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ABSTRACT
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Approximately one in five Canadian adults have metabolic syndrome. The Canadian Health
Advanced by Nutrition and Graded Exercise (CHANGE) Study was a one-year demonstration
project aimed at producing lifestyle changes to reduce metabolic syndrome prevalence. The goal
of this thesis was to examine to results from the first three months of the CHANGE study to
explore the dietitian’s counselling practices and the dietary changes made by the participants.
The results indicate that dietitians most frequently counseled on balanced meals and increasing
fruits and vegetables, and the most commonly used behavior change techniques were goal setting
and review of goals. The greatest dietary changes were seen in participants with poor diet at
baseline; however dietitians did not change their counselling strategies based on patients’ initial
diet or medical risk. Overall more research is needed to explore the relationship between
dietitian’s counselling and food behavior change.
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Introduction
Approximately 1 in 5 Canadians over the age of 18 have metabolic syndrome: a
combination of clinical abnormalities including elevated blood glucose, dyslipidemia,
hypertension, and elevated waist circumference (Statistics Canada, 2014). This is a serious
concern as metabolic syndrome increases the risk of cardiovascular mortality (relative risk 1.74)
beyond what would be expected from a Framingham Risk Score calculation (Galassi, Reynolds,
& He, 2006). There is a substantial body of evidence examining how lifestyle interventions can
resolve metabolic syndrome in a sizable minority of participants. A meta-analysis of
Randomized Controlled Trials (RCTs) examining multiple lifestyle intervention trials found the
percentage of participants who had a reversion of metabolic syndrome was 35% in the treatment
groups compared to 17% in the control groups (Yamaoka & Tango, 2012). Another systematic
review by Bassi et al, examined 28 RCTs, and found that high-frequency interventions working
with highly motivated individuals were the most effective (Bassi et al., 2014).
Dietary changes play a key role in most lifestyle intervention trials aimed at reducing
metabolic syndrome; however, there is an incredible amount of variation between these studies.
For example, the meta-analysis by Yamaoka and Tango examined studies that used many
different diets including the Mediterranean diet, the DASH (Dietary Approaches to Stop
Hypertension) diet, a low-fat diet with either simple or complex carbohydrates, and other diets
individualized to the study participants (Yamaoka & Tango, 2012). These diets are composed of
multiple food behaviour goals (FBGs) such as increasing fruit and vegetables, reducing sodium
intake, etc. Additional variations are seen in complex behaviour change interventions depending
on the behaviour change techniques (BCTs) used. It has been found that when examining
lifestyle interventions, taking BCTs (such as self-monitoring and motivational interviewing) into
account helps identify which interventions will be most effective (Michie et al., 2009). This is a
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relatively new concept; therefore, there is little research examining the effect of different BCTs
on changes in food behaviour in dietary counselling studies. In addition, it is hypothesized that
dietitians will counsel differently based on cardiovascular risk, as well as on the initial state of a
patient’s diet. Thus it is important to consider these variables when examining what dietitians do
with patients in counseling sessions.
The Canadian Health Advanced by Nutrition and Graded Exercise (CHANGE) study
examined the reversion of metabolic syndrome as a result of individualized nutrition and
exercise intervention in conjunction with medical management by a family doctor. In this study,
305 participants were recruited from primary care practices in Toronto, Ontario; Edmonton,
Alberta; and Laval, Quebec. The primary outcome of the study was the reversion of metabolic
syndrome. The nutritional component of this study involved participants being counseled by
registered dietitians weekly for the first three months, and monthly thereafter for a total of one
year. The dietary strategies implemented by the study dietitians were based on the metabolic
syndrome diet counseling care map which suggests diet changes according to the particular
metabolic profile of the individual and incorporates all previously suggested “diets” (Royall et
al., 2014). Both the FBGs addressed and the BCTs used were reported by the study dietitians for
each participant. In addition, two 24-hour recalls were collected and the Canadian Healthy
Eating Index (HEI-C) and the Mediterranean Diet Scores (Med Diet Score) were calculated at
baseline, 3 months and 12 months. Participants’ cardiovascular risk was also calculated at
baseline using the Prospective Cardiovascular Munster (PROCAM) algorithm.
This thesis is a secondary data analysis of the results from the first 3 months of the CHANGE
study. The primary purpose of this exploratory analysis was to describe the counselling practices
used by the dietitians, and to examine the relationship between these counselling practices and
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changes in dietary intake after 3 months of the intervention. Specifically, the research questions
addressed are as follows:
1. To what extent were the various FBGs and BCTs used by the dietitians in the first 3
months of the CHANGE intervention?
2. What dietary changes were observed after 3 months of the CHANGE intervention in the
4 subgroups defined by baseline PROCAM risk score, and baseline HEI-C scores?
3. Were there any differences in the FBGs and BCTs used by the dietitians in the 4
subgroups defined by baseline PROCAM risk score, and baseline HEI-C scores?
4. Is there any relationship between the FBGs and BCTs used by the dietitians, and the
changes in dietary intake after 3 months of the CHANGE intervention?
Literature Review
Metabolic Syndrome Definition
Metabolic syndrome is a cluster of risk factors associated with the development of
cardiovascular disease. While there have been various diagnostic criteria proposed by different
organizations in the past, in 2009 a harmonized definition of metabolic syndrome was published
(Alberti et al., 2009). In order to be diagnosed with metabolic syndrome, one needs to have three
of the five following conditions:
1. Elevated waist circumference (cut-off points are ethnicity specific)
2. Elevated serum triglycerides (≥ 1.7 mmol/L) or drug therapy for elevated triglycerides
3. Reduced high-density lipoprotein cholesterol (HDL-C) (<1.0 mmol/L in males, <1.3
mmol/L in females) or drug therapy for reduced HDL-C
4. Elevated blood pressure (systolic ≥130 mm Hg and/or diastolic ≥85mm Hg) or
antihypertensive drug therapy
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5. Elevated fasting glucose (≥ 5.6 mmol/L) or drug therapy for hyperglycemia (Alberti et
al., 2009)
While there is no one proven cause of metabolic syndrome identified in the literature, the
main suggestion on the pathogenesis of the condition is that obesity and insulin resistance are
important causal factors (Alberti, Zimmet, & Shaw, 2006).
Metabolic Syndrome Controversy
Prior to the publishing of this harmonized definition of metabolic syndrome, there were
multiple definitions provided by various organizations. The World Health Organization (WHO)
was the first to create a formalized definition, which required the presence of insulin resistance in
addition to any 2 other factors (Alberti & Zimmet, 1998). However, the requirement of insulin
resistance was not universal, and the National Cholesterol Education Program Adult Treatment
Panel III (ATP III) created criteria for metabolic syndrome that stated 3 of the 5 risk factors
needed to be present (but insulin resistance was not mandatory) (Grundy et al., 2002). In 2005,
the International Diabetes Federation (IDF) produced slightly different criteria that emphasized
the importance of abdominal obesity, where an elevated waist circumference was a mandatory
part of the diagnosis, but insulin resistance was not (Alberti, Zimmet, & Shaw, 2006).
These various definitions highlight some of the controversy surrounding metabolic
syndrome and insulin resistance. It has been established that there is a significant overlap
between the metabolic syndrome and pre-diabetes populations (Grundy, 2012). In fact, many
experts believe that insulin resistance is the factor which mediates all the other metabolic
components of metabolic syndrome (Reaven, 2005). Furthermore, it has been stated that
metabolic syndrome itself could be considered a pre-diabetic state, as the risk for developing
diabetes is considerably elevated compared to those without metabolic syndrome (Grundy,
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2012). Overall there is a substantial link between pre-diabetes and metabolic syndrome;
however, the exact overlap and how it should be addressed remains debated.
Metabolic Syndrome Prevalence
Based on the results of the Canadian Health Measures Survey (CHMS) from 2012-2013,
the estimated prevalence of metabolic syndrome in Canadian adults (18-79 years old) is 21%
(Statistics Canada, 2014). This survey also showed that age was strongly associated with the
presence of metabolic syndrome, and for the age group 60-79 years, the prevalence was about
39% compared to approximately 13% for the 18-39 year age group (Statistics Canada, 2014). A
study looking at the CHMS from 2009-2011 found that metabolic syndrome prevalence was
higher among Canadians with lower household incomes, with the highest income group having
an odds ratio of 0.40 compared to the lower middle income group (Riediger & Clara, 2011). In
addition, the same study found that individuals with some post-secondary education had an odds
ratio on 0.30 for risk of having metabolic syndrome compared to the group with only secondary
school education (Riediger & Clara, 2011). Other research comparing metabolic syndrome
prevalence among different ethnic groups in Canada (Oji-Cree, Inuit, and non-aboriginal
Canadians) found the highest rate of metabolic syndrome among the Oji-Cree population
(33.3%), and the lowest among the Inuit population (13.5%) (Liu, Hanley, Young, Harris &
Zinman, 2006).
The Canadian prevalence statistics are fairly similar to those found in other locations. For
example, metabolic syndrome prevalence in the United States estimates range from 22% to 34%
(Beltran-Sanchez, Harhay, Harhay, & McElligott, 2013; Mozumdar, & Liguori, 2011; Park et al.,
2003). While these estimates are slightly higher than Canadian data, similar trends were
identified with higher obesity prevalence, different ethnic groups, and age differences between

Page |6

studies accounting for variation in prevalence. For age, it was found that men over the age of 65
years were 5.8 times more likely to have metabolic syndrome, and women were 4.9 times more
likely, compared to the men and women in the 20-34 year old age group (Park et al, 2003). In
addition, certain ethnicities were found to have higher prevalence, with Mexican Americans
displaying the highest prevalence of metabolic syndrome (36.6% of men, and 42.6% of women)
(Mozumdar, & Liguori, 2011). A review examining the prevalence of metabolic syndrome
globally found that the prevalence in the adult population in most countries ranges from 20-30%
(Grundy, 2008). Many of the studies included in the review specifically examined older age
groups, which may explain why the Canadian statistic is on the lower end of this estimated
range, as the CHMS survey looked at individuals 18-79 years old. Overall, metabolic syndrome
is fairly prevalent in Canada and around the world, with age, ethnicity, income and education
having an impact on prevalence rates.
Consequences of Metabolic Syndrome and Risk Assessment
There are a number of long-term health consequences related to the diagnosis of
metabolic syndrome. In a position paper by the Canadian Cardiometabolic Risk Working Group,
the authors stated that having metabolic syndrome increases one’s relative risk of cardiovascular
disease (CVD) 1.5 to 2-fold beyond the risk calculated in a Framingham Risk Score (Leiter et al,
2011). This range for relative risk for CVD was consistent with results from other reviews and
meta-analyses (Ford, 2005; Galassi, et al., 2006; Gami et al., 2007). In addition, these reviews
report that the relative risk of all-cause mortality was 1.27-1.37 (Ford, 2005), and 1.35 (Galassi
et al., 2006) compared to individuals who were not diagnosed with metabolic syndrome.
Furthermore, the relative risk for developing diabetes was 2.99 (Ford, 2005) compared to people
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without metabolic syndrome. Overall it can be seen that metabolic syndrome can increase one’s
risk of developing negative health outcomes.
As the presence of metabolic syndrome has been associated with increased overall CVD
risk, it has been suggested that risk scores should take this into account. One way to assess an
individual’s CVD risk is by using a validated risk calculator. There are approximately 25
validated models which provide an estimate of overall cardiovascular risk with small variation
between scores (Allan, Garrison, & McCormack, 2014). One particular model, the Prospective
Cardiovascular Munster (PROCAM) algorithm, provides an estimate of CVD risk which takes
metabolic syndrome into account (Assmann, Schulte, & Seedorf, 2008). This algorithm uses a
number of variables to produce an overall cardiovascular risk score, including age, low density
lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), smoking,
systolic blood pressure, diabetes mellitus, triglycerides, family history of myocardial infarction,
body mass index (BMI) and waist circumference. This risk score algorithm was validated in a
study of 7134 men (ages 35-65 years) who were followed for 10 years (Assmann et al, 2008). In
this study, the observed proportion of participants who experienced major cardiovascular events
(9.6%) corresponded well with the risk estimated by the PROCAM algorithm (10.2%) (Assmann
et al, 2008). Overall it can be seen that taking metabolic syndrome status into account is
important when considering CVD risk.
Current Metabolic Syndrome Management
While there are a number of clinical guidelines addressing the specific components of
metabolic syndrome (such as hypertension, or dyslipidemia), there is currently no harmonized
guidelines on how to treat metabolic syndrome as a whole in primary care (Tobe et al., 2011).
This lack of harmonized guidelines could lead to the inadequate management of metabolic
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syndrome in primary care. Indeed, when primary care physicians in Canada were surveyed about
their current practices, it was found that only 47% of physicians were measuring waist
circumference, and fewer than 50% were recommending lifestyle changes to patients as a way to
manage their health (Teoh et al., 2013). In addition, another study which surveyed primary care
physicians about their practices around preventative care found that only about 39% regularly
inquire about their patients' nutritional habits, and few physicians regularly referred patients to
additional supports for lifestyle changes (Katz, Lamber-Lanning, Miller, Kaminsky & Enns,
2012). With this variation between providers, it is important to understand the overall
management options used to address metabolic syndrome in the primary care system as it
currently exists. Overall there are three main categories to consider when treating metabolic
syndrome: pharmacotherapy, physical activity, and diet.
The current pharmacotherapy options used to address metabolic syndrome include
antihypertensive medications to treat elevated blood pressure, statin therapy to address
dyslipidemia, and potential use of antihyperglycemic medications to address elevated blood
glucose (although this is usually secondary to lifestyle changes) (Leiter et al, 2011). In addition,
there is one weight loss medication (Orlistat) currently in use in Canada which may be used as a
method to address obesity (Leiter et al, 2011). In Canada, over 70% of primary care physicians
utilize pharmacotherapy to manage cardiometabolic risk, but many of these patients do not reach
clinical targets with this therapy (Teoh et al, 2013).
Regular physical activity has been shown to have positive effects on many aspects of
metabolic syndrome, including waist circumference (with a higher dose of physical activity
relating to bigger changes), insulin resistance, dyslipidemia (specifically HDL-C and
triglycerides), and blood pressure (where a decrease in blood pressure appears to be independent
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of changes in BMI) (Leiter et al., 2011). However, while there are many benefits of physical
activity, only about 11% of physicians in primary care teams, and 17% of solo practice
physicians regularly recommend physical activity to their patients (Teoh et al, 2013).
Dietary changes are another important potential way to manage metabolic syndrome.
Caloric restriction has been shown to have beneficial effects on abdominal obesity, insulin
resistance, triglyceride levels, and blood pressure (Leiter et al., 2011). In addition, a number of
components within a diet can have an impact on overall health, such as sodium intake and
hypertension, or refined sugar intake and obesity and insulin resistance (Leiter et al., 2011).
However, similar to physical activity, even though dietary changes can have beneficial impacts
on patients’ health, only about 14% of physicians in primary care teams, and 32% of physicians
who practice independently regularly make recommendations around improving diet (Teoh et al,
2013). While physical activity and pharmacotherapy are both important aspects of treatment of
metabolic syndrome, the majority of this review will focus on the dietary treatment options for
metabolic syndrome.
Dietary Interventions for Metabolic Syndrome
There are a number of lifestyle interventions addressing metabolic syndrome reported in
the literature. One systematic review and meta-analysis by Yamaoka and Tango (2012) looked at
randomized controlled trials that used lifestyle interventions to treat individuals with metabolic
syndrome, and followed the participants for at least 6 months. The review included 11
interventions from 8 Randomized Controlled Trials (RCTs), and the results of their analysis
showed that twice as many patients in the intervention groups had resolved metabolic syndrome
status (approximately 35% reverted) compared to the individuals in the control groups
(approximately 17% reverted) (Yamaoka & Tango, 2012). In addition, when looking at the
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individual components of metabolic syndrome, they saw significant reductions in blood pressure
(mean change: Systolic Blood Pressure (SBP) -6.4 mmHg, and Diastolic Blood pressure (DPB) 3.3 mmHg), triglycerides (mean change -0.67 mmol/L), waist circumference (mean change -2.7
cm), and fasting blood glucose (mean change -11.5 mg/dl) (Yamaoka & Tango, 2012). Overall
this review summarized evidence indicating that interventions promoting lifestyle changes,
including dietary modifications, can have a significant impact on metabolic syndrome status.
Several studies published after the review also found that interventions promoting changes in
diet and/or physical activity were effective at improving metabolic health (Cox et al., 2013;
Dalzill et al., 2014; Kent et al., 2015; Vetter et al., 2013).
However, it is unclear what components of these interventions cause them to be effective.
All studies included in the review by Yamaoka and Tango had some dietary intervention, but
they varied widely in the food behaviours addressed. The diets promoted included Dietary
Approaches to Stopping Hypertension (DASH diet), several versions of the Mediterranean diet
(some overall balanced, some promoting more olive oil or nuts), low-fat and complex
carbohydrate diets, low-fat and simple carbohydrate diets, calorie reduction, and individualized
nutrition advice generally promoting more consumption of whole foods and decreased intake of
simple carbohydrates, saturated fat and salt. As there was such variation and overlap in the
intervention components, it is difficult to conclude which strategies are most effective.
To address this question, Bassi et al completed a systematic review to determine the best
way to deliver lifestyle interventions for metabolic syndrome. The authors included 28 RCTs
(6372 participants), that addressed adherence and/or the use of technology in the interventions
(Bassi et al., 2014). Similar to the review by Yamaoka and Tango, interventions included in this
analysis varied in diet and/or exercise programs. The diets used in these studies ranged from
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commercially developed diets (such as Atkins or Weight Watchers), to programs led by
dietitians, and included a number of different nutrient emphases (ratios or carbohydrates, fats,
and protein). In addition, method of contact varied, including individual, group, face-to-face,
telephone or over the internet. Overall the authors found that programs using a team approach
were most successful at changing lifestyle behaviours (Bassi et al, 2014). The researchers also
found that patient motivation was a key component for effective long-term results (Bassi et al,
2014). In addition, while using technology to deliver an intervention was found to be helpful, it
was not a replacement for personal contact (Bassi et al, 2014). Whereas this review provides
some information regarding the delivery of lifestyle interventions, it does not comment on the
effectiveness of the specific intervention components. In fact, in many of the studies examined,
the dietary interventions are not described in sufficient detail to know which food behaviour
goals were addressed or which changes were undertaken by participants. This produces potential
issues for evaluation and replication of interventions.
Dietary interventions for metabolic syndrome are complex, and involve multiple changes
in daily eating habits and routines. One way to compare different dietary interventions is to
compare the number of food behaviour goals (FBG) addressed in that particular diet. A recent
RCT aimed to examine the effectiveness of a single-goal dietary intervention compared to a
multi-component dietary intervention for the treatment of metabolic syndrome. This study
randomized 240 participants with metabolic syndrome to one of two diets: a diet promoting high
fibre (≥30 g/day), or a diet following the American Heart Associations (AHA) guidelines
(promoting fruits and vegetables, whole grains, high fibre, fish, lean protein, and limiting sugary
drinks, added sugars, sodium, alcohol, saturated and trans fats, and dietary cholesterol) (Ma et
al., 2015). Both groups received 2 individuals sessions and 12 group sessions. The dietary
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intakes of the two groups were found to be different from the results of 24-hour recalls
completed after 3 months, with the AHA group consuming approximately 265 fewer calories per
day than the high fibre group, and the high fibre groups consuming approximately 4.4 g more
fibre per day than the AHA group (Ma et al, 2015). After 12 months, both groups had lost
significant weight, with the AHA group losing slightly more (-2.1 kg in the high fibre group
compared to -2.7 kg in the AHA group) but the difference between the groups was not
statistically significant (Ma et al, 2015). In addition, systolic and diastolic blood pressure
decreased for both groups (-1.5/-2.5 mm Hg for SBP, and -0.8/-1.7 mm Hg for DBP, for the high
fibre and AHA groups, respectively), but these results were also not significantly different
between the groups (Ma et al, 2015). These results could indicate that both single
nutrient/behaviour focused interventions and multi-component interventions are modestly
effective. However, there is limited generalizability due to the sample being composed primarily
of well-educated Caucasian women. Again there was no indication as to what food behaviours
were changed. Overall more research is warranted that reports the specific food behaviours
addressed in the dietary interventions.
There are a number of studies that look at the relationship between adherence to specific
diets and metabolic syndrome. There is a substantial amount of research on the Mediterranean
diet in particular. This dietary pattern is characterized by a high consumption of plant-based
foods including fruits and vegetables, whole grains, plant-based oils (particularly olive oil), nuts
and legumes. In addition the Mediterranean diet includes high intake of fish and wine, with a low
intake of red and processed meats. The Mediterranean diet pattern varies from country to
country, and it is unclear which components are the most important to include.
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There has been great interest in the results of the PREDIMED trial (a multi-site
intervention in Spain with 7447 participants at high cardiovascular risk). This study found that a
Mediterranean diet supplemented with either nuts or olive oil significantly reduced the incidence
of major cardiovascular events when compared to a control diet (hazard ratios of 0.70 for the
group supplemented with olive oil, and 0.72 for the group supplemented with nuts), with the
main effect seen on stroke incidence (Estruch et al., 2013).
There are a number of studies that specifically examine the impact of the Mediterranean
diet on metabolic syndrome. One meta-analysis by Kastorini and colleagues (PREDIMED
group) looked at 50 studies (35 clinical trials, 2 prospective studies, and 13 cross-sectional) with
a total of 534 906 individual participants to examine the effect of this diet on metabolic
syndrome (Kastorini et al., 2011). The results from the clinical trials and prospective studies
showed that following a Mediterranean diet did have a positive effect on metabolic syndrome
(log hazard ratio -0.69; actual hazard ratio 0.2) as well as a positive impact on the following
components of the condition: waist circumference, HDL-C, triglycerides, diastolic blood
pressure and fasting glucose (Kastorini et al, 2011). Several studies published since the time of
this meta-analysis have found similar results indicating the positive effect of the Mediterranean
diet on reducing metabolic syndrome (Esposito, Kastorini, Panagiotakos, & Giugliano, 2013;
Kesse-Guyot et al., 2013; Richard, Couture, Desroches, Charest, & Lamarche, 2011). The
Mediterranean diet has also been examined from a cost-effectiveness perspective. A systematic
review looked at 8 studies from around the world (including one study in Canada) and they
found that the adoption of a Mediterranean diet would lead to a reduction in morbidity, extended
life expectancy, and an overall reduction in healthcare costs to the system (Saulle, Semyonov, &

P a g e | 14

La Torre, 2013). Overall, multiple whole foods “diets” have had promising results. The
challenge is inducing behaviour change in individuals in order to impact dietary intake.
Behaviour Change Techniques for Diet
Changes in lifestyle are challenging to make and maintain, and as such, the topic of
behaviour change and adherence are important when discussing treatment of metabolic
syndrome. As lifestyle often involves changes in multiple daily routines, they are considered
complex interventions. Several reviews have highlighted the importance of multiple strategies to
induce behavior change and promote long-term maintenance (Fappa et al., 2008; Magkos,
Yannakoulia, Chan, & Mantzoros, 2009). However, it is challenging to determine what aspects
of programs lead to behaviour change in the majority, in part because of the inadequate reporting
of interventions. Several articles have commented on the lack of systematic descriptions of
behavioural interventions in the published literature (Dombrowski, Sniehotta, Avenell, & Coyne,
2007; Glasziou, Meats, Heneghan, & Shepperd, 2008; Michie, Fixsen, Grimshaw, & Eccles,
2009). The primary concerns with the reporting of interventions include insufficiently thorough
descriptions, as well as the inconsistent use of terminology. This poses a problem when
attempting to link specific intervention techniques to outcomes, and when trying to replicate a
particular program.
To address this issue, a taxonomy of Behaviour Change Techniques (BCTs) was
developed in 2008 (Abraham & Michie, 2008), and was further refined in 2011 (Michie et al.,
2011). The final resulting list of BCTs, named the ‘Coventry, Aberdeen & London – Refined’ or
CALO-RE taxonomy, includes 40 possible BCTs with clear definitions (please refer to Appendix
A for the list of BCTs and definitions). The researchers also examined the inter-rater reliability
of the taxonomy when using it to identify the BCTs in 50 descriptions of interventions, and
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found that it was good (kappa=0.79) (Michie et al, 2011). More recently, the taxonomy has been
further updated by the Delphi technique to include 93 BCT which are clustered into 16 different
groups (Michie et al., 2013).
Since the publication of the taxonomy, it has been used in several ways in the fields
promoting behaviour change, particularly diet and exercise. The taxonomy has been utilized in
original research articles reporting results of interventions (Adab et al., 2014; Lloyd, Wyatt, &
Creanor, 2012), publications of study protocols (Celis-Morales et al., 2015; Lytle et al., 2014),
and systematic reviews (Booth, Prevost, Wright, & Gulliford, 2014; Presseau et al., 2015; Lara et
al., 2014). Of particular interest is the systematic review and meta-analysis by Lara and
colleagues where they analyze BCTs across interventions to see which are most highly
associated with increasing fruit and vegetable consumption in older adults (Lara et al., 2014).
This article shows the particular usefulness of the taxonomy in being able to compare
standardized techniques across studies. However, there has been criticism of this type of analysis
when the original research articles used in the meta-analysis did not report the BCTs, but are
instead identified post-hoc by the authors of the review (Knittle, 2014). In his review, Knittle
points out that in order for systematic reviews and meta-analyses examining BCTs across studies
to be valid, there needs to be a more thorough uptake in reporting of BCTs in original research
articles, as well as a shift to reporting the BCTs on a per individual basis (Knittle, 2014). As
behavior change interventions are complex and often individualized, reporting only the mean
outcomes for the groups as a whole may lessen the observed effectiveness of certain BCTs. If
BCTs were reported on an individual basis, they could then be linked specifically with the
outcomes of interest. However, this is a fairly novel concept, and few publications report this
level of detail when describing behaviour change interventions.
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Measuring Food Behaviour Change
Another important factor to consider in studies of dietary interventions is how to measure
changes in food behaviour. For many years, investigators focused on the relationship between
specific nutrients and health outcomes (Huijbregts et al., 1997; Kant, 1996; Kim, Williamson,
Byers, & Koplan, 1993). However, many authors began to comment on the flaws of this
reductionist approach (Hu, 2002; Waijers, Feskens, & Ocké, 2007). Several arguments against
the single-nutrient approach include the possible interaction between different nutrients, high
correlations between certain nutrients, the cumulative effects of multiple nutrients on health, and
the fact that many clinical trials that focus on whole dietary patterns appear to be more effective
than single nutrient supplementation (Hu, 2002). Thus, many researchers began to measure
dietary change by considering the whole diet, not just single nutrients. Several different
methodologies have been used to measure the overall diet, including factor analysis, cluster
analysis and dietary indices (Hu, 2002). Both factor and cluster analysis are used to define a
certain dietary pattern by using statistical modeling, whereas diet indices are created a priori
based on certain criteria (such as healthy eating guidelines, or a particular diet pattern) (Hu,
2002).
Two examples of dietary indices include the Canadian Healthy Eating Index (HEI-C) and
the Mediterranean Diet (Med Diet) Score. The HEI-C is an adaptation of the Healthy Eating
Index developed by the US Department of Agriculture that was modified to be consistent with
Canadian dietary recommendations (Woodruff & Hanning, 2010). The HEI-C is a score out of
100 possible points that gives an indication of diet quality based on Canada’s Food Guide. It
takes into account both adequacy in the diet (number and type of foods in each food group) as
well as moderation (amount of sodium, saturated fat and “other” foods). The Med Diet Score is a
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set of 14 questions that gives an indication of how well a patient’s diet adheres to a
Mediterranean dietary pattern. There is one point awarded for each question if the criterion is
met. This score assesses a number of elements in the diet including fruits, vegetables, red or
processed meats, legumes, fish, nuts, poultry, type of fats used, wine, commercial baked goods,
sweetened drinks, and sofrito sauce (a sauce made with tomatoes, onions, garlic and olive oil). A
higher Med Diet Score indicates a diet closer to the Mediterranean dietary pattern, according to
the PREDIMED study. Both of these tools are ways of assessing an overall eating pattern, which
gives a better understanding of food behaviour change compared to examining single nutrients in
isolation. Thus, there are several common ways to describe changes in food behaviour in the
literature – nutrients, “eating patterns”, or according to a priori scoring systems.
Understanding Complex Behaviour Change Interventions
Behaviour change interventions are complex, with multiple aspects that are interrelated.
As a result, it can be difficult to conceptualize all of the important factors that can impact
behaviour change. One way to do this is the use a model or diagram to understand the
interrelated parts. This has been done previously when examining clinical preventative care and
the factors influencing both patients and physicians (Walsh & McPhee, 1992). Another example
is the Dietary Management Care Map which depicts the process dietitians take when treating
metabolic syndrome in primary care (Royall et al, 2014). This care map is further discussed in
the study design and methods section. Please refer to appendix B for a copy of the care map.
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Figure 1: Conceptual Model for Food Behaviour Change
Dietitian Techniques:
Food Behaviour Goals
Behaviour Change Techniques

Counseling

Food Behaviour
Dietitian

Patient

Influencing Factors:
Cardiovascular Risk
Baseline Diet

Figure 1 depicts a model for understanding some of the important factors involved in dietary
counseling and food behaviour change. As shown in the diagram, there is the counseling
interaction between the patient and the dietitian. This interaction is impacted by the techniques
used by the dietitian which include the BCTs utilized, as well as the specific FBGs on which they
focus. This counseling is completed with the intention to alter the food behaviour of the patient.
Then there are overarching factors that are hypothesized to affect both the counseling of the
dietitian, and the likelihood of the patient making the food behaviour changes. There are many
factors that have been considered as influencing behavior change. Among these, two may be
particularly salient in determining the extent of change that can be achieved with diet
interventions.
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Baseline clinical status is a core factor to consider, and can be illustrated with the results of
the original DASH studies. People who had normal blood pressure at study entry achieved
almost no change in blood pressure on the diet, while people with elevated blood pressure
achieved greater reductions in blood pressure (Sacks et al., 1999). For all the indicators of the
metabolic syndrome, it has been demonstrated that those with values out of the normal range, are
more likely to respond to diet therapy than those within normal range.
The reasons for the differences may be physiological, psychological or both. It has long been
theorized that an individual’s perception of their health risk impacts his/her health behaviours
(Brewer et al., 2007; Brewer, Weinstein, Cuite, & Herrington, 2004), and this concept has also
been applied to food behaviours (Pieniak, Verbeke, Scholderer, Brunsø, & Ottar Olsen, 2008).
Thus it is logical to consider that an individual’s cardiovascular risk may result in differences in
physiological responsiveness and may impact his/her likelihood of making food behaviour
change. Furthermore, the level of cardiovascular risk is expected to impact the way a dietitian
conducts the counseling session.
The patient’s baseline diet may also have important implications. A poor diet at baseline
may have an effect on the potential for clinical change. If an individual has a fairly healthy diet
prior to beginning dietary counseling, there are fewer potential areas to make improvements in
food behaviours. Thus, there is less likelihood that an individual’s diet is going to improve as
much as someone who has more room for improvement. This effect of baseline diet has been
found in the PREDIMED study. The investigators found that individuals with poorer diet at
baseline were more likely to make significant dietary changes (Zazpe et al., 2010). The patient’s
baseline diet is also hypothesized to impact how the dietitian counsels, as the patient's current
eating habits will influence the number and type of potential FBGs to be addressed. Overall a
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diagram such as Figure 1 can be helpful when conceptualizing all of the various factors that are
involved in a dietary behaviour change intervention. Consideration of baseline clinical risk status
and diet were included in the analysis.
Objective and Research Questions
This thesis involved a secondary data analysis of the results from the first 3 months of
CHANGE study. The primary purpose of this exploratory analysis was to describe the
counselling practices used by the dietitians, and to examine the relationship between these
counselling practices and changes in dietary intake after 3 months of the intervention.
Specifically, the research questions that were addressed are as follows:
1. To what extent were the various FBGs and BCTs used by the dietitians in the first 3
months of the CHANGE intervention?
2. What dietary changes were observed after 3 months of the CHANGE intervention in the
4 subgroups defined by baseline PROCAM risk score, and baseline HEI-C scores?
3. Were there any differences in the FBGs and BCTs used by the dietitians in the 4
subgroups defined by baseline PROCAM risk score, and baseline HEI-C scores?
4. Is there any relationship between the FBGs and BCTs used by the dietitians, and the
changes in dietary intake after 3 months of the CHANGE intervention?
Study Design and Methods
Basic description of the CHANGE Study
The Canadian Health Advanced by Nutrition and Graded Exercise (CHANGE) Study
was a demonstration cohort study aimed at confirming the effects of embedding a nutrition and
exercise program into primary care sites in order to reduce the risks associated with metabolic
syndrome. This study, which started recruiting patients in 2012, enrolled 305 patients in three
primary care locations across the country for the one-year intervention. The three primary care
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sites were located in Toronto, Ontario; Edmonton, Alberta; and Laval, Quebec. The primary
objective of this demonstration project was to assess the implementation of a program delivered
by registered dietitians (RDs) and kinesiologists in conjunction with primary care physicians.
The researchers aimed to report the impact on the components of metabolic syndrome, drug
therapy, as well as evaluate the use of a team approach to manage metabolic syndrome. In
addition, the relationship between genotype and patients’ response to the intervention was
explored.
The CHANGE study involved an individualized and graded nutrition and exercise
program, which primarily focused on lifestyle changes. Support for behavior change was
provided by the health care team including the family doctors, RDs and kinesiologists. The
overall program was supervised by the primary care physicians, and the patients’ progress was
evaluated at regular intervals (please refer to section on study timeline). The primary outcome
for this study was the reversion of metabolic syndrome without the use of drug therapy. They
were also measuring durability of the treatment effect, fitness level, dietary intake, patient
experience, barriers and facilitators to implementation, as well as healthcare resource utilization.
Inclusion and Exclusion Criteria
To be a part of the CHANGE study, patients had to be over the age of 18, and have metabolic
syndrome as diagnosed by the family doctor. For this study, metabolic syndrome was defined as
having three of the five criteria described on page 3 on the definition of metabolic syndrome.
Briefly, the five potential criteria included hyperglycemia, hypertension, elevated triglycerides,
low HDL-C, and abdominal circumference above an ethnic-specific cut-off. Alternatively, if a
patient was receiving pharmacotherapy for elevated blood glucose, blood pressure, or
triglycerides, he/she also qualified for those criteria.
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There were also a number of exclusion criteria, and if any of these were met, the individual
could not participate in the study. The exclusion criteria included: inability to speak English or
French, medical condition which prohibited moderate physical activity, diagnosis of Type 1
Diabetes Mellitus, Type 2 Diabetes Mellitus in conjunction with co-morbidity (retinopathy,
nephropathy, neuropathy, severe fasting hyperglycemia, or peripheral vascular disease),
significant medical co-morbidities (such as heart disease, stroke, or ongoing substance abuse),
clinically significant renal failure, psychiatric disorder, cancer in previous 2 years, terminal
illness, pregnancy or lactation, investigator discretion for clinical safety, chronic inflammatory
disease, or a BMI above 35.
CHANGE Study Timeline
While the actual nutrition and exercise program was 12 months in length, there are a number
of steps that made up the study timeline, which are outlined below. Please refer to appendix C
for a visual representation of the CHANGE study timeline.
The first step involved screening the patients in the primary care setting for eligibility for the
study. This screening was done by the family doctor, and involved assessment of the criteria for
metabolic syndrome (included blood work and measurement of waist circumference).
After this information was collected, the patients could be assessed for study eligibility by
the family doctor. If they were eligible, the physician obtained informed consent for the study,
assessed readiness for change, and determined if drug therapy was needed. In addition, the
primary care physician involved the RD and kinesiologist at that time. The RD and kinesiologist
would then complete their initial assessment, and began joint goal-setting and individualized
planning.
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For the first 3 months, the study participants were seen weekly by the RD and kinesiologist
for individualized and graded nutrition and exercise. For the remaining nine months of the
intervention, the participants saw these professionals once a month. During this time the family
doctors followed up with patients every 3 months. Before each of the visits with the physician,
there was team communication with the RD, kinesiologist, and family doctor to provide an
update on the patient’s status and progress, but the form of this communication varied by clinic.
Dietary Intervention
As mentioned above, the nutrition portion of the CHANGE program was individualized, with
no one specific diet recommended to all patients, in line with current RD practice. This
secondary data analysis explored the relationship between what counselling for diet behaviours
occurred as reported by the RD and the food behaviours changed. The RDs in the study utilized a
previously developed Dietary Management Care Map to guide their counseling (Royall et al,
2014). Please refer to Appendix B for a copy of the care map. The first step in the process was
the nutrition assessment, which involved identifying the patient’s current state, including
intention and barriers. Next the RD worked with the patient to jointly set goals. Once an overall
goal of diet therapy had been selected (e.g., weight loss, glucose control, hypertension and/or
dyslipidemia), the RD could begin to address specific FBGs. For example, if the patient’s main
goal was weight loss, the RD might have focused on decreasing added sugars as the specific
FBG. While they were counseling on specific dietary goals, the dietitians may have used
different BCTs, as well as addressed various barriers to change. The sessions with the patients
could take a number of forms, including individual appointments, appointments with family or
friends present, or group classes. In addition, contact with the RD could happen in a variety of
ways, including face-to-face meetings, phone calls, or emails. Training was completed with the
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study dietitians that involved approximately 1 hour of in-person training on completing multipass 24 hour dietary recalls, and the resources that were available via the metabolic syndrome
care map.
The dietitians in the study also recorded a number of process measurements to assess the
dietary component of the CHANGE intervention. First, after each contact with the patient, there
was documentation completed. At baseline, and every 3 months after, the RD completed the
Nutrition Assessment case report form (please refer to Appendix D). In this form several things
were addressed including barriers to dietary behaviour change (such as low income, language,
family responsibilities, etc.), impression of stage of change (from the transtheroetical model),
and overall goal of diet therapy (weight loss, control blood glucose, etc.). In addition, at baseline,
3 months, and 12 months, the patient’s diet was assessed using several measures. First, two 24hour recalls were done (approximately one week apart). The HEI-C and Med Diet Score are also
calculated at these times. Both the HEI and Med Diet Score were completed after the 24-hour
recalls, and used information from both recalls, as well as specific prompting questions. Please
refer to Appendix E for the form used to collect some of the information.
In addition to these dietary measures, the RDs reported on each encounter with the patient.
After each meeting (weekly and monthly meetings), the RD completed the Nutrition Intervention
Checklist (please refer to Appendix F). In this form the RDs reported a number of things,
including the setting (individual or group), whether there were partners, family, or friends
present, the delivery method (face-to-face, phone, or email), and the contact time spent with the
patient. In addition, they reported on the content of the session. They recorded what FBGs were
addressed in each session (such as balanced meals, increase fish, decrease sodium, etc.), as well
as the BCTs used in the session. The BCTs are a subgroup of the CALO-RE taxonomy
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(described above) that was determined to be relevant to dietetic practice through a consensus
process. The RDs in the study were trained to identify these BCTs, using a video of a mock
session, and were instructed to report up to four possible BCTs used in each session. Several
teleconferences were held with RDs until they were comfortable with the additional
documentation required for the study, and then periodically to address resources and general
implementation of the diet portion of the study.
PROCAM risk score
As cardiovascular risk is an important aspect of overall health when studying metabolic
syndrome, it was decided that the PROCAM risk score would be calculated for each patient at
baseline and 12 months. This decision was made after the majority of the participants had
initiated the study, and thus the calculation was performed based on already collected data.
While most of the variables required to calculate the PROCAM risk score were already
collected, the patients had not been specifically asked about family history of myocardial
infarction. Thus, the decision was made to assume no patients had a family history of heart
disease.
Ethics and Data Access
Ethics approval was previously attained for the CHANGE study. Additional ethics approval
was not required for this secondary analysis. The data from the CHANGE study was stored
online by the Clinical Evaluation Research Unit at Queen’s University, and was accessed
through the RedCap system. The statistical software SPSS was used for all analyses.
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Analyses
Descriptives and Preliminary Analysis
An initial analysis was completed by the CHANGE study research group on the overall
demographic variables for the study participants. For these analyses the results are displayed as
means and standard deviations for continuous variables, and as frequencies and percentages for
categorical variables. An analysis was also completed by Ariellia Rodrigues (another MSc
student working on the CHANGE study) examining the overall dietary intake of the whole
sample. She looked at the baseline and 3 month nutrient data, as well as the baseline and 3 month
HEI-C and Med Diet Score outcomes for the whole sample. Some of these results were included
in this document for context; however, these analyses were not completed as part of this thesis.
Normality of the Data
For both HEI-C and Med Diet Score variables, it was found that the results were not
normally distributed. Thus, non-parametric tests were run for these variables. However the
results from the non-parametric tests were virtually the same as the parametric tests. Therefore,
parametric tests were used where possible for HEI and Med Diet Scores. The distributions were
also analyzed for the number of times each FBGs and BCTs was used as reported by the
dietitians. In this case, the results were not normally distributed, and the data were presented in a
left-skewed distribution. Therefore for all statistical tests comparing the number of times each
FBG or BCT were used, non-parametric tests were utilized.
Basic Description of Dietary Intervention
In order to describe the dietary intervention overall, many simple descriptive statistics were
calculated. Unless otherwise specified, all continuous variables are displayed as means and
standard deviations, and all categorical variables are shown as frequency and percentage of the
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sample. After each encounter with a participant, the dietitians would record which FBGs and
BCTs that were used during that session. For the purposes of this analysis, the total number of
times each FBG or BCT was used per participant was calculated. These values were then used as
a means of description of the whole sample, as well for comparison across groups.
Exploratory Analyses
An exploratory analysis of the data from the first 3 months of the CHANGE intervention
was completed in two ways. Firstly, a univariate analysis was done to compare individuals based
on the amount of dietary change they made over the 3 months, as determined by change in total
HEI-C score. This analysis allowed for comparison based on the outcome of dietary changes.
The second exploratory was a comparison of individuals based on their baseline characteristics.
This was done in an effort to link back to the way patients are seen in real-life practice in
primary care (dietitians would only know an individual’s baseline characteristics when they need
to make decisions on how to counsel them). These two methods of exploratory analysis are
explained below.
Analysis by High and Low Dietary Change Groups
As there were a number of variables collected that allow a deeper exploration of dietitians’
counselling practices and patients’ dietary changes, there was an opportunity to explore any
differences between individuals who made more dietary changes in 3 months compared to those
who made fewer dietary changes. Thus, an analysis was completed to examine the difference in
baseline characteristics, contact time, FBGs, and BCTs between the two groups. The whole
sample was split into thirds for this analysis. Change in total HEI-C score from baseline to 3
months was used as the variable to define the cut-points for the tertile groups. It was found that
one third of participants had an HEI-C score increase of less than 3.8 points (which was rounded
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to 4 points or less for the purpose of analysis), and one third of participants had 16.8 points of
change or more (which was rounded to 17 points of change or more). Thus, the two groups that
were compared for this analysis were as follows:
1. Low Change Group: Individuals with an HEI-C score change from baseline to 3 months
of 4 points or less.
2. High Change Group: Individuals with an HEI-C score change from baseline to 3 months
of 17 points or more.
For both of these two groups, baseline characteristics (including age, weight, waist
circumference, baseline HEI-C score, baseline MDS, baseline PROCAM score, total number of
dietitian contacts and total dietitian contact time) were compared using independent sample ttests. The number of female participants and the distribution of participants at the 3 study site
locations were compared using chi-square test. Additionally, the number of times each
participant was counseled on each FBG and BCT was compared using the Mann-Whitney U test.
Analysis of the Four Subgroups Defined by Baseline HEI-C Score and Baseline PROCAM
Risk Score
It was hypothesized that individuals may respond or be counseled differently depending
on their overall level of health risk, as well as the current state of their dietary intake. Therefore,
an analysis was completed on four subgroups defined by these two characteristics. Please refer
to Figure 2 for a visual representation of the participant classifications for analysis.
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Figure 2: Participant breakdown for the 4 subgroups defined by baseline HEI-C and
baseline PROCAM risk score

All
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The first important classification was based on cardiovascular risk. The participants in the
CHANGE study had their PROCAM risk score calculated at baseline and 12 months (please
refer to the overview of the CHANGE study section for more details). High cardiovascular risk is
typically defined in PROCAM as a greater than 20% chance of having a cardiac event in the next
10 years, which has been shown to correspond with a PROCAM risk score of 53 or higher
(Assmann, 2005). However, when using a cut-point of 20%, only 25 participants in the
CHANGE study qualified as “high risk”. Furthermore, a lower risk cut point may be more
appropriate given metabolic syndrome develops in middle age and 10 years is a relatively short
window for considering CVD risk. Therefore, a 10% risk of a cardiac event in the next 10 years
was chosen as a cut point for analysis, as this is still a clinically significant risk, and it allows for
sufficiently large groups for comparison.
Next the participants were classified based on the overall healthfulness of their dietary
intake at baseline. For the purposes of this section of the analysis, the whole diet was examined
to determine the quality of their overall intake using the HEI-C. When the total HEI-C scores at
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baseline for the CHANGE participants were examined, there appeared to be a natural break at a
HEI-C score of 60 (please refer to figure 3).
Figure 3: Baseline HEI-C Scores for the whole sample

Baseline HEI-C Score

In order to better understand the difference in scores above and below the 60 point break,
the component scores of the HEI-C were examined. The HEI-C component scores were
examined for participants with an HEI-C score between 50 and 60, and those with a score
between 60 and 70 (please refer to Table 1). There appeared to be conceptually and statistically
significant differences between the component scores of the two groups. Those with a total HEIC score between 60 and 70 had a significantly higher score in the following components: total
fruit and vegetable intake, intake of whole fruit, intake of dark green and dark orange vegetables,
saturated fat intake, sodium intake, and intake of “other” foods. Therefore, as there appeared to
be a clear conceptual and statistical difference between these groups, a cut-point of 60 for total
HEI-C score was used to create the different groups for analysis. This cut-point of 60 points is
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also close to the average Canadian’s total HEI-C score of 58.8 (Garriguet, 2009). Furthermore,
this cut-point approximately corresponds the classification of a “high quality diet” being in the
top 40% of HEI scores seen previously reported in the literature (Chomistek et al., 2015;
Loprinzi, Smit, & Mahoney, 2014; Agha et al., 2014).
Table 1: Comparison of HEI-C component scores based on cut-point of 60 points
HEI Component

Total HEI-C
Total HEI-C
50-60
60-70
Mean SD
Mean SD
p-value
6.3
2.51
7.24
2.16 0.018*
3.69
1.83
4.26
1.34 0.036*
2.39
1.91
3.25
1.77 0.006*

Total Fruit and Vegetable
Whole Fruit
Dark Green and Orange
Vegetables
3.37
1.26
3.09
1.42
0.21
Total Grains
2.34
1.74
2.82
1.78
0.106
Whole Grains
5.08
3.02
5.02
3.04
0.909
Milk and Alternative
8.18
2.3
7.89
2.47
0.462
Meat and Alternatives
3.62
3.26
3.78
3.53
0.782
Unsaturated Fat
Saturated Fat
5.39
3.42
7.04
2.96 0.003*
Sodium
6.11
3.59
7.54
2.42 0.006*
Other Foods
9.09
5.7
13.2
5.21 <0.001*
*p-value of <0.05 is considered statistically significant, as determined by independent sample ttest.

Thus, there were 4 distinct groups for analysis which are as follows:
1. PROCAM risk score ≤ 10%, HEI-C score ≤ 60. (n = 96)
2. PROCAM risk score ≤ 10%, HEI-C score > 60. (n = 48)
3. PROCAM risk score > 10%, HEI-C score ≤ 60. (n = 73)
4. PROCAM risk score > 10%, HEI-C score > 60. (n = 52)
For these four groups, baseline characteristics (age, weight, waist circumference, baseline
HEI-C score, baseline Med Diet Score, baseline PROCAM risk score) were compared using
ANOVAs. The participants’ gender, the distribution of participants at the 3 study site locations,
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and number of participants in the Low and High Change groups were compared using chi-square
tests. Dietary behaviours in these four groups were also examined. The mean change in HEI-C
and Med Diet Scores were compared between the four groups using an ANOVA. Additionally
the component scores for both HEI-C and the Med Diet Score were also examined. Each HEI-C
component score was analyzed at baseline and 3 months by paired t-test to determine if there was
statistically significant change over the 3 months in that particular dietary component. For the
Med Diet Score, the number of people in each group scoring “1” in each component were
compared at baseline and 3 months by McNemar test to see if there was a significant difference.
Finally, the number of times participants in each group were counseled on each FBG and BCT
was compared between the four subgroups by the Kruskal-Wallis test.
Analysis of 4 Food Behaviours and the Relation to Dietitian Counselling Practices
To better understand the role FBGs and BCTs play in influencing dietary change, further
analysis was done on four particular HEI-C components. Total “fruit and vegetable intake”, “%
calories from other foods”, “sodium intake”, and “% calories from saturated fat” were selected as
the changes seen in these components were identified as clinically significant via consensus of
the research team (mean change for fruit and vegetable intake equal to approximately 1 serving a
day, mean change for calories from other foods was equivalent to approximately 7% difference,
mean change in sodium was equivalent to approximately 500-700mg, and mean change in %
calories from saturated fat was about 1.5-2% decrease). To examine the relationship between
counselling practices and the dietary change after 3 months for these four components,
participants who had a low baseline HEI-C score (less than 60 total points), were further
examined. The decision was made to examine individuals with a lower baseline HEI (which
corresponds to two of the four subgroups in the 4 subgroup analysis), as larger dietary changes
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were seen in this group. For the purposes of this analysis, those with a baseline HEI-C score of
less than 60 points were divided into two groups: those who were able to make a clinically
significant dietary change, and those who were not. The cut points for these groups were decided
as follows:
1. For total fruit and vegetable intake, a clinically significant change was defined as
increasing their daily servings by 1 or more (based on Canada’s Food Guide servings),
which corresponds to a 1.4 point change on the HEI component “Total Fruit and
Vegetable Intake”.
2. For intake of other foods, a clinically significant change was defined as decreasing the
percentage of calories from other foods by 10%, which corresponds to a 5.71 point
change on the HEI component “Other Foods”
3. For sodium intake, a clinically significant change was defined as a decrease in 600mg or
more, which corresponds to a 2.09 point change on the HEI component “sodium”.
4. For saturated fat intake, a clinically significant change was defined as a 2% decrease in
total calories from saturated fat, which corresponds to a 3.2 point difference on the HEI
component “saturated fat”.
Chi-square tests were done to determine if there was any difference in the number of people
who received counselling with specific FBGs and BCTs, for those who were able to make a
clinically significant dietary change compared to those who were not able to make the dietary
change in each specific food behaviour(as defined above).
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Results
Sample Characteristics
In the CHANGE study a total of 305 participants were enrolled, with most of the
participants recruited from the Edmonton site (52.3%), followed by Laval (29.0%) and Toronto
(18.7%). Approximately 52% of the sample was female, with a mean age of 59.1 years +/- 9.7
years, and a mean BMI of 31.9 +/- 3.3 kg/m^2. Please refer to Table 2 for demographic
characteristics of the overall sample.
Table 2: Demographic characteristics of the overall sample (n=305)
Demographic Variable
Mean Age in years (SD)
Mean Weight (in kg) at baseline (SD)
Mean Height (m) (SD)
BMI (kg/m^2) (SD)
Mean Waist Circumference (in cm) at
baseline (SD)
Baseline PROCAM risk score in % (SD)
Baseline HEI-C Score (SD)
Baseline Med Diet Score (SD)
Current smoker (% of sample)
Ethnicity:
Europids, Whites, sub-Saharan Africans,
Mediterranean, middle east (Arab)
Asian and South Central Americans
US and Canadian Whites
Ethnicity Unclear
% Female
% in Edmonton
% in Toronto
% in Laval

59.1 (9.7)
90.7 (15.4)
1.7 (0.1)
31.9 (3.3)
107.7 (9.7)
9.15 (6.85)
57.8 (14.2)
4.7 (1.6)
9.9%
17.4%
5.1%
75.8%
1.7%
51.7%
52.3%
18.7%
29.0%

It is also important to understand the baseline level cardiometabolic health of the
CHANGE study participants. Please refer to table 3 for the metabolic syndrome criteria present
in the sample participants.
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Table 3: Baseline Values for Metabolic Syndrome Criteria of Participants in the CHANGE
Study (n=305)
Metabolic Syndrome Criteria
a. Blood pressure or Pharmacotherapy
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Received Pharmacotherapy for elevated blood
pressure
Blood pressure≥130/85 mmHg or receiving
pharmacotherapy
b.
Fasting Blood Glucose or Pharmacotherapy
Blood glucose (mmol/L)
Received pharmacotherapy for elevated blood
glucose levels
Fasting blood glucose ≥5.6 mmol/L or receiving
pharmacotherapy
c.
Triglyceride or Pharmacotherapy
Triglyceride level (mmol/L)
Pharmacotherapy for cholesterol
Triglyceride level ≥1.7 mmol/L or receiving
pharmacotherapy
d.
HDL-C
HDL-C (mmol/L)
Male patients with an HDL-C level < 1.0 mmol/L
or female patients with an HDL-C level < 1.3
mmol/L.
e.
Abdominal circumference
Abdominal circumference
Patients met the criteria

133.5±14.5 (90.0- 179.0)
80.6±9.1 (57.0- 115.0)
218 (74.4%)
256 (87.4%)

6.6±1.4 (4.3- 10.7)
129 (44.0%)
240 (81.9%)

2.2±1.7 (0.6- 23.0)
11 (3.8%)
187 (63.8%)

1.2±0.3 (0.4-2.1)
138 (47.1%)

108.1±9.4 (85.0- 153.0)
277 (94.5%)

Overall Intervention Description
Number of Dietitian Contacts and Total Contact Time
The average number of contacts with the dietitian in the first 3 months of the intervention
was 10.5 +/- 1.7. The contact time (in minutes) of each encounter with a patient was also
recorded by the dietitian. The total average contact time spent with the dietitian over the first 3
months of the intervention was 329 minutes +/- 110minutes, which is equivalent to
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approximately five and a half hours over 12 weeks. The following figure displays the average
contact time the dietitians spent with each participant each week for the first 3 months of the
intervention (for a comprehensive table of the mean contact time each week, please refer to
Appendix G: Table 1)
Figure 4: Mean dietitian contact time per session from baseline to three months
70.00

Mean Time (Minutes)

60.00
50.00
40.00
30.00
20.00
10.00
0.00

As the above graph shows, the average contact time was higher at baseline and week one,
and then gradually decreases as the weeks progress. Then at the 3 month session the mean time
increases again.
Setting and Delivery Method
Each time the dietitians had contact with a patient, they recorded the setting (either
individual or group). In almost all cases (99.7% of contacts) the participants were seen in an
individual setting, and only 0.3% of contacts were in a group setting. For each encounter, the
dietitians also recorded the delivery method (face-to-face, over the phone, or over email/web).
Over the first 3 months, most of the encounters took place in person (86.6%), followed by phone
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contact (11.8%), and finally email/web (1.6%). For a visual depiction of the delivery methods
over time, please refer to Appendix G: Figure 1.
Overall Goal of Diet Therapy
One or more overall goals of diet therapy were identified at baseline by the dietitian for
each participant. The following table displays how frequently each of the overall goals was
selected.
Table 4: Overall Goal of Diet Therapy Identified at Baseline
Overall Goal of Diet
Therapy

Frequency

Weight loss
Control Blood Glucose
Control Blood Pressure
Control Lipids
Other

284
226
226
243
79

% of participants
with overall goal
selected
88.5%
70.4%
70.4%
75.7%
24.6%

As can be seen in Table 4 “weight loss” was the most commonly selected overall goal,
followed by “control lipids”, and “control blood glucose” and “control blood pressure”. On
average 3.1 +/-1.42 overall goals of diet therapy were selected per patient.
Food Behaviour Goals
The FBGs addressed by the dietitians in each counseling session were examined to better
understand the content of the sessions and the counseling practices of the RDs. Firstly, the mean
number of FBGs used in each session were calculated to better understand the breadth of content
that was being discussed with each patient per session. As the following table shows, the average
number of FBGs selected each week ranges from 0.79 to 2.68, however there is a large variation
between participants.
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Table 5: Mean number of FBGs selected each week for the first 3 months of the
intervention.
Week
Baseline (n=321)

Mean number of
FBGs selected (SD)
0.79 (1.32)

Week 1 (n=307)
Week 2 (n=303)

1.57 (1.51)
2.15 (1.80)

Week 3 (n=297)

2.48 (1.95)

Week 4 (n=296)
Week 5 (n=294)

2.61 (2.13)
2.70 (2.14)

Week 6 (n=287)

2.68 (2.23)

Week 7 (n=285)

2.63 (2.22)

Week 8 (n=281)

2.71 (2.32)

Week 9 (n=278)

2.62 (2.35)

Week 10 (n=277)

2.48 (2.30)

Week 11 (n=276)

1.91 (2.32)

3 Months (n=310)

2.18 (2.41)

The frequency of use of each FBG is also of interest. The following figure displays the
number of times each FBG was addressed on average with each participant. Balanced meals is
the most frequently used FBG, with each participant being counseled an average of 5 times on
this topic. The second most commonly used FBG is increase fruits and vegetables, which was
used on average almost 3 times per participant. This is followed by regular meal pattern,
healthier snacks, increase nuts, decrease sodium, and increase fish, all of which are addressed at
least once on average with each participant (but fewer than twice). The figure also displays
which FBGs were least frequently used by the dietitians. The two least frequently reported FBGs
are wine if consuming alcohol, and increase plant sterols. Other infrequently used FBGs include
decrease alcohol, decrease glycemic index, and poultry more than red meat. For a table with the
total frequency of use for all the FBGs, please refer to Appendix G: Table 2.
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Figure 5: Mean number of times each FBG was used per participant in the first 3 months of the CHANGE intervention.
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The FBGs were also examined each week to see if there were patterns over time. For a figure
that displays all the FBGs over time, please refer to Appendix G: Figure 2. The following figure
displays the frequency of use for the two most used FBGs over the 12 weeks (balanced meals
and increase fruits and vegetables).
Figure 6: Use by the dietitians of the FBGs “Balanced meals” and “Increase fruit and
vegetable” over the first 3 months of the CHANGE intervention
160
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140
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40
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The above graph displays some trends over time. Balanced meals appears to be most
frequently used at the start of counselling, and then gradually decreases over time. The FBG
increase fruits and vegetables increase more gradually from week 1 to week 4, and then remains
somewhat consistent. There also appears to be a general decrease in the FBGs selected in week
11 (found in all the FBGs, not specific to these two).
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Stage of FBGs
For each of the FBGs addressed in a counselling session, the dietitians identified whether
the goal had been set, was being worked on, or if the goal had been attained. Each of the FBGs
used in the first 3 months of the study were analyzed to see what stage they were at (set, worked
on, or attained). The majority of the FBGs addressed during counselling sessions were “Being
Worked On”, with 65% of the utilized FBGs falling into this category. Approximately 27% of
the FBGs addressed were “Set” during the counselling sessions, and only 8% of the FGBs were
identified as “attained”. The stage of each specific food behavior goal was also examined. Please
refer to the figure below.
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Figure 7: Stage of Each Food Behaviour Goal Identified by the Dietitian from Baseline to 3 Months (for FBGs used more than
100 times)
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This graph displays the percentage of each FBG that is either identified as set, being
worked on, or attained. Several FBGs appear to be attained more frequently than others, such as
eating breakfast, and increasing olive oil. The least frequently used FBGs were not included in
this graph (if used less than 100 times, or represents less than 1% of the total FBGs used).
Behaviour Change Techniques
The BCTs utilized by the dietitians in each counseling session were also examined to
better understand the counseling practices of the RDs. The average number of BCTs used each
week was determined (refer to the table below). As the table below shows, the average number
of BCTs selected each week ranges from 0.93 to 2.08.
Table 6: Mean number of BCTs selected by the dietitian each week for the first 3 months of
the intervention.
Week
Baseline (n=321)

Mean number of BCTs
selected (SD)
0.93 (1.15)

Week 1 (n=307)
Week 2 (n=303)

1.71 (1.28)
2.04 (1.35)

Week 3 (n=297)

2.15 (1.39)

Week 4 (n=296)
Week 5 (n=294)

1.98 (1.36)
2.08 (1.36)

Week 6 (n=287)

2.03 (1.38)

Week 7 (n=285)

1.98 (1.38)

Week 8 (n=281)

2.01 (1.39)

Week 9 (n=278)

1.83 (1.34)

Week 10 (n=277)

1.83 (1.32)

Week 11 (n=276)

1.62 (1.35)

3 Months (n=310)

1.80 (1.43)

How frequently each individual BCT was used was also examined (please refer to the
following figure). The most commonly used BCT was review of goals (being used almost 4
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times per participant), which is followed closely by goal setting. Other frequently used BCTs
include feedback on performance, self-monitoring, motivational interviewing and action
planning. The graph also displays the least frequently used BCT, including cues/prompts,
behavioural contract, relapse prevention/coping, environmental restructuring, and social support.
For a comprehensive table displaying the overall frequency of use for each BCT please refer to
Appendix G: Table 3.
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Figure 8: Mean number of times each BCT was used per participant in the first 3 months of the CHANGE intervention.
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Goal Setting
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The BCTs were also examined to see if there are patterns of usage over time, which is displayed in the following figure.
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Figure 9: Number of times each BCT was used each week during the first 3 months of the intervention.
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While the above graph is only showing use of total goals over time, several trends can be
seen. Goal setting peaks in usage in week one, and then gradually decreases over time. Both
review of goals and feedback on performance are used infrequently at the start of the
intervention and increases in usage over time until they peak at 3 months. Similar to the FBGs,
“none” is selected often at baseline, but then sharply decreases at week 1. Several of the other
more frequently used BCTs (action planning, motivational interviewing, and self-monitoring)
appear to be fairly stable, with a slight decrease near the end of the 12 weeks.
Resources Used
A brief analysis was completed to examine the dietitians’ use of resources with the
participants. The following figure displays how many times each resource category was used by
the dietitians in the first 3 months of the intervention (only recourse categories used 5 times or
more were included). As the graph displays, the most commonly used resources were balanced
meal resources (used 288 times), which corresponds to the high use of the FBG balanced meals.
The next most frequently used resource was the “Get Heart Smart” tootlkit (147 times reported),
followed by the resources developed by the PB research group (which included a brief overview
of how to manage metabolic syndrome, and some additional resources) (133 times), Snacksbetter choices (119 times) and recipes (104 times).
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Figure 10: Total number of times each resource was used by the dietitians in the first 3 months of the CHANGE intervention.
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Mean Dietary Change (HEI and Med Diet Score) of the total sample
The total HEI and Med Diet Score at baseline and 3 months for the total sample are summarized
in the table below.
Table 7: Mean HEI-C and Med Diet Score at baseline and 3 Months, and the mean change,
for the whole sample
Baseline
3 Months
Mean Change
Mean total HEI Score 57.8 (14.2)
69.1 (12.2)
11.3*** (15.0)
(SD)
(n=293)
(n=267)
Mean total Med Diet 4.73 (1.62)
6.18 (1.99)
1.37*** (1.98)
Score (SD)
(n=215)
(n=244)
Statistically significant changes (by paired t-test) over time are bolded with significance levels as
follows: *p<0.05, **p<0.01, ***p<0.001
The above table shows there was a significant difference in both the total HEI-C score and
the Med Diet Score from baseline to 3 months. A more in-depth analysis of the dietary changes
made in the first 3 months of the CHANGE study in the overall sample has been completed.
Please refer to Appendix G: Tables 4-6 for an in-depth analysis of the component score changes,
and the nutrient analysis for the entire sample over the first 3 months.
Description of High Diet Change compared to Low Diet Change Groups
In order to better understand the factors related to dietary change, an analysis was
completed to compare individuals who made a larger dietary change to those who made a
smaller dietary change in the first 3 months of the study. In order to do this, the sample was
broken down into thirds or tertiles based on the change in their total HEI-C score from baseline
to 3 months. Approximately one third of participants had less than 4 points of change over the 12
weeks, one third had between 4 and 17 points of change, and one third had greater than 17 points
of change in the first 3 months. The following analysis compared the top third of participants
(those who improved their HEI-C score by 17 or more points) to the bottom third of the
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participants (those who improved their HEI-C score by 4 or less points). Please refer to the
following table for the results.
Table 8: Characteristics of 2 subgroups defined by total HEI-C score change from baseline
to 3 months
Low Change^(n=93)
60.1 (7.9)
88.7 (15.3)

High Change^ (n=88)
59.6 (8.6)
91.6 (15.6)

Mean Age in years (SD)
Mean Weight (in kg) at
baseline (SD)
107.9 (9.9)
Mean Waist Circumference 107.3 (9.7)
(in cm) at baseline (SD)
Baseline HEI Score (SD)
67.4* (10.8)
46.9* (10.9)
Baseline MDS Score (SD)
5.2* (1.6)
4.2* (1.6)
9.40(7.13)
8.91 (6.46)
Baseline PROCAM risk
score in % (SD)
55.9
40.9
% Female
Mean total contact time over 321* (79)
359* (79)
the 3 months (in minutes)
(SD)
10.2 (1.7)
10.6 (1.5)
Mean number of contacts
over the 3 months (SD)
*Values that are statistically significantly different are bolded (as determined by t-test or chisquared, with p-value less than 0.05).
^Low Change is defined as individuals who improved their overall HEI-C score by 4 points of
less from baseline to 3 months. High Change is defined as individual who improved their total
HEI-C score by 17 points or more from baseline to 3 months.
The two groups defined by change in HEI score were not found to be significantly
different in many baseline characteristics, including age, weight, waist circumference, and
baseline risk score. The two groups did have significantly different baseline dietary scores. The
Low Change group had a higher HEI and MDS score at baseline. Whereas the group with the
lower increase in HEI score has a higher percentage of females (about 56% compared to 41% in
the high HEI change group), the difference was not found to statistically significantly different
(by chi-square test). The mean number of contacts with the dietitian is also similar for the two
groups, however there is a significant difference in the total contact time over the first 3 months
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of the intervention. The group with the larger dietary change had approximately 37 minutes more
contact time with the dietitian than the group that had the lower amount of dietary change.
The following table displays the distribution of participants by study site location. As can
be seen in the below table, the Edmonton location had significantly more participants in the High
Change group, and lower proportion of participants in the Low Change group. The proportion of
participants in both groups did not vary significantly between the Toronto and Laval locations.
Table 9: Study site location of the 2 subgroups defined by total HEI-C score change from
baseline to 3 months
Location

% with </= 4 points of
% with >/= 17 points of
change
change
19.0% (32)a
34.5% (58)a
Edmonton (168)
36.7% (22)b
10.0% (6)b
Toronto (60)
b
41.9% (39)
25.8% (24)b
Laval (93)
*Values with the same superscript in a column are not statistically significantly different (as
determined by comparison of proportions, with p-value less than 0.05).
The following table displays the average number of times each FBG was used per
participant in both the Low Change and High Change groups. As can be seen in Table 10, there
were several differences between the two groups. The group that had a higher change in HEI-C
score received more counselling on increasing fruits and vegetables, increasing fish, eating
breakfast, increasing milk and alternatives, increasing olive oil, and having poultry more than red
meat. Conversely, the group with less change in their HEI-C score were counseled more on
balanced meals and on mindful eating approaches.
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Table 10: Average number of times each FBG was used per participant over the first 3
months of 2 subgroups defined by total HEI-C score change from baseline to 3 months
Food Behaviour Goal
Low Change^
High Change^
Balanced meals
5.57* (3.53)
4.47* (3.72)
Increase fruits/vegetables
2.49*** (2.98)
3.72*** (3.03)
1.63 (2.84)
1.90 (2.80)
Regular meal pattern
1.88 (2.73)
1.97 (2.58)
Healthier snacks
1.62 (2.60)
2.15 (2.59)
Increase nuts
1.97 (2.92)
1.50 (2.60)
Decrease sodium
Increase fish
1.23** (2.29)
1.86** (2.20)
1.17
(2.15)
1.26 (2.13)
Increase fibre
0.89 (1.98)
1.35 (2.48)
Decrease intake of added
sugars
1.01 (1.84)
1.27 (1.86)
Increase plant protein
Eating breakfast
0.77** (1.58)
1.60** (2.31)
1.06 (1.94)
0.77 (1.48)
Decrease calories
0.73 (1.60)
1.16 (2.02)
Choosing healthier fats
Mindful eating approaches
1.29* (2.37)
0.76* (1.70)
Increase milk and
0.76* (1.83)
1.05* (1.73)
alternatives
0.89 (1.86)
0.91 (1.84)
Decrease total fat
0.92 (2.00)
Healthier choice when eating 0.59(1.76)
out
0.69 (1.99)
0.28 (1.36)
Carbohydrate counting
Increase olive oil
0.25* (1.05)
0.53* (1.34)
Poultry more than red meat 0.18* (0.57)
0.48* (1.01)
0.33 (1.22)
0.09 (0.47)
Decrease glycemic index
0.23 (0.91)
0.16 (1.00)
Decrease alcohol
0.10 (0.47)
0.06 (0.28)
Increase plant sterols
0.03 (0.23)
0.06 (0.35)
Wine if consuming alcohol
* Statistically significantly different values are bolded with significance levels as follows:
*p<0.05, **p<0.01, ***p<0.001 (as determined by independent samples Mann-Whitney U Test,
with p-value less than 0.05).
^Low Change is defined as individuals who improved their overall HEI-C score by 4 points of
less from baseline to 3 months. High Change is defined as individual who improved their total
HEI-C score by 17 points or more from baseline to 3 months.
In addition to the FBGs used with each of the groups, an analysis was also completed on
the BCTs used by the dietitians for both the Low and High Change groups. As can be seen in
Table 11, only two BCTs were found to be used significantly different amounts with the two
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groups. The High Change groups received more counselling with the BCTs self-monitoring and
rewards.
Table 11: Average number of times each BCT was used per participant over the first 3
months in the 2 subgroups defined by total HEI-C score change from baseline to 3 months
Behaviour Change Strategy
Low Change^
High Change^
Review of goals
4.03 (3.56)
3.78 (3.15)
Goal setting
4.45 (3.26)
3.58 (2.80)
Feedback on performance
3.39 (3.39)
3.08 (2.96)
Self-monitoring
2.64* (3.23)
3.95* (4.04)
Motivational interviewing
2.52 (3.00)
2.27 (2.78)
Action planning
3.13 (3.07)
2.65 (2.79)
Problem solving
0.99 (1.26)
1.24 (1.61)
Graded tasks
1.14 (1.45)
1.03 (1.41)
Consequences of behaviour
1.06 (1.33)
0.95 (1.45)
Rewards
0.46** (0.95)
0.98** (1.51)
Focus on past success
0.38 (0.69)
0.63 (0.90)
Environmental restructuring
0.31 (0.78)
0.14 (0.43)
Social support
0.30 (1.00)
0.26 (1.00)
Relapse prevention/coping
0.17 (0.48)
0.15 (0.42)
Behavioural contract
0.11 (0.54)
0.08 (0.31)
Cues/prompts
0.04 (0.25)
0.10 (0.43)
Other
0.19 (0.40)
0.30 (0.46)
* Statistically significantly different values are bolded with significance levels as follows:
*p<0.05, **p<0.01, ***p<0.001 (as determined by independent samples Mann-Whitney U Test,
with p-value less than 0.05).
^Low Change is defined as individuals who improved their overall HEI-C score by 4 points of
less from baseline to 3 months. High Change is defined as individual who improved their total
HEI-C score by 17 points or more from baseline to 3 months.
Analysis of the 4 Subgroups Defined by Baseline HEI score and PROCAM Risk Score
Sample Characteristics
In addition to examining the differences between the groups defined by dietary change,
and analysis was also completed comparing the four subgroups defined by baseline dietary status
and baseline medical risk. The characteristics of the four groups are summarized in the following
table. As can be seen in Table 12, there are some differences between the four groups.
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Understandably, the groups differ in baseline HEI-C and baseline PROCAM risk scores (as these
variables were used to define the groups). Differences can also be seen in age, weight and waist
circumference. These differences are also likely due to the differences in PROCAM risk score, as
these variables are taken into account when calculating this score. Both groups with a lower
baseline HEI-C score have significantly lower Med Diet Scores at baseline, in comparison to the
groups with a higher baseline HEI-C score. An analysis was also done to determine how many
individuals in each group were in the “High change” and “Low change” group. Both groups with
the lower baseline HEI-C score had more participants in the High Change group, and fewer
participants in the Low Change group.
Table 12: Sample Characteristics of the Four Subgroups Defined by Baseline HEI-C and
Baseline PROCAM Risk Score

Mean Age in years
(SD)
Mean Weight (in
kg) at baseline
(SD)
Mean Waist
Circumference (in
cm) at baseline
(SD)
% Female
% in Edmonton
% in Toronto
% in Laval
Baseline HEI-C
(SD)
Baseline Med Diet
Score
Baseline PROCAM
Risk Score
Participants with
High Change^
Participants with

Low HEI Low
Procam (n=96)
57.7a (9.9)

Low HEI High
Procam (n=48)
61.7b (6.8)

High HEI Low
Procam (n=73)
57.3a (9.0)

High HEI High
Procam (n=52)
63.6b (5.7)

92.2a (13.4)

89.2ab (13.5)

90.1ab (16.7)

83.9b (11.8)

108.9a (8.7)

107.8ab (9.1)

106.2ab (11.2)

104.6b (7.2)

43.7%a
50.0%a
12.5%a
37.5%a
48.4a (9.0)

52.1%a
68.8%b
8.3%a
22.9%a
46.7a (10.1)

60.3%a
45.2%a
24.7%a
30.1%a
70.8b (7.7)

59.6%a
36.5%a
34.6%b
28.8%a
70.3b (6.8)

4.2a (1.4)

4.0a(1.5)

5.6b (1.6)

5.4b (1.4)

5.1a (2.3)

15.9b (6.4)

5.0a (2.5)

16.6b(6.2)

43a(49%)

25a (57%)

6b (9%)

2b (4%)

26a (29%)

15a (34%)

24a (37%)

14a (31%)
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Medium Change^
Participants with
19a (22%)
4a (9%)
35b (54%)
30b (65%)
Low Change^
*Values with the same superscript in a row are not statistically significantly different (as
determined by ANOVA or chi-squared, with p-value less than 0.05).
^Low Change is defined as individuals who improved their overall HEI-C score by 4 points of
less from baseline to 3 months. High Change is defined as individual who improved their total
HEI-C score by 17 points or more from baseline to 3 months. Medium Change is defined as
individual who improved their overall HEI-C score by 4 or more point, but no more than 17
point (no other analysis done on this “Medium Change” group).
Dietary Changes over Three Months
An analysis of the mean change in total HEI-C and Med Diet Scores was conducted to
see if there were any differences between the four groups. A statistically significant difference
was found between groups for mean change in HEI-C score when doing the ANOVA, F(3, 239)
= 37.15, p<0.001. No statistically significant difference was found between the four groups when
looking at mean change in total Med Diet Score using an ANOVA, F(3, 167) = 1.44, p=0.233.
To determine how the groups differed, a post-hoc analysis was conducted using Tukey and
Bonferrroni test, and the results are summarized in the table below.
Table 13: Mean changes in HEI-C and Med Diet Scores from baseline to 3 months in the
four subgroups defined by baseline HEI-C and PROCAM risk scores.
Low HEI Low
Procam
15.9a±13.7
(n=88)

Low HEI High
Procam
23.1b±14.5
(n=44)

High HEI Low
Procam
3.1c±11.4
(n=65)

High HEI High
Procam
0.5c±9.6
(n=46)

Mean Change in
HEI-C from
Baseline to 3
months
1.3d± 2.0
2.0d±1.9
1.2d±1.8
0.9d±2.3
Mean Change in
(n=68)
(n=25)
(n=47)
(n=31)
Med Diet Score
from Baseline to
3 months
*Values with the same superscript in a row are not statistically significantly different, as
determined by ANOVA with a p-value of less than 0.05.
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The above table shows that both subgroups with a low baseline HEI-C score had a greater
increase in total HEI-C score between baseline and 3 months, compared to the subgroups with a
high baseline HEI-C. The Low HEI High Procam group had a significantly greater increase in
total HEI-C score than the Low HEI Low Procam group. No significant difference was seen for
HEI-C between the two groups with High baseline HEI. There was also no significant difference
in mean change in total Med Diet Score from baseline to 3 months for the four subgroups. For a
graph showing a visual representation of the change in HEI-C and Med Diet Score for the four
groups, please refer to Appendix G: Figures 3-4.
Dietary component score changes over 3 months
The specific components of the HEI score were also examined to see if there were any
significant differences between baseline and 3 months for the four subgroups defined by baseline
HEI-C and baseline PROCAM risk scores. For a comprehensive table displaying the mean HEIC component scores at baseline and 3 months, please refer to Appendix G: Table 7. The
following table displays the approximate dietary equivalent of each of the changes in component
scores for the four groups.
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Table 14: Mean change in HEI-C scores and food serving equivalents for the four subgroups defined by baseline HEI score
and baseline PROCAM risk score.
HEI
Component
(point range)
Total Fruit and
Vegetables
(0-10)
Whole Fruit
(0-5)
Dark Green and
Orange
Vegetables
(0-5)
Total Grains
(0-5)
Whole Grains
(0-5)
Milk and Alt
(0-10)
Meat and Alt
(0-10)
Unsaturated Fat
(0-10)
Saturated Fat
(0-10)

Sodium
(0-10)

Low HEI Low Procam
(n=88)
Mean
Mean Change
change Equivalents1,2
1.98** ~1.4 servings
*

Low HEI High Procam
(n=44)
Mean
Mean Change
change
Equivalents1,2
2.14**
~1.5 servings
*

1.15**
*
1.39**
*

~0.3 servings

1.09**

~0.3 servings

0.08

~0 servings

0.34

~0.1 servings

~0.4 servings

1.75**
*

~0.5 servings

0.64*

~0.2 servings

0.12

~0 servings

-0.23

~0.3 servings

-0.14

~0.2 servings

-0.31

~0.4 servings

0.95**
*
0.68

~0.6-0.7
servings
~0.2 servings

1.76**
*
2.00**

~1.0-1.3 servings

0.28

~0.2 servings

0.58**
-0.02

~0.7-0.8
servings
~0 servings

~0.6 servings

-0.28

~0.1 servings

0.94*

~0.3 servings

1.28**

~0.3-0.4 servings

0.49*

~0.1 servings

-0.19

~0-0.1 servings

0.48

~0.1 servings (1
serving = 15 ml)

-0.85

-1.32*

2.99**
*

Decrease in % of
energy from SFA
by ~1.9%

0.43

~0.2-0.3 servings
(1 serving = 15
ml)
Decrease in % of
energy from
SFA by ~0.3%

~0.3-0.4
servings (1
serving = 15 ml)
Decrease in % of
energy from SFA
by ~0.2%

2.53**
*

Decrease intake of
sodium by ~730mg

0.47

Decrease intake
of sodium by

0.11

0.53

~0.1-0.2
servings
0.11
~0 servings (1
serving = 15
ml)
2.04** Decrease in %
*
of energy
from SFA by
~1.3%
1.87**
Decrease
*
intake of

High HEI Low Procam
(n=65)
Mean
Mean Change
change
Equivalents1,2
0.82**
~0.6 servings

High HEI High Procam
(n=46)
Mean
Mean Change
change
Equivalents1,2
0.70
~0.5 servings

0.37

Decrease intake
of sodium by
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~135mg
~30mg
sodium by
~540mg
Other Foods
1.30
Decrease in % of -0.19 Decrease in % of
5.93** Decrease in % 7.57**
Decrease in % of
(0-20)
energy from
energy from
*
of energy
*
energy from other
other foods by
other foods by
from other
foods by ~13.2%
~2.3%
~0.3%
foods by
~10.4%
Statistically significant changes (by paired t-test) over time are bolded with significance levels as follows: *p<0.05, **p<0.01,
***p<0.001
1
Mean food serving equivalent changes based on scoring codes for adults >51 years given that 82% of CHANGE participants were
>=51 years at baseline. All serving sizes are based on Canada’s Food Guide
2
Ranges have been indicated where recommendations differ between genders
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The above table shows that the Low HEI High Procam group was able to make
significant changes in the most component scores, followed by the Low HEI Low Procam group.
Both groups with a high baseline HEI were able to make significant changes to three of the
component scores.
An examination of the Med Diet Score components was also completed for the four
subgroups. The below table displays the percentage of individuals who received a score of 1 for
each of the Med Diet Score components at baseline and 3 months. As can be seen in Table 15,
there were several Med Diet Score components that saw significant changes from baseline to 3
months for several of the groups. An improvement was seen in three of the four groups for baked
goods consumption, and two of the four groups for both nuts and red meat. An improvement was
seen in the vegetable category for the Low HEI Low Procam group, the fish and butter
component for the Low HEI High Procam group, and meat category for the High HEI Low
Procam group. Interestingly, no significant changes were seen in the High HEI High Procam
group when it came to the Med Diet Score components. A possible reason for this (and a
possible reason for not seeing more differences between the groups) is small sample size for
these four groups when it comes to Med Diet Scores.
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Table 15: Percentage of individuals with a score of 1 in each Med Diet Score component at baseline and 3 months for the four
subgroups defined by baseline HEI-C score and baseline PROCAM risk score.
MDS
Component

Criteria to achieve
“1”

Low HEI Low
Procam
Baseline 3 Months
(n=75)
(n=83)
20.0
28.9
6.7**
32.5**

Low HEI High
Procam
Baseline 3 Months
(n=29)
(n=36)
10.3
38.9
3.4
30.6

High HEI Low
Procam
Baseline 3 Months
(n=51)
(n=60)
49.0
38.3
29.4
51.7

High HEI High
Procam
Baseline 3 Months
(n=34)
(n=41)
35.3
43.9
17.6
29.3

≥ 3 servings per day
≥ 4 servings per day; at
least 2 servings raw
< 2 servings per day
64.0
77.1
82.8
86.1
76.5
Meats
68.6*
93.3*
≥ 3 servings per week
5.3
13.3
6.9
11.1
9.8
18.3
5.9
Legumes
≥ 4 servings per week
13.3
8.4
11.8
20.0
23.5
Fish
3.4*
27.8*
≥ 3 servings per week
24.1
55.6
47.1
Nuts
28.0**
53.0**
37.3**
63.3**
Have poultry more
65.5
77.8
44.1
Red Meat
45.3**
67.5**
58.8**
81.7**
often that red meat
< 1 tbsp per day
65.3
69.9
82.4
80.0
73.5
Butter
62.1*
80.6*
Yes
28.0
30.1
24.1
33.3
41.2
48.3
44.1
Main Fat
≥ 4 tbsp per day
8.0
13.3
3.4
19.4
7.8
13.3
2.9
Olive Oil
≥ 7 servings per week
9.3
4.8
0.0
2.8
5.9
11.7
8.8
Wine
58.8
Baked Goods ≤ 2 times per week
38.7**
59.0**
41.4*
77.8*
60.8*
80.0*
<
1
per
day
84.0
94.0
75.9
88.9
98.0
98.3
97.1
SugarSweetened
Beverages
≥ 2 times per week
0
0
0
2.8
0.0
1.7
0.0
Sofrito
Statistically significant differences (by McNemar Test) within a group are bolded with significance levels as follows: *p<0.05,
**p<0.01, ***p<0.001
Fruits
Vegetables

An analysis was also completed on the differences in nutrient values between the four groups at baseline and 3 months. For a
comprehensive table with the results of the analysis, please refer to Appendix G: Table 8.

82.9
14.6
24.4
48.8
68.3
82.9
46.3
2.4
7.3
73.2
90.2

0.0
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Food Behaviour Goals
The FBGs identified by the dietitians as being addressed in counselling session were examined to
see if there were any clear patterns or differences between the four subgroups. The table below
displays the frequency of each FBG over the first 3 months of the intervention, by the four
subgroups.
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Table 16: Total frequency of FBG used by the dietitians in the first 3 months by 4 subgroups defined by baseline HEI-C score
and baseline PROCAM risk score, and the mean number of times each FBGs was used per participant in each of the 4
subgroups
FBG

Balanced meals
Increase fruits/vegetables
Regular meal pattern
Healthier snacks
Increase nuts
Decrease sodium
Increase fish
Increase fibre
Other
Decrease intake of added
sugars
Increase plant protein
Eating breakfast
Decrease calories
Choosing healthier fats
Mindful eating approaches
Increase milk and alternatives
Decrease total fat
Healthier choice when eating
out
Carbohydrate counting

Low HEI Low
Low HEI High
High HEI Low
High HEI High
PROCAM (n=96)
PROCAM (n= 48)
PROCAM (n=73)
PROCAM (n= 52)
Freque
Mean #
Freque Mean # times Frequen Mean # times Freque Mean # times
ncy
times FBG
ncy
FBG was
cy
FBG was used
ncy
FBG was used
was used
used per
per participant
per participant
per
participant
participant
461
5.0 ± 3.6
249
5.3 ±3.8
345
5.0 ±4.1
234
4.9 ±3.5
298
3.3 ±3.2
147
3.9 ±2.7
201
3.0 ±3.3
103
2.2 ±2.5
200
2.2 ± 3.2
90
2.0 ±3.2
129
1.8 ±3.3
63
1.3 ±2.6
155
1.7 ±2.6
123
2.5 ±2.9
131
2.0 ±2.8
95
1.9 ±2.8
178
2.0 ±2.8
92
1.9 ±2.4
132
2.0 ±2.5
75
1.6 ±2.5
149
1.7 ±2.7
95
2.1 ±3.2
128
1.7 ±2.9
79
1.6 ±2.6
132
1.5 ±2.2
67
1.5 ±2.1
94
1.4 ±2.4
81
1.7 ±2.8
86
1.0 ±1.9
85
1.9 ±2.9
99
1.5 ±2.3
50
1.0 ±1.9
112
1.3 ±2.1
75
1.5 ±2.5
91
1.3 ±2.0
53
1.1 ±1.3
114
1.3 ±2.3
76
1.6 ±2.8
63
0.9 ±1.7
30
0.6 ±1.3
105
93
86
84
107
96
80
53

1.2 ±2.0
1.4 ±1.9
0.9 ±2.0
0.9 ± 1.9
1.2 ±2.4
1.1 ±2.0
0.9 ±1.9
0.6 ±1.7

39
77
63
76
28
47
49
60

0.8 ±1.9
1.7 ±2.5
1.4 ±2.7
1.7 ±2.6
0.6 ±1.4
1.0 ±1.5
1.0 ±2.3
1.3 ±2.5

100
84
78
71
64
71
44
46

1.5 ±1.9
1.2 ±2.0
1.2 ±2.1
1.0 ±2.1
0.9 ±1.8
1.1 ±2.1
0.6 ±1.6
0.7 ±1.7

51
27
50
47
44
28
50
30

1.1 ±2.3
0.6 ±1.4
1.1 ±1.9
1.0 ±1.6
0.9 ±2.0
0.6 ±1.0
1.0 ±1.8
0.6 ±1.7

42

0.5 ±1.8

25

0.5 ±2.0

38

0.6 ±2.1

25

0.5 ±1.5
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43
0.5 ±1.5
17
0.3 ±0.8
25
0.4 ±1.2
17
0.4 ±1.5
Increase olive oil
16
0.2 ±0.6
15
0.3 ±0.9
24
0.4 ±1.0
9
0.2 ±0.6
Poultry more than red meat
13
0.1 ±0.6
1
0.02 ±0.1
26
0.4 ±1.7
18
0.4 ±1.1
Decrease glycemic index
28
0.3 ±1.2
3
0.1 ±0.3
14
0.2 ±1.0
5
0.1 ±0.5
Decrease alcohol
11
0.1 ±0.7
0
0 ±0
3
0.05 ±0.2
9
0.2 ±0.6
Increase plant sterols
3
0.03 ±0.2
6
0.1 ±0.5
2
0.03 ±0.2
1
0.02 ±0.1
Wine if consuming alcohol
*Kruskal-Wallis tests were completed to determine if there were any significant differences between the four subgroups in the number
of times each FBGs was used per participant during the first 3 months of the intervention. None of the tests indicated significant
differences between the 4 subgroups.

P a g e | 64

When examining the FBGs used in each of the subgroups, similar patterns to the entire
sample are seen. For all four groups, balanced meals remains the most commonly used FBG,
followed by increased fruits and vegetables. The least used FBGs are also similar between the
four groups, including “wine if consuming alcohol” and “increasing plant sterols”.
The FBGs were also examined for the four groups across the first 12 weeks of the study.
Please refer to Appendix G: Figures 5-8 to see the graphs showing the use of each FBG over
time for each 4 subgroups.
Behaviour Change Techniques
The BCTs identified by the dietitians as being used in counselling session were examined
to see if there were any clear patterns or differences between the four subgroups. The table below
displays the frequency of each BCT over the first 3 months of the intervention, by the four
subgroups.
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Table 17: Total frequency of BCT used by the dietitians in the first 3 months of the intervention by 4 subgroups defined by
baseline HEI-C score and baseline PROCAM risk score, and the mean number of times each BCT was used per participant
for the 4 subgroups.
BCT

Low HEI Low
Low HEI High
High HEI Low
High HEI High
PROCAM (n=96)
PROCAM (n= 48)
PROCAM (n=73)
PROCAM (n= 52)
Freque Mean # times Freque
Mean #
Frequenc
Mean #
Frequenc
Mean #
ncy
BCT was
ncy
times BCT
y
times BCT
y
times BCT
used per
was used per
was used per
was used per
participant
participant
participant
participant
Review of goals
332
3.7 ±3.3
178
3.9 ±3.0
282
4.1 ±3.3
205
4.3 ±3.5
Goal setting
357
3.9 ±2.7
173
3.7 ±2.7
231
3.4 ±2.9
209
4.3 ±3.5
Feedback on performance
310
3.4 ±3.3
158
3.4 ±3.0
193
2.8 ±3.3
184
3.8 ±3.6
Self-monitoring
266
2.9 ±3.6
166
3.6 ±3.8
232
3.4 ±3.8
133
2.7 ±3.0
Motivational interviewing
211
2.3 ±3.0
146
3.0 ±3.2
201
2.9 ±3.2
131
2.5 ±3.1
Action planning
269
3.0 ±3.1
96
2.1 ±2.5
207
3.0 ±3.0
123
2.6 ±2.5
Problem solving
105
1.1 ±1.5
56
1.2 ±1.7
77
1.1 ±1.2
66
1.3 ±1.4
Graded tasks
96
1.1 ±1.5
54
1.1 ±1.6
64
0.9 ±1.2
50
1.0 ±1.2
Consequences of behaviour
84
0.9 ±1.4
56
1.2 ±1.5
72
1.1 ±1.4
50
1.0 ±1.5
Rewards
75
41
25
13
0.8* ±1.4
0.9* ±1.3
0.4* ±0.8
0.3* ±0.7
Focus on past success
43
0.5 ±0.8
27
0.5 ±0.8
31
0.5 ±0.9
22
0.4 ±0.6
Environmental restructuring
22
0.2 ±0.6
13
0.3 ±0.6
11
0.2 ±0.6
20
0.4 ±0.8
Social support
32
0.3 ±1.2
11
0.2 ±0.5
10
0.1 ±0.6
7
0.1 ±0.6
Relapse prevention/coping
13
0.1 ±0.5
19
0.4 ±0.8
8
0.1 ±0.4
16
0.3 ±0.6
Behavioural contract
17
0.1 ±0.5
9
0.2 ±0.8
2
0.03 ±0.2
6
0.1 ±0.5
Cues/prompts
10
0.05 ±0.2
15
0.3 ±0.8
1
0.01 ±0.1
3
0.06 ±0.3
Other
11
0.3 ±0.5
2
0.3 ±0.5
1
0.2 ±0.4
1
0.3 ±0.5
*Kruskal-Wallis tests were completed to determine if there were any significant differences between the four subgroups in the number
of times each BCTs was used per participant during the first 3 months of the intervention. Results that were significantly different
(p<0.05) are bolded and marked with an *.
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When examining the BCTs used in each of the subgroups, similar patterns to the entire
sample are seen. For all four groups, the top 6 most commonly used BCTs are the same: “Goal
setting”, “Review of goals”, “Action planning”, “Motivational interviewing”, “Self-monitoring”,
and “Feedback on performance”. The least used FBGs are also similar between the four groups,
including “Behavioural contract” and “Other”. The only BCTs that was used to different extents
in the four subgroups was Rewards.
The BCTs were also examined for the four groups across the first 12 weeks of the study.
Please refer to Appendix G: Figures 9-12 to see the graphs showing the use of each BCT over
time for each of the 4 subgroups.
Relationship between FBGs and BCTs and Dietary Change
To better understand the role FBGs and BCTs play in influencing dietary change, further
analysis was done on the four following particular HEI-C components.
1. For total fruit and vegetable intake, a clinically significant change was defined as
increasing their daily servings by 1 or more (based on Canada’s Food Guide servings),
which corresponds to a 1.4 point change on the HEI component “Total Fruit and
Vegetable Intake”.
2. For intake of other foods, a clinically significant change was defined as decreasing the
percentage of calories from other foods by 10%, which corresponds to a 5.71 point
change on the HEI component “Other Foods”
3. For sodium intake, a clinically significant change was defined as a decrease in 600mg or
more, which corresponds to a 2.09 point change on the HEI component “sodium”.
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4. For saturated fat intake, a clinically significant change was defined as a 2% decrease in
total calories from saturated fat, which corresponds to a 3.2 point difference on the HEI
component “saturated fat”.
Chi-square tests were done to determine if there was any difference in the number of people
who received counselling with specific FBGs and BCTs, for those who were able to make a
clinically significant dietary change compared to those who were not able to make the dietary
change. The following results were found:
1. Total Fruit and Vegetable Intake
a. There were no significant differences in the proportion of the two groups (increased
servings by 1 or more, those who did not) who received counselling with any of the
BCTs compared to those who did not.
b. The only FBG where there was a significant difference in proportion as found by the
chi-square test was “increase fruit and vegetable intake”. There were significantly
more people able to increase their daily servings by 1 or more who were counseled
on the FBG “increase fruit and vegetable intake” compared to those who did not
(χ²(1, N = 149) = 3.99, p = 0.046).
2. Other Foods
a. The only BCT where there was a significant difference in proportion as found by the
chi-square test was “action planning”. There were significantly more people able to
decrease their calories from other foods by 10% or more who were counseled using
the BCT “action planning” compared to those who did not (χ²(1, N = 149) = 4.59, p =
0.032).
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b. There were 3 FBGs associated with significant difference in proportions for change
in calories from other foods (increase plant protein, poultry more than red meat, and
wine if consuming alcohol). However, for all of these tests, the expected cell counts
were too low for the chi-square test to be valid.
3. Sodium
a. The only BCT where there was a significant difference in proportion as found by the
chi-square test was “action planning”. There were significantly more people able to
decrease their sodium by 600mg or more who were counseled using the BCT “action
planning” compared to those who did not (χ²(1, N = 149) = 3.96, p = 0.047).
b. There were no significant differences in the proportion of the two groups (decrease
sodium by 600mg or more, and those who did not) who received counselling with
any of the FBGs compared to those who did not.
4. Saturated Fat
a. There were no significant differences in the proportion of the two groups (those who
decreased % calories from saturated fat by 2% or more, and those who did not) who
received counselling with any of the BCTs compared to those who did not.
b. The only FBG where there was a significant difference in proportion as found by the
chi-square test was “increase fruit and vegetable intake”. There were significantly
more people able decrease their percentage of calories from saturated fat by 2% or
more who were counseled on the FBG “increase fruit and vegetable intake”
compared to those who did not (χ²(1, N = 149) = 4.91, p = 0.027).
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Discussion
Review of Rationale and Key Findings
In dietary counselling, there are individuals who make substantial changes, and those
who make few changes. The primary purpose of this analysis was to explore the practices of
dietitians in primary care, and any possible relationship between these care processes and the
dietary changes made by participants. By providing a better understanding of dietitian
counselling practices and the changes in food behaviours, there is the possibility to contribute to
improved effectiveness of dietary counselling. In this study dietary intake was assessed using
HEI-C and Med Diet Score at both baseline and 3 months. The FBGs and BCTs used were
recorded by the dietitians after each encounter with the participants. One of the important
strengths of this study is the ability to explore the specific food behaviours changes made by
patients which directly relate to the FBGs counseled on by the dietitians. By exploring the FBGs,
BCTs and changes in dietary intake, it is possible to explore different aspects of diets that may be
particularly important to focus on when counselling in primary care. However, there are also
limitations to these measures as the dietary quality indices used may not reflect actual intake (as
assessments are made based on 24-hour recalls and targeted Food Frequency Questionnaire, as
opposed to more rigorous methods such as weighed food records). Overall, this study allows for
a unique in-depth exploration of both dietary counselling practices, and the dietary changes made
by patients with metabolic syndrome. Some of the key findings from this analysis were as
follows:


There were differences in the dietary changes made by the four subgroups from baseline
to 3 months

P a g e | 70



An analysis of the FBGs and BCTs showed certain strategies and goals are used much
more frequently than others, with prominent FBGs including balanced meals and
increased fruits and vegetables, and frequently used BCTs revolved around goal setting
and review/feedback



Few of the FBG or BCTs were associated with changes in food behaviours as indicated
by change in HEI-C



There are few differences observed in the dietitians’ counselling practices the four
subgroups defined by baseline HEI and baseline PROCAM score



When comparing individuals who made larger dietary changes over 3 months to those
who made smaller dietary changes, differences are seen in the contact time, FBGs and
BCTs used by the dietitians

The following discussion will explore these key findings in relation to the relevant literature,
as well as highlight the strengths, limitations, and implications for both practice and future
research.
Baseline Sample Characteristics
Examining the basic sample characteristics in the CHANGE study and comparing them
to other prominent studies in the literature is an important step to be able to properly position and
interpret the overall results. Firstly, the average age of the sample population in this study was
59.1 +/- 9.7 years, which is similar to the mean age in the LookAHEAD trials (58.6 +/- 6.8 in the
intervention group) (Brancati et al., 2013)). However the mean age of the participants in the
PREDIMED study was higher with an average age of 67 years +/- 6 (Martinez-Gonzalez et al.,
2010). The average BMI of the CHANGE study participants (about 31.9 +/- 3.3 kg/m^2) is also
similar (within one standard deviation) to many of the major intervention trials including
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PREDIMED, LookAHEAD, and DPP (Martinez-Gonzalez et al., 2010; Brancati et al., 2013;
Eriksson et al., 1999). The participants from the CHANGE study were primarily Caucasian
(about 76%). The LookAHEAD trial was also primarily a white population; however, they also
had about 16% Black, and 13% Hispanic, which is more representative of the United States
where the study was conducted (Brancati et al., 2013). Similarly, the PREDIMED trial which
was conducted in Spain, was conducted primarily with Spanish individuals, and in fact only
reported which region of Spain each participant came from (Martinez-Gonzalez et al., 2010).
Dietary Intake of Participants in the CHANGE Study
It is also important to consider the baseline dietary intake of the participants in
comparison to the typical population and other important intervention studies. The baseline HEIC score in the CHANGE study was 57.8, which is very similar to the Canadian average of 58.8
(Garriguet, 2009). The CHANGE study saw an average increase in HEI-C score of
approximately 11 points in the first 3 months of the intervention. While a number of intervention
studies have used HEI as a measure of dietary change, only a select few of these interventions
are targeted at improving cardiometabolic health outcomes. The results from these studies in
terms of HEI score changes have ranged from about 6 points of change (Petrogianni et al., 2013)
to about 20 points of change (Mecca et al., 2012). For the Med Diet Score, the average baseline
score of the CHANGE study participants (4.7 +/- 1.6) was lower than the baseline score in the
PREDIMED participants (with the intervention groups averaging a baseline score of 8.7 +/- 2.0)
(Martinez-Gonzalez et al., 2010). It is likely that these differences are due to differences in
typical dietary intake based on culture and location, as the PREDIMED study took place in
Spain. The PREDIMED study found that participants increased their Med Diet Score by
approximately 2 points overall (Estruch et al., 2013), in comparison to about 1.4 points increased
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on average in the CHANGE study. In general, the change in the Med Diet Scores were not
wildly difference between the two studies; however, the baseline scores were quite different.
Overall, there were significant changes seen in the dietary intake of participants from
baseline to 3 months. Furthermore, these changes were specific to certain food behaviours, and
some groups made more changes than other (with more changes being made by those with a poor
diet at baseline). A more complete exploration of the specific dietary changes observed in the
CHANGE study is included later in this discussion. While it is important to consider the dietary
changes made by the CHANGE participants in comparison to other major studies in the field, the
unique aspect of this analysis is the in-depth exploration of the dietitian counselling practices.
The following sections will discuss the FBGs and BCTs used by the dietitians, and the possible
implications of the findings.
Food Behaviour Goals
When looking at all the data from the first 3 months of the CHANGE study, the FBG
“Balanced meals” is by far the most frequently used. When interviewed, the study dietitians
identified this FBG typically involved education on the plate model and the use of Canada’s
Food Guide (Stevens, 2016). The plate model has been used since the 1980s in Sweden and the
UK, and is defined as a visual way to display what portion of the plate should be covered by the
different food groups, most commonly being ½ plate vegetables, ¼ protein, and ¼ starch
(Camelon et al., 1998). One possible reason this goal was so prevalent in the dietitians
counselling is that it is easy to understand, with resources that are visually appealing and simple
(the plate model). The plate model has been used extensively in diabetes education, and has been
shown to help individuals plan appropriate meals (Raidl et al., 2007). Alternatively, perhaps this
FBG was particularly useful as it addresses several food behaviours at once (increasing fruits and
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vegetables, portion control for starches and meat, balance of macronutrients, etc.). A previous
study demonstrated that increasing the portion of vegetable and decreasing the portion of meat
and grain led to a decrease in energy intake at the meal (Rolls et al., 2010). This could have been
the ultimate goal of discussing balanced meals so extensively with clients, in an attempt to
increase vegetable consumption and lead to an overall decrease in energy intake.
It is also interesting to note that balanced meals was discussed most at the start of
counseling, with more than 45% of the patients being counseled on this in weeks 2 and 3 of the
study, and by weeks 10, 11 and 3 months, less than 30% received counselling on “balanced
meals”. While it was still prevalent throughout the first 3 months, this trend could indicate that
the RDs start out counselling about overall healthy and balanced eating, and as they work with
clients over time the dietary suggestions become more specific. This idea of beginning with
general recommendations and then moving to more specific or individualized education is
reflected in the literature. For example, in the Transcultural Diabetes Nutrition Algorithm (which
was adapted for a Canadian context) the second step in the algorithm is “general
recommendations”, which leads to the third step where the counselling would address
individualized needs such as hypertension or obesity (Gougeon et al., 2014). Overall, the FBG
“balanced meals” evidently plays a large role in the initial dietary counselling for patients with
metabolic syndrome.
An interesting trend can be seen when examining the 7 most frequently used FBGs
(balanced meals, increasing fruits and vegetables, regular meal pattern, healthier snacks, increase
nuts, decrease sodium, and increase fish). Most of these FBGs focus on increasing or balancing
intake of foods, and only one FBG places emphasis on decreasing consumption of a nutrient
(decreasing sodium). This is consistent with antidotal evidence from clinical practice where it
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can be more helpful to focus on adding healthy foods to one’s diet than decreasing intake of less
healthy foods. This phenomenon was also identified in a qualitative study with dietitians where
they reported that they focus more on inclusion than restriction when targeting weight loss
(Chapman et al, 2005). Perhaps dietitians prefer to focus on the positive aspects of adding in
healthy foods, which may accomplish similar goals as decreasing other foods. For example, if
the goal is weight loss, a dietitian may suggest increasing vegetable intake, as increasing intake
of a low-energy density food may displace other high calorie foods and result in weight loss.
Perhaps this is one reason why decreasing calories and decreasing total fat intake were not more
prevalent, given that weight loss was the most commonly selected overall goal of diet therapy.
This could also be an indication that the dietitians prefer to focus on specific food behaviours
that need to be changed, as opposed to the nutrient intake itself.
Examining the least frequently used FBGs can also provide some interesting information
about the counselling practices of dietitians in primary care. For example, it is evident that
alcohol is rarely discussed, as decreasing overall intake and switching to wine were some of the
least common FBGs identified. “Increasing plant sterols” and “glycemic index” were similarly
infrequently used. It is possible both these FBGs were either too complex, or too narrowly
focused to be used frequently. As can be seen by the widespread use of balanced meals, the
dietitians appear to prefer to focus on overall healthy eating, and the FBG “increasing plant
sterols” might seem too specific and does not focus sufficiently on an individual’s overall diet.
The number of food behavior goals set each week can be examined to better understand
RD practices. On average between 2 and 3 FBGs were selected for each counselling session;
however there was quite a bit of variation between patients (with the standard deviation being
greater than 2 on many weeks). This could be an indication that the population varied on their
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ability or willingness to focus on multiple goals at one time. However it could also be due to a
difference in the individual dietitians’ preference for the number of goals set. Overall, the
dietitians in the CHANGE study appeared to address multiple FBGs across the first 3 months of
the study. This is interesting given a recent RCT in the literature which found that a single-goal
dietary intervention was equally effective to a multi-component intervention in terms of weight
loss after 12 months (Ma et al, 2015). However, one of the strengths of this analysis is the ability
to examine the typical practices of Canadian dietitians in primary care, and these results indicate
that dietitians typically focus on multiple FBGs. The number of goals set each week follows an
inverse pattern to the average contact time each week. At baseline, week 1 and week 11 a lower
average number of FBGs set can be seen. This likely indicates that the extra time spent with
clients those weeks was spent doing assessment related measures (such as 24-hour recalls,
questionnaires, etc.) and building rapport or reviewing progress, as opposed to setting goals.
The stage of each FBG was also recorded, and the results showed that the majority of the
goals remained in the “being worked on” stage. Only 8% of all FBGs addressed in counselling
sessions were identified as “attained”. This is likely due to the lack of specifics in the goals
recorded. The RDs selected the FBGs as general topics, not as specific quantifiable changes that
could occur. For example, the dietitian would identify “increase fruits and vegetables” not “eat 5
servings of vegetables each day”. It is understandably difficult to determine if an individual has
attained the former goal. This is supported by the interviews completed with the study dietitians,
where they identified it might be helpful to have a space on the case report forms to include more
specifics when it came to the FBGs (Stevens, 2016). Another dietitian verbalized that recording
the stage of the FBGs was not very meaningful, and could potentially be removed in future
studies (Stevens, 2016). Based on the feedback from the dietitians and the results from the first 3
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months of the study, the stage of the goal recorded may not be providing substantial information
about the dietary changes being made. Furthermore, if the case report forms are to be used in
future studies, it might be helpful to change the format of that section to make it more
meaningful.
Overall this in-depth look into the specific FBGs counseled on by the dietitians is unique
and interesting, as no previous studies have reported the dietitians’ practices in this level of
detail. Typically intervention studies compare one overall approach (such as weekly
individualized counselling) to a control group, but will not report what specific food behavior the
dietitians addressed. An overall strength of this study was the ability for the RDs to directly
report on individual FBGs, and all the dietitians were provided with orientation training to be
able to report these FBGs consistently. However, this methodology relies on the self-reporting of
the dietitians, and at this point there was no validation to ensure what they reported was
reflective of what they actually counseled.
Behaviour Change Techniques
The two most frequently used BCTs in the first three months of the intervention were
review of goals, and goal setting. This result emphasizes the importance goal setting plays in the
dietitians’ counselling toolbox. Other studies in the literature have found that goal setting can
help influence behavior change in overweight and obese adults (Pearson, 2012). In this review
the authors note that, similar to the CHANGE study, goal setting was conducted in conjunction
with other BCTs, so it is difficult to isolate the effect of goal setting in particular. Another
important factor to consider with the frequent use of goal setting is the timing within the overall
intervention. This analysis was completed only of the first 3 months of the CHANGE study, thus
the prominence of goal setting and review of goals may only be representative of the initial stage
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of the counselling relationship. Further analysis should be completed to determine if the profile
of BCTs used changes over the following 9 months of dietary counselling. Even within the first
three months, which were the focus of this analysis, one can see trends with the use of certain
BCTs. For example, goal setting peaked in use at week 1 (over 40% of participants had this
BCTs used in their week 1 session), and then it decreases over time. It remains one of the
prominent BCTs throughout, but other BCTs such as feedback on performance and review of
goals become more important. This trend follows a logical pattern as the dietitians would have
more goals to review, and more of the patients’ performance to provide feedback on as the
sessions progress over time.
Other frequently used BCTs include motivational interviewing and self-monitoring. Both
of these strategies have been studied in relation to lifestyle change previous to the CHANGE
study. Motivational interviewing has been found to have an impact on a number of lifestyle
changes including decreasing sodium intake, improved glucose control, short-term weight loss,
and adherence to weight control programs (Cummings, Cooper, & Cassie, 2009). The frequent
use of self-monitoring as a BCTs could relate to many patients’ desire to lose weight, as selfmonitoring behaviours such as recording food intake are known to be associated with sustained
weight loss (Moreno & Johnston, 2012). Overall it is informative to examine the BCTs used
most by dietitians counselling patients with metabolic syndrome in primary care.
Conversely, it is also interesting to explore the BCTs that were not frequently used by the
RDs in the first 3 months of the CHANGE study. For some of the less utilized BCTs, there are
some probable explanations for their infrequent use. For example, relapse prevention was
addressed less than 100 times over the first 3 months. This is likely due to the first 3 months
being the initial stage of counselling, and the frequency of contact during this time. As the
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patients were seen weekly and are just starting to make healthy lifestyle changes, it is unlikely
relapse needs to be addressed at this time. It would be logical that use of this BCT would
increase as time progressed in the intervention, and as contact with the dietitian became less
frequent. Other infrequently used BCT include behavioural contract and environmental
restructuring. It is possible these techniques were not used often because they were viewed as too
strict or onerous for patients. Another possible reason is that dietitians are not typically trained in
these techniques, where they may be more familiar with strategies like goal setting or
motivational interviewing. It is interesting that techniques such as social support and
cues/prompts were not more commonly used by the dietitians. One possible explanation is that
the RDs were instructed to only select up to 4 BCTs (and on average were only selecting
between 1 and 2 for each session). Thus these techniques may have been used, but perhaps they
were not the prominent strategy used in the session, and thus were not recorded.
As stated above, on average the dietitians were selecting between 1 and 2 BCTs for each
session with a patient. This average may be lower due to the imposed cap of selecting only 4
each session. Similar to the FBGs, the number of BCTs selected was lower at baseline, week 1
and 3 months. This is also likely an indication that more assessment tasks are happening at these
time and less behavior change counselling.
The results from this analysis of the BCTs used can be compared to findings in the
literature. A study published by Presseau and colleagues (2015) examined 23 intervention studies
to improve the management of diabetes, and identified the BCTs used in these trials. The
prominent BCTs used with patients included prompt/cues (12 studies), instruction on how to
perform the behavior (10 studies), information about health consequences (8 studies),
restructuring the social environment (7 studies), adding objects to the environment (5 studies),
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and goal setting (5 studies) (Presseau et al., 2015). These results are conflicting to the BCTs
reported as most frequently used in the CHANGE study. Cue/prompt and environmental
restructuring were actually some of the least frequently used BCTs, and some of the most
frequently used techniques in the CHANGE study such as review of goals, feedback on
performance, self-monitoring, and action planning, were only identified in a few studies by
Presseau and colleagues. There are a number of possible explanations for this discrepancy.
Firstly, the review by Presseau and colleagues used a more updated version of the BCT
taxonomy, which included 93 possible BCTs. The dietitians in the CHANGE study identified
BCTs from a subset of the 40 BCTs outlined in the CALO-RE taxonomy. Therefore the
differences could have resulted from the use of an expanded and slightly different classification
system. The more likely explanation however, is the point at which the BCTs were identified. In
the CHANGE study, the dietitians were trained to identify and report the BCTs per encounter
with participant, and the results were recorded prospectively. In the article described above
(Presseau et al., 2015), and in all other reviews examining BCTs across studies (Lara et al., 2014;
Booth et al., 2014) the BCTs are identified post-hoc from the articles published describing the
studies. As typical descriptions of complex behavior change interventions in the literature a brief,
it is likely that many of the BCTs actually used in the interventions are not being reported or
identified. Therefore, it is logical that the results found in this analysis differ from the common
BCTs reported in the literature.
The method used in this study of reporting BCTs per patient contact is a novel use of the
taxonomy created by Michie and colleagues. By using this in-depth reporting method one can
gain a better understanding of the counselling practices of dietitians in primary care. If more
studies were to adopt this methodology, researchers would be able to compare trends across
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different studies. Furthermore, dietitians in practice will have a better understanding of how the
interventions were delivered with patients. Overall this can help address the need for more
thorough descriptions of complex behavior change interventions in the literature. However there
are several limitations to this methodology. Similar to the reporting of the FBGs, the reporting of
the BCTs relied on the dietitians’ self-report, and, as the RDs were instructed to only report the
top four BCTs used, this method only captures the main BCTs utilized. Furthermore, as this is a
relatively new method to report on counselling practices, there is no gold-standard on which to
compare the self-reporting by the dietitians, and thus no validated tools exist to collect this
information. However, it is a reasonable assumption that the individual providing counselling
would have a good idea of the counselling techniques used, especially as the reporting took place
after each individual session. In the CHANGE study, the dietitians were provided with training
on identifying the BCTs using a video, and the BCTs identified by the dietitians were consistent
on the top four ones selected. Overall, while this methodology of reporting BCTs has not been
validated, it provides new information at an in-depth level which allow for a more thorough
understand of dietitians’ counselling practices.
Dietitian Counselling Practices for the Four Subgroups Defined by Baseline Diet and
PROCAM Risk Score
Before examining the counselling practices used by the dietitians for the 4 subgroups, it
is important to note that there were some differences in baseline characteristics between the 4
groups. For example, age, weight and waist circumference were found to be different between
some of the groups at baseline. These differences are somewhat expected, as these factors play a
role in determining PROCAM risk score. Thus, as the groups are stratified by PROCAM risk
score at baseline, it is logical that some of these factors would be different between the four
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groups. There were also some differences observed between the distributions of the 4 groups
from each study site location. This is important to note as the counselling practices between the 3
sites appear to be different. The differences between the three sites should be kept in mind when
interpreting the results from these four groups.
The four groups do not appear to have been counseled differently when it comes to the
FBGs used by the dietitians, even though there were differences seen in the dietary changes
made by the four groups. The FBGs seem to be used in a fairly similar pattern across the four
groups. This is contrary to the hypothesis that the RDs would tailor their nutrition intervention to
the individuals based on their baseline diet and medical risk. However the results from this
analysis indicate that the dietitians counsel similarly regardless of the patient’s baseline status.
On the other hand, there are currently no recommendations that would guide the use of certain
FBGs over others for this population, which may be the reason behind this lack of difference.
While there is little to compare to in the literature, as the reporting of FBG used at this indepth level is unique, a qualitative study conducted with Canadian dietitians reported a similar
result. In a focus group, dietitians expressed that the goals set with hypothetical clients would be
similar regardless of medical risk factors or dietary history (Chapman et al, 2005). When
examining the BCTs, one also sees a fairly similar pattern, with only one BCT found to be used
to a different extent between the four groups. “Rewards” appear to be utilized more frequently
with the groups that had a low HEI score at baseline. Perhaps, as these two groups had more
room for improvement when it came to diet, rewards were seen as a helpful motivator to induce
change. However, overall, there does not appear to be a great difference in the way dietitians
counsel these 4 groups of patients.
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Dietary Change in the Four Subgroups Defined by Baseline Diet and PROCAM Risk Score
While there may not have been overwhelming differences in the dietitians’ practice
between the four groups, there are some interesting differences seen between the groups when it
comes to dietary changes over the first three months of the intervention. The change in total HEIC score is highest for the group with low baseline diet and high PROCAM risk score, followed
by low HEI and low PROCAM risk score. Both groups with high baseline HEI were not
significantly different from one another, but were lower than both low HEI groups. Likely the
primary reason for this difference is that the patients with low HEI at baseline had more room for
improvement when it came to diet, and thus were able to make more significant changes. The
fact that the Low HEI High PROCAM group was able to make a larger dietary change than the
Low HEI Low PROCAM group could suggest that personal health risk is motivating when
making lifestyle changes. While the change in Med Diet Score between baseline and 3 months
was not found to be statistically significantly different between the four groups, similar patterns
can be seen to the changes in HEI over the three months. The Low HEI High PROCAM group
was able to make the largest change in score (increase of 2 points on average), followed by the
Low HEI Low PROCAM group, and High HEI Low PROCAM group. The High HEI High
PROACM group made the smallest change in Med Diet Score and HEI score over the 3 months.
Examining the changes in HEI and Med Diet Score components for the 4 groups provides
valuable information about what specific dietary changes individuals with metabolic syndrome
were able to make. One of the dietary changes that was observed in both groups with low HEI
scores at baseline was an increase in fruit and vegetable intake (mean changes in component
score equates to approximate increase of one Canada’s food guide serving of fruit and vegetables
per day). This increase is similar to the changes found in other interventions reported in the
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literature. One review that examined interventions aimed at increasing fruit and vegetable intake
found that face-to-face education and counselling showed consistent positive effects, with an
average increase of about 0.1-1.4 servings of fruits and vegetable per day (Pomerleau, Lock,
Knai, & McKee, 2005). The researchers from the Diabetes Prevention Trial also reported
specific dietary changes which can be compared to the changes seen here in the CHANGE study
(Jaacks et al, 2014). While Jaacks and colleagues did not report dietary changes after only 3
months, one can compare to the changes seen after one year of the intervention. They reported
changes in intake of fruits and vegetables separately, but did find a significant increase from
baseline to one year for both categories in the lifestyle intervention group (approximate increase
of 0.3 servings per day for each category) (Jaacks et al, 2014). Both the groups with low baseline
HEI scores in the CHANGE study had an approximate increase in fruit by 0.3 servings per day,
and 0.4 or 0.5 servings per day for dark green and dark orange vegetables (low HEI Low procam
and high HEI and high procam respectively).
Both groups with a low HEI score at baseline also saw an increase in whole grain
consumption from baseline to 3 months (0.6-0.7 servings per day for the low HEI low PROCAM
group, and 1.0-1.3 servings per day for the low HEI high PROCAM group). It is important to
note that whole grain consumption increased, however total grain consumption for three of the
four groups did not change, and the high HEI high PORCAM group actually saw a decrease in
the number of grain servings per day. This is interesting as there is evidence that replacing
refined grains with whole grains in one’s diet can improve an individual’s metabolic profile, with
particular improvements in blood glucose (Jackson et al., 2014). Jaacks and colleagues did not
specifically report whole grain consumption from the Diabetes Prevention Trial; however they
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did not find a significant difference in total grain servings over time, which is similar to the
results seen in this study.
For both saturated fat and sodium intake, one can examine both the HEI component
scores for these categories, as well as the nutrient data derived from the 24-hour recalls. For both
of these factors, the nutrient data shows a larger change from baseline to 3 months than the
amount estimated by the change in component scores. As the HEI component scores for these
categories are computed based on the nutrient data, it is logical to examine the nutrient data itself
to interpret the changes in dietary intake. Calories from saturated fat for both groups with a low
HEI score at baseline represented 12% or greater of overall energy intake at baseline, which was
reduced to less than 10% by 3 months. While this is a decrease in intake, neither of these groups
were able to reach the target set for high risk populations of less than 7% of calories from
saturated fat (Canadian Diabetes Association, 2013). However the amount of change is
somewhat similar to other studies in the literature. In the DPP they saw a decrease in calories
from saturated fat of about 3% from baseline to one year (Jaacks et al., 2014) and in the
PREDIMED trial they observed an approximate decrease of 0.6%.
Change in sodium intake from baseline to 3 months was quite significant, with a
reduction of about 780 mg on average per day for the Low HEI Low PROCAM group, and about
1300 mg on average for the Low HEI High PROCAM group. It has been shown that sodium
intake plays an important role in metabolic health (Raisanen, Silaste, Kesaniemi & Ukkola,
2012), and as such the reduction in sodium intake for both of these subgroups is interesting and
clinically significant. Unfortunately the studies on DPP and the PREDIMED trial did not report
the change in sodium intake, so one cannot compare the change in sodium intake seen in the
CAHNGE study.
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The “other food” component of the HEI-C also showed significant changes over the 3
months for the subgroups with a low HEI score at baseline. Both of these groups were able to
decrease their calories coming from “other foods” by more than 10% over the three months,
which shows that while patients were increasing consumption of healthy foods such as fruits,
vegetables and whole grains, they were likely doing so by replacing some of the less nutrient
dense foods with these items. It is also likely that the changes seen in some of the nutrient data
(decrease in sodium, saturated fat, and calories) are due to the decreased consumption of other
foods.
The changes discussed above are changes that were seen for both the groups with low
HEI at baseline; however, the subgroup with a low HEI and high PROCAM risk score at
baseline was able to make some additional statistically significant changes over the first 3
months. For example, this group increased their consumption of milk and alternatives (equivalent
to approximately 0.6 more servings daily on average) and meat and alternatives (about 0.3-0.4
more servings per day on average). These changes are statistically significant, and contribute to
the higher change in overall HEI score for this subgroup. Further analysis is required to
determine if these changes in food behaviours are linked to clinical outcomes.
In addition to the HEI-C component scores, examining the components of the Med Diet
Score allows one to explore dietary changes in different food behaviours not specifically
addressed by the HEI-C, as well as compare some of the aspects they both address. For example,
while three of the four subgroups had a significant change in fruit and vegetable consumption in
the HEI-C, only one group (the Low HEI Low Procam group) saw a statistically significant
increase in vegetable intake, and none of the groups had significant improvement in the fruit
category. There are several possible reasons for this discrepancy. Firstly, the Med Diet Score
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requires an individual to meet the full criteria for each component to get a score of “1”.
Therefore, individuals may have improved fruit and vegetable intake, but it may not have been
captured in the Med Diet Score (whereas it may have been captured in the HEI-C). The small
sample size of some of the groups also likely played a role in finding non-significant results. For
example, in the Low HEI High PROCAM group, the number of participants achieving a score of
“1” in both fruits and vegetable increased by more than 25%,; however, this result was seen as
non-significant. This change would be considered clinically significant; however, as this
subgroup only had 21 participants who completed the Med Diet Score at both baseline and 3
months, the test likely did not have enough power to detect a significant difference. Another
category that relates to the results in the HEI-C scores is the baked goods criteria. Three of the
four subgroups had a significant increase in the number of people meeting this criterion. This
could relate to change in intake of other foods observed in the HEI-C component.
Certain Med Diet Score categories can potentially be linked to the FBGs used by the RDs
in counselling sessions. For example, increase fish was one of the most commonly used FBGs
during the first 3 months of the intervention. It was commonly used with all 4 of the subgroups
examined in this analysis; however, only one group (the Low HEI High PROCAM) saw a
significant increase in the number of participants meeting this criterion at 3 months. However,
increasing nuts was another FBG commonly discussed with all four groups, but in this case 3 of
the 4 subgroups were able to make large changes (greater than 20%) in the number of people
meeting the criterion for nuts consumption (although only 2 of the groups had a statistically
significant increase). Perhaps these discrepancies are related to differences in taste preferences. It
might be easier for an individual to increase their nut intake over fish, as people often have
strong taste aversions to fish.
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Certain components of the Med Diet Score saw little movement across the first 3 months
of the intervention. For example, sugar-sweetened beverages did not seem to be a large dietary
concern for this population, as even at baseline most people scored full points for this category.
Therefore, this dietary behavior did not see much movement as people were already doing well
in this category at the start of the study. Another component of the Med Diet Score that didn’t
show great difference (for any groups) across the first 3 months of the intervention is the use of
Sofrito sauce. This is likely due to the fact that Sofrito sauce is not typically used in Canadian
cuisine, so perhaps the use of this recipe was difficult for patients to implement.
This in-depth look at the specific food behaviours of individuals in each of the four
subgroups defined by baseline dietary intake and medical risk score allows for a unique
understanding of the dietary changes individuals are able to make. Firstly, the fact that both
groups with a poor diet at baseline were able to make more changes suggests that dietitians have
more impact with these individuals. However, this impact of baseline dietary intake requires
further research and exploration before any conclusions can be drawn.
Comparison of the Two Groups Defined by Low or High Dietary Change Over 3 Months
Another way to look at the data, which overlaps substantially with the previous analysis
by the four subgroups, is to analyze the individuals who made highly positive changes to their
diet, compared to those who did not. Thus the analysis of individuals with an improvement of
HEI-C score of 17 points or more, compared to those with an improvement of 4 points or less
was completed. In this analysis it can be seen that the group with a high level of dietary change
had a significantly lower baseline diet score (in both HEI-C and Med Diet Score). This is logical,
and in line with the findings from the analysis of the four subgroups, as individuals with a poorer
diet at baseline have more potential room for improvement. The group that had the higher
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amount of dietary improvement was also seen to have more contact time with the dietitian
(approximately 37 more minutes over 12 weeks). However, there was no difference in the
number of contacts between the two groups. While a number of studies show that frequency and
amount of contacts is an important variables in determining which interventions are effective
(Greaves et al., 2012; Venditti & Kramer, 2012), most of these results are based on the total
number of visits or contacts (not total number of contact minutes). Therefore, as the number of
dietitian contacts was not different, and 37 minutes across 12 weeks is a small amount, it is
unclear if this difference between the two groups is important.
There were several significant differences seen in the FBGs used with these two groups.
For example, the group with more dietary change was counseled more frequently on increasing
fruit and vegetable consumption, which seems reasonable as this is a dietary change that was
seen in the overall sample population. Interestingly, the high dietary change group was also
counseled more on increasing fish intake. This finding does not appear to relate to dietary
changes the individuals actually made however, as fish was one of the dietary components that
saw little movement over the 3 months (compared to some of the other food behaviours such as
nuts or sodium). Increasing olive oil was also counseled more often in the high change group;
however, little change was seen in this Med Diet Score component. It is possible that some
individuals did increase their olive oil consumption, but did not reach the criteria on the Med
Diet Score to receive the point (criteria is 4 tbsp. of olive oil daily). Furthermore, a decrease in
saturated fat intake was seen in individuals with a poor diet at baseline, which could have been
due in part to replacing other types of fat (such as butter or cream) with olive oil. However, it is
also possible participants just decreased their intake of saturated fat without replacing with other
fats (such as olive oil).
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Both the FGBs encouraging consuming more poultry (over red meat) and increasing milk
and alternative consumption were used more often in the group with higher dietary changes. The
specific dietary changes seen can potentially be connected to this, as there was a significant
increase in the HEI-C component milk and alternatives in 2 of the four subgroups, and 2 of the
four subgroup saw significant improvements in the Med Diet Score component “poultry more
than red meat”. The FBG encouraging participants to eat breakfast was also counseled more
often in the group with higher dietary change; however, this FBG is more difficult to relate to a
specific dietary output that was measured in this study (as there is no HEI-C or Med Diet Score
component or nutrient that is directly linked to this food behavior). However, it is still interesting
to consider the reasons why this FBG was used more frequently in the high dietary change
group. It is possible that this FBG is particularly helpful at inducing dietary change. However,
the more likely possible reason is that skipping breakfast is known to be associated with poorer
diet quality (Barr, DiFrancesco, & Fulgoni, 2013). Therefore, as the group with higher dietary
change had a poorer diet at baseline, it is possible this FBG is more commonly used in this group
as skipping breakfast may be less of an issue with individuals with higher baseline diet scores.
Both “mindful eating approaches” and “balanced meals” were counseled more frequently
in the group with a low dietary improvement over 3 months. This trend is interesting as all the
other FBGs that were found to be significantly different between the two groups were counseled
more often in the high change group. The use of the FBG balanced meals more in the low change
group could indicate that more general healthy eating advice (such as the plate model or
Canada’s Food Guide) may not be as effective as specific dietary recommendations. However, it
is also possible that individuals who made fewer changes needed more counselling on the overall
healthy behaviours, as they were not able to make improvement in their diet as quickly or easily.
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The significant difference in the use of mindful eating approaches could indicate that this
technique is not overly helpful for this population. However, it could also be due to the fact that
the low change group had a better diet at baseline. If the participants in this group were already
eating the right types of foods, the dietitians may have chosen to focus on techniques such as
mindful eating instead of specific food-related advice.
There were also two BCTs that were used to different extents with the low and high
dietary change groups. Self-monitoring was used more frequently as a technique with the high
dietary change group. It is possible that this technique was helpful for individuals to become
more aware of their dietary intake, and potentially more accountable when making dietary
changes. It has been previously shown that self-monitoring is associated with weight loss
(Moreno & Johnston, 2012). However, it is also possible that individuals who are able and
interested in performing self-monitoring behavior also happen to be more likely to make dietary
changes. The FBG “rewards” was more commonly used in the high change group, and it was
also the only BCT that was seen to be used differently in the four subgroup analysis. Perhaps this
BCT could be the focus of future study to better understand its impact on behavior change. These
preliminary results could indicate that the use of rewards may be particularly motivating when it
comes to dietary change.
Overall the analysis completed on the two groups differing on dietary change over 3
months is novel and preliminary. There is currently no literature to support the findings, and the
analysis is purely observational. It is interesting to be able to examine the differences and
speculate on the connections with dietary changes; however, no conclusions can be drawn for the
results at this time. More research is need in this area to further explore the impact and
relationship between the counselling practices and changes in dietary intake.
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Differences between the Three Study Sites
One of the strengths of the CHANGE study overall is the multi-site design, which allows
for a broader examination of lifestyle treatment of metabolic syndrome in primary care across
Canada. However, it also introduces an additional level of complexity, and there is a difference
in the distribution of participants who made more dietary changes across the three sites. It would
appear that Edmonton had more individuals able to make dietary changes compared to the other
two locations. There are several possible explanations for these differences between the three
study sites. First, it is likely that the populations served at each of the sites differed in many ways
(cultural background, socioeconomic status, etc.) and the RDs could have been targeting their
counselling methods to best meet the needs of each population. This could account for some of
differences in counselling practices between the three sites, as well as different dietary changes
(e.g., a specific culture may be more accepting or particular food behaviours than others).
Another possibility is that each study location has a specific culture and standard practices when
it comes to counselling. Perhaps the RDs at each location have learned from one another over
time, and their counselling practices are similar to each other, but would be very different from
the practices at a different location. It is also possible that the RDs at each site had specific
training that would promote certain counselling strategies over others. For example, if the
dietitians at one site had recently attended training on the use of motivational interviewing, they
might be much more likely than another location to use this technique. However, dietitians are
accredited health care professionals who must have completed standardized training across the
country. Furthermore, the dietitians in the study did complete training at the start of the
intervention, used the same forms, and had access to the same materials and resources.
Therefore, there was some level of standardization of the dietitians at the different sites. There is
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also a potential impact of the individual dietitians and their relationship with the participants.
There were 14 dietitians across the three sites, and it has been found in qualitative analyses that
the specific relationship and rapport with the dietitian has an impact on creating positive
interactions with patients (Hancock et al., 2012). Therefore, it may be important in future
analysis of the data from the CHANGE study that both site and impact of the individual dietitian
be taken into account.
Relation of Dietitians’ Practices to Patients’ Dietary Changes
The analysis completed to explore if there was any relation between specific dietitian
practices and dietary change, was limited to individuals with a low baseline HEI-C score. This
was done as it was known that more dietary changes were seen in the participants with poorer
diets at the start of the study. However, in this exploratory analysis few connections were found
between clinically significant dietary changes and the FBGs and BCTs used by the RDs. The
only FBG that was found to be associated with more change was increasing fruits and vegetables
(related to increased total fruit and vegetable intake, and decrease saturated fat intake). The link
between total fruit and vegetable intake and this FBG is logical, and could indicate that the
counselling on this goal was particularly effective in this population. The link between saturated
fat intake and this FBG is less direct, but perhaps as people increased their fruit and vegetable
intake, they decreased their intake of meat and animal products that contribute to saturated fat
intake. Although not found to be significantly associated in this analysis, the teaching of
balanced meals through the plate model (half vegetable, quarter starch, quarter protein) is an
example of how increasing intake of one food can decrease the intake of others. Often to follow
the plate model, people start eating more vegetables and decrease the amount of meat consumed
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(Rolls et al., 2010). This is a possible reason for the link between the FBG increase fruits and
vegetables and decreased saturated fat.
The BCT action planning was also associated with some dietary changes, specifically
decreased sodium intake and decreased intake of other foods. This could be an indication that
action planning in particular can help patients decrease their intake of processed foods.
Decreased calories from other foods is a fairly direct measure of this, and as about 77% of a
person’s daily sodium intake comes from prepared foods (Matter & Donnelly, 1991), this likely
means a decreased consumption of foods prepared outside the home would lead to a decrease in
sodium intake. Thus, perhaps action planning is particularly helpful at reducing one’s intake of
processed and pre-packed foods. Potentially planning specific actions for common trouble times
during one’s routine (such as busy weeknight dinners, or snacks at work) can help reduce the
intake of restaurant meals or pre-packaged high sodium snacks.
Overall, this analysis did not find a great number of connections between dietary change
and the practices of the RDs measured in this study. This was a fairly simple analysis to look for
connections between dietary change and how the RDs counseled. Perhaps further analyses could
explore the relationship of dietitian practice, changes in food behaviour and the clinical outcomes
observed in the population.
Overall Description of Dietary Counselling Sessions
Contact Time
The average time spent with the dietitian ranged each week from about 26 to 50 minute
per session, with the sessions being longer at baseline, week one and 3 months. This trend is
likely due to the additional activities the dietitians needed to complete during these time points
(24-hour recalls, baseline questions, building rapport, etc.). On average the participants had 10.5
sessions with the dietitian in the first 3 months of the study. In a review examining lifestyle

P a g e | 94

interventions aimed at reducing diabetes risk, it was found that frequent contact during the first
few months (consistent with the amount of contact seen in the CHANGE intervention) is a key
component necessary to induce positive changes (Venditti & Kramer, 2012). Furthermore,
another analysis of the first three months of the CHANGE intervention has found that the
number of dietitian contacts is significantly associated with a decrease in metabolic syndrome
severity (Leung, 2016). A network meta-analysis looking at behavioural programs for
individuals with type 2 diabetes mellitus found that interventions leading to improved glycemic
control typically provided greater than 11 hours on contact (Pillay et al, 2015). While this
analysis only showed approximately five and a half hour of dietitian contact time, this did not
include the contact time with the kinesiologist, or the time spent with patients after the initial 3
months of the intervention. Thus, it is likely the patients in the CHANGE study received over 11
hours of contact time throughout the course of the entire intervention.
Setting and Delivery Method
Virtually all of the dietitian contacts during the first 3 months of the CHANGE study
(99.7%) were done in an individual setting. This is different than some of the other significant
interventions reported in the literature. For example, in the PREDIMED trail there was a mix of
individual and group formats at the check-ins that occurred every 3 months (Martinez-Gonzalez
et al., 2010), and in the Look AHEAD study, ¾ of the weekly contacts were in a group setting
(Brancati et al, 2013). Similarly, in the Diabetes Prevention Program, the dietary contacts were a
mixture of group and individual settings (Eriksson et al., 1999). Most of the contacts
(approximately 87%) in the CHANGE study were completed face-to-face, which is similar to
these large trials (Brancati et al., 2013; Eriksson et al., 1999; Martinez-Gonzalez et al., 2010).
Furthermore, the use of in-person interaction over technology contact is consistent with the
finding that more effective behavioural programs addressing diabetes control provided treatment
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in person more than via technology (Pillay et al, 2015). With most of the contacts with patients
being individual and face-to-face, the CHANGE intervention is resource intensive. However, as
the dietitians had the option to run group classes, or provide sessions over the phone or internet,
it is likely that the emphasis on individual and in-person appointments is reflective of typical
practice in primary care.
Overall Goal of Diet Therapy at Baseline
In the metabolic syndrome care map (refer to appendix B), one of the initial steps of the
counselling process is to identify an overall goal of dietary therapy, and this then informs the
methods used by the dietitian going forward. In this study, the dietitians were asked to record the
clients’ overall goal at baseline, and it was found that most clients had multiple goals. In fact, on
average the dietitians identified 3.1 overall goals of diet therapy per patient. With most RDs
selecting almost all the possible goals, this initial step is unlikely to be a significant
distinguishing factor between patients. It is more likely that the initial goals selected have little
impact on the way the dietitians counsel going forward, and thus brings into question the
inclusion of this step in the metabolic syndrome care map. It has been found in a qualitative
study with Canadian dietitians that often the primary goal in weight loss counselling is an overall
healthy lifestyle, as opposed to a specific weight or medical outcome (Chapman et al., 2005).
However, it must be acknowledged that weight loss counselling approaches may be different
from other areas of practice, such as diabetes or cardiovascular disease. Overall, in the CHANGE
study it appears that dietitians are focusing on overall healthy eating to affect all the goals
(weight loss, blood glucose control, blood pressure control, or lipid control) as opposed to
targeting one specific goal. This is also consistent with the study dietitians responses when
interviewed after the study, where they agreed it might be helpful to include a step in the care
map to focus on overall general healthy eating first (Stevens, 2016).
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Possible Implications for the Metabolic Syndrome Care Map
The results found in this study provide possible insights into the application of the
metabolic syndrome care map into a real world setting. This provides a possibility to explore
some of the differences between the theoretical process outlined in the map, and the actual
process recorded during the study. For example, in the metabolic syndrome care map (please
refer to Appendix B), the third step is to select an overall goal of diet therapy, which then
determines the counselling strategies that line up with that particular goal. As described above, it
was found that dietitians typically selected multiple goals of diet therapy (weight loss was the
most common, but often all of them were selected). Perhaps this step in the care map is not
reflective of actual practice. The data from this analysis show that multiple overall goals are
selected, and then it appears that most individuals receive some form of counselling on balanced
meals and general healthy eating strategies. The use of this general process was confirmed in
individual interviews conducted with the study dietitians (Stevens, 2016) and it was suggested
that counselling on general healthy eating as a first step could be added to the care map. For
example, another care map outlining the treatment for diabetes, entitled the Transcultural
Diabetes Nutrition Algorithm, included a step where the patient is provided with general
recommendations before being counseled on specific suggestions that are individualized to their
specific risk factors (Gougeon et al., 2014; Mechanick et al., 2012).
The FBGs included in the care map could also be modified to reflect the frequency of use
in primary care. For example, counselling on balanced meals and increased fruit and vegetables
could be made more prominent (as these were used most often). Some of the less frequently used
goals such as carbohydrate counting, increasing plant sterols and glycemic index could be
replaced by FBGs such as regular meal pattern and increasing fish. These discrepancies between
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the findings of the CHANGE study and the metabolic syndrome care map bring to light the
possible differences between theoretical counselling practices and those used in real-world
settings.
Discrepancies between the care map and results of this study can also be seen when
looking at the BCTs used by the RDs. One such instance is the use of action planning, which was
one of the most commonly used BCTs seen in this analysis (and the only BCT found to be
associated with dietary changes in the first 3 months), and yet it is not currently included in the
care map. Another example is the use of motivational interviewing, which in the care map is
located in the initial stage of counselling; however, in the first 3 months, this BCT appeared to be
used fairly steadily over time. This idea, that motivational interviewing was not only used at the
start of counselling, was also vocalized by the study dietitians during individual interviews, and
it was suggested that this section of the care map could be modified (Stevens, 2016). The BCTs
that did appear to change in frequency of use over time include goal setting, review of goals and
feedback on performance. The care map could be modified to indicate that goal setting is most
prominent at the start of the counselling relationship and that review of goals and feedback on
performance increase over time. The BCT relapse prevention was not frequently used by the
dietitians in the first 3 months of this study; however, this is likely due to the high frequency of
visits during this initial study period, and it would likely be used more as time progressed.
Therefore, it would be unwise to alter the care map based on these initial findings. It is also
important to note that during the first 3 months of the CHANGE study, the sessions with patients
were almost exclusively conducted on an individual basis. It is likely that counselling strategies
might be different in group settings, and thus these differences between practice and the care
map may not be representative of group counselling settings.
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Study Strengths and Limitations
Several strengths of the study design should be highlighted when considering the results
and implications of this analysis. Firstly, the sample size for the CHANGE study was relatively
large, so when examining the sample as a whole, there is likely to be enough power to detect
significant differences (however, this may not be true for all the subgroup analyses).
Furthermore, the involvement of multiple study sites provides for greater generalizability across
the country, and allows for a greater examination of dietitian practices across Canada. The
intervention also took place in current primary care centres, which allows for a real-world
demonstration of an intensive lifestyle intervention.
It is also important to acknowledge that the in-depth reporting of the counselling
practices of the dietitians, both by recording the FBGs that were focused on and the BCTs that
were used, provided unique information that is not typically reported in the literature. This is
important for a number of reasons. Firstly, by creating a thorough picture of the dietitian’s
counselling techniques, it can be more effectively implemented by other dietitians in current
practice. Furthermore, if other complex behaviour change interventions reported a similar level
of detail it would allow researchers to compare the techniques across multiple studies and
explore which intervention components are important and necessary. This would be an important
step as it is always a balance between attempting to implement interventions that induce
behaviour change but are also realistic and cost-effective.
There are also several limitations about this study and analysis that should be explored.
Firstly, it is important to note that the case report forms used in the CHANGE study were created
for this specific purpose, and therefore were not previously validated instruments. They relied on
self-report by the dietitians; as such they rely on memory, and there could be concerns around
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inter-rater reliability. However, as this is a novel in-depth exploration of the counselling
practices, no validated tools currently exist. There was also training provided to the dietitians on
how to complete these forms, and there was the option to clarify the procedures over the phone
with the research team as needed. Further research is warranted to explore the development of
validated and reliable tools to measure these constructs in the future.
Another aspect to consider in this study is the missing data due to drop-out from baseline
to 3 months. At baseline there were 296 patients with a HEI-C score, and 215 Med Diet Scores.
At 3 months 267 patients had HEI-C scores and 244 had Med Diet Score. The discrepancy with
Med Diet Score is due to the delayed start of using this measurement in the study, where it was
added to the measurements routinely being collected after the promising results found in the
PREDIMED trail (Estruch et al., 2013). While it is possible that the individuals who dropped out
are different from those who continued with the intervention, the drop-out rate is reflective of
actual practice in primary care. Thus, the conclusions drawn about the typical dietary counselling
practices in primary care are likely still valid even in the context of the number of drop-outs from
the CHANGE study.
Finally, this analysis was the first step in describing how dietitians counseled in the
CHANGE study, and as such the analysis was fairly simple and descriptive in nature. Therefore,
there are several statistical aspects to consider when interpreting the results. For example, in the
exploratory analysis looking at the FBGs and BCTs used, there were multiple comparisons done.
However for this simple initial analysis, the Bonferroni correction was not completed, and the
results should be interpreted with some caution. Any further analyses of this data would need to
take these corrections into account. Additionally, there are a number of confounders that could
have affected the results, including impact of site location, individual dietitian relationship with
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the client, and other baseline characteristics of the sample (e.g., education, culture, etc.). A
possible next step in the analysis of these data may be to complete a regression analysis to check
for any possible interactions with these variables.
Implications for Practice and Future Research
The CHANGE study recorded dietitians’ use of FBGs and BCTs in a novel way.
Knowing which strategies were used on an individual per patient basis provided a wealth of
information to better be able to understand dietitians counselling practices. If more studies were
to report this level of detail, it would be possible to compare complex behavior change
interventions and their individual components in a new way. Furthermore, if the actions of the
dietitians were better reported, it would be more likely to be accurately implemented in clinical
practice. Knowing the specifics of what patients were counseled on is helpful for dietitians in
practice, and more research using this in-depth level of reporting is warranted.
Although the results from this analysis did not indicate differences in how individuals
were counseled based on their baseline dietary status or metabolic risk score, differences were
seen in the dietary changes made by the groups. The most intriguing results were seen in the two
groups with less healthy diets at baseline. More research is needed in this area; however, this
highlights the possibility of targeting lifestyle changes to those individuals who have poor
lifestyle factors at the start of the intervention. Current typical practice is to offer dietary
counselling to individuals based on their medical condition; however, these results indicate it
might be more useful to screen patients for dietary habits before offering dietary intervention.
This may lead to more effective interventions and a more efficient use of the money spent on
healthcare.
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Another result from this analysis, which may have implications for practice, are the
dietary changes the Canadians in this study were able to make over the first 3 months of the
intervention. The analysis on the HEI-C components shows clinically significant changes in fruit
and vegetable intake, sodium, saturated fat, and other foods. For the Med Diet Score, results
indicate that there were the most changes in nut intake, red meat intake, and baked goods intake,
which is consistent with the changes seen in the HEI-C and nutrient data. It is also interesting to
see which categories did not see any obvious changes including fish and legume intake. Even
though these habits are important in the Mediterranean diet, it appears these changes are difficult
for Canadians. Perhaps dietitians should focus on dietary changes that are more acceptable for
the population, or find different methods to address these areas. For example, perhaps certain
dietary changes require more concrete examples or skill building that might be offered in recipes,
cooking demonstrations, or cooking classes to show people how to incorporate these foods into
their diets.
Lastly, the in-depth exploration of the dietitians’ counselling practices in primary care
brings to light several questions that may impact future practice and research. This analysis
showed that some FBGs and BCTs were used much more frequently than others, and more
research is warranted to explore the reasons behind these differences. For example, perhaps
dietitians would like additional training to be able to adequately used BCTs such as social
support or environmental restructuring. However, it is also possible these BCTs were
infrequently used because the population is not receptive to these techniques. In these particular
instances, perhaps qualitative work is needed to understand the reasons behind the counselling
practices used. Such information may be helpful when determining training and continuing
education need of dietitians in primary care.
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Conclusion
The exploratory analysis described above allows for a unique examination of the
practices used by dietitians in the treatment of metabolic syndrome in primary care, as well as
the dietary changes this population is able to make in the context of a complex behaviour change
intervention. The findings indicate that certain FBGs (specifically balanced meals and increased
fruit and vegetables) and certain BCTs (ones focused mostly on goal setting, review of progress,
and motivational interviewing) are used prominently by dietitians in primary care. It was also
found that, contrary to the hypothesis, dietitians counseled individuals similarly regardless of
patients’ initial dietary or medical status. However, more dietary changes were seen in patients
with poorer dietary habits at the start of the study, with particularly clinically significant changes
seen in fruit and vegetable intake, sodium intake, saturated fat intake, and intake of processed or
“other” foods. Finally, the exploratory analysis examining possible links between the dietary
changes made by the patient and the counselling practices used by the dietitians provides some
interesting initial results. For example, counselling on balanced meals and mindful eating
approaches were seen more frequently in those who made fewer dietary changes. Similarly,
certain FGBs (e.g. increase fruits and vegetables) and BCTs (e.g. self-monitoring) were seen
more often in the group that made more dietary changes. However, all analyses linking dietary
changes and RD counselling practices were preliminary and exploratory. Further research is
warranted to examine these potential relationships. In addition, more research reporting
counselling practices on an in-depth level is needed to allow for real-world implementation and
cross-study comparison.
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Appendix A: Table of the BCTs and Definitions included in the CALO-RE taxonomy
(Michie et al, 2011)
1. Provide information
on consequences of
behaviour in general
2. Provide information
on consequences of
behaviour to the
individual

Information about the relationship between the behaviour and its
possible or likely consequences in the general case, usually based on
epidemiological data, and not personalised for the individual (contrast
with technique
Information about the benefits and costs of action or inaction to the
individual or tailored to a relevant group based on that individual’s
characteristics (i.e. demographics, clinical, behavioural or
psychological information). This can include any costs/benefits and not
necessarily those related to health, e.g. feelings.

3. Provide information
about others’ approval

Involves information about what other people think about the target
person’s behaviour. It clarifies whether others will like, approve or
disapprove of what the person is doing or will do.
NB: Check that any instance does not also involve techniques 1
(Provide information on consequences of behaviour in general) or 2
(Provide information on consequences of behaviour to the individual)
or 4 (Provide normative information about others’ behaviour).

4. Provide normative
information about
others’ behaviour

Involves providing information about what other people are doing i.e.
indicates that a particular behaviour or sequence of behaviours is
common or uncommon amongst the population or amongst a specified
group – presentation of case studies of a few others is not normative
information.
NB: this concerns other people’s actions and is distinct from the
provision of information about others’ approval (technique 3 (Provide
information about others’ approval)).

5. Goal setting
(behaviour)

The person is encouraged to make a behavioural resolution (e.g. take
more exercise next week). This is directed towards encouraging people
to decide to change or maintain change.
NB: This is distinguished from technique 6 (goal setting – outcome)
and 7 (action planning) as it does not involve planning exactly how the
behaviour will be done and either when or where the behaviour or
action sequence will be performed. Where the text only states that goal
setting was used without specifying the detail of action planning
involved then this would be an example of this technique (not
technique 7 (action planning)). If the text states that ‘goal setting’ was
used if it is not clear from the report, if the goal setting was related to
behaviour or to other outcomes, technique 6 should be coded. This
includes sub-goals or preparatory behaviours and/or specific contexts
in which the behaviour will be performed. The behaviour in this
technique will be directly related to or be a necessary condition for the
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target behaviour (e.g. shopping for healthy eating; buying equipment
for physical activity).
NB: check if techniques applied to preparatory behaviours should also
be coded asinstances of technique 9 (Set graded tasks).
6. Goal setting
(outcome)

The person is encouraged to set a general goal that can be achieved by
behavioural means but is not defined in terms of behaviour (e.g. to
reduce blood pressure or lose/maintain weight), as opposed to a goal
based on changing behaviour as such. The goal may be an expected
consequence of one or more behaviours, but is not a behaviour per se
(see also techniques 5 (Goal setting – behaviour) and 7 (Action
planning)). This technique may co-occur with technique 5 if goals for
both behaviour and other outcomes are set.

7. Action planning

Involves detailed planning of what the person will do including, as a
minimum, when, in which situation and/or where to act. ‘When’ may
describe frequency (such as how many times a day/week or duration
(e.g. for how long). The exact content of action plans may or may not
be described, in this case code as this technique if it is stated that the
behaviour is planned contingent to a specific situation or set of
situations even if exact details are not present.
NB: The terms ‘goal setting’ or ‘action plan’ are not enough to ensure
inclusion of this technique unless it is clear that plans involve linking
behavioural responses to specific situational cues, when only described
as ‘goal setting’ or ‘action plan’ without the above detail it should be
regarded as applications of techniques 5 and 6.

8. Barrier
identification/problem
solving

This presumes having formed an initial plan to change behaviour. The
person is prompted to think about potential barriers and identify the
ways of overcoming them. Barriers may include competing goals in
specified situations. This may be described as ‘problem solving’. If it is
problem solving in relation to the performance of a behaviour, then it
counts as an instance of this technique. Examples of barriers may
include behavioural, cognitive, emotional, environmental, social and/or
physical barriers.
NB: Closely related to techniques 7 (action planning) and 9 (set graded
task), but involves a focus on specific obstacles to performance. It
contrasts with technique 35 (relapse prevention/coping planning),
which is about maintaining behaviour that has already been changed.

9. Set graded tasks

Breaking down the target behaviour into smaller easier to achieve tasks
and enabling the person to build on small successes to achieve target
behaviour. This may include increments towards target behaviour or
incremental increases from baseline behaviour.
NB: The key difference to technique 7 (Action planning) lies in
planning to perform a sequence of preparatory actions (e.g.
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remembering to take gym kit to work), task components or target
behaviours which are in a logical sequence or increase in difficulty
over time – as opposed to planning ‘if-then’ contingencies when/where
to perform behaviours. General references to increasing physical
activity as intervention goal are not instances of this technique.
10. Prompt review of
behavioural goals

Involves a review or analysis of the extent to which previously set
behavioural goals (e.g. take more exercise next week) were achieved.
In most cases, this will follow previous goal setting (see technique 5,
‘goal setting-behaviour’) and an attempt to act on those goals, followed
by a revision or readjustment of goals, and/or means to attain them.
NB: Check if any instance also involves techniques 6 (goal setting –
behaviour), 8 (barrier identification/problem solving), 9 (set graded
tasks) or 11 (prompt review of outcome goals).

11. Prompt review of
outcome goals

Involves a review or analysis of the extent to which previously set
outcome goals (e.g. to reduce blood pressure or lose/maintain weight)
were achieved. In most cases, this will follow previous goal setting (see
technique 6, goal setting-outcome’) and an attempt to act on those
goals, followed by a revision of goals, and/or means to attain them.
NB: Check that any instance does not also involve techniques 5 (goal
setting – outcome), 8 (barrier identification/problem solving), 9 (set
graded tasks) or 10 (prompt review of behavioural goals).

12. Prompt rewards
contingent on effort or
progress towards
behaviour

Involves the person using praise or rewards for attempts at achieving a
behavioural goal. This might include efforts made towards achieving
the behaviour or progress made in preparatory steps towards the
behaviour, but not merely participation in intervention. This can
include self-reward.
NB: This technique is not reinforcement for performing the target
behaviour itself, which is an instance of technique 13 (provide rewards
contingent on successful behaviour).

13. Provide rewards
contingent on
successful behaviour

Reinforcing successful performance of the specific target behaviour.
This can include praise and encouragement as well as material rewards
but the reward/incentive must be explicitly linked to the achievement
of the specific target behaviour i.e. the person receives the reward if
they perform the specified behaviour but not if they do not perform the
behaviour. This can include self-reward. Provisions of rewards for
completing intervention components or materials are not instances of
this technique. References to provision of incentives for being more
physically active are not instances of this technique unless information
about contingency to the performance of the target behaviour is
provided.
NB: Check the distinction between this and techniques 7 (action
planning) and 17 (prompt self-monitoring of behavioural outcome) and
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14. Shaping

15. Prompting
generalisation of a
target behaviour

19 (provide feedback on performance).
Contingent rewards are first provided for any approximation to the
target behaviour e.g. for any increase in physical activity. Then, later,
only a more demanding performance, e.g. brisk walking for 10 min on
3 days a week would be rewarded. Thus, this is graded use of
contingent rewards over time.
Once behaviour is performed in a particular situation, the person is
encouraged or helped to try it in another situation. The idea is to ensure
that the behaviour is not tied to one situation but becomes a more
integrated part of the person’s life that can be performed at a variety of
different times and in a variety of contexts.

16. Prompt selfmonitoring of
behaviour

The person is asked to keep a record of specified behaviour(s) as a
method for changing behaviour. This should be an explicitly stated
intervention component, as opposed to occurring as part of completing
measures for research purposes. This could e.g. take the form of a diary
or completing a questionnaire about their behaviour, in terms of
type, frequency, duration and/or intensity. Check the distinction
between this and techniques 17 (prompt self-monitoring of behavioural
outcome).

17. Prompt selfmonitoring of
behavioural outcome

The person is asked to keep a record of specified measures expected to
be influenced by the behaviour change, e.g. blood pressure, blood
glucose, weight loss, physical fitness.
NB: It must be reported as part of the intervention, rather than only as
an outcome measure. Check the distinction between this and
techniques 16 (Prompt self-monitoring of behaviour).

18. Prompting focus
on past success

Involves instructing the person to think about or list previous successes
in performing the behaviour (or parts of it).
NB: This is not just encouragement but a clear focus on the person’s
past behaviour. It is also not feedback because it refers to behaviour
preceded the intervention.

19. Provide feedback
on performance

This involves providing the participant with data about their own
recorded behaviour (e.g. following technique 16 (prompt selfmonitoring of behaviour)) or commenting on a person’s behavioural
performance (e.g. identifying a discrepancy with between behavioural
performance and a set goal – see techniques 5 (Goal setting –
behaviour) and 7 (action planning) – or a discrepancy between one’s
own performance in relation to others’ – note this could also involve
technique 28 (Facilitate social comparison).
Involves telling the person about when and where they might be able to
perform the behaviour this e.g. tips on places and times participants can
access local exercise classes. This can be in either verbal or written
form.

20. Provide
information on where
and when to perform
the behaviour
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NB: Check whether there are also instances of technique 21 (Provide
instruction on how to perform the behaviour).
21. Provide instruction
on how to perform the
behaviour

Involves telling the person how to perform behaviour or preparatory
behaviours, either verbally or in written form. Examples of instructions
include; how to use gym equipment (without getting on and showing
the participant), instruction on suitable clothing, and tips on how to
take action Showing a person how to perform a behaviour without
verbal instruction would be an instance of technique 22 only.
NB: Check whether there are also instances of techniques 5, 7, 8, 9 and
22. Instructions to follow a specific diet or programme of exercise
without instructions how to perform the behaviours are not included in
this definition. Cooking and exercise classes as well as personal
trainers and recipes should always be coded as this technique, but may
also be coded as 22 (model/demonstrate the behaviour).

22.
Model/Demonstrate
the behaviour

Involves showing the person how to perform a behaviour e.g. through
physical or visual demonstrations of behavioural performance, in
person or remotely.
NB: This is distinct from just providing instruction (technique 21)
because in ‘demonstration’ the person is able to observe the behaviour
being enacted. This technique and techniques 21 (Provide instruction
on how to perform the behaviour) and may be used separately or
together. Instructing parents or peers to perform the target behaviour is
not an instance of this technique as fidelity would be uncertain.
The person is taught to identify environmental prompts which can be
used to remind them to perform the behaviour (or to perform an
alternative, incompatible behaviour in the case of behaviours to be
reduced). Cues could include times of day, particular contexts or
technologies such as mobile phone alerts which prompt them to
perform the target behaviour.
NB: This technique could be used independently or in conjunction with
techniques 5 (goal setting - behaviour) and 7 (action planning; see also
24 (environmental restructuring)).

23. Teach to use
prompts/cues

24. Environmental
restructuring

25. Agree behavioural
contract

The person is prompted to alter the environment in ways so that it is
more supportive of the target behaviour e.g. altering cues or
reinforcers. For example, they might be asked to lock up or throw away
or their high calorie snacks or take their running shoes to work.
Interventions in which the interveners directly modify environmental
variables (e.g. the way food is displayed in shops, provision of sports
facilities) are not covered by this taxonomy and should be coded
independently.
Must involve written agreement on the performance of an explicitly
specified behaviour so that there is a written record of the person’s
resolution witnessed by another.
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26. Prompt practice

Prompt the person to rehearse and repeat the behaviour or preparatory
behaviours numerous times. Note this will also include parts of the
behaviour e.g. refusal skills in relation to unhealthy snacks. This could
be described as ‘building habits or routines’ but is still practice so long
as the person is prompted to try the behaviour (or parts of it) during the
intervention or practice between intervention sessions, e.g. as
‘homework’.

27. Use of follow-up
prompts

Intervention components are gradually reduced in intensity, duration
and frequency over time, e.g. letters or telephone calls instead of face
to face and/or provided at longer time intervals.

28. Facilitate social
comparison

Involves explicitly drawing attention to others’ performance to elicit
comparisons.
NB: The fact the intervention takes place in a group setting, or have
been placed in groups on the basis of shared characteristics, does not
necessarily mean social comparison is actually taking place. Social
support may also be encouraged in such settings and this would then
involve technique 29 (plan social support/social change). Group classes
may also involve instruction (technique 21 (provide instruction on how
to perform the behaviour)) demonstration (technique 22
(model/demonstrate the behaviour)) and practice (technique 26 (prompt
practice)).
Involves prompting the person to plan how to elicit social support from
other people to help him/her achieve their target behaviour/outcome.
This will include support during interventions e.g. setting up a ‘buddy’
system or other forms of support and following the intervention
including support provided by the individuals delivering
the intervention, partner, friends and family.

29. Plan social
support/social change

30. Prompt
identification as role
model/position
advocate

Involves focusing on how the person may be an example to others and
affect their behaviour, e.g. being a good example to children. Also
includes providing opportunities for participants to persuade others of
the importance of adopting/ changing the behaviour, for example,
giving a talk or running a peer-led session.

31. Prompt anticipated
regret

Involves inducing expectations of future regret about the performance
or nonperformance of a behaviour. This includes focusing on how the
person will feel in the future and specifically whether they will feel
regret or feel sorry that they did or did not take a different course of
action. Do not also code instances of this technique as the more generic
providing information on consequences (techniques 1 (provide
information on consequences of behaviour in general and 2 (provide
information on consequences of behaviour to the individual)).
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32. Fear arousal

Involves presentation of risk and/or mortality information relevant to
the behaviour as emotive images designed to evoke a fearful response
(e.g. ‘smoking kills!’ or images of the grim reaper). Do not also code
instances of this technique as the more generic providing information
on consequences (techniques 1 (provide information on consequences
of behaviour in general) and 2 (provide information on consequences
of behaviour to the individual)).

33. Prompt self talk

Encourage the person to use talk to themselves (aloud or silently)
before and during planned behaviours to encourage, support and
maintain action.

34. Prompt use of
imagery

Teach the person to imagine successfully performing the behaviour or
to imagine finding it easy to perform the behaviour, including
component or easy versions of the behaviour. Distinct from recalling
instances of previous success without imagery (technique 18
(prompting focus on past success)).

35. Relapse
prevention/coping
planning

This relates to planning how to maintain behaviour that has been
changed. The person is prompted to identify in advance situations in
which the changed behaviour may not be maintained and develop
strategies to avoid or manage those situations. Contrast with techniques
7 (action planning) and 8 (barrier identification/problem solving)
which are about initiating behaviour change.

36. Stress
This is a set of specific techniques (e.g. progressive relaxation) which
management/emotional do not target the behaviour directly but seek to reduce anxiety and
control training
stress to facilitate the performance of the behaviour. It might also
include techniques designed to reduce negative emotions or control
mood or feelings that may interfere with performance of the
behaviour, and/or to increase positive emotions that might help with
the performance of the behaviour.
NB: Check whether there are any instances of technique 8 (barrier
identification/ problem solving), which includes identifying emotional
barriers to performance, in contrast to the current technique, which
addresses stress and emotions, whether they have been identified as
barriers or not.
37. Motivational
interviewing

This is a clinical method including a specific set of techniques
involving prompting the person to engage in change talk in order to
minimise resistance and resolve ambivalence to change (includes
motivational counselling).
NB: Only rate this technique if explicitly referred to by name, not if
one identifies specific elements of it, this may happen if you have prior
experience with this technique.
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38. Time management

This includes any technique designed to teach a person how to manage
their time in order to make time for the behaviour. These techniques
are not directed towards performance of target behaviour but rather
seek to facilitate it by freeing up times when it could be performed.
NB: Only rate this technique if explicitly referred to by name, not if
one identifies specific elements of it, this may happen if you have prior
experience with this technique.

39. General
communication skills
training

This includes any technique directed at general communication skills
but not directed towards a particular behaviour change. Often this may
include role play and group work focusing on listening skills or
assertive skills.
NB: Practicing a particular behaviour-specific interpersonal negotiation
e.g. refusal skills in relation to cigarettes or alcohol would not be an
instance of this technique.

40. Stimulate
anticipation of future
rewards

Create anticipation of future rewards without necessarily reinforcing
behaviour throughout the active period of the intervention. Code this
technique when participants are told at the onset that they will be
rewarded based on behavioural achievement.
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Appendix B: Dietary Management Care Map for Treatment of Metabolic Syndrome
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Appendix C: Visual Representation of CHANGE Study Timeline
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Appendix D: Nutrition Assessment Case Report Form
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Appendix E: Healthy Eating Index and Mediterranean Diet Questions
Client ID #:
Date:
Dietitian:
__________________
Gender: Male____ or
Female_____
Age: ≤50 years ____ or >51
years_____
Healthy Eating Index and Mediterranean Diet Questions (rev July 2013)
Average Daily Servings (unless indicated as weekly svg), where 1 serving is a Food Guide
Serving
Food item

Food Guide Serving
[whole
svgs/day]

Total Vegetables and
Fruit


Whole Fruit (not
juice)

[½ or whole svgs/day]



Fruit juice

[½ or whole svgs/day]



Vegetables

[whole svgs/day]



Dark Green/Orange
Vegetable

[½ or whole svgs/day]

Total Grain products

[whole
svgs/day]



[whole
svgs/day]

Whole Grains

Milk and Alternatives

[½ or whole svgs/day]

Meat and Alternatives

[½ or whole svgs/day]



Comments (e.g. prepared
with added, fat, sugar, salt?)

Red or Processed
Meat

[svgs/day]



Poultry more than
red meats?



Legumes (fill in one
option)

_______< once/month _________ # svgs/month

Fish / Shellfish (fill in
one option)

_______< once/month _________ # svgs/month




YES _________ NO
_______________
__________

# svgs/week
__________

# svgs/week

Nuts (incl peanuts)(fill _______< once/month _________ # svgs/month

__________
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in one option)

# svgs/week
[Tbsp/day]

Fats - Butter or cream


Olive oil as main
added fat?



Olive oil

[Tbsp/day]



Margarine and
Vegetable oils (other
than olive oil)

[Tbsp/day]

YES _________ NO
_______________

Average Daily or Weekly Intake as Actual Food Description or Amount
Other food

Alcohol (excluding wine)

Wine

Baked goods (cakes, cookies,
muffins, granola bars)

Ice cream, other desserts

Chocolate, candies

Salty snacks (french fries,
potato chips, nachos)

Sweetened drinks (pop, sports
drinks, hot or cold chocolate or
specialty drinks)

Average daily intake (size or

Average weekly intake

amount)

(size or amount)
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Appendix F: Nutrition Intervention Checklist
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Appendix G: Additional Tables, Figures and Analyses
Table 1: Average Dietitian Contact Time from Baseline to 3 Months
Week
Baseline
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
3 Months

Mean Contact
Time (minutes)
50
49
36
33
29
28
28
27
26
26
26
30
47

SD
17
13
16
15
12
12
11
12
10
11
11
14
15

Figure 1: Percentage of encounters using different delivery methods each week from
baseline to 3 months
90
80

% of encounters

70
60
50
40
30

Face-to-face
Phone
Email/web

20
10
0

In the above graph it can been seen that while face-to-face interactions are the most common
throughout the first 3 months, they do decrease slightly as time goes on, while phone and email/web
contact have a small increase.
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Table 2: Total frequency of each FBGs as selected by the dietitians over the first 3 months
of the intervention, and the percentage of total FBGs it represents.
Food Behaviour Goal
Balanced meals
Increase fruits/vegetables
Regular meal pattern
Healthier snacks
Increase nuts
Decrease sodium
Increase fish
Increase fibre
Other
Decrease intake of added sugars
Increase plant protein
Eating breakfast
Decrease calories
Choosing healthier fats
Mindful eating approaches
Increase milk and alternatives
Decrease total fat
Healthier choice when eating out
Carbohydrate counting
Increase olive oil
Poultry more than red meat
Decrease glycemic index
Decrease alcohol
Increase plant sterols
Wine if consuming alcohol

Total
Frequency
1402
836
568
551
518
483
443
359
358
338
327
315
300
299
277
259
252
224
141
115
76
68
64
30
23

% of all
FBG
16.3
9.7
6.6
6.4
6.0
5.6
5.1
4.2
4.2
3.9
3.8
3.7
3.5
3.5
3.2
3.0
2.9
2.6
1.6
1.3
0.9
0.8
0.7
0.3
0.3

P a g e | 132

Figure 2: Number of times each FBGs was used each week during the first 3 months of the intervention.
160

balanced meals
increase fruits/vegetables
healthier snacks

140

regular meal pattern
eating breakfast

120

increase nuts
decrease sodium

# times used by the RDs

choosing healthier fats
100

increase fish
decrease calroies
mindful eating approaches

80

decrease intake added sugars
increase fibre
other

60

decrease total fat
healthier choices when eating out
carbohydrate counting

40

none
increase plant protien

increase olive oil
20

increase milk and alternatives
decrease glycemix index
poultry more than red meat

0

decrease alcohol
increase plant sterols
wine if consuming alcohol
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Table 3: Total frequency of each BCTs as selected by the dietitians over the first 3 months
of the intervention, and the percentage of total FBGs it represents.
Behaviour Change Strategy

Total
Frequency
1100
1091
947
863
781
774
349
294
283
166
156
71
65
62
39
33
6

Review of goals
Goal setting
Feedback on performance
Self-monitoring
Motivational interviewing
Action planning
Problem solving
Graded tasks
Consequences of behaviour
Rewards
Focus on past success
Environmental restructuring
Social support
Relapse prevention/coping
Behavioural contract
Cues/prompts
Other

% of all
BCTs
15.5
15.4
13.4
12.2
11.0
10.9
4.9
4.2
4.0
2.3
2.2
1.0
0.9
0.9
0.6
0.5
0.1

Table 4: Mean (+/- SD) HEI component and total scores at baseline and 3 months
HEI
Component

Range
Baseline
3 months Mean change
of
(n=278)
(n=242)
(n=242)
scores
Adequacy (Higher scores indicate higher intake)
0-10
6.3 (2.7)
7.7 (2.4)
Total Veg
1.4 (2.8)***
and fruits
0-5
3.6 (1.8)
4.2 (1.4)
Whole fruit
0.6 (1.9)***

Mean change
equivalents1,2

~ 1 serving of
vegetables/fruits
<0.2 servings of
whole fruit
~0.25 serving of
vegetables

Dark green
and orange
vegetables
Total grains

0-5

2.7 (2.0)

3.7 (1.7)

0.9 (2.3)***

0-5

3.3 (1.3)

3.0 (1.3)

-0.3 (1.5)**

~0.36-0.42 servings of
grains

Whole
grains

0-5

2.5 (1.9)

3.3 (1.6)

0.8 (2.2)***

~0.5-0.6 servings of
grains
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0.8 (3.5)***

~0.25 serving of
milk/alternatives

0-10
8.0 (2.5)
8.5 (2.2)
Meat and
0.4 (2.7)*
alternative
0-10
3.5 (3.5)
3.2 (3.1)
-0.2 (3.7)
Unsaturate
d fats
Moderation (Higher scores indicate lower intake)
0-10
5.9 (3.5)
7.3 (3.0)
Saturated
1.3 (3.9)***
fats

<0.1 servings of
meat/alternatives
~0

Milk and
alternatives

0-10

4.7 (3.2)

5.5 (3.1)

Sodium

0-10

6.6 (3.1)

7.8 (2.3)

1.2 (3.2)***

Other foods

0-20

10.7 (6.4)

14.7 (5.3)

3.9 (7.2)***

Decrease in % of
energy from SFA by
~1%
(11.3%10.4%)
Decreased intake of
sodium by ~360 mg
(2690mg 2360mg)
Decrease in % of
energy from other
foods by ~7%
(21.23%14.23%)

57.8 (14.3) 68.8
11.0 (15.2)***
(12.2)
Statistically significant changes over time are bolded with significance levels as follows:
*p<0.05, **p<0.01, ***p<0.001
1
Mean equivalent changes based on scoring codes for adults >51 years given that 18.4% of
CHANGE participants were <51 years at baseline
2
Ranges have been indicated where recommendations differ between genders
Total

100

Table 5. Percentage (n) of participants achieving score of “1” for each MDS component at
baseline and 3 months
Criteria to achieve “1”
Fruits
Vegetables
Processed Meats
Legumes
Fish
Nuts
Poultry more often than red
meat
Butter
Olive oil as main fat
Olive oil (>4tbsp)

≥ 3 servings per day
≥ 4 servings per day; at least 2
servings raw
< 2 servings per day
≥ 3 servings per week
≥ 4 servings per week
≥ 3 servings per week
Yes

Baseline
(n=197 )
28.2 (56)
15.2 (30)

3 months
(n=221 )
37.6 (83)
36.7 (81)

68.5 (135)
8.1 (16)
13.2 (26)
34.5 (68)
51.8 (102)

84.6 (187)
12.7 (28)
19.0 (42)
54.8 (121)
73.3 (162)

< 1 tbsp per day
Yes
≥ 4 tbsp per day

71.6 (141)
34.5 (68)
6.6 (13)

77.4 (171)
38.9 (86)
12.7 (28)
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Wine
Baked goods
Sugar sweetened beverages

≥ 7 servings per week
≤ 2 times per week
< 1 per day

Sofrito sauce

≥ 2 times per week

7.1 (14)
47.2 (93)
89.3 (176)

6.3 (14)
72.4 (160)
94.1 (208)

0

0.9 (2)

Table 6. Nutrient intakes at baseline and 3 months for the whole sample

Baseline
(n=257)
1825.67

3 months
(n=217)
1703.01

Mean change
(n=216)
-137.97**

Protein (g)
Protein (%Energy)

82.42
18.5

86.60
20.8

2.96
2.2***

Carbohydrate (g)
Carbohydrate (%Energy)

219.76
48.5

205.53
48.2

-14.31**
.3

Fibre (g)

21.68

26.58

5.04***

Fibre (g/1000kcal)
Sugar (g)
Sugar (% Energy)
Fat (g)
Fat (% Energy)

12.23
84.54
18.55
69.28
33.65

15.99
80.10
19.20
61.82
32.22

3.76***
-4.38
.83
-8.43***
-1.5*

Saturated fat (g)
Saturated fat (% Energy)

22.85
11.04

18.36
9.48

-4.75***
-1.56***

Monounsaturated fat (g)
Monounsaturated fat (%
Energy)
Polyunsaturated fat (g)
Polyunsaturated fat (%
Energy)
Trans-fatty acids (g)
Cholesterol (mg)

23.17
11.65

22.13
11.37

-1.38
0.28

11.73
6.13

11.51
5.70

-.25
0.43*

.55
262.02

.39
258.44

-.16**
-10.44

Vit A (IU)
Vit B12 (mcg)
Vit C (mg)
Vit D (mcg)
Folate (mcg)
Calcium mg)
Iron (mg)
Magnesium (mg)

6892.36
4.64
99.50
3.78
304.46
814.86
12.79
286.49

11422.11
4.23
131.13
4.19
321.73
855.91
12.70
325.90

4566.05***
-.46
29.73***
.51*
16.72
43.67
.03
45.46***

Energy (kcal)

Change reported in Predimed1
EVOO
Nuts
-85
(-109, -60)

-47
(-73, -20)

-0.44
(-0.57, -0.32)

-0.12
(-0.24, 0.01)

-1.29
(-1.61, -0.98)
-0.29
(-0.71, 0.12)

-1.65
(-1.98, -1.32
1.36
(0.93, 1.79)

2.03
(1.72, 2.35)

2.10
(1.74, 2.40)

-0.56
(-0.65, -0.46)

-0.67
(-0.77, -0.57)

2.52
(2.30, 2.74)

1.32
(1.11, 1.55)

-0.03
(-0.13, 0.06)

1.31
(1.20, 1.41)

-24.89
(-30.5, -19.2)

-28.4
(-33.9, -22.9)
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Potassium (mg)
Sodium (mg)
Omega 3 (g)
Omega 6 (g)

2685.13
2649.68
1.08
7.29

3030.65
2114.95
1.31
7.37

354.39***
-593.99***
.24*
.20

Statistically significant changes over time are bolded with significance levels as follows:
*p<0.05, **p<0.01, ***p<0.001
1
Within-group mean changes reported as means (95% CI) (Estruch et al., 2013)
Figure 3: Mean total HEI score at baseline and 3 months for the four subgroups defined by
baseline HEI and PROCAM risk scores.

Mean Baseline and 3 Month HEI
80
70
60
50
40

Baseline HEI

30

3 months HEI

20
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0
Low HEI Low
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Low HEI High
Procam

High HEI Low
Procam

High HEI High
Procam

Figure 4: Mean total MDS score at baseline and 3 months for the four subgroups defined
by baseline HEI and PROCAM risk scores.

Mean Baseline and 3 Month MDS
8
7
6
5
4
3
2
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3 months MDS
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Procam

Low HEI High
Procam

High HEI Low
Procam

High HEI High
Procam
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Table 7: HEI Component Scores at Baseline and 3 Months for the four subgroups defined by baseline HEI score (<60, >=60)
and baseline Procam risk score (<10%, >=10%).
HEI
Component

Low HEI Low Procam (n=96)
Baseline

Total FV

Low HEI High Procam (n=48)

Change

P-value

Baseline

5.13

3
Months
7.12

Change

5.32

3
Months
7.46

1.98

<0.001

Whole Fruit
DGOV
Total grains

2.66

3.81

1.15

<0.001

3.07

2.10

3.49

1.39

<0.001

3.26

3.03

-0.23

whole grains

1.92

2.87

0.95

High HEI Low Procam
Baseline

2.14

Pvalue
<0.001

Change

7.60

3
Months
8.42

4.17

1.09

0.006

4.31

1.40

3.15

1.75

<0.001

0.88

3.38

3.25

-0.14

<0.001

1.90

3.66

1.76

High HEI High Procam
Baseline

0.82

Pvalue
0.008

4.39

0.08

3.56

4.21

0.552

3.37

<0.001

4.57
5.25
0.68
.145
3.42
5.41
2.00
.002
milk and alt
8.04
8.57
0.53
.092
7.19
8.46
1.28
.004
meat and alt
2.72
2.82
0.11
.702
2.52
2.99
0.48
.394
unsaturated
fat
4.54
6.59
4.83
7.83
2.04
<0.001
2.99
<0.001
saturated fat
5.67
7.54
5.39
7.92
1.87
<0.001
2.53
<0.001
sodium
7.74
13.67
8.27
15.84
5.93
<0.001
7.57
<0.001
other foods
*Statistically significant changes over time are bolded (determined by paired-t-test)

Change

7.46

3
Months
8.15

0.70

Pvalue
0.07

0.881

4.30

4.64

0.34

0.086

0.64

0.029

3.53

3.64

0.12

0.785

3.05

-0.31

0.095

3.42

2.84

-0.58

0.008

3.34

3.62

0.28

.402

3.43

3.40

-0.02

.910

6.24

5.96

-0.28

.449

4.97

5.90

0.94

.017

8.68

9.17

0.49

.029

8.16

7.97

-0.19

.890

4.43

3.58

-0.85

.248

4.57

3.24

-1.32

.041

7.57

8.01

0.43

.547

7.45

7.82

0.37

.783

7.63

8.10

0.47

.130

7.81

7.92

0.11

.963

14.13

15.43

1.30

.073

15.22

15.03

-0.19

.713

1.4.4 Nutrient changes over 3 months
The changes in individual nutrient intake was also evaluated between baseline and 3 months for the four subgroups defined by
baseline HEI score and baseline procam risk score. Please refer to the following table for the results.
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Table 8: Nutrient Scores at Baseline and 3 Months for the four subgroups defined by baseline HEI score (<60, >=60) and
baseline Procam risk score (<10%, >=10%).

Nutrient

Low HEI Low Procam (n=83)
Baseli
ne

3
Mont
hs

Energy (kcal)

1957

1754

Protein (g)

84.4

Protein
(%Energy)
Carbohydrate (g)

High HEI Low
Procam(n=68)

High HEI High
Procam (n=44)

Base
line

3
Mont
hs

Mean Change
(95% CI)

Base
line

3
Mont
hs

Mena Change
(95% CI)

Base
line

3
Mont
hs

Mena
Change
(95% CI)

195
7
82.4

1782

171
6
83.4

164
0
80.0

1652

86.7

-92 (-238,
55)
2.3 (-4.3, 8.9)

17.5

20.2

2.4

17.2

20.9

-257* (-465, 50)
3.2 (-6.0,
12.3)
3.0

1663

87.3

-182* (-34, 330)
2.3 (9.2, -4.5)

19.8

21.4

1.8

51.8

49.3

53 (-126,
233)
5.8 (-4.9,
16.5)
-1.8

228.5

216.
7

-10.2 (9.2, 29.5)

226.
6

211.
2

-19.1 (-46.8,
8.6)

215.
8

202.
1

-18.7(-38.5,
1.3)
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Statistically significant changes (by paired t-test) over time are bolded with significance levels as follows: *p<0.05, **p<0.01, ***p<0.001
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Figure 5: Percentage of participants in the Low HEI Low PROCAM group who received counseling on each FBG over the
first 12 week of the intervention

Low HEI Low Procam
60

% of participants with FBG selected

50

40

30

20

10

0

none
decrease intake added sugars
balanced meals
regular meal pattern
eating breakfast
carbohydrate counting
healthier choices when eating out
decrease calroies
choosing healthier fats
increase olive oil
decrease total fat
increase fibre
decrease glycemix index
increase nuts
increase plant protien
increase plant sterols
increase fish
poultry more than red meat
increase milk and alternatives
healthier snacks
decrease sodium
increase fruits/vegetables
wine if consuming alcohol
decrease alcohol
mindful eating approaches
other

P a g e | 142

Figure 6: Percentage of participants in the Low HEI High PROCAM group who received counseling of each FBG over the
first 12 week of the intervention
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Figure 7: Percentage of participants in the High HEI Low PROCAM group who received counseling of each FBG over the
first 12 week of the intervention
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Figure 8: Percentage of participants in the High HEI High PROCAM group who received counseling of each FBG over the
first 12 week of the intervention
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When looking at the figures depicting the FBGs used on the four groups defined by baseline HEI
and PROCAM risk score, there do not appear to be any clear and obvious difference between the
four groups. Balanced meals appears to follow a similar trend for the four groups, being used
more frequently near the start of counseling, and less frequently as times goes on. It is possible
that Increase fruits and vegetables displays a different trend between groups. In the Low HEI
Low Procam group, the dietitians appear to increase their use of this FBG as time goes on,
however for the Low HEI High PROCAM group the opposite seems to be true. For both groups
with a high HEI score at baseline, the use of the FBG increase fruits and vegetable appears to be
more stable over the 12 weeks.
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Figure 9: Percentage of participants in the Low HEI Low PROCAM group who received counseling of each BCT over the first
12 week of the intervention
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Figure 10: Percentage of participants in the Low HEI High PROCAM group who received counseling of each BCT over the
first 12 week of the intervention
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Figure 11: Percentage of participants in the High HEI Low PROCAM group who received counseling of each BCT over the
first 12 week of the intervention
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Figure 12: Percentage of participants in the High HEI High PROCAM group who received counseling of each BCT over the
first 12 week of the intervention
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When looking at the figures depicting the BCTs used on the four groups defined by baseline HEI
and PROCAM risk score, there do not appear to be any clear and obvious difference between the
four groups. “Goal setting” appears to follow a similar pattern for the four groups; in the first few
weeks of the intervention it is the most commonly used BCT, and then decreases. Conversely,
for the four groups “Review of goals” appears to increase as the weeks pass, and becomes more
prominent than goal setting by the end of the 12 weeks.

