Figure 6-3. Relationship between decile of changes in protein (%Energy) intake and the number 

of people in quartile of changes in milk and alternatives 
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Figure 6-4. Relationship between quartile of changes in milk and alternatives and decile of 

changes in calcium intake  

 

 

Figure 6-5. Relationship between decile of changes in vitamin D intake and the number of people 

in quartile of changes in milk and alternatives 

 

Meats. Figure 7 indicated that most people were concentrated in higher scores such as 8 

to 10. Therefore, ceiling effects are evident, and it will affect the appearance of item 

responsiveness graphs.  
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Figure 7. Histogram of HEI-C meat and alternatives at baseline 

 
 

Table 12 summarizes the correlations between HEI-C meat and alternatives and core 

nutrient intakes at baseline and three months and changes in HEI-C and nutrient intakes over 

three months. HEI-C meat and alternatives was positively correlated with protein, iron, and 

vitamin B12 intakes at baseline. In addition, the change in HEI-C meat and alternatives was 

significantly correlated with protein and iron intakes. 

Table 12. Correlation between core nutrient intake and the scores of components for meat and 

alternatives at baseline, three months, and changes over three months 

 Baseline Three months Change 

Meat and alternatives 

Protein (%Energy) .198** .213** .235** 

Iron (mg) .168** .226** .165* 

Vitamin B12 (mcg) .177** .034 .089 

*** <.001, ** <.01, * <.05 

HEI-C meat and alternatives. As most participants achieved score ‘10’ of HEI-C meat and 

alternatives, the relation between the lower scores and nutrient intake was not applicable. 

Moreover, the highest score was spread at all around of decile of protein, iron, and vitamin B12 

intakes (Figure 8-1 to Figure 8-3).  
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Overall, most participants achieve higher scores of HEI-C meat and alternatives and the 

higher scores were spread all around the decile of protein, iron, and vitamin B12 intake. Although 

the tendency showed increase, its values were relatively high in lower intake of those nutrients. 

Therefore, each score of HEI-C meat and alternatives is unlikely to be associated with protein, 

iron, and vitamin 12 intakes. 

Figure 8-1. Relationship between each score of meat and alternatives and decile of protein 

(%Energy) intake at baseline 

 

 

Figure 8-2. Relationship between each score of meat and alternatives and decile of iron intake at 

baseline 
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Figure 8-3. Relationship between decile of vitamin B12 intake and the number of people in each 

score of meat and alternatives at baseline 

 

Change in HEI-C meat and alternatives. The overall correlations between change in HEI-

C meat and alternatives and changes in protein and iron intake were significant. However, each 

level of change in HEI-C meat and alternatives did not show clear relationships regarding protein 

and iron intake (Figure 8-4 and Figure 8-5). 

In conclusion, each level of changes HEI-C meat and alternatives did not show clear 

information regarding changes in protein and iron intake. Thus, changes in HEI-C meat and 

alternatives are hard to capture the changes in protein and iron intake over three months. 
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Figure 8-4. Relationship between decile of changes in protein (%Energy) intake and the number 

of people in tertile of changes in meat and alternatives 

 

Figure 8-5. Relationship between decile of changes in iron intake and the number of people in 

tertile of changes in meat and alternatives 

 

Unsaturated fats. As Figure 9 showed, scores are widely distributed across the range. It 

will influence of the appearance of item responsiveness graphs related nutrient intakes. 
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Figure 9. Histogram of HEI-C unsaturated fats at baseline 

 
 

 The summary of relationships between HEI-C unsaturated fats and core nutrient intakes 

can be seen in Table 13. HEI-C unsaturated fats were yielded from 24 hour recall data and its 

correlations with MUFA, PUFA, omega 3 fatty acids and omega 6 fatty acids intakes were 

significant at baseline and three months. In addition, the change in HEI-C unsaturated fats was 

significantly correlated with MUFA and omega 6 fatty acids. 

Table 13. Correlation between core nutrient intake and the scores of components for unsaturated 

fats at baseline, three months, and changes over three months 

 Baseline Three months Change 

Unsaturated fats 

MUFA (%Energy) .245*** .479*** .149* 

PUFA (%Energy) .260*** .348*** 0.126 

Omega 3 fatty acids .187** .300*** 0.093 

Omega 6 fatty acids .234*** .236** .169* 

*** <.001, ** <.01, * <.05 

 HEI-C unsaturated fats. The association between HEI-C unsaturated fats and categorized 
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MUFA intake was significant (see Figure 10-1). However, the highest and lowest scores of HEI-C 

were spread at all around decile of MUFA intake. Thus, each score did not show clear information 

regarding MUFA intake. 

 The lowest score of HEI-C unsaturated fats was dominant at the lowest PUFA intake 

category but did not relatively decrease as PUFA intake increased (see Figure 10-2). In addition, 

the amount of the highest score of HEI-C unsaturated fats was relatively similar at all around decile 

of PUFA intake. 

 As Table 13 showed, HEI-C unsaturated fats was significantly correlated with omega 3 

and 6 fatty acids. However, each score of HEI-C unsaturated fats and categorized omega 3 and 6 

fatty acids did not show significant associations (Figure 10-3 and Figure 10-4). 

Overall, the lowest and highest scores of HEI-C unsaturated fats were not associated with 

MUFA, PUFA, and omega-3 and-6 fatty acids intakes. In addition, most scores were spread all 

around the decile of MUFA, PUFA, and omega-3 and-6 fatty acids intakes, and those values were 

relatively similar. Therefore, each score of HEI-C unsaturated fats cannot represent MUFA, PUFA, 

and omega-3 and-6 fatty acids intakes. 
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Figure 10-1. Relationship between each score of unsaturated fats and decile of MUFA 

(%Energy) intake at baseline 

 

 

Figure 10-2. Relationship between each score of unsaturated fats and decile of PUFA (%Energy) 

intake at baseline 
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Figure 10-3. Relationship between each score of unsaturated fats and decile of omega 3 fatty 

acids intake at baseline 

 

 

Figure 10-4. Relationship between each score of unsaturated fats and decile of omega 6 fatty 

acids intake at baseline 
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 Change in HEI-C unsaturated fats. The correlations between change in HEI-C unsaturated 

fats and changes in MUFA and omega 3 fatty acids intakes over three months were significant 

(Table 13). However, each level of change in HEI-C unsaturated fats did not indicate clear 

information regarding changes in MUFA and omega 3 fatty acids intakes over three months (Figure 

10-5 and Figure 10-6). 

To sum up, the amount of changes in MUFA and omega-6 intakes were relatively similar 

at each level of changes in HEI-C unsaturated fats. Therefore, HEI-C unsaturated fats cannot 

capture the changes in core nutrient intakes over three months. 

Figure 10-5. Relationship between quartile of change in HEI-C unsaturated fats and decile of 

change in MUFA (%Energy) intake  
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Figure 10-6. Relationship between decile of changes in omega 6 fatty acids intake and the 

number of people in quartile of changes in unsaturated fats 

 

Moderation components. HEI-C saturated fats and sodium were calculated from dietary 

data and those are strongly correlated with SFA and sodium intakes (data not shown). As Figure 

11 showed, there were no floor and ceiling effects on HEI-C other foods at baseline. Table 14 

indicated the correlations between HEI-C other foods and relative nutrient intakes. HEI-C other 

foods were negatively correlated with energy, fat, trans-fatty acids, and sodium intake at baseline. 

The change in HEI-C other foods was negatively correlated with changes in energy and trans-fatty 

acids intakes over three months.  

Figure 11. Histograms of HEI-C other foods at baseline 
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Table 14. Correlation between core nutrient intake and the scores of components for other foods 

at baseline, three months, and changes over three months 

 Baseline Three months Change 

Other foods 

Energy (kcal) -.355*** -.281*** -.199** 

Sugar (%Energy) -.078 -.017 -.085 

Fat (%Energy) -.136* .019 -.032 

Trans-fatty acids (g) -.258*** -.169* -.145* 

Cholesterol (mg) -.092 -.175* -.123 

Sodium (mg) -.202** -.229** -.114 

*** <.001, ** <.01, * <.05 

 HEI-C other foods. As Figure 12-1 showed, the highest score of HEI-C other foods was 

found at all around decile of energy intake and those values were relatively similar. The lowest 

score of HEI-C other foods showed a right skewed shape. However, its value at the first decile of 

energy intake was relatively high. Thus, each score of HEI-C other foods did not have clear 

information regarding energy intake. 

 HEI-C other foods was significantly correlated with fat intakes (Table 14). However, each 

score of HEI-C other foods did not show clear information regarding fat intakes (see Figure 12-2). 

 Figure 12-3 indicated the relationship between HEI-C other foods and trans-fatty acids 

intake. The lowest score of HEI-C showed weak information regarding trans-fatty acids intake. 

The highest score of HEI-C had a left skewed shape; however, its value in seventh decile was 

relatively high. Therefore, it is hard to consider that the highest score indicate the lower trans-fatty 

acids intake.  

 Overall, the lowest and highest scores were supposed to relate to lower and higher intakes 

of energy, fat, and trans-fatty acids respectively, as HEI-C other foods is one of moderation 

components. However, each score of HEI-C other foods did not show clear associations with 

energy, fat, and trans-fatty acids intakes and was found at all around decile of those nutrient intakes. 
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Therefore, each score of HEI-C other foods does not provide information regarding energy, fat, 

and trans-fatty acids intakes. 

Figure 12-1. Relationship between each score of other foods and decile of energy intake at 

baseline 

 

Figure 12-2. Relationship between each score of other foods and decile of fat (%Energy) intake 

at baseline 
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Figure 12-3. Relationship between each score of other foods and decile of trans-fatty acids intake 

at baseline 

 

 Change in HEI-C other foods. The smallest change in energy intake increased as the level 

of change in HEI-C other foods (Figure 12-4). It means that larger improvement of HEI-C other 

foods indicates smaller changes in energy intake. However, the other levels of the change in HEI-

C other foods did not have clear information regarding changes in energy intake. 

 The overall correlation between the change in other foods and trans-fatty acids intake was 

significant (Table 14). However, each level of the change in other foods did not have significant 

associations with categorized change in trans-fatty acids intake over three months (Figure 12-5).  

 To sum up, the histograms of changes in energy and trans-fatty acids intakes did not have 

clear shapes at each level of changes in HEI-C other foods. Therefore, HEI-C other foods cannot 

provide information capturing changes in relevant nutrient intakes over three months.  

R² = 0.0194R² = 0.5712

0

1

2

3

4

5

6

7

8

9

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

Trans fats at baseline
Other 0 Other 3 Other 6

Other 9 Other 11 Other 14

Other 17 Other 20 Linear (Other 3)

Linear (Other 20)

Number of people P = .033



89 

Figure 12-4. Relationship between quartile of change in other foods and decile of change in 

energy intake 

 

Figure 12-5. Relationship between quartile of changes in other foods and decile of changes in 

trans-fatty acids intake  
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score ‘1’ tended to show a right skewed shape in fibre and potassium intake. It means that MDS 

fruits scores can represent lower/higher intake of fibre and potassium intake. However, Vitamin C 

and vitamin A intakes did not show clear associations with MDS fruits. 

Changes in MDS fruits and core nutrient intakes were shown in Figure 13-2. All scores (-

1, 0, and 1) did not show clear associations with changes in fibre, vitamin C, vitamin A and 

potassium intakes over three months. Therefore, MDS fruits cannot capture changes of core 

nutrient intakes over three months.  
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Figure 13-1. Relationship between MDS fruits and core nutrients at baseline 

 
 

A. MDS fruits and fibre (g/1000kcal) intake 

(p=.004) 

B. MDS fruits and vitamin C intake (p=.094) 

  
C. MDS fruits and vitamin A intake (p=.211) D. MDS fruits and potassium intake (p=.016) 
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Figure 13-2. Relationship between changes in MDS fruits and core nutrients intakes over three 

months 

 
 

A. Changes in MDS fruits and fibre (g/1000kcal) 

intake over three months (p=.589) 

B. Changes in MDS fruits and vitamin C intake 

over three months (p=.016) 

  
C. Changes in MDS fruits and vitamin A intake 

over three months (p=.844) 

D. Changes in MDS fruits and potassium 

intake over three months (p=.171) 

 

Vegetables. MDS vegetables ‘0’ and ‘1’ tended to show left and right skewed shapes 

respectively against fibre and vitamin C intakes (Figure 14-1). However, histograms of vitamin A 

and potassium showed relatively clear association with MDS vegetable ‘1’ and ‘0’ respectively. 

Therefore, MDS vegetables ‘0’ and ‘1’ can represent lower or higher fibre and vitamin C intakes. 

As Figure 14-2 showed, improvement of MDS vegetables over three months tended to 
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show right skewed shapes of fibre, vitamin C, vitamin A, and potassium. No-change group 

scored as 0 did not show clear information regarding those nutrients. Therefore, improvement of 

MDS vegetables over three months can capture improvement of core nutrient intakes such as 

fibre, vitamin C, vitamin A, and potassium. 

Figure 14-1. Relationship between MDS vegetables and core nutrients at baseline 

  

A. MDS vegetables and fibre (g/1000kcal) intake 

(p=.182) 

B. MDS vegetables and vitamin C intake 

(p=.036) 

 
 

C. MDS vegetables and vitamin A intake (p=.004) D. MDS vegetables and potassium intake 

(p=.034) 
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Figure 14-2. Relationship between changes in MDS vegetables and core nutrients intakes over 

three months 

  
A. Changes in MDS vegetables and fibre 

(g/1000kcal) intake over three months (p=.168) 

B. Changes in MDS vegetables and vitamin C 

intake over three months (p=.009) 

 
 

C. Changes in MDS vegetables and vitamin A 

intake over three months (p=.004) 

D. Changes in MDS vegetables and potassium 

intake over three months (p=.017) 

 

Red or processed meats. Figure 15-1 indicated that MDS red or processed meats showed 

reverse associations with protein and vitamin B12. Score ‘0’ tended to show right skewed shapes 

regarding protein and vitamin B12 and score ‘1’ showed relatively left skewed shapes in vitamin 

B12 and iron intakes. Moreover, improvement of MDS red or processed meats likely showed left 

skewed shapes regarding changes in iron and vitamin B12 intakes. (Figure 15-2). Thus, MDS red 
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or processed meats contains reverse information about core nutrient intakes. 

Figure 15-1. Relationship between MDS red or processed meats and core nutrients at baseline 

 
 

A. MDS red or processed meats and protein 

(%Energy) intake (p=.072) 

B. MDS red or processed meats and iron 

intake (p=.235) 

 

 

C. MDS red or processed meats and vitamin B12 

intake (p=.303) 
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Figure 15-2. Relationship between changes in MDS red or processed meats and core nutrients 

intakes over three months 

  
A. Changes in MDS red or processed meats and 

protein (%Energy) intake over three months 

(p=.586) 

B. Changes in MDS vegetables and iron intake 

over three months (p=.784) 

 

 

C. Changes in MDS red or processed meats and 

vitamin B12 intake over three months (p=.698) 

 

Legumes. As Figure 16-1 showed, few participants (7.4%) met the legume criteria, so the 

information about score ‘1’ is not available in this analysis. Score ‘0’ was likely left skewed; thus, 

we can expect people who did not meet MDS legume criteria had lower intake of iron intake. 

However, MDS legume did not show information regarding changes in core nutrient intakes 

(Figure 16-2). 



97 

Figure 16-1. Relationship between MDS legume and core nutrients at baseline 

 
 

A. MDS legume and protein (%Energy) intake 

(p=.377) 

B. MDS legume and iron intake (p=.692) 
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Figure 16-2. Relationship between changes in MDS legume and core nutrients intakes over three 

months 

 
 

A. Changes in MDS legume and protein 

(%Energy) intake over three months (p=.504) 

B. Changes in MDS legume and iron intake 

over three months (p=.436) 

 

 

C. Changes in MDS legume and vitamin B12 intake over three months (p=.208) 

 

Fish or seafood Score ‘1’ tended to show right skewed shape of histogram regarding 

protein intake (Figure 17-1). Again, few people met the criteria (14.3%). In addition, changes in 

MDS fish or seafood did not provide clear information regarding changes in protein, iron, vitamin 

B12 intakes (Figure 17-2). 
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Figure 17-1. Relationship between MDS fish and seafood and core nutrients at baseline 

 
 

A. MDS fish and seafood and protein (%Energy) 

intake (p=.031) 

B. MDS fish and seafood and iron intake 

(p=.815) 
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Figure 17-2. Relationship between changes in MDS fish and seafood and core nutrients intakes 

over three months 

 
 

A. Changes in MDS fish and seafood and protein 

(%Energy) intake over three months (p=.031) 

B. Changes in MDS fish and seafood and iron 

intake over three months (p=.055) 

 

 

C. Changes in MDS fish and seafood and vitamin 

B12 intake over three months (p=.484) 

 

 

Nuts MDS nuts did not show clear associations with protein and iron intakes (Figure 18-

1). Changes in MDS nuts also provided unclear relationships with changes in core nutrient intakes. 
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Figure 18-1. Relationship between MDS nuts and core nutrients at baseline 

  

A. MDS nuts and protein (%Energy) intake 

(p=.598) 

B. MDS nuts and iron intake (p=.830) 

 

Figure 18-2. Relationship between changes in MDS nuts and core nutrients intakes over three 

months 

  
A. Changes in MDS nuts and protein (%Energy) 

intake over three months (p=.011) 

B. Changes in MDS nuts and iron intake over 

three months (p=.304) 

 

Poultry more often than red meat. Score ‘1’ tended to show left skewed shapes regarding 

iron and vitamin B12 intakes, and ‘0’ had a relatively clear right skewed shape of vitamin B12 

histogram (Figure 19-1). Figure 19-2 appeared that improvement of MDS poultry more often than 

red meat was likely associated with decreased intake vitamin B12. Thus, MDS poultry more often 
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than red meat does not clear information of core nutrient intakes.  

Figure 19-1. Relationship between MDS poultry more often than red meat and core nutrients at 

baseline 

 
 

A. MDS poultry more often than red meat and 

protein (%Energy) intake (p=.254) 

B. MDS poultry more often than red meat 
and iron intake (p=.016) 

 

 

C. MDS poultry more often than red meat and 

vitamin B12 intake (p=.080) 
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Figure 19-2. Relationship between changes in MDS poultry more often than red meat and core 

nutrients intakes over three months 

  
A. Changes in MDS poultry more often than red 

meat and protein (%Energy) intake over three 

months (p=.599) 

B. Changes in MDS poultry more often than 

red meat and iron intake over three months 

(p=.144) 

 
C. Changes in MDS poultry more often than 

red meat and vitamin B12 intake over three 

months (p=.494) 

 

  

Butter or cream. MDS butter or crease did not show clear associations with total fat and 

saturated fat intakes (Figure 20-1). Furthermore, the frequencies of each deciles of total fat and 

saturated fat intakes showed relatively similar in all scales of changes in MDS butter or cream 

(Figure 20-2). 
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Figure 20-1. Relationship between MDS butter or cream and core nutrients at baseline 

  

A. MDS butter or cream and fat (%Energy) intake 

(p=.751) 

B. MDS butter or cream and saturated fats 

(%Energy) intake (p=.326) 

 

Figure 20-2. Relationship between changes in MDS butter or cream and core nutrients intakes 

over three months 

  
A. Changes in MDS butter or cream and fat 

(%Energy) intake over three months (p=.054) 

B. Changes in MDS butter or cream and 

saturated fats (%Energy) intake over three 

months (p=.176) 

Olive oil as main added fat. The score ‘1’ tended to increased histograms of MUFA intake. 

It means that MDS olive oil as main added fat represent higher intake MUFA intake (Figure 21-1). 

This tendency was also found with changes in MDS olive oil as main added fats. As Figure 21-2 
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showed, improvement of MDS olive oil as main added fats showed right skewed shape reflecting 

changes in MUFA intakes. Therefore, improvement of MDS olive oil as main added fats can 

represent improvement of MUFA intakes over three months. 

Figure 21-1. Relationship between MDS olive oil as main added fat and core nutrients at baseline 

  
A. MDS olive oil as main added fat and fat 

(%Energy) intake (p=.413) 

B. MDS olive oil as main added fat and 

mono-unsaturated fatty acids (%Energy) intake 

(p=.326) 

 

 

C. MDS olive oil as main added fat and poly-

unsaturated fatty acids (%Energy) intake (p=.869) 
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Figure 21-2. Relationship between changes in MDS olive oil as main added fat and core nutrients 

intakes over three months 

  

A. Changes in MDS olive oil as main added fat 
and fat (%Energy) intake over three months 

(p=.162) 

B. Changes in MDS olive oil as main added 

fat and mono-unsaturated fatty acids 

(%Energy) intake over three months (p=.002) 

 

 

C. Changes in MDS olive oil as main added fat 
and poly-unsaturated fatty acids (%Energy) intake 

over three months (p=.459) 

 

 

Olive oil. MDS olive oil did not show clear information regarding core nutrient intakes 

such as total fat and MUFA intakes and also the changes in MDS olive oil were not associated with 

changes in those nutrient intakes. (Figure 22-1 and Figure 22-2). 
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Figure 22-1. Relationship between MDS olive oil and core nutrients at baseline 

 

 

A. MDS olive oil and fat (%Energy) intake 

(p=.045) 

B. MDS olive oil and mono-unsaturated fatty 

acids (%Energy) intake (p=.825) 

 

Figure 22-2. Relationship between changes in MDS olive oil and core nutrients intakes over 

three months 

 
 

A. Changes in MDS olive oil and fat (%Energy) 

intake over three months (p=.613) 

B. Changes in MDS olive oil and mono-

unsaturated fatty acids (%Energy) intake over 

three months (p=.634) 
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Wine. As most participants did not meet the MDS wine criteria (7.4% met criterion), score 

‘1’ did not show clear information regarding related nutrient intakes. In addition, score ‘0’ did not 

have association with sugar and energy intake (Figure 23-1). Moreover, changes in MDS wine did 

not capture changes in those nutrient intakes (Figure 23-2). 

Figure 23-1. Relationship between MDS wine and core nutrients at baseline 

  

A. MDS wine and sugar (%Energy) intake 

(p=.045) 

B. MDS wine and energy intake (p=.089) 

  

Figure 23-2. Relationship between changes in MDS wine and core nutrients intakes over three 

months 

  
A. Changes in MDS wine and sugar (%Energy) 

intake over three months (p=.585) 

B. Changes in MDS wine and energy intake 

over three months (p=.866) 
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Commercial baked goods. MDS commercial baked goods ‘0’ and ‘1’ showed relatively 

clear associations in terms of energy and sodium intakes (Figure 24-1). People who met the criteria 

tended to show lower energy and sodium consumption. Conversely, score ‘0’ indicated higher 

intakes of those nutrients. However, changes in MDS commercial baked goods did not capture 

changes in core nutrient intakes (Figure 24-2). 

Figure 24-1. Relationship between MDS commercial baked goods and core nutrients at baseline 

  

A. MDS commercial baked goods and sugar 

(%Energy) intake (p=.340) 

B. MDS commercial baked goods and energy 

intake (p=.239) 

 
 

C. MDS commercial baked goods and sodium 

intake (p=.353) 

D. MDS commercial baked goods and fat 

(%Energy) intake (p=.083) 
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Figure 24-2. Relationship between changes in MDS baked goods and core nutrients intakes over 

three months 

  
A. Changes in MDS commercial baked goods 
and sugar (%Energy) intake over three months 

(p=.531) 

B. Changes in MDS commercial baked 

goods and energy intake over three months 

(p=.959) 

  
C. Changes in MDS commercial baked goods 
and sodium intake over three months (p=.936) 

D. Changes in MDS commercial baked 

goods and fat (%Energy) intake over three 

months (p=.388) 

 

Sweetened drinks. MDS sweetened drinks ‘0’ tended to show a right skewed shape 

regarding sugar and energy intake (Figure 25-1). However, as small number of participant did not 

meet the criteria, the information of ‘0’ was not powerful. In addition, changes in MDS sweetened 
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drinks did not clearly capture changes in core nutrient intakes (Figure 25-2). 

Figure 25-1. Relationship between MDS sweetened drinks and core nutrients at baseline 

  
A. MDS sweetened drinks and sugar (%Energy) 

intake (p=.049) 

B. MDS sweetened drinks and energy intake 

(p=.561) 

 

Figure 25-2. Relationship between changes in MDS sweetened drinks and core nutrients intakes 

over three months 

 
 

A. Changes in MDS sweetened drinks and sugar 

(%Energy) intake over three months (p=.604) 

B. Changes in MDS sweetened drinks and 

energy intake over three months (p=.185) 

 

Sofrito sauce. All of participants did not meet MDS sofrito sauce criteria and score ‘0’ did 

not have clear associations with core nutrients (data not shown). At three months, only 2 people 
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met the criteria; thus, we cannot conclude the relationship between improvement of MDS saofirito 

sauce and changes in nutrient intakes. Moreover, people with no change were not associated with 

changes in core nutrient intakes (data not shown). 

Exploratory modified MDS and HEI-C 

Modified MDS was recalculated with combining similar components based on HEI-C 

components to create Likert scales as it was obvious that a dichotomous scale was too crude to 

capture smaller changes in food intake. The scales of modified MDS were from 3 to 6. To verify 

the modified MDS, it was compared with similar HEI-C components and examined the association 

with core nutrient intake that was assessed with HEI-C components in the previous section. 

Following categories are modified MDS fruits and vegetables, meats, unsaturated fats, and other. 

Modified MDS fruits and vegetables. Modified MDS fruits and vegetables was 

combined with the scores of MDS fruits and vegetables. The description of modified MDS fruits 

and vegetables is summarized in Table 15-1. Score ‘0’ means that any of fruits or vegetables intake 

does not meet the MDS criteria. Score ‘1’ means that one of those components meets the MDS 

criteria. Score ‘2’ means that all of those components meet the MDS criteria. Table 15-2 shows the 

frequency of each score. The proportion of ‘0’ decreased from 73.7% to 55.6% over 3 months, and 

the proportion of ‘1’ increased from 4.4% to 13.7%. 

Table 15-1. Description of modified MDS fruits and vegetables 

Modified score Components 

0 Any of fruits and vegetables does not meet the MDS criteria 

1 One of fruits and vegetables meets the MDS criteria 

2 All of fruits and vegetables meet the MDS criteria 
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Table 15-2. Frequency of modified MDS fruit and vegetables 

 Baseline (%) 3-month (%) 

0 216 (73.7) 163 (55.6) 

1 64 (21.8) 90 (30.7) 

2 13 (4.4) 40 (13.7) 

 

Modified MDS fruits and vegetables and HEI-C total fruits and vegetables. To verify 

the modified fruits and vegetables, the frequency of HEI-C total fruits and vegetables was assessed 

by each score of modified MDS fruits and vegetables. Expected association is that lower scores of 

HEI-C would be concentrated in the score ‘0’ and higher scores of HEI-C would be more 

distributed in the score ‘2’. Figure 26-1 showed the relationship between modified MDS fruits and 

vegetables and HEI-C total fruits and vegetables at baseline. Most participants were concentrated 

in score 0; moreover, higher scores such as more than 6 of HEI-C total fruits and vegetables were 

appeared in the score 0 even though the p-value was significant. However, lower scores of HEI-C 

total fruits and vegetables were not found in the score 1 or 2. At 3 month data, higher scores of 

HEI-C total fruits and vegetables were found, but the number of it increased by modified MDS 

score increase (Figure 26-2). 
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Figure 26-1. Modified MDS fruits and vegetables and HEI-C total fruits and vegetables at 

baseline 

 

Figure 26-2. Modified MDS fruits and vegetables and HEI total fruit and vegetables at 3-month 
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Modified MDS fruits and vegetables and core nutrient intake. 

Fibre intake. The relationship between modified MDS fruits and vegetables and fibre 

intake at baseline can be seen in Figure 27-1. Expected association was that lowest decile of fibre 

intake should be dominant at score ‘0’. In addition, a shape of fibre intake distribution should be 

left skewed, bell shaped, and right skewed at score ‘0’, ‘1’, and ‘2’ respectively. Lowest decile of 

fibre intake remarkably decreased from ‘0’ to ‘1’; however, there was no difference among decile 

of fibre intake at each score of modified MDS fruits and vegetables. On the contrary, 3 months 

data showed a more clear relationship between modified score and fibre intake at score ‘0’ (Figure 

27-2). It is left skewed, and the lowest decile of fibre intake dominates. At score ‘2’the lowest 

decile of fibre intake has no observations as expected. The highest decile of fibre intake increased 

as the modified score increased, but some of it existed in score ‘0’. 

 

Figure 27-1. Relationship between modified MDS fruits and vegetables and decile of fibre intake 

at baseline 

 

0

5

10

15

20

25

Modified MDS fruits and

vegetables 0

Modified MDS fruits and

vegetables 1

Modified MDS fruits and

vegetables 2

Fibre intake at baseline D1 Fibre intake at baseline D2 Fibre intake at baseline D3

Fibre intake at baseline D4 Fibre intake at baseline D5 Fibre intake at baseline D6

Fibre intake at baseline D7 Fibre intake at baseline D8 Fibre intake at baseline D9

Fibre intake at baseline D10

Number of people P = .056



116 

Figure 27-2. Relationship between modified MDS fruits and vegetables and decile of fibre intake 

at 3-month 

 

Vitamin C intake. As Figure 27-3 showed, the relationship between modified MDS fruits 

and vegetables and vitamin C intake at baseline shows a similar tendency with fibre intake at 

baseline. Modified MDS fruits and vegetables and vitamin C intake at baseline appeared a 

significant relationship (p=.003). The number of lowest decile of vitamin C intake remarkably 

decreased from ‘0’ to ‘1’; however, the other deciles tended to show similar patterns. Even the 

highest decile in score ‘0’ was higher than in the other scores. The relationship between modified 

MDS fruits and vegetables and vitamin C intake at 3 months was much stronger (Figure 27-4). 

The score ‘0’ showed left skewed, and score ‘1’ and ‘2’ had right skewed shapes of distribution of 

vitamin C intake. However, 4 people in the highest decile of vitamin C intake still had a score of 

‘0’. Furthermore, the middle and higher deciles were low and high respectively at score ‘1’ than 

expected even though the relationship was statistically significant. 
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Figure 27-3. Relationship between modified MDS fruits and vegetables and Vitamin C intake at 

baseline 

 

Figure 27-4. Relationship between modified MDS fruits and vegetables and Vitamin C intake at 

3-month 

 

Modified MDS meats. Modified MDS meats was combined with the scores of MDS red 

or processed meats, legumes, fish or seafood, nuts, and poultry more often than red meat. The 

description of modified MDS meats is summarized in Table 16-1. Score ‘0’ means that any of red 

or processed meats, legumes, fish or seafood, nuts, and poultry more often than red meat intake 

does not meet the MDS criteria. Score ‘1’ to ‘4’ mean that one or more of those components meet(s) 
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the MDS criteria. Score ‘5’ mean that all of those components meet the MDS criteria. The 

proportion of ‘0’ decreased from 34.5% to 22.2% over 3 months (Table 16-2). 

Table 16-1. Description of modified MDS meats  

Modified score Components 

0 

Any of red or processed meats, legumes, fish or seafood, 

nuts, and poultry more often than red meat does not meet 

the criteria 

1 

One of red or processed meats, legumes, fish or seafood, 

nuts, and poultry more often than red meat meets the 

criteria 

2 

Two of red or processed meats, legumes, fish or seafood, 

nuts, and poultry more often than red meat meet the 

criteria 

3 

Three of red or processed meats, legumes, fish or seafood, 

nuts, and poultry more often than red meat meet the 

criteria 

4 

Four of red or processed meats, legumes, fish or seafood, 

nuts, and poultry more often than red meat meet the 

criteria 

5 

All of red or processed meats, legumes, fish or seafood,  

nuts, and poultry more often than red meat meet the 

criteria 

 

Table 16-2. Frequency of modified MDS meats 

 Baseline (%) 3-month (%) 

0 101 (34.5) 65 (22.2) 

1 64 (21.8) 40 (13.7) 

2 85 (29.0) 73 (24.9) 

3 40 (13.7) 82 (28.0) 

4 3 (1.0) 26 (8.9) 

5 0 (0.0) 7 (2.4) 
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Modified MDS meats and HEI-C meat and alternatives. The modified MDS meats and 

HEI-C meat and alternatives are not significantly associated (Figure 28-1). Most participants were 

scored as 10 in HEI-C, and the highest numbers of them were in modified MDS 0. In addition, the 

number of participants with lower scores of HEI-C were low in modified score ‘0’ and ‘1’. A 

potential association between modified MDS meats and HEI-C meat and alternatives was that each 

score was positively correlated; in other words, lower and higher scores of HEI-C would be 

concentrated in score ‘0‘ or ‘1’ and ‘2’ of modified MDS meats respectively. However, higher 

scores of HEI-C meat and alternatives predominated in the score ‘0’ of modified MDS meats and 

it tended to decrease as modified MDS meats scores increase. At 3 month data, there was no 

significant association and higher scores of HEI-C meat and alternatives still dominated at all of 

modified MDS meats (Figure 28-2). It tended to gradually increase by score ‘3’ but then decrease. 

Figure 28-1. Relationship between modified MDS meats and HEI-C meat and alternatives at 

baseline 

 

 

 

 

 

 

 

0

20

40

60

Modified MDS

meats 0

Modified MDS

meats 1

Modified MDS

meats 2

Modified MDS

meats 3

Modified MDS

meats 4
Meat and alternatives at baseline 0 Meat and alternatives at baseline 2
Meat and alternatives at baseline 3 Meat and alternatives at baseline 5
Meat and alternatives at baseline 7 Meat and alternatives at baseline 8

Number of people P = .175



120 

Figure 28-2. Relationship between modified MDS meats and HEI-C meat and alternatives at 3-

month 

 

Modified MDS meats and core nutrient intake. 

Protein (%Energy) intake. Protein intake (%Energy) at baseline did not show a clear 

relationship with modified MDS meats (Figure 29-1). The number of participants gradually 
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Figure 29-1. Relationship between modified MDS meats and Protein (%Energy) intake at 

baseline 

 

Figure 29-2. Relationship between modified MDS meats and protein (%Energy) intake at 3-

month 
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Iron intake. Iron intake at baseline did not have clear characteristics with modified MDS 

meats (Figure 29-3). The number of participants gradually decreased as the modified score 

increased but there was no clear difference within each score. Its tendency is similar as protein 

(%Energy) intake. The highest decile of iron intake was higher in score ‘0’ than in other scores 

and decreased as the modified score increased. As Figure 29-4 showed, three months data had a 

weak relationship between iron intake and modified MDS meats. The lowest and highest deciles 

of iron intake showed positive tendencies by score ‘3’; however, the highest decile remarkably 

decreased at score ‘4’ with no participants having a score of ‘5’. 

Figure 29-3. Relationship between modified MDS meats and iron intake at baseline 
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Figure 29-4. Relationship between modified MDS meats and iron intake at 3-month 

 

Modified MDS unsaturated fats. Modified MDS unsaturated fats was combined with 

the scores of MDS olive oil as main fats and olive oil. The description of modified MDS 

unsaturated fats is summarized in Table 17-1. Score ‘0’ means that any of olive oil as main fats 

and olive oil does not meet the MDS criteria. Score ‘1’ means that one of those components meets 

the MDS criteria. Score ‘2’ mean that all of those components meet the MDS criteria. The 

proportion of ‘0’ decreased from 72.4% to 60.8% over 3 months, and only one person had score 

‘2’ at baseline and 3 months (Table 17-2). 

Table 17-1. Description of modified MDS unsaturated fats 

Modified score Components 

0 Any of olive oil as main fats and olive oil 

1 One of olive oil as main fats or olive oil 

2 All of olive oil as main fats and olive oil 
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Table 17-2. Frequency of modified MDS unsaturated fats 

Modified score Baseline (%) 3-month (%) 

0 212 (72.4) 178 (60.8) 

1 80 (27.3) 114 (38.9) 

2 1 (0.3) 1 (0.3) 

 

Modified MDS unsaturated fats and HEI-C unsaturated fats. The lower scores of 

HEI-C unsaturated fats predominated in the score ‘0’ of modified MDS unsaturated fats, 

remarkably decreased at the score ‘1’ at baseline, but overall association between modified MDS 

unsaturated fats and HEI-C unsaturated fats was not statistically significant (Figure 30-1). The 

other scores of HEI-C unsaturated fats were not different at each score of modified MDS 

unsaturated fats. At 3 months data, the tendency of lowest score of HEI-C unsaturated fats was 

similar as baseline (Figure 30-2). In addition, the distribution of HEI-C unsaturated fat in the score 

‘0’ of modified MDS unsaturated fats was nearly left skewed. However, highest score of HEI-C 

unsaturated fats was existed in score ‘0’ of modified MDS but the modified score 1 and 2 did not 

have the desired associations with nutrient intake. 
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Figure 30-1. Relationship between modified MDS unsaturated fats and HEI-C unsaturated fats at 

baseline 

 

Figure 30-2. Relationship between modified MDS unsaturated fats and HEI-C unsaturated fat at 

3-month 
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Modified MDS unsaturated fats and Core Nutrient Intake. 

As HEI-C unsaturated fats were significantly associated with PUFA (%Energy) intake, the 

expected association was that modified MDS unsaturated fats should be related to PUFA intake. 

In addition, the modified MDS unsaturated fats consisted of overall olive oil intake. So, MUFA 

(%Energy) intake can be associated. In this part, the characteristics of core nutrient intakes within 

each score of modified MDS unsaturated fats will be showed.   

PUFA (%Energy) intake. Most people were concentrated in score ‘0’ of modified MDS 

unsaturated fats, and PUFA (%Energy) intake statistically did not have clear relationship within 

each score of modified MDS unsaturated fats in baseline (Figure 31-1). Three month data also 

were not statistically significant (Figure 31-2). However, both data showed that the lowest decile 

of PUFA intake were dominantly higher than in score ‘1’ and did not appear at score ‘2’. 

Figure 31-1. Relationship between modified MDS Unsaturated fats and PUFA (%Energy) intake 

at baseline 
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Figure 31-2. Relationship between modified MDS Unsaturated fats and PUFA (%Energy) at 3-

month 

 

MUFA (%Energy) intake. Baseline and three months data had weak associations between 

MUFA (%Energy) intake and modified MDS unsaturated fats (Figure 31-3 and Figure 31-4). 

However, the lowest decile of MUFA intake at score ‘0’ was higher than at score ‘1’ and did not 

appear at score ‘2’ in both baseline and 3 months data. 
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Figure 31-3. Relationship between modified MDS Unsaturated fats and MUFA (%Energy) intake 

at baseline 

 

Figure 31-3. Relationship between modified MDS Unsaturated fats and MUFA (%Energy) intake 

at 3-month 
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other is summarized in Table 18-1. Score ‘0’ means that any of wine, commercial baked goods, 

sweetened drinks, and sofrito sauce does not meet the MDS criteria. Score ‘1’ or more means that 

one of those components meet(s) the MDS criteria. Score ‘4’ means that all of those components 

meet the MDS criteria. The proportion of ‘0’ decreased from 34.5% to 22.5% over 3 months; half 

of participants had score ‘2’ and only 1 person had score ‘4’ at 3months (Table 18-2). 

Table 18-1. Description of modified MDS other 

Modified score Components 

0 

Any of wine, commercial baked goods, 

sweetened drinks, and sofrito sauce does not 

meet the criteria 

1 

One of wine, commercial baked goods, 

sweetened drinks, and sofrito sauce meets the 

criteria 

2 

Two of wine, commercial baked goods, 

sweetened drinks, and sofrito sauce meet the 

criteria 

3 

Three of wine, commercial baked goods, 

sweetened drinks, and sofrito sauce meet the 

criteria 

4 

All of wine, commercial baked goods, 

sweetened drinks, and sofrito sauce meet the 

criteria 

 

Table 18-2. Frequency of modified MDS other 

 Baseline (%) 3-month (%) 

0 101 (34.5) 66 (22.5) 

1 96 (32.8) 69 (23.5) 

2 89 (30.4) 144 (49.1) 

3 7 (2.4) 13 (4.4) 

4 0 (0.0) 1 (0.3) 
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Modified MDS other and HEI-C other foods. As Figure 32-1 showed, the association 

between modified MDS other and HEI-C other foods was strongly significant. The lowest scores 

of HEI-C other foods tended to decrease as the scores of modified MDS other increase; moreover, 

the distribution of HEI-C other foods appears right skewed at score ‘2’ of modified MDS other in 

baseline. However, higher scores of HEI-C other foods still existed in score ‘0’ of modified MDS 

other. In addition, score ‘3’ contained very small samples of HEI-C other foods and there was no 

score ‘4’ at baseline. Figure 32-2 shows the relationship between modified MDS other and HEI-C 

other foods at 3 months (p=.002). The highest score of HEI-C other foods dominantly increased at 

score ‘2’, and a shape of the HEI-C other foods at score ‘2’ is right skewed. However, the lower 

scores of HEI-C other foods did not have expected distributions. Compared to baseline, the lowest 

score of HEI-C other foods was very low at all of the scores of modified MDS other. In addition, 

scores ‘2’ and ‘3’ included very small numbers of scores of HEI-C other foods.    

Figure 32-1. Relationship between modified MDS other and HEI-C other foods at baseline 
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Figure 32-2. Relationship between modified MDS other and HEI-C other foods at 3-month 

 

Modified MDS other and Core Nutrient Intake. As showed above, modified MDS 

other had a significant relationship with HEI-C other foods. In addition, HEI-C other foods were 

significantly correlated with energy, fats, saturated fats, and trans-fatty acids intakes (see Table 14). 

Thus, modified MDS other can be also associated with those core nutrient intakes. Expected 

association is that the lowest and highest deciles of each nutrient have positive and negative trends 

respectively as it is a moderation factor. In this part, the relationships of core nutrient intakes within 

each score of modified MDS other will be discussed. 

Energy intake. As Figure 33-1 showed, energy intake had weak relationship with 

modified MDS other. However, the ninth and tenth decile of energy intake showed relatively clear 

characteristics with negative trends as expected. In three months data, energy intake did not show 

clear relationships within each score of modified MDS other (Figure 33-2).  
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Figure 33-1. Relationship between modified MDS other and energy intake at baseline 

 

Figure 33-2. Relationship between modified MDS other and energy intake at 3-month 
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Sugar (%Energy) intake. Sugar (%Energy) intake had weak a relationship with modified 

MDS other at baseline and 3 months (Figure 33-3 and Figure 33-4). However, the highest decile 

of sugar intake at baseline gradually decreased as modified MDS other increased and was not 

found at score ‘3’. In three months data, sugar intake did not show any clear relationships within 

each score of modified MDS other. 

Figure 33-3. Relationship between modified MDS other and sugar (%Energy) intake at baseline 

 

Figure 33-4. Relationship between modified MDS other and sugar (%Energy) intake at 3-month 
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Fat (%Energy) intake. Fat (%Energy) intake at baseline and three months were not 

significantly associated with the each score of modified MDS other (Figure 33-5 and Figure 33-

6).  

Figure 33-5. Relationship between modified MDS other and fat (%Energy) intake at baseline 

 

Figure 33-6. Relationship between modified MDS other and fat (%Energy) intake at 3-month 
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Discussion 

The objectives of this study were to evaluate the dietary quality assessment tools to capture 

food behaviour changes in terms of nutrient intakes. First of all, floor and ceiling effects of HEI-

C components were evaluated. Second, item discrimination of each component of HEI-C toward 

relevant nutrient intakes were examined. Third, responsiveness of changes in HEI-C and relative 

nutrient intakes over three months was evaluated. Fourth, relationships between MDS components 

and relative nutrient intakes were assessed. Last, modified version of HEI-C and MDS was 

introduced and explored if it would show better discriminations. This study mainly used IRT 

approaches for the analysis. As the evaluation of dietary measurement tools using IRT was novel, 

comparisons with other studies will be limited. Thus, some findings will be focused on 

interpretations in detail.   

Outcomes on evaluation of HEI-C and MDS using IRT methods 

Firstly, floor and ceiling effects of each component of HEI-C were examined. Ceiling 

effects were found in total fruits and vegetables, whole fruits, total grains and products, and meat 

and alternatives. It means that most people had higher scores. In other words, people easily met 

the recommended servings of the food groups. The ceiling effects on those components influenced 

the distributions of related nutrient intakes. For example, the lowest score of HEI-C total fruits and 

vegetables showed weak relationships with fibre, vitamin C, and potassium intakes; however, the 

highest score showed relatively clear associations with those nutrient intakes. As a result, the 

relationship between HEI-C total fruits and vegetables and nutrient intakes can be limited to 

conclude that those relationships would be true, and the scoring is not able to detect smaller 

changes in food intake. 
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Although ceiling effects influence item discriminations, right skewed shapes of 

histograms can be beneficial in terms of diet quality assessment. Liese et al. found that higher 

scores can be linked to better diet quality and lower mortality (2015). Therefore, if most people 

achieve higher scores of diet quality assessment tools after the diet counselling, it will be desired 

food behaviour changes in the dietary counselling context. This tendency was found in the 

CHANGE project. Most HEI-C components showed right skewed histograms except for 

unsaturated fats, saturated fats, and sodium at three months. Although the existence of ceiling 

effects make it inappropriate to analyse the item discriminations of dietary assessment instruments, 

it can be useful to assess effectiveness of diet counselling. 

These findings also can be applied to the dietary counselling context. When RDs counsel 

patients, RDs can focus on promoting the food groups with floor effects for the healthy diet rather 

than the food groups with ceiling effect. As many people are challenged to follow recommended 

servings of food groups with floor effects, RDs can set much easier initial goals with more detailed 

strategies. Thus, awareness of ceiling/floor effects can lead RDs to conduct more effective dietary 

counselling. 

Secondly, this study examined item characteristics of HEI-C relative to key nutrient 

intakes using simple IRT methods. The histograms of the highest score in most HEI-C components 

showed right skewed shapes. However, due to the substantial measurement error in diet assessment, 

higher scores may not indicate higher nutrient intakes. The expected association between the 

highest score and key nutrient intakes was that the highest score refers the higher nutrient intakes. 

In this research, however, the highest score of most components included the lowest nutrient 

intakes except for total fruits and vegetables and milk and alternatives. The score ‘9’ and ‘10’ of 
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total fruits and vegetables were dominant at ninth and tenth decile of vitamin C and potassium 

intakes, and those scores were not found at the first decile of the nutrient intakes. The association 

between milk and alternatives and calcium intake showed a similar tendency. Therefore, the 

highest score of total fruits and vegetables may indicate higher vitamin C and potassium intakes, 

and the highest score of milk and alternatives may indicate higher calcium intake, but it would be 

important to confirm this with nutrient analysis of multi-day records. These were the strongest 

associations found in the present analysis. 

On the other hand, the lowest scores of most components did not show clear associations 

with the core nutrient intakes. The following results support the weak associations between lowest 

score and nutrient intakes. First of all, a small number of people with the lowest score can result 

in the weak information regarding nutrient intakes. In this case, the histograms of the lowest score 

would be relatively horizontal with very low levels. It can be explained by the ceiling effect as 

mentioned above. As fewer people have the lowest possible score, the frequency of the lowest 

score would not be dominant at the first or second decile of the nutrient intake. This tendency can 

be supported by the case of meat and alternatives in this study. The histogram of meat and 

alternatives showed right skew and very few people achieved the lowest score (Figure 7). In the 

associations with iron and vitamin B12, the distribution of the lowest score looked like a flat shape, 

and the value of Y axis was close to 0 (Figure 8-2 and Figure 8-3). Therefore, the lowest score of 

meat and alternatives provides very weak information about iron and vitamin B12 intakes and does 

not discriminate the key nutrient intakes. 

In addition, the distribution of the lowest score can be a factor of weak association with 

nutrient intakes. The lowest score is supposed to be associated with lower nutrient intake. This 



138 

association can be rejected by following results: the lowest score was found in the higher nutrient 

intake and found across all nutrition intakes with relatively equal levels. In this study, the lowest 

score of dark green and orange vegetable rejected the expected association. As the overall 

distribution of HEI-C dark green and orange vegetable was balanced (Figure 1), the lowest score 

was supposed to have the expected association that people with the lowest score should be 

concentrated in the lower relative nutrient intakes. However, the lowest scores were found at the 

ninth and tenth decile of fibre intake with relatively higher values of Y axis (Figure 2-7). In addition, 

the lowest scores were found at all the deciles of vitamin C intake and its values in Y axis were 

relatively similar at all deciles (Figure 2-8).  

The lowest score of whole grains, however, showed clear information regarding fibre 

intake. As Figure 4-4 showed, the lower score was relatively higher in the first decile of key 

nutrient intake and not found at higher deciles; in addition, it showed a left skewed shape. These 

expected associations between the lowest score and nutrient intakes were also found in the 

association between milk and alternatives and calcium intake. Furthermore, the overall distribution 

of both components did not show ceiling or floor effect. Therefore, those associations can be 

considered valid.  

The summary of this analysis is as follows. First, the lowest and highest scores of HEI-C 

milk and alternatives may indicate the level of calcium intake. Second, the highest score of total 

fruits and vegetables can indicate higher intakes of vitamin C and potassium. Last, the lowest score 

of whole grains can indicate lower intakes of fibre intake.  

 Thirdly, this research also evaluated responsiveness of changes in HEI-C relative to 

changes in key nutrients over three months. Higher improvement of HEI-C components is 
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supposed to represent larger improvement of nutrient intakes. Thus, highest tertile/quartile of 

changes in HEI-C should be right skewed. However, this study found that most components did 

not show clear information regarding changes in nutrient intakes as expected. 

Only total fruits and vegetables and milk and alternatives showed expected associations. 

The histograms of changes in total fruits and vegetables regarding fibre intake showed clear left 

and right skewed shapes. It means that more than three points increase in total fruits and vegetables 

indicates larger improvement of fibre intake. On the contrary, the decrease in total fruits and 

vegetables represents a larger decrease in fibre intake. The responsiveness of changes in milk and 

alternatives showed that more than a three point increase and a more than one point decrease 

represented a larger increase or decrease intakes of calcium and vitamin D. 

The fourth objective was to evaluate the inter-method reliability of MDS criterion relative 

key nutrients. Most components were not associated with nutrient intakes except for MDS fruits 

and MDS vegetables. Both ‘0’ and ‘1’ of MDS fruits and MDS vegetables relatively represent core 

nutrient intakes. It means that score ‘0’ can refer lower intakes of fibre, vitamin C, vitamin A and 

potassium, and score ‘1’ can be considered conversely.  

MDS red or processed meats, butter or cream, commercial baked goods, and sweetened 

drinks had reverse associations with core nutrient intakes. For instance, MDS red or processed 

meats ‘0’ was associated with higher intakes of protein and vitamin B12. As Table 3 indicated, less 

than two servings of red or processed meats per day can be achieved as ‘1’. Therefore, those 

components having reverse associations with core nutrients were proven as moderate components.  

Changes in MDS were categorised ‘-1’, ‘0’, and ‘1’. Score ‘-1’ means that the score 

reduced from 1 to 0 over three months. In other words, the eating behaviour became worse after 



140 

three months; on the contrary, score ‘1’ means improvement. Score ‘0’ means no change of the 

score over three months. So, ‘0’ includes ‘0 to 0’ and ‘1 to 1’, and both are expected low in changes 

of nutrient intakes. However, 0/1 scoring for change is too insensitive to assess change.   

 This study explored the modified version of HEI-C and MDS. Compared to item 

responsiveness graphs of original version, the modified version of HEI-C total fruits and 

vegetables showed better discriminations against relative nutrient intakes (data not shown). 

Although this thesis did not include the relationships between modified HEI-C and core nutrients, 

the modified HEI-C will be expected to have better discriminations for nutrient intakes.  

The modified version of MDS consisted of Likert scales. According to Rumawas et al., 

MDS is better used to assess adherence to MD but not for assessing dietary patterns (2009b). The 

authors examined the modified version of MDS scored on 100 points and found that the modified 

version was a better tool to assess dietary patterns. In this thesis, some MDS components were 

combined and compared relative to HEI-C components. However, there were limited associations 

with HEI-C. It can be explained by the fact that the modified version was combined with existing 

scores. For example, the proportions of participants achieving MDS legume or fish and seafood 

had floor effects, while there were ceiling effects with red meat and processed meat. These issues 

were reflected in the modified version. As Table 16-2 showed, there were very low proportions 

who scored ‘4’ and ‘5’. Moreover, each score of the modified version did not reflect HEI-C meat 

and alternatives and was not associated with decile of nutrient intakes. Therefore, new a scoring 

system for modified version of MDS needs to be developed and validated. 

Changes of components over three months address item difficulty. The findings from the 

CHANGE project were summarized in Table 19. Most component scores of HEI-C increased 
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over three months except for unsaturated fats (Appendix C). MDS shows specific changes of 

each food group. At the baseline, 93% and 86% of participants did not meet the criteria of 

legumes and fish or seafood, respectively, and approximately 30 participants (10%) among 

participants who did not meet the criteria increased legume and fish or seafood (Appendix C). 

However, a small number of people met the criteria at three months (legume: 15%; fish or 

seafood: 21%). Canadians may be challenged to increase those food groups in their meals. This 

will need to be addressed in future research. Reasons are likely to be complex. 

In addition, approximately 93% and 100% of participants did not meet the criteria of wine 

and sofrito sauce, respectively at the baseline, and those components did not improve well over 

three months (wine ‘1’ at three months: 7%; sofrito sauce ‘1’ at three months: 1%). As a result, 

item difficulties of those items are relatively high. In addition, we can interpret that Canadians 

unlikely eat those items in usual diet. However, there were no data to compare the findings from 

this study to Canadian’s eating patterns regarding wine and sofrito sauce.  

Critiques regarding HEI-C and MDS components 

Each component of HEI-C or MDS was evaluated by critical questions and it is 

summarized in Table 19. Question 1 addresses Canadians’ eating pattern to HEI-C and MDS. All 

components of HEI-C were adopted from Canada’s Food Guide (Glanville & Mcintyre, 2006). 

The food groups in the Canada’s Food Guide were developed based on the data about Canadian’s 

food intake (Katamay et al., 2007). Statistics Canada reported Canadian’s daily servings of four 

food groups. Most adult Canadians regardless sex eat 5.2 servings of fruits and vegetables, 1.5 

servings of milk and alternatives, 203g of meat and alternatives, and 5.6 servings of grain products 

(Statistics Canada, 2004). However, wine and sofrito sauce in MDS can be excluded based on the 

proportions of those components in this study. Therefore, all of componenets of HEI-C and some 
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components of MDS are valid for diet quality assessment, but wine and sofrito sauce in MDS can 

be omitted in a new version of diet quality assessment tool. 

Question 2 refers to whether or not the component is linked to a healthy diet. Many studies 

found that higher fruit and vegetables intakes are associated with health benefits. (Mozaffarian et 

al., 2003; Høstmark, 2010; Shin, Kim, Kang Han, and Shim, 2015, Järvi, Karlström, Vessby, & 

Becker, 2016; Buil-Cosiales et al., 2016; Nanri et al., 2017). Monsalve, Concha-Meyer, Palomo, 

and Fuentes reported that fruits and vegetables provided various antioxidants such as flavonoids, 

polyphenols, catechin, anthocyanidins, etc. which had protective effects on endothelial cells 

(2016). As inflammatory diseases such as CVD occur when endothelial cells are damaged, the 

protection of endothelium is negatively associated with CVD (Monsalve et al., 2016).  

Whole grains are positively associated with lower risks of CVD (Mozaffarian et al., 2003; 

Cho, Qi, Fashey Jr, &Klufeld, 2013; Lutsey et al., 2007; Nettleton, Polak, Tracy, Burke, & 

Jacobs Jr, 2009). Observational studies reported that greater intake of fibre from whole grains 

was conversely associated with metabolic factors such as insulin resistance, obesity, and fasting 

glucose level (Cho et al., 2013; Lutsey et al., 2007).  

Milk is a major source of calcium and lactose in milk stimulates calcium absorption in 

intestine (Nutrition review, 1960). The Framingham offspring study found that higher intake of 

dairy and dairy products over 12 years were positively associated with bone density (Sahni et al., 

2013).  

Literature shows that red meat and processed meats intakes are correlated with increased 

risk of CVD or mortality caused from CVD (Abete, Romaguera, Vieira, de Munain, & Norat, 

2014; Nettletone et al., 2009; Bernstein & Willet, 2011). This association can be explained by 

nutrient composition in red meat. Red meats contain higher heme, saturated fats, and cholesterol 
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which are positively correlated with CVD risks (Bernstein & Willet, 2011). In addition, some 

compounds which were formed in cooked red meats are also associated with increased CVD 

risks (Bernstein & Willet, 2011; Mannisto, Kontto, Kataja-Tuomola, Albanes, & Virtamo, 2010).  

According to Abete et al., higher processed meat intake is 18% increased risk of mortality 

caused by CVD (2014) and it can be related to sodium content in processed meat.  Processed 

meats contain high amount of sodium (Mannisto et al., 2010) In addition, when meats are 

processed with the smoking process, N-nitroso-compounds and polycyclic aromatic 

hydrocarbons known as carcinogens are formed (Bourvard et al., 2015). In terms of CVD, red 

meat and processed meat should be separately assessed due to sodium content in processed 

meats. Sodium intake is positively correlated with increased blood pressure (Karppanen & 

Mervaala, 2006). The elevated blood pressure is a part of CVD risk factors. A sodium controlled 

diet known as DASH diet provides health benefits (Reedy et al., 2014). 

Fish intake is associated with reduced risks of CVD and cancer (Raatz, Silverstein, Jahns, 

& Picklo, 2013; Hagen et al., 2016; Gammelmark et al., 2016).Omega-3 fatty acids including 

eicosa pentaenoic acid (EPA) and docosa hexaenoic acid (DHA) are rich in fatty fish (Raatz et 

al., 2013). However, fatty fish and white fish need to be separated in dietary quality assessment 

instruments. Those food items have different omega-3 fatty acids content. According to Raatz et 

al., total omega-3 fatty acids content per 100g in salmon is 17 times higher than in cod or 

hadduck (2013). Moreover, not white fish but fatty fish intake is associated with reduced risk 

CVD factors (Hagen et al., 2016; Gammelmark et al., 2016). 

Legume consumption is associated with improvement of lipid profiles (Mohammadifard, 

Sarrafzadegan, Paknahad, & Nouri, 2014; Zhang et al., 2010). A legume-enriched diet provides 

high fibre intake (Mohammadifard et al., 2014). One intervention study reported that legume 
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enriched diet (1.5 servings per day) contained 21g of fibre compared to control diet (Healthy 

American Diet, 9g of fibre) and legume group improved lipid profile (Zhang et al., 2010). 

Appropriate wine consumption has positive effects on CVD prevention (Wollin & Jones, 

2001; Arranz et al., 2012). As wine contains polyphenols known as antioxidants, small amounts 

of wine consumption can provide antioxidant effects (Goldfinger, 2003).  

Question 3 and 4 addressed feasibility of HEI-C and MDS in terms of RDs and patients. 

HEI-C meat and alternatives includes not only meats but also fish, legume, eggs, nuts, so 

subgroups of meat and alternatives are broad. It could be combined with MDS components 

regarding meats. Moreover, HEI-C unsaturated fats, saturated fats, and sodium are scored based 

on dietary data from 24hr recalls. As the dietary data are used directly to scoring HEI-C, we did 

not find any characteristics of those components toward nutrient intakes. Thus, specific questions 

are needed. Vegetable oils and olive oil and frequency of consumptions of those oils can be 

considered for HEI-C unsaturated fats questions. For HEI-C saturated fats, butter, cream, animal 

fat, bacon, cheese, etc, can be considered for the questions. HEI-C sodium questions can include 

frequencies of processed food, instant noodles, salty snacks, cheese, additional salt use, eating 

out, etc. In addition, HEI-C other foods includes various food groups. It should be separated to 

specific food groups such as alcohol, sweetened beverages, etc.  

In terms of patients, MDS poultry more often than red meats and olive oil questions can 

be challenging to answer. Patients may not recognize how often they eat poultry rather than red 

meat and recall of frequency of poultry meal last week can be challenging. In addition, patients 

may not know how much olive oil they usually eat. As they usually use oil dispensers, they 

cannot measure the quantity accurately. Thus, MDS olive oil as main fats and olive oil can be 
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one component and a target question can be ‘What type of oil do you use in your cooking. And 

how much?’. 

Future study 

 This research explored the possibility of a modified HEI-C and MDS questionnaire that 

would be more reflective of nutrient intakes. Scoring and scaling were considered for modified 

versions. Modified HEI-C showed better discriminations than original version, but did not reflect 

clear information of nutrient intakes. The modified MDS also showed weak associations with 

nutrient intake even though the scales had more levels. Therefore, new scoring/scaling system 

for both instruments are needed for more accurate discriminations of each component.  

Although HEI-C was developed based on Canada’s food guide, some limitations were 

found (Table 19). In addition, some components of MDS were not appropriate for Canadian 

context. Our research team discussed limitations of HEI-C and MDS and confirmed some 

suggestions for any new instrument (summarized in Table 19). Thus, developing a new diet 

quality assessment tool for Canadian context is required for the future study. 

 Additionally, IRT and factor analysis can be applied when developing questionnaires. 

For the new questionnaire, various questions should be developed. In a pretest, all questions can 

be used. Then, based on the pretest, the questions can be ranked by factor loading using factor 

analysis and finally selected based on item slope values using IRT. As a result, the new 

questionnaire will be expected to have better discriminations for food behaviour changes in 

terms of nutrient intake. 
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Table 19. Discussion table 

Components 

1. Do 

Canadia

ns eat 

this 

items? 

2. Is it 

necessary 

componen

t of 

healthy 

diet 

3. Is 

the 

item 

feasibl

e? (for 

RDs) 

4. Is the 

item 

feasible? 

(for 

patients) 

5. Did 

the items 

change 

over 3 

months? 

6. Was 

the 

range 

used in 

line with 

baseline 

intake 

7. Was the 

range used 

in line 

with 

changed at 

3-month? 

8. Did 

intake 

correlate 

with 

baseline 

nutrient? 

9. Did intake 

correlate with 

change in 

nutrient 

intake? 

Comment

ary 

To be 

included 

in new 

questionn

aire 

HEI

-C 

Total fruit 

and 

vegetable 

Yes Yes Yes Yes Yes No No 

Fibre (g, 

g/1000kcal) 

Vitamin A 

Vitamin C 

Folate 

Potassium 

Fibre (g, 

g/1000kcal) 

Vitamin A 

Vitamin C 

Folate 

Potassium 

Fruit juice 

should be 

considered 

as other 

food/sweet

en 

beverage 

 

Whole fruit Yes Yes Yes Yes Yes No No 

Fibre (g, 

g/1000kcal) 

Vitamin C 

Folate 

Potassium 

Fibre (g, 

g/1000kcal) 

Vitamin C 

Folate 

Potassium 

  

Dark green 

and orange 

vegetables 

Yes Yes Yes Yes Yes No No 

Fibre (g, 

g/1000kcal) 

Vitamin A 

Vitamin C 

Folate 

Potassium 

Fibre (g, 

g/1000kcal) 

Vitamin A 

Vitamin C 

Folate 

Potassium 

  

Total grains 

products 
Yes Yes Yes Yes Yes (-) No No 

CHO 

(g, %E) 

Fibre (g) 

Folate 

Magnesium 

Potassium 

CHO (g, %E) 

Fibre (g) 

Folate 

Magnesium 

Potassium 

  

Whole 

grains 
Yes Yes Yes Yes Yes No No 

CHO 

(g, %E) 

Fibre (g, 

g/1000kcal) 

Magnesium 

Potassium 

CHO (g) 

Fibre (g, 

g/1000kcal) 

Folate 

Magnesium 

Potassium 
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Components 

1. Do 

Canadia

ns eat 

this 

items? 

2. Is it 

necessary 

componen

t of 

healthy 

diet 

3. Is 

the 

item 

feasibl

e? (for 

RDs) 

4. Is the 

item 

feasible? 

(for 

patients) 

5. Did 

the items 

change 

over 3 

months? 

6. Was 

the 

range 

used in 

line with 

baseline 

intake 

7. Was the 

range used 

in line 

with 

changed at 

3-month? 

8. Did 

intake 

correlate 

with 

baseline 

nutrient? 

9. Did intake 

correlate with 

change in 

nutrient 

intake? 

Comment

ary 

To be 

included 

in new 

questionn

aire 

HEI

-C 

Milk and 

alternatives 
Yes Yes Yes Yes Yes No No 

Protein (g) 

Calcium 

Vitamin D 

Protein (g) 

Calcium 

Vitamin D 

Cheese can 

be 

separated 

due to 

sodium 

content 

 

Meat and 

alternatives 
Yes Yes No Yes Yes No No 

Protein 

(g, %E) 

Iron 

Vitamin B12 

Protein (g) 

Iron 

This 

component 

should be 

more 

specific. 

As it is a 

very broad 

component

, RDs may 

omit some 

food 

groups. 

Processed 

meat, eggs, 

fish and 

seafood, 

nuts, and 

legume can 

be 

separated 

or 

combined 

with MDS 

questions. 
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Components 

1. Do 

Canadia

ns eat 

this 

items? 

2. Is it 

necessary 

componen

t of 

healthy 

diet 

3. Is 

the 

item 

feasibl

e? (for 

RDs) 

4. Is the 

item 

feasible? 

(for 

patients) 

5. Did 

the items 

change 

over 3 

months? 

6. Was 

the 

range 

used in 

line with 

baseline 

intake 

7. Was the 

range used 

in line 

with 

changed at 

3-month? 

8. Did 

intake 

correlate 

with 

baseline 

nutrient? 

9. Did intake 

correlate with 

change in 

nutrient 

intake? 

Comment

ary 

To be 

included 

in new 

questionn

aire 

HEI

-C 

Unsaturated 

fats 
Yes Yes No Yes Yes (-) No Yes 

MUFA 

(g, %E) 

PUFA 

(g, %E) 

ω-3 FA 

ω -6 FA 

MUFA 

(g, %E) 

PUFA (g, %E) 

ω-3 FA 

ω -6 FA 

Specific 

questions 

regarding 

unsaturated 

fats are 

needed or 

combine 

MDS 

questions. 

Vegetable 

oils and 

olive oil 

can be 

considered 

for the 

questions. 

Saturated 

fats 
Yes Yes No Yes Yes No No SFA (g, %E) SFA (g, %E) 

Specific 

questions 

are needed 

or combine 

MDS 

questions. 

Butter, 

cream, 

animal fat, 

bacon, 

cheese, 

etc., can be 

considered 

for the 

questions. 

Sodium Yes Yes No Yes Yes No No Sodium Sodium 

Specific 

questions 

regarding 

high 

sodium 

food are 

needed.  

Processed 

food, 

instant 

noodles, 

salty 

snacks, 

cheese, 

additional 

salt use, 

eating out, 

etc. can be 

considered 

for the 

questions. 
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Components 

1. Do 

Canadia

ns eat 

this 

items? 

2. Is it 

necessary 

componen

t of 

healthy 

diet 

3. Is 

the 

item 

feasibl

e? (for 

RDs) 

4. Is the 

item 

feasible? 

(for 

patients) 

5. Did 

the items 

change 

over 3 

months? 

6. Was 

the 

range 

used in 

line with 

baseline 

intake 

7. Was the 

range used 

in line 

with 

changed at 

3-month? 

8. Did 

intake 

correlate 

with 

baseline 

nutrient? 

9. Did intake 

correlate with 

change in 

nutrient 

intake? 

Comment

ary 

To be 

included 

in new 

questionn

aire 

 Other food Yes Yes No Yes Yes No No 

Energy 

Sugar  

Fat (g, %E) 

SFA (g, %E) 

Energy 

Sugar  

Fat (g) 

SFA (g, %E) 

Cholesterol 

It should 

be more 

specific or 

separated 

with 

specific 

component

. 

Scale can 

be 

minimize  

Target 

nutrient 

should be 

sodium, 

sugar, and 

alcohol. 

 

MD

S 

Fruit Yes Yes Yes Yes 
Yes 

(21.4% ) 
No No N/A 

Fibre  

(g, 

g/1000kcal) 

Vitamin C 

Folate 

Potassium 

The 

comment 

of ‘except 

for fruit 

juice’ 

should be 

added due 

to sugar 

content. 

 

Vegetables Yes Yes Yes Yes 
Yes 

(23.8%) 
No No N/A 

Fibre  

(g, 

g/1000kcal) 

Vitamin C 

Folate 

Potassium 
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Components 

1. Do 

Canadia

ns eat 

this 

items? 

2. Is it 

necessary 

componen

t of 

healthy 

diet 

3. Is 

the 

item 

feasibl

e? (for 

RDs) 

4. Is the 

item 

feasible? 

(for 

patients) 

5. Did 

the items 

change 

over 3 

months? 

6. Was 

the 

range 

used in 

line with 

baseline 

intake 

7. Was the 

range used 

in line 

with 

changed at 

3-month? 

8. Did 

intake 

correlate 

with 

baseline 

nutrient? 

9. Did intake 

correlate with 

change in 

nutrient 

intake? 

Comment

ary 

To be 

included 

in new 

questionn

aire 

MD

S 

Red or 

processed 

meats 

Yes Yes 
Not 

sure 
Yes 

Yes 

(29.2%) 
No No N/A 

Fat (g)3  

SFA (g, %E)3 

Sodium3 

Red meat 

and 

processed 

meats 

should be 

separated 

due to 

sodium and 

nitrate 

contents. 

Red meat 

and poultry 

can be 

combined. 

Legumes Yes Yes Yes Yes 
Yes 

(8.9%) 
No Yes N/A 

Fibre (g, 

g/1000kcal) 

Potassium 

  

Fish or 

seafood 
Yes Yes 

Not 

sure 
Yes 

Yes 

(13.1%) 
No Yes N/A N/A 

This 

component 

may not be 

one 

component 

because the 

contents of 

omega-3 

fatty acids 

are totally 

different 

among 

fatty fish, 

white fish, 

and the 

other 

seafood. 

Fatty fish 

should be 

separated 

in terms of 

omega-3 

fatty acids.   

Nuts  Yes Yes Yes Yes 
Yes 

(30.4%) 
No No N/A 

Protein (%E) 

Magnesium  

Potassium 
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Components 

1. Do 

Canadia

ns eat 

this 

items? 

2. Is it 

necessary 

componen

t of 

healthy 

diet 

3. Is 

the 

item 

feasibl

e? (for 

RDs) 

4. Is the 

item 

feasible? 

(for 

patients) 

5. Did 

the items 

change 

over 3 

months? 

6. Was 

the 

range 

used in 

line with 

baseline 

intake 

7. Was the 

range used 

in line 

with 

changed at 

3-month? 

8. Did 

intake 

correlate 

with 

baseline 

nutrient? 

9. Did intake 

correlate with 

change in 

nutrient 

intake? 

Comment

ary 

To be 

included 

in new 

questionn

aire 

 

Poultry 

more often 

than red 

meat 

Yes Yes Yes No 
Yes 

(25%) 
No No N/A 

Protein (%E) 

SFA (%E) (-)3 

Patients 

may not 

recognize 

how often 

they eat 

poultry 

rather than 

red meat. 

It may not 

necessary. 

 
Butter or 

cream 
Yes Yes Yes Yes 

Yes 

(33%) 
Yes No N/A 

Fat (g, %E)3 

SFA (g, %E)3 

  

MD

S 

Olive oil as 

main fat 
Yes Yes Yes Yes 

Yes 

(23.8%) 
No No N/A 

MUFA 

(g, %E) 

This 

component 

is for 

measuring 

MUFA 

intake. 

Additional 

question is 

need for 

PUFA 

intake.  

i.e. 

vegetable 

oil more 

often than 

butter 
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Components 

1. Do 

Canadia

ns eat 

this 

items? 

2. Is it 

necessary 

componen

t of 

healthy 

diet 

3. Is 

the 

item 

feasibl

e? (for 

RDs) 

4. Is the 

item 

feasible? 

(for 

patients) 

5. Did 

the items 

change 

over 3 

months? 

6. Was 

the 

range 

used in 

line with 

baseline 

intake 

7. Was the 

range used 

in line 

with 

changed at 

3-month? 

8. Did 

intake 

correlate 

with 

baseline 

nutrient? 

9. Did intake 

correlate with 

change in 

nutrient 

intake? 

Comment

ary 

To be 

included 

in new 

questionn

aire 

MD

S 

Olive oil 

(>4tbs) 
Yes Yes Yes No  

Yes 

(1.8%) 
No Yes N/A N/A 

Patients 

may not 

know how 

much olive 

oil they eat 

usually. As 

they 

usually use 

oil 

dispensers, 

they cannot 

measure 

the 

quantity 

accurately. 

Thus, it 

may be 

underestim

ated. 

What type 

of oil do 

you use in 

your 

cooking? 

And how 

much? 

Wine Maybe Maybe Yes Yes 
Yes 

(1.8%) 
No Yes N/A N/A 

As it 

contains 

many 

phytochem

icals, it 

could be a 

component 

of healthy 

diet. 

However,  

drinking 

wine is not 

common in 

Canadian 

context 
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Components 

1. Do 

Canadia

ns eat 

this 

items? 

2. Is it 

necessary 

componen

t of 

healthy 

diet 

3. Is 

the 

item 

feasibl

e? (for 

RDs) 

4. Is the 

item 

feasible? 

(for 

patients) 

5. Did 

the items 

change 

over 3 

months? 

6. Was 

the 

range 

used in 

line with 

baseline 

intake 

7. Was the 

range used 

in line 

with 

changed at 

3-month? 

8. Did 

intake 

correlate 

with 

baseline 

nutrient? 

9. Did intake 

correlate with 

change in 

nutrient 

intake? 

Comment

ary 

To be 

included 

in new 

questionn

aire 

 
Commercial 

baked goods 
Yes Yes Yes Yes 

Yes 

(29.8%) 
Yes No N/A 

SFA (g, %E) 

Trans fats 

  

 
Sweetened 

drinks 
Yes Yes Yes Yes 

Yes 

(6.5%) 
Yes No N/A N/A 

Inappropri

ate for this 

age group. 

They are 

already 

aware that 

sweetened 

drinks 

should be 

avoided.  

However, 

it should 

be included 

for 

younger 

age group. 

 
Sofrito 

sauce 
No Maybe Yes Yes 

Yes 

(1.2%) 
No Yes N/A N/A 

Based on 

Canadian 

context, 

sofrito 

sauce is 

not 

included 

usual 

meals.  
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Strengths and limitations  

Several strengths of this study have already been mentioned in previous MSc thesis 

(Rodrigues). An additional strength of this thesis was that simple IRT-based methods were 

applied to evaluate diet quality assessment tools. IRT is an advanced statistical approach for 

assessing various measurement properties of instruments. However, IRT has not been used for 

evaluation of dietary assessment tools, so the findings from this study have implications for 

new directions in assessing tools in the nutrition field. Although simple IRT methods were used 

in this analysis, item difficulty and item discrimination of each component affected the 

measurement properties of the tools. The methods have potential for improving the validity of 

diet quality assessment over time. Therefore, the results are a first step in improving tool 

development for dietetic counselling over time.   

Some limitations should be considered. A major limitation is that we are comparing 

reports of FFQ in the past month to 24-hour recalls rather than true average nutrient intake over 

the same period. HEI-C and MDS were calculated from an FFQ at baseline and three months 

and it reflects food frequencies over the past four weeks. However, nutrient intakes from two-

day 24-hour recalls reflect past two days. Therefore, the nutrient intakes might not represent 

the diet patterns from HEI-C and MDS. 

In addition, outliers were not excluded when evaluating associations between changes 

in HEI-C and nutrient intakes. The simple ranges of each tertile and quartile of changes in HEI-

C were introduced in this thesis. However, in raw data, the lowest and largest tertile/quartile 

had wide ranges. It might influence the results. For example, the range of the lowest tertile of 

changes in meat and alternatives was -10 to -1. Only one patient decreased the score from 10 

to 0 over three months. It should be considered as an outlier and excluded in the analysis 

although it could be argued that such change is possible among a few clients of counselling. 
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The other limitation was that the ranges of changes in HEI-C did not reflect specific 

information regarding changes in nutrient intakes. For example, -1 point decrease can be 

applied two cases: 10 to 9 and 1 to 0. Those variations are relatively equal, but changes in 

nutrient intakes can be different. Therefore, evaluation of the associations between changes in 

HEI-C and nutrient intakes can be limited to conclude whether or not the HEI-C can capture 

changes of nutrient intakes.  

Finally, HEI-C unsaturated fats, saturated fats, and sodium were calculated by the 

nutrient data from the 24-hour recalls. Therefore, the relationships between component scores 

and nutrient were strongly associated. For that reason, the findings about HEI-C saturated fats 

and sodium were not included in this thesis. 

 

 

 

 

 

 

 

 

 

 



156 

Conclusion 

This study evaluated the diet quality assessment tools, HEI-C and MDS, using IRT 

methods. As IRT has not been applied to evaluation of dietary assessment tool, the results will 

be unique. Most lowest/highest scores of HEI-C each component provided weak information 

reflecting nutrient intakes except for the association between the lowest and highest scores of 

milk and alternatives and calcium intake, and the highest score of total fruits and vegetables 

and higher vitamin C and potassium intakes. The weak associations between HEI-C and 

nutrient intakes can be explained by ceiling/floor effects which were found in most components. 

However, the components showing ceiling or floor effects can be considered to improve 

effectiveness of diet counselling.  

Changes in HEI-C components did not capture changes in nutrient intakes over three 

months. However, largest improvement (more than 3 points increase) or largest decrease (more 

than -1 point decrease) of milk and alternatives indicated improvement or decrease of calcium 

and vitamin D intakes. In addition, changes in total fruits and vegetables and fibre intake 

showed similar associations. 

Most components of MDS provided weak associations with nutrient intakes. However, 

fruits and vegetables showed expected associations with fibre, vitamin C, vitamin A and 

potassium. 

Lastly, modified version of HEI-C total fruits and vegetables showed better 

discriminations with fibre intake but did not reflect clear association with fibre intake. Modified 

MDS also did not have clear associations with relative HEI-C components and key nutrient 

intakes.  

This research suggests that IRT can be useful to assess item characteristics such as item 
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difficulty and discrimination in dietary assessment tools. Although the findings from this 

research showed that HEI-C and MDS had weak information regarding nutrient intakes, it 

provides some suggestions for developing a better tool to assess diet quality. Moreover, further 

research can apply IRT to developing and evaluating the new diet quality tool.  
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Appendix 

Appendix A. Age and gender specific criteria to achieve maximum scores for each HEI-

C component (Rodrigues, MSc thesis) 

 Male 

19-50yo 

Male 

51+ 

Female 

19-50 

Female 

50+ 

Total vegetables 

and fruit1  

8 7 7 7 

Whole fruit1  2 1.5 1.5 1.5 

Dark green and 

orange 

vegetables1  

2 1.5 1.5 1.5 

Total grain 

products1  

8 7 6 6 

Whole grains1  4 3.5 3 3 

Milk and 

alternatives1  

2 3 2 3 

Meat and 

alternatives1  

3 3 2 2 

Unsaturated Fats1  3 3 2 2 

Saturated fats2  7% 7% 7% 7% 

Sodium3  1500 mg 1500 mg 1500 mg 1500 mg 

“Other food” 2  5% 5% 5% 5% 
1Number of servings recommended in Eating Well with Canada’s Food Guide  

2Percent of total energy  

3Scores for sodium based on DRIs 
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Appendix B. Information of deciles of nutrient intakes 

Appendix B-1. Cut points of each deciles of nutrient intakes at baseline 

 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

Energy (kcal) <1032.12 1032.12 1264.91 1454.82 1588.99 1820.21 1938.49 2093.63 2256.00 ≥2672.91 

Protein (%Energy) <14.11 14.11 15.03 15.99 17.15 18.30 18.95 20.04 21.28 ≥23.63 

Carbohydrate 

(%Energy) 

<36.79 36.79 40.21 43.46 45.99 48.34 50.67 53.27 56.30 ≥60.32 

Fibre (g/1000kcal) <6.58 6.58 8.15 9.22 10.21 11.36 13.07 14.42 16.35 ≥18.96 

Sugar (%Energy) <10.72 10.72 13.49 15.06 16.63 17.99 19.88 21.69 23.37 ≥27.06 

Fat (%Energy) <23.21 23.21 27.21 29.64 31.94 34.02 35.97 38.02 40.37 ≥44.07 

SFA (%Energy) <6.61 6.61 8.11 9.27 10.07 10.79 11.82 12.87 13.99 ≥15.37 

MUFA (%Energy) <6.69 6.69 7.89 8.92 9.97 11.03 12.36 13.46 14.19 ≥16.26 

PUFA (%Energy) <2.90 2.90 3.74 4.38 4.93 5.47 6.09 6.64 7.39 ≥8.51 

Trans fatty acids (g) <0.06 0.06 0.13 0.18 0.26 0.37 0.48 0.64 0.76 ≥1.16 

Cholesterol (mg) <108.88 108.88 135.54 160.58 188.88 235.81 274.19 321.63 369.70 ≥465.52 

Vitamin A (IU) <1211.17 1211.17 2095.13 2893.92 3893.23 4994.33 6491.65 8534.55 10588.21 ≥15257.23 

Vitamin B12 (mcg) <1.39 1.39 1.80 2.41 2.81 3.37 3.88 4.46 5.59 ≥7.48 

Vitamin C (mg) <26.53 26.53 40.37 54.90 68.55 87.24 102.74 124.35 153.72 ≥196.58 

Vitamin D (mcg) <0.53 0.53 1.18 1.81 2.16 2.69 3.33 4.01 5.53 ≥8.42 

Folate (mcg) <158.13 158.13 197.17 227.23 257.11 279.62 310.93 346.37 393.39 ≥444.56 

Calcium (mg) <385.39 385.39 468.67 553.34 624.31 738.15 823.48 926.93 1103.56 ≥1329.50 

Iron (mg) <6.67 6.67 8.37 9.74 10.96 12.04 12.95 14.86 16.25 ≥19.57 

Magnesium (mg) <152.18 152.18 196.36 225.58 245.33 264.62 285.54 314.37 352.78 ≥440.00 

Potassium (mg) <1608.55 1608.55 1872.83 2253.25 2428.86 2613.22 2820.58 2983.19 3274.21 ≥3869.73 

Sodium (mg) <1207.34 1207.34 1595.61 1824.00 2119.97 2446.56 2673.32 3062.92 3405.39 ≥4378.11 

Omega-3 fatty acids 

(g) 

<0.21 0.21 0.36 0.48 0.64 0.84 1.06 1.31 1.75 ≥2.24 

Omega-6 fatty acids 

(g) 

<1.85 1.85 2.84 3.77 4.83 6.13 7.58 8.67 11.00 ≥14.10 
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Appendix B-2. Cut points of each decile of nutrient intakes at 3-month 

 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

Energy (kcal) <1124.98 1124.98 1295.49 1414.76 1498.10 1632.60 1764.31 1905.29 2064.75 ≥2401.06 

Protein (%Energy) <16.44 16.44 17.54 18.43 19.47 20.09 21.06 22.32 23.37 ≥26.45 

Carbohydrate 

(%Energy) 

<37.23 37.23 41.67 44.96 47.88 49.14 50.62 52.47 55.16 ≥57.84 

Fibre (g/1000kcal) <9.16 9.16 10.92 12.43 14.08 15.51 16.90 18.26 19.83 ≥23.13 

Sugar (%Energy) <18.95 18.95 24.35 27.39 29.93 34.23 36.34 39.36 42.57 ≥47.48 

Fat (%Energy) <22.95 22.95 26.04 28.45 30.13 31.38 33.49 35.80 38.67 ≥41.75 

SFA (%Energy) <5.68 5.68 6.86 7.81 8.38 9.15 10.26 11.34 12.14 ≥13.06 

MUFA (%Energy) <7.04 7.04 8.15 9.26 10.02 11.05 11.71 13.01 13.95 ≥17.23 

PUFA (%Energy) <3.40 3.40 3.90 4.53 5.10 5.72 6.55 7.07 8.13 ≥9.37 

Trans fatty acids (g) <0.04 0.04 0.08 0.15 0.21 0.26 0.35 0.45 0.56 ≥0.77 

Cholesterol (mg) <92.25 92.25 134.52 166.26 202.15 224.48 263.97 316.14 353.99 ≥425.63 

Vitamin A (IU) <2115.12 2115.12 3713.11 4607.27 6164.23 8674.07 11005.46 13574.61 16861.25 ≥23279.28 

Vitamin B12 (mcg) <1.63 1.63 2.32 2.90 3.33 3.62 3.94 4.49 5.54 ≥7.30 

Vitamin C (mg) <46.96 46.96 69.66 81.10 97.39 111.25 129.93 155.85 175.84 ≥233.98 

Vitamin D (mcg) <0.90 0.90 1.41 2.14 2.77 3.81 4.42 5.13 6.35 ≥8.06 

Folate (mcg) <184.23 184.23 214.96 249.72 274.15 301.00 337.69 371.08 406.75 ≥471.92 

Calcium (mg) <412.65 412.65 529.94 616.34 691.77 790.74 896.33 1021.97 1161.31 ≥1307.07 

Iron (mg) <7.11 7.11 8.89 10.08 11.01 11.96 12.97 14.02 16.36 ≥18.63 

Magnesium (mg) <189.98 189.98 234.15 261.90 287.73 308.79 339.13 367.48 405.19 ≥497.73 

Potassium (mg) <1914.97 1914.97 2269.68 2461.41 2720.49 2894.48 3122.57 3433.14 3623.81 ≥4116.93 

Sodium (mg) <1146.94 1146.94 1378.39 1529.12 1712.77 2014.75 2242.41 2494.58 2863.99 ≥3246.90 

Omega-3 fatty acids 

(g) 

<0.28 0.28 0.40 0.56 0.76 1.04 1.32 1.62 2.01 ≥2.60 

Omega-6 fatty acids 

(g) 

<2.30 2.30 3.22 4.48 5.40 6.20 7.70 9.31 11.03 ≥12.85 
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Appendix B-3. Cut points of each decile of changes in nutrient intakes over three months 

 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

Energy (kcal) <-874.59 -874.59 -617.60 -432.00 -247.16 -120.50 -8.47 139.79 317.96 ≥580.86 

Protein (%Energy) <-4.22 -4.22 -2.29 -0.38 1.16 2.40 3.52 4.71 6.24 ≥7.82 

Carbohydrate 

(%Energy) 

<-12.75 -12.75 -7.40 -4.70 -1.57 0.16 3.02 6.07 8.80 ≥13.20 

Fibre (g/1000kcal) <-3.26 -3.26 -1.14 0.50 2.06 3.16 4.44 6.05 8.74 ≥11.15 

Sugar (%Energy) <-3.37 -3.37 4.28 7.09 8.70 12.78 16.82 19.35 25.41 ≥28.79 

Fat (%Energy) <-12.15 -12.15 -9.34 -6.58 -4.85 -2.20 0.95 3.33 6.66 ≥11.78 

SFA (%Energy) <-6.30 -6.30 -4.38 -3.14 -2.31 -1.67 -0.78 0.19 1.56 ≥3.48 

MUFA (%Energy) <-5.72 -5.72 -4.12 -2.52 -1.49 -0.18 1.36 2.84 4.37 ≥7.17 

PUFA (%Energy) <-2.97 -2.97 -1.55 -0.98 -0.53 0.16 1.17 1.84 2.97 ≥4.35 

Trans fatty acids (g) <-0.87 -0.87 -0.57 -0.32 -0.18 -0.07 0.01 0.07 0.19 ≥0.55 

Cholesterol (mg) <-231.05 -231.05 -132.53 -90.14 -51.26 -3.28 23.43 53.26 106.22 ≥184.53 

Vitamin A (IU) <-6258.41 -6258.41 -2382.08 -283.76 977.46 2638.20 4828.57 6967.11 10764.50 ≥15204.21 

Vitamin B12 (mcg) <-3.52 -3.52 -1.95 -1.35 -0.47 0.14 0.83 1.46 2.31 ≥3.64 

Vitamin C (mg) <-74.66 -74.66 -34.67 -9.57 6.19 27.21 39.94 64.72 89.24 ≥125.68 

Vitamin D (mcg) <-3.51 -3.51 -1.58 -0.88 -0.06 0.60 1.13 1.66 2.53 ≥4.42 

Folate (mcg) <-130.56 -130.56 -75.83 -34.48 -6.38 27.18 52.52 78.19 115.34 ≥170.14 

Calcium (mg) <-496.17 -496.17 -283.94 -143.70 -38.04 40.57 148.66 227.84 351.55 ≥583.29 

Iron (mg) <-5.69 -5.69 -3.97 -2.55 -1.53 -0.52 1.01 2.15 3.38 ≥5.88 

Magnesium (mg) <-103.96 -103.96 -57.29 -17.66 27.80 47.89 70.89 92.91 135.69 ≥207.45 

Potassium (mg) <-798.52 -798.52 -449.71 -163.98 104.24 332.27 547.56 843.95 1026.95 ≥1555.63 

Sodium (mg) <-2178.52 -2178.52 -1317.10 -922.99 -645.87 -414.83 -172.69 95.66 371.06 ≥846.38 

Omega-3 fatty acids (g) <-0.98 -0.98 -0.66 -0.34 -0.07 0.11 0.36 0.64 0.94 ≥1.64 

Omega-6 fatty acids (g) <-6.69 -6.69 -3.88 -2.07 -0.88 0.25 1.02 2.74 4.24 ≥7.26 
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Appendix C. Basic information regarding nutrient intake, HEI-C, and MDS at baseline, 

three months, and changes over three months 

Appendix C-1. Mean values of nutrient intakes at baseline and three months and changes over 

three months 

  Baseline (n=247) Three months (n=209) Change (n=208) 

Energy (kcal) 1826.42 1696.94 -140.64 

Protein (%Energy) 18.53 20.72 2.18 

Carbohydrate (%Energy) 48.27 48.52 0.51 

Fibre (g/1000kcal) 12.24 15.96 3.75 

Sugar (%Energy) 18.61 33.53 13.35 

Fat (%Energy) 33.75 32.24 -1.30 

SFA (%Energy) 11.07 9.51 -1.45 

MUFA (%Energy) 11.37 11.64 0.35 

PUFA (%Energy) 5.74 6.15 0.48 

Trans fatty acids (g) 0.53 0.38 -0.15 

Cholesterol (mg) 263.01 256.02 -12.26 

Vitamin A (IU) 6842.02 11386.04 4588.55 

Vitamin B12 (mcg) 4.45 4.21 -0.22 

Vitamin C (mg) 100.46 130.86 28.45 

Vitamin D (mcg) 3.78 4.14 0.46 

Folate (mcg) 301.05 319.87 16.71 

Calcium (mg) 811.10 848.32 43.32 

Iron (mg) 12.67 12.57 -0.07 

Magnesium (mg) 284.56 323.94 43.14 

Potassium (mg) 2677.07 3015.54 335.37 

Sodium (mg) 2642.21 2116.83 -578.61 

Omega-3 fatty acids (g) 1.08 1.31 0.24 

Omega-6 fatty acids (g) 7.37 7.38 0.17 

 

Appendix C-2. Mean HEI-C at baseline and three months and changes over three months 

 Baseline (n=284) Three months (n=256) Change (n=257) 

Total fruits and 

vegetables 

6.3 7.7 1.2 

Whole fruits 3.5 4.2 0.7 

Dark green orange 

vegetables 

2.7 3.7 0.9 

Total grains and products 3.3 3.0 -0.3 

Whole grains 2.6 3.3 0.6 

Milk and alternatives 4.8 5.5 0.7 

Meat and alternatives 8.1 8.5 0.5 

Unsaturated fats 3.5 3.1 -0.2 

Saturated fats 5.8 7.4 1.5 

Sodium 6.6 7.8 1.4 

Other foods 10.7 14.6 3.8 

Total score 57.8 68.7 10.7 
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Appendix C-3. Descriptions of MDS at baseline and three months and changes over three 

months 

 Baseline  

N (%) 

Three months 

N (%) 

Change over three months 

N (%) 

0 1 0 1 -1 0 1 

Fruits 135 

(68.9) 

61 

(31.1) 

132 

(60.8) 

85 

(39.2) 

27 

(9.2) 

143 

(48.8) 

61 

(20.8) 

Vegetables 162 

(84.8) 

29 

(15.2) 

136 

(61.5) 

85 

(38.5) 

11 

(3.8) 

151 

(51.5)  

69 

(23.5) 

Red or processed 

meats 

59 

(29.1) 

144 

(70.9) 

33 

(14.3) 

197 

(85.7) 

20 

(6.8) 

120 

(41.0)  

91 

(31.1) 

Legumes 
174 

(92.6) 

14 

(7.4) 

184 

(84.8) 

33 

(15.2) 

9 

(3.1) 

193 

(65.9) 

29 

(9.9) 

Fish or seafood 
162 

(85.7) 

27 

(14.3) 

170 

(79.4) 

44 

(20.6) 

14 

(4.8) 

185 

(63.1) 

32 

(10.9) 

Nuts  
124 

(63.6) 

71 

(36.4) 

96 

(42.7) 

129 

(57.3) 

16 

(5.5) 

132 

(45.1) 

83 

(28.3) 

Poultry more often 

than red meat 

91 

(45.3) 

110 

(54.7) 

59 

(26.0) 

168 

(74.0) 

12 

(4.1) 

137 

(46.8)  

82 

(28.0) 

Butter or cream 
54 

(26.9) 

147 

(73.1) 

48 

(21.1) 

180 

(78.9) 

14 

(4.8) 

157 

(53.6) 

60 

(20.5) 

Olive oil as main fat 
125 

(64.1) 

70 

(35.9) 

132 

(59.7) 

89 

(40.3) 

25 

(8.5) 

158 

(53.9) 

48 

(16.4) 

Olive oil 
176 

(93.6) 

12 

(6.4) 

184 

(87.2) 

27 

(12.8) 

10 

(3.4) 

195 

(66.6) 

26 

(8.9) 

Wine 
174 

(92.6) 
14 

(7.4) 

197 

(92.9) 

15 

(7.1) 

7 

(2.4) 

216 

(73.7) 

8 

(2.7) 

Commercial baked 

goods 

99 

(50.3) 
98 

(49.7) 

58 

(26.0) 

165 

(74.0) 

12 

(4.1) 

129 

(44.0) 

90 

(30.7) 

Sweetened drinks 
21 

(10.3) 
183 

(89.7) 

14 

(6.0) 

218 

(94.0) 

5 

(1.7) 

170 

(58.0) 

56 

(19.1) 

Sofrito sauce 
188 

(100) 
NA 209 

(99.1) 

2 

(0.9) 

0 (0) 229 

(78.2) 

2 

(0.7) 

Total score 4.7±1.6 6.2±2.0 2.4±2.9 

 


