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Abstract!
One quarter of the world’s population is thought to have the metabolic syndrome, and first
line treatments include dietary strategies for weight loss. Restrictive diet interventions
commonly used in research appear to lack long-term sustainability; therefore, other
approaches are warranted. The Canadian Healthy Eating Index (CHEI) was used as a
framework and outcome measure for a 6-month ad-libitum diet quality intervention that
assessed diet quality and key risk factors of the syndrome. Participants (n=23) were
randomized to the nutrition program (n=16) or usual care (control) (n=7). Post intervention,
CHEI scores increased by 9.1 and 3.4 points intervention and control, respectively (p=0.179).
Weight changed by -1.1 and +0.2 kg in intervention and control participants, respectively
(p=0.476). No significant differences were observed in blood work. Results suggest a diet
quality focused ad-libitum nutrition program may offer an alternative to traditional restrictive
approaches to diet interventions.
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Introduction

In 2007,1.3 million Canadians, approximately 5% of the population, were living with a
cardiovascular disease (CVD) including ischemic heart disease, congestive heart failure,
myocardial infarctions, and cerebrovascular diseases.(1) In 2004, CVD was the leading
cause of death for Canadians representing about 32% of all deaths. Morbidity and
mortality associated with CVD not only affects individuals, but also the health care
system. The total costs for CVD include $7.6 billion for direct health care costs, and
$14.6 billion for indirect costs due to lost economic productivity. For both the direct and
indirect categories, CVD was among the leading contributors to economic costs in
Canada.(1) The high prevalence and economic burden indicates that CVD is of an utmost
public health priority. Modifiable risk factors for CVD include tobacco smoking,
sedentary lifestyle, low consumption of fruit and vegetables, overweight/obesity, stress,
high blood pressure, and diabetes.(1) A large multi-continental cross-sectional study
found that 90% of the risk of an initial myocardial infarction (MI) was from nine risk
factors including abnormal blood lipids, smoking, hypertension, diabetes, abdominal
obesity, psychosocial factors, consumption of fruits, vegetables, and alcohol, and lack of
regular physical activity.(2) Many of these risk factors are modifiable, indicating that
adopting healthier lifestyle behaviors may reduce the risk of a major cardiac event.
The presence of metabolic syndrome is thought to increase the incidence of CVD (3,4),
CVD mortality (4,5) and additionally, all cause mortality.(4) By definition, the metabolic
syndrome is a cluster of symptoms that places an individual at a higher risk for
developing atherosclerotic CVD and Type 2 Diabetes. The National Cholesterol
Education Program’s (NCEP) Adult Treatment Panel III (ATP III)(6), The European
Group for the Study of Insulin Resistance(7), World Health Organization (WHO)(8), and
the International Diabetes Federation (IDF)(9) have all proposed sets of diagnostic
criteria for the metabolic syndrome. Although no unified definition has been agreed upon,
the aforementioned definitions capture the essential components of the syndrome, which
includes abdominal obesity, dyslipidemia, high blood pressure, and glucose
intolerance.(10) Addressing lifestyle factors such as physical activity and diet has been
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recommended as a first line treatment to produce weight loss and improve the symptoms
of the metabolic syndrome.
To treat the symptoms of the metabolic syndrome, weight loss is recommended.(6)
Weight loss is achieved when there is a negative energy balance. Most often, this
negative energy balance comes from a prescriptive, restriction of calories in the diet. To
date, many dietary interventions with a goal of weight loss focus on the quantity of food
consumed (i.e. caloric restriction), often targeting and controlling macronutrients.(11-14)
This can lead to a restriction type approach, which may be successful in promoting a
weight reduction in the short-term, but is often difficult to maintain in the long-term over
a lifetime.(15,16) As an alternative to restrictive-type approaches, ad libitum
interventions may offer a more promising option for long-term sustainable changes.
There has been some evidence that diet interventions focusing on diet quality may
improve dietary intake, as measured by a diet quality score.(17-19) Additionally, it has
been suggested that interventions targeting diet quality may be as effective as an
intervention focused on diet quantity. Diet quality focused nutrition interventions may
provide a sustainable approach to preventing CVD in patients with the metabolic
syndrome.
The purpose of this study is to investigate whether a 6 month diet intervention focused
primarily on behavioral and lifestyle attributes had an impact on dietary quality, body
weight, and metabolic factors associated with the an increased risk of CVD. We propose
that a group-based nutrition education and skill-building intervention focusing on
improving overall diet quality, with little or no mention of diet quantity, would foster
social support and personal self-efficacy towards a higher quality diet, and would
improve not only the diet quality and body weight of persons with, or at risk for, the
metabolic syndrome, but also decrease known risk factors for chronic disease
development.
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2

Review of Literature
2.1

Obesity

Approximately half of adult Canadians report being overweight or obese.(20) Of that, a
quarter of the adult Canadian population (approximately 5.5 million adults), had a body
mass index (BMI) of at least 30kg/m2.(21) In Canada, there has been a sharp rise in
obesity. In 1979 the rate of obese adults was 13.8%; far below the 2004 figure of
23.1%.(21) In addition, there was a statistically significant rise in both adult men and
women being classified as obese and combined overweight/obese.(21) Furthermore,
London and Middlesex data reports a similar trend; around half of the residents in the
catchment area fall into the overweight or obese categories.(22)
Obesity occurs when there is a state of positive energy balance. This complex, multifactorial disease develops as a result of behavior, genetics, and environment;(15,16)
however, genetics and environment are beyond the scope of this research study. Physical
activity and food intake are both behaviors that can contribute to obesity. In Canada,
mean energy intake in 2011 was 2538 kilocalories (kcals), which exceeds the
recommended calorie requirements for most Canadians.(23) Furthermore, Canadian data
suggests that although Canadians are increasing their physical activity, nearly half of the
population is still considered inactive.(24) This inactivity reduces the extent to which
energy can be expended. The high calorie, low energy expenditure behavior seen in
Canadian epidemiologic data would suggest that many Canadians are in a positive energy
balance that is promoting weight gain and obesity.
Obesity is linked to a number of chronic diseases.(25) A systematic review found
associations between obesity and the incidence of Type 2 Diabetes, asthma, gallbladder
disease, osteoarthritis, chronic back pain, colorectal cancer, kidney cancer, breast cancer,
endometrial cancer, ovarian cancer, pancreatic cancer, and some of the cardiovascular
diseases.(26) In addition to the extensive list of associations, the IDF lists obesity (BMI:
! 30kg/m2) as a characteristic of the metabolic syndrome.(9) Furthermore, NCEP
identifies the root causes of the metabolic syndrome to be overweight or obesity, lack of
physical exercise, and genetic factors.(6) Given the vast associations between obesity and
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chronic disease, public health efforts need to be focused at further preventing the rise in
obesity rates within the population.

2.2 The Metabolic Syndrome
The metabolic syndrome is defined as a cluster of symptoms that places one at a higher
risk for developing atherosclerotic cardiovascular disease and Type 2 diabetes.(6) The
concept of this syndrome was identified nearly 90 years ago. It was first introduced in the
1920’s as a clustering of hypertension, hyperglycemia, and gout in persons at risk for
cardiovascular disease.(10) In the 1940’s the obesity phenotype was identified and
associated with metabolic abnormalities commonly seen in cardiovascular disease.(10)
Nearly 40 years later, the metabolic syndrome was reintroduced as ‘syndrome X’ noting
that certain CVD risk factors cluster together with the primary defect being insulin
resistance.(27) Also included in this clustering are glucose intolerance, hypertension
(HTN), high triglycerides (TG) and low high-density lipoprotein (HDL) cholesterol. It
was further noted that other risk factors for syndrome X may be found to be increases in
micro-vascular angina, hyperuricemia, plasminogen activator inhibitor (PAI-1), and
obesity.(27)
Although the concept of the metabolic syndrome has been around for many years, there
appears to be continued discrepancies on its definition. Recently, diagnostic criteria for
the metabolic syndrome have been put forth by the NCEP, WHO, The European Group
for the Study of Insulin Resistance, and the IDF. Table 1 provides the specific criteria
advanced by each organization. Although no unified diagnostic criteria (i.e. cut points for
metabolic markers) have been established, the proposed diagnostic criteria all capture the
essential components of the syndrome, which include insulin resistance, abdominal
obesity, dyslipidemia, high blood pressure, and glucose intolerance.(10) Genetic
disposition to insulin resistance coupled with physical inactivity and excessive adiposity,
leads to insulin resistance and the resulting metabolic syndrome.(6) The IDF
acknowledges that central obesity and insulin resistance are important causative
factors.(9) Over consumption of calories causing obesity leads to a pro-inflammatory
state, which in turn induces insulin resistance and biochemical manifestations of the
syndrome. There appears to be a complex connection between insulin resistance and
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metabolic risk factors that is not yet fully understood.(9) Given the association of the
metabolic risk factors noted earlier, it is difficult to dissect individual contributions to the
total CVD risk.(6)
Table 1 Definitions of the metabolic syndrome
WHO

ATP III

Diabetes or insulin
resistance or
impaired fasting
glucose or impaired
glucose tolerance

At least 3 of the
following:

Plus at least 2 of the
following:
Blood pressure: !
140/90 mmHg
Triglycerides: !
1.695 mmol/L and

Waist
circumference:
male ! 102 cm,
female ! 88 cm
Triglycerides: !
1.7 mmol/L
HDL:
men
<1.03mmol/L,
women
<1.3mmol/L

HDL
male " 0.9 mmol/L,
female " 1.0 mmol/L Blood pressure:
! 130/85 mmHg
waist: hip ratio: male
> 0.90, female >
Fasting plasma
0.85, or BMI
glucose: !
> 30 kg/m2
6.1 mmol/L

Europe Group for
the Study of
Insulin Resistance
Insulin resistance
Plus at least 2 of
the following:
Waist
circumference:
male !94cm,
female !80cm
Triglycerides:
>2.0mmol/L or
HDL <1.0
Blood pressure: !
140/90 mm Hg
Fasting plasma
glucose: !
6.1mmol/L

International
Diabetes
Federation
Central Obesity
or a BMI !
30kg/m2
Plus at least 2 of
the following:
Triglycerides:
>1.7mmol/L
HDL:
male<1.03mmol/
L, female
<1.29mmol/L
Blood pressure:
systolic
>130mmHg or
diastolic > 85
mmHg
Fasting plasma
glucose:
>5.6mmol/L

Microalbuminuria:
urinary albumin
excretion ratio !
20 #g/min or
albumin:creatinine
ratio ! 30 mg/g
WHO: World Health Organization HDL: high density lipoprotein BMI: body mass index
ATP III: Adult Treatment Panel III
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2.3 Prevalence and Implications of the Metabolic
Syndrome
The epidemic of obesity in the previous two decades is thought to contribute to a growing
population of persons with metabolic syndrome.(10) Given that abdominal obesity is a
risk factor for the syndrome, it is not surprising that the increase in obesity is
accompanied by an increase in metabolic syndrome. It is estimated that 25% of the
worlds adult population is thought to have the metabolic syndrome.(9) Studies that have
attempted to capture the prevalence of the metabolic syndrome are hard to compare as
they used different populations, study design and criteria for diagnosis.
From 1986 to 1992, the prevalence of metabolic syndrome for Canadians aged 20-74
years was 17% for men and 13.2% for women.(28) Recent Canadian data estimates the
prevalence of metabolic syndrome to be 17.8% for men and 20.5% for women.(29) Ford
et al. found that 23.7% of Americans were considered to have the metabolic
syndrome.(30) The slightly higher prevalence of the metabolic syndrome in Americans is
to be expected as Americans continue to have higher obesity rates than Canadians.(21)
The IDF indicates that those with the metabolic syndrome are three times more likely to
have a heart attack or stroke and twice as likely to die of heart attack or stroke than those
without the syndrome.(9) Not only has the metabolic syndrome been shown to predict
future CVD(31), but it is associated with an increased risk of cardiovascular
mortality.(32) Furthermore the risk of developing Type 2 Diabetes is five times higher in
persons with the metabolic syndrome.(9) These chronic disease rates have made a
profound impact on the Canadian healthcare system, reaching an estimated 21 billion
dollars annually(33), further emphasizing the need for effective prevention strategies.

2.4

Current Treatment of the Metabolic Syndrome

The intention of or rationale for treatment of the metabolic syndrome is to prevent or
delay the onset of CVD. According to NCEP ATP III guidelines there are two treatment
modalities for addressing the metabolic syndrome: pharmacotherapy and lifestyle
interventions.(6) Currently, pharmacotherapy targeting the particular metabolic
abnormalities appears to be the predominant and most effective treatment; however, even
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with drug therapy, lifestyle interventions are recommended, as there is often an additional
benefit.(6)
The root causes of the metabolic syndrome are reported to be sedentary lifestyle,
overweight/obesity, and genetic factors.(6) Lifestyle interventions ideally should address
weight loss, physical activity and aim to improve insulin resistance.(6) Dietary changes,
leading to a 10% weight loss are associated with an improvement in insulin
sensitivity.(34) When combined, aerobic exercise and weight loss have been shown to
improve insulin sensitivity to a greater extent than either approach alone.(35,36) Weight
loss and exercise have also been shown to improve blood pressure, which is another risk
factor of the metabolic syndrome even without the reduction of dietary sodium.(36)
A “Westernized diet” is described as a diet high in refined grains, red meat, saturated fat,
sweets and soft drinks and low in vegetables and low-fat dairy products.(37) Research
has suggested that this type of dietary pattern is associated with many of the symptoms of
the metabolic syndrome including increased risk of obesity, hypertension, insulin
resistance, and dyslipidemia.(37,38) Conversely, persons with a diet high in fruits,
poultry, legumes, vegetables, and whole grains were shown to have a lower prevalence of
the metabolic syndrome.(37) Although studies that looked at the aforementioned dietary
patterns did not quantify overall kcal intake, it would be likely, that a westernized diet
would be higher in overall calories and fats. This may indicate that a higher quality diet,
lower in saturated fats, and “other foods” may be beneficial in protecting against the
metabolic syndrome.
NCEP recommends a therapeutic lifestyle intervention for persons with the metabolic
syndrome in order to prevent coronary heart disease.(6) Their suggestions for the lifestyle
intervention include a reduction in intakes of saturated fat and cholesterol, increased
soluble fiber intake, weight reduction and increased physical activity. WHO recommends
that dietary recommendations made at both the population and individual level promote
healthy weights and energy balance, including the promotion of fruits and vegetables,
legumes, whole grains, and nuts. Further, WHO suggests that dietary recommendations
aim at reducing sodium and an avoidance of saturated and trans fats.(25)
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An attempt for weight loss among overweight or obese individuals is quite common.(39)
A greater proportion of Americans who are overweight or obese have tried to lose weight
in 2003 than in 1996.(39) Similarly, close to 1 in 10 Canadians have reported being on a
popular diet in the past year.(40) Women remain still more likely to attempt to lose
weight, but men are increasingly attempting to lose weight as well. The most common
dietary strategies for weight loss were reducing calories or reducing fat content of the
diet.(39) Interestingly, there was an increase in the proportion of persons using a caloriereduced diet over a low fat diet. This may be due, in part, to the findings that
macronutrient distribution does not affect weight loss.(41) However, focusing on only
calorie restriction may lead to a diet which is deficient in both macro and micronutrients
which are important for a variety of body functions and overall health.
In summary, recommendations for treating and preventing the metabolic syndrome
should be focused on therapeutic lifestyle interventions that include weight loss. With the
rising epidemic of obesity, more Canadians are attempting to lose weight than in previous
years via caloric restriction; however, dietary strategies implemented for the treatment or
prevention of metabolic syndrome should focus on not only reducing energy in the diet
but also improving the overall quality of the diet. To our knowledge there have been no
studies to date investigating a dietary intervention that focuses on weight loss and
improving diet quality.

2.5 Current Intake of Canadians
In 2004 the Canadian Community Health Survey (CCHS) Cycle 2.2 looked at the dietary
intake of Canadians. Using BMI as an indicator of the adequacy of energy intake, CCHS
2.2 data showed that 70% of men and 50% of women 18 years of age and older had
energy intakes above their requirements.(42) Adults tended to consume almost a quarter
of their calories as snacks or foods between meals.(43) Almost half of the snack
foods/beverages fall in the “other foods” category, which may be high calorie, less
nutrient dense foods.(43) Despite this high intake, CCHS 2.2 data also showed that
almost half of all adults were not meeting their fruit and vegetable recommendations
based on Canada’s Food Guide. (43) Many Canadians met the acceptable macronutrient
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distribution range (AMDR) for fat intake(43), which is 20-35% of total calories;(44)
however, in the 31-50 year age group, more than a quarter of men and women had an
intake of 35% of their total calories from fat.(43) Canadians meet the AMDR for both
protein (AMDR:10-30%)(44) and carbohydrate (AMDR: 45-65%).(44) Interestingly,
women at any age consumed more carbohydrate in the diet than men, while still within
the acceptable range.(43) Taken together, it appears Canadian diets are consistent with a
high calorie intake pattern.
Recently, the CCHS data were used to assess the overall diet quality of the Canadian diet
using an index known as The Canadian Healthy Eating Index (CHEI).(46) The index was
created and adapted from an American diet quality tool; Healthy Eating Index (HEI).(45)
The HEI and adapted CHEI are based on similar, but different recommendations: The
Food Pyramid and Eating Well with Canada’s Food Guide, respectively. Additional
differences include the fact that the HEI is based on a proportion of energy intake
(expressed as per 1000kcals of intake), where the CHEI is based on servings of Canada’s
Food Guide recommendations for age and sex.(46) See Table 2 for a detailed outline of
the CHEI and its components. The CHEI assesses two aspects of diet quality: adequacy
and moderation. Adequacy is a measure of the sufficiency of intake of nutrients and
foods, and moderation, whether certain nutrients or foods are consumed in excess.(46)
Although Garriguet uses the nominal rating system of “low”, “average” and “high” diet
quality scores for the CHEI adaptation,(46) for the purposes of this study the HEI
nominal rating system of “poor quality” (<50), “needs improvement”(50-79) and “good”
(>80) (45) will be used as the current researchers feel that this rating system has more
practical application.
Using the CHEI, Garriguet found that Canadians had an overall score of 58.8/100,
placing the average Canadian’s diet in the “needs improvement” range as defined by the
nominal classification system outlined in the HEI. (45) Additionally, about 17% of the
population had a “poor quality diet” and less than 1% were classified as having a “good
quality diet”.(46) Specific areas of the index that Canadians had the highest scores
included total grain products (3.6 out of 5), meats and alternatives (7.4 out of 10), and
unsaturated fats (8.3 out of 10).
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Table 2 Components of Canadian Healthy Eating Index
Component

Range of
Scores

Adequacy+

0 to 60 points

Total vegetables
& fruit

0 to 10 points

Whole fruit

0 to 5 points

Dark green &
orange
vegetables

0 to 5 points

Total grain
products

0 to 5 points

Whole grains

0 to 5 points

Milk &
alternatives

0 to 10 points

Meat &
alternatives

0 to 10 points

Unsaturated fats

0 to 10 points

Moderation**

0 to 40 points

Saturated fats

8 to 10 points
0 to 8 points

Sodium

8 to 10 points
0 to 8 points

“Other food”

0 to 20 points

Scoring Criteria

Minimum: 0
Maximum: 4 to 10 servings*
Minimum: 0
Maximum: 0.8 to 2.1 servings (21% of
recommendation for total vegetables and
fruit)*
Minimum: 0
Maximum: 0.8 to 2.1 servings (21% of
recommendation for total vegetables and
fruit)*
Minimum: 0
Maximum: 3 to 8 servings*
Minimum: 0
Maximum: 1.5 to 4 servings (50%
recommendation for total grain products)*
Minimum: 0
Maximum: 2 to 4 servings*
Minimum: 0
Maximum: 1 to 3 servings (75 to 225
grams)*
Minimum: 0
Maximum: 30 to 45 grams*
Minimum 7% to 10% of total energy intake
10% to maximum 15% of total energy
intake
AI to UL
UL to twice UL
Minimum: 5% or less of total energy intake
Maximum: 40% or more of total energy

AI: Adequate Intake UL: Upper Limit
+ for adequacy components, 0 points for minimum or less, 5 to 10 for maximum
or more, and proportional for amounts between minimum and maximum
*according to age and sex, as specified in Eating Well With Canada’s Food
Guide
** for moderation components, 10 to 20 points for minimum or less, 0 points
for maximum or more, and proportional for amounts between minimum and
maximum
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Aspects of the diet that contributed to lower CHEI scores included: whole grains, total
fruits and vegetables and dark green and orange vegetables. Additionally, Canadians
scored poorly on “other foods”(46) indicating a high intake of foods not classified in the
four food groups, which are typically high in energy and low in nutrients.
Using the CCHS 2.2 data, it was found that total energy intake increased the odds of
obesity in men, and a high fiber intake decreased the odds.(48) With women, only total
energy intake was associated with increased odds of obesity.(48) Using CCHS data, it
was found that obesity was linked to a lower fruit and vegetable consumption.(49) This is
congruent with the findings that a diet high in fruits, vegetables and fiber was associated
with a lower incidence of the metabolic syndrome.(37) Given that Canadians scored in
the “needs improvements” range for diet quality, and that a higher diet quality (e.g. high
fruit and vegetable intake) is associated with a decreased incidence of obesity and the
metabolic syndrome, addressing diet quality may be beneficial to providing a long-term
solution to metabolic syndrome and its associated complications.

2.5.1 Restrictive Approaches to Dietary Treatment
Weight loss is achieved when there is a negative energy balance. Most often, this
negative energy balance comes from a restriction of calories in the diet. To date, many
dietary interventions with a goal of weight loss will focus on the quantity of food
consumed (i.e. caloric restriction), often targeting and controlling single macronutrients.
Traditionally, this is a type of dietary intervention has been used in the treatment of
obesity. A low fat, high carbohydrate, energy restricted diet is thought of as a
conventional diet; however, any diet that aims to reduce the caloric intake by ~500 -1000
calories per day is thought to be an energy reduced diet and can be expected to reduce
weight by approximately 1-2lbs per week.(50) A study by Muzio et al. found that a
calorie reduced diet (~500kcals/day) with a macronutrient distribution modeled after the
ATP III guidelines: 30% of energy from fat (<7% from saturated fat), 55% from
carbohydrates, and 15% from protein, with <200 mg cholesterol/day, and fiber content
from 20 to 30g was successful at reducing metabolic abnormalities in participants with
the metabolic syndrome.(47) Participants were able to maintain changes up to two years
(end of data collection). It should be noted that these participants attended monthly
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meetings for four months, and then 3-4 times per year thereafter.(47) Skedner et al. also
studied the effects of a low calorie diet and found that after one year, participants had lost
weight (6.8kg), but the weight was regained by the second year.(51) These findings
suggest that without the support or follow up seen with the study by Muzio et al.(47),
persons may not be successful with maintaining a low calorie diet over a long period of
time.
Low fat diets have often been used to reduce weight.(14,53-54) Low fat diets generally
restrict fat to 20-30% of calories.(14,41,54,55) They are thought to be effective in that
they reduce the overall caloric intake by replacing the most energy dense macronutrient
(fat 9kcal/g) with a less energy dense macronutrient, usually carbohydrate or protein
(4kcal/g). Another common diet used to reduce weight is a high protein diet. Hession et
al. completed a systematic review on low calorie-high protein diets and found that
persons following this diet had significantly more weight loss (-4.02 kg more) after 6
months than those following a low calorie – high carbohydrate diet.(56) While this shows
promising evidence that an energy reduced high protein diet may be beneficial at
reducing body weight over a more conventional weight loss diet, it was noted that at 12
months the difference in weight loss between the two groups was only -1.05 kg.(56)
Similarly, another review found that 33-50% of weight lost in a moderate calorie
restricted diet was regained in the first year.(57) Researchers stated that more studies
need to be done that include long term follow up to find the true effect of the diets. Based
on the above, low fat diets do appear to promote weight loss, but it is unclear as to
whether a high carbohydrate or high protein diet will provide sustained optimal results.
In summary, restrictive dietary approaches appear to be successful in the short term, but
lack long-term sustainability. Furthermore, one third of the weight lost in a moderate
weight loss intervention is often re-gained within a year(57). A review of restrictive
weight loss studies found that programs with moderate calorie restriction coupled with
behavior modification had a high attrition rate (20%) and led to a modest weight loss
(9.1kg).(57) Participants in programs where there were frequent check-ins, as well as
social support often had better outcomes than those without frequent contact and
support.(57) Therefore, interventions should also focus on long-term dietary strategies to
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promote weight loss.(57) Restrictive programs, even when coupled with behavior
modification and social support, prove effective in the short term but fail at providing a
sustainable life change(56,57).

2.5.2 Ad-libitum Approaches to Dietary Treatment
Ad-libitum dietary approaches encourage participants to eat based on internal cues of
hunger and satiety. No control or restriction of the diet is imposed, including portion
sizes, timing of consumption, and macronutrient distribution. While this approach could
offer a hopeful alternative to energy-restricted diets, in that they are more flexible, to date
few ‘true’ ad-libitum interventions have been studied. Most interventions, claiming to be
ad-libitum, focus on only one or two key nutrients or food groups and have inadvertently
included varying degrees of control which ultimately confounds the ability to truly
measure the effectiveness of ad-libitum food intake.(11,13,58-62)

2.5.2.1

Carbohydrates

Carbohydrates have been investigated in ad-libitum studies, with particular emphasis on
the effects of a low glycemic index (GI) on weight loss. While few studies have looked at
a low GI diet versus a more traditional low-fat diet, some studies have found that when
comparing the two diets, both diets did produce weight loss, although no statistical
significance was found in comparing the two against each other.(58-60,63) The low GI
diet did produce favorable results for HDL(60) and triglycerides;(59,60) however, it did
not appear to improve blood pressure or insulin sensitivity any more than a low-fat
diet.(59) Sloth et al. compared low fat diets with either low GI or high GI foods with adlibitum energy intake,(58) Similar to other studies, their findings indicated no difference
in weight loss between the two groups. Interestingly, Sloth et al. found no difference in
HDL cholesterol, triglycerides, or insulin resistance, but favorable results were seen for
the low GI group with regards to total cholesterol and LDL cholesterol.(58) Brehm et al.
investigated a low fat, energy controlled diet versus an ad-libitum low carbohydrate diet
(max 60g/day as long as the participant remained in ketosis).(64) Their study found that
although physical activity and total energy intake were similar; the low carbohydrate
dieters lost significantly more fat mass.(64)
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Taken together, there appears to be mixed results with regards to ad-libitum, low GI diets
producing weight loss to a greater extent than a more traditional low-fat, restrictive diet
approach. It is noteworthy, that there were mechanisms of restriction incorporated into all
of the aforementioned ad-libitum studies; by instructing participants to meet target
carbohydrate consumption (64), or by controlling the type (or composition) of the
carbohydrate consumed.(58-60,63) In doing so, the researchers have confounded the adlibitum nature of the studies, and in addition, have called into question the interpretation
of the true effectiveness of ad-libitum low GI diets to achieve weight loss independent of
energy restriction.

2.5.2.2

Fat

Dietary fat has been examined in an ad-libitum manner. Studies have attempted to see if
changing the type or amount of fat in the diet will produce weight loss.(11,62) Piers et al.
investigated the effects of replacing saturated fat with monounsaturated fatty acids
(MUFA) and assessed whether this would produce changes in weight and body
composition over an eight week period.(62) Participants (n=4) were allowed to consume
as much food as they wanted containing different amounts of energy with the same
macronutrient distribution. Researchers found no differences between the diets with
respect to energy consumed, fat content in the diet, or energy expenditure.(62) The study
also found that there was a significant weight loss of 2.1kg and lower fat mass of 2.6kg
after the MUFA diet.(62) In another study, Due et al. investigated the effects of different
types and amounts of dietary fat on weight maintenance over a one year period.(11) All
participants had an initial weight loss of approximately 8% of their body weight.(11)
They were then assigned to a diet providing either a) 35– 45% of energy from fat and
20% of that fat as MUFA b) 20–30% of energy from dietary fat or c) 35% of energy from
dietary fat.(11) Protein constituted 10 –20% of energy in all 3 diets. Researchers found no
difference in weight regain in the three groups; however, those in the MUFA group had
improved insulin resistance and LDL: HDL ratios, despite the overall high percent fat
intake.(11)
The small number of ad-libitum studies reviewing dietary fat composition on weight loss
makes it difficult to determine any clear benefits. Similar to the GI studies, researchers
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controlled the diet, either by controlling the type of fat or the amount of fat allowed in the
diet, which takes away from the ad-libitum nature of the studies. It is also noteworthy that
the results of these studies may not be reproducible in free-living individuals given the
rigorous control on the diet used. For example, one study used pre-prepared food
modules(62) and the other used a purpose-built supermarket.(11) This again brings into
question the ad-libitum nature of the studies and whether these findings could be
replicated in a free-living situation.

2.5.2.3

Protein

Similarly to both fat and carbohydrate, dietary protein has been reviewed in ad-libitum
studies. The most prominent high-protein ad-libitum diet is the Atkins diet. This diet
controls for carbohydrates and allows unlimited protein and fat. Initially, the Atkins diet
allows approximately 20g of dietary carbohydrate and this is gradually increased until the
person no longer loses weight. Studies have found that a restricted carbohydrate diet has
produced significant weight loss in participants(14,65-67) and the diet is found to have
favorable effects on cholesterol,(14) blood pressure,(65) and HDL:LDL cholesterol
ratio.(67) A study by Skov et al. tested the effects of a higher protein, fat reduced diet on
obesity.(68) Participants were randomized into a high carbohydrate diet (n=25) (58%
carbohydrate, 12% protein, 30% fat), high protein diet (n=25)(25% protein, 45%
carbohydrate, 30% fat), or a high carbohydrate (58%) control diet (n=15).(68) Although
the macronutrient distribution was controlled, participants were free to consume as much
food as desired.(68) Researchers found that participants in the high protein diet had a
significant weight and fat mass decrease, which the authors attributed to the thermogenic
effect of protein and the lower energy intake found in this group.(68) Overall,
carbohydrate restricted diets appear to be beneficial for weight loss. Similar to the dietary
carbohydrate and fat studies, researchers did control the diet by limiting the amount of
dietary carbohydrate available. Given that some of the studies used macronutrient
controlled food specifically made available to participants(14,68) or intensive diet
teaching,(60,66) it is hard to determine how practical the approaches would be in a
community setting in free-living individuals.
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In summary, ad-libitum dietary studies appear to offer a beneficial alternative to a
restrictive dietary approach. Studies thus far have not yet utilized a true ad-libitum study
design where researchers do not control any aspect of the diet. To date, we know of no
true ad-libitum dietary interventions that focus on long term sustainability, using a true
ad-libitum nature with free-living individuals. This indicates that more research needs to
be done in this area to further examine the effects of ad-libitum diet studies.

2.6 Diet Quality Indexes used in intervention
Diet quality indexes are created to provide a comprehensive picture of a population’s
intake. Using a diet quality index researchers are able to track trends, eating habits,
compare groups and evaluate a populations nutritional status. To date, the CHEI has not
been used to assess the Canadian populations intake as it relates to the metabolic
syndrome; however, the HEI-2005 has been used to assess at a population level, the risk
of obesity and cardiovascular risk. Guo et al. found that the mean HEI score was
significantly lower among the obese subjects compared to normal weight subjects in the
total study sample.(69) The percentage of overweight and obese individuals classified by
HEI category was higher among individuals classified as having a “poor diet” or a diet
that “needs improvement” compared to those with a “good diet”; however, these findings
were not statistically significant.(69) Similar results were found by Gao et al. using the
HEI-2005 as a predictor for obesity and WC; however, this association was found
primarily in Caucasians.(70) Additionally, the odds of abdominal obesity was 8.3 % (95
% CI 1.8, 14.9 %) lower for women and 14.5 % (95 % CI 6.8, 21.9 %) lower for men
with each 10-unit increase in total HEI score.(71) Further to this, the study by Tande et
al. found that abdominal obesity was decreased by 2.6 % (95 % CI 0.8, 4.4 %) for each
HEI point increase in fruit for women.(71) Abdominal obesity risk decreased for men
with each HEI point increase in saturated fat by 3.1% (95% CI 0.1, 6.0%) and variety
score by 4.0 % (95 % CI 0.1, 7.7 %).(71) When the HEI-2005 was investigated to predict
risk of CVD events, there was a lower risk associated with a higher HEI score (RR =
0.72; 95% CI: 0.60, 0.88) in men,(72) but no significant risk reduction in women (RR =
0.86; 95% CI: 0.72, 1.03).(73)
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A few studies have used a diet quality measure as an outcome indicator for a nutrition
intervention. One commonality between the studies is the use of the social cognitive
theory (SCT), or another behavior model approach to guide nutrition programs.(1719,74) Of these studies, various populations have been studied including; healthy
adults,(18) cancer survivors,(19,74) female smokers,(75) and postmenopausal
women.(17) Carpenter et al. used a modified HEI to assess diet quality change in a
nutrition program (weekly meetings; n=28), with another group receiving correspondence
(n=32) and a control group (n=33). Participants attending weekly meetings improved
their diet quality score by +7.7 points over the 6-month study. The weekly meetings
group significantly improved their diet quality scores when compared with that of the
correspondence group (P = .04) and the usual care group (P= .002).(18) Snyder et al. also
attempted to improve diet quality score; however, instead of a small group program, this
study used telephone-counseling sessions. The intervention group (n=82) received bimonthly telephone counseling sessions geared towards their individual diet quality
scores, whereas the control group (n=86) received bi-monthly health promotion
counseling. Significant differences in overall diet quality were observed between groups
at 6 months, with the intervention group improving (67.6 to 69.8 points), and controls
decreasing (67.5 to 64.6 points) (P<0.003).(19) Sallit et al. conducted a 12-week
cognitive-behavioral nutrition intervention and examined its impact on both diet quality
and body weight. Post-intervention, the participants significantly improved their diet
quality by increasing their mean HEI score by 15.5 points and losing 4.6 kg of body
weight. At 9-month follow-up, these improvements slightly diminished.(75) We are only
aware of one study that used the CHEI as an outcome measure. Pilot testing of this
approach, done by Battram et al. (unpublished), has demonstrated trends towards positive
changes in diet quality (+9.9 points) and body weight (- 1.2 kg), although low sample
size (n = 7) limited the ability to detect significant changes.
Taken together, it appears that a SCT based diet program is successful at improving diet
quality(19), and improving diet quality is associated with a modest decrease in body
weight.(69-71) Therefore, focusing on diet quality in a nutrition intervention may be a
sustainable way to decrease weight. Given that only one pilot study has used the CHEI
as both a framework and an outcome measure, more research should be done to
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determine if increasing CHEI scores, without restriction or prescription are associated
with spontaneous and sustainable weight loss and a decrease in risk factors associated
with metabolic syndrome.

2.7 Summary of Literature Review
The metabolic syndrome places someone at a higher risk for chronic disease. (9) Despite
the fact that there is no unified diagnostic criteria for the syndrome, it is recommended
that focus should be placed on lifestyle interventions to reverse metabolic abnormalities
and, in turn, reduce the progression to CVD or Type 2 Diabetes. ATP III guidelines
suggest that dietary strategies to promote weight loss should be the focus of lifestyle
interventions for persons with the metabolic syndrome.(6)
To date, most diet interventions focused on weight loss use a prescriptive or restrictive
approach. These types of weight loss interventions have focused on restricting overall
energy, or a specific macronutrient;(11-14) however, one commonality is that the longterm sustainability of the weight loss is unclear.(51,56) This suggests that alternatives to
a prescriptive diet approach may be needed to promote the long term lifestyle
intervention needed to address the metabolic syndrome. An alternative to a restrictive or
prescriptive diet is an ad-libitum diet approach, where the diet is not controlled in any
way. Ad-libitum diet approaches have been utilized in diet interventions; however,
researchers have controlled parts of the diet, such as macronutrient distribution or
composition, which confounds the true nature of an ad-libitum diet.(11,13,58-62)
The CHEI is a tool that provides a comprehensive overview of diet and compares intake
to Canada’s Food Guide servings and other dietary recommendations for health.(46)
Recently, the average diet quality of Canadians was assessed, and found to be in the
‘needs improvement’ nominal range.(46) Although most diet quality indexes are
generally used at the population level, some have been used at the intervention level. To
date, researchers know of one study (Battram et al., unpublished) that used the CHEI as
both an educational framework and an outcome measure in a nutritional intervention.
Given that the CHEI focuses on macronutrients and dietary components that may reduce
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the risk of chronic diseases, its use as a framework and as an outcome measure in a
community-based nutrition intervention appears appropriate.

3

Purpose, Objectives, Hypothesis
3.1 Purpose

The purpose of this study was to investigate the effects of a diet quality focused nutrition
intervention for participants with or at risk for the metabolic syndrome. The six-month
nutrition education and skill-building program used the CHEI both as a guiding
framework and outcome measure. This intervention aimed at increasing self-efficacy
towards achieving a higher diet-quality.

3.2 Objectives
The primary objective of the present study was to determine whether participation in a
six-month diet quality focused nutrition intervention significantly increased participants
CHEI score and enhanced their self-efficacy towards a healthier diet. Secondary
objectives of this study were to determine whether participating in the six-month nutrition
intervention was associated with a lowered body weight and risk factors associated with
the metabolic syndrome. The study also intended to explore the feasibility, acceptability
and practicality of the program as measured by attendance and end-of-study interviews
with participants.

3.3 Hypothesis
It was hypothesized that participating in this nutrition intervention program would be
associated with increased diet quality as measured by higher CHEI scores. It was also
hypothesized that participating in the nutrition intervention would be associated with a
decrease in total energy intake and lead to a modest reduction in body weight (5-10lbs).
Additionally, it was hypothesized that participating in this intervention would be
associated with improvements in the risk factors associated with the metabolic syndrome
as described above. Lastly, it was hypothesized that the program would be well received
by participants and would be found to be feasible, acceptable and practical to implement.
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4

Methods
4.1 Participants

The present study was approved by the University of Western Ontario’s Human Subjects
Research Ethics Board (Appendix 1). Research participants were recruited from the
London, ON and surrounding area. Eligible participants who were at risk for or with
metabolic syndrome were recruited (March 2011- November 2011) via two methods. The
first method was a recruitment of participants after their completion of the ARTEMIS
clinical trial (PI: K Shoemaker, Faculty of Kinesiology, Western University). Once
participants were finished the study they were advised of the nutrition study and provided
with the principle investigators contact information. The second method for participant
recruitment was through community postings including flyers (community boards,
libraries, family health teams) (Appendix 2), e-mail (Appendix 3), internet classified
postings and newspaper advertisements (Appendix 4).
Eligible participants were men and women between 18 and 80 years of age who had
either a) abdominal obesity (waist circumference >88cm for women and 102cm for men)
or b) any two of the following characteristics: high blood pressure (! 130/85 mmHg),
abdominal obesity (waist circumference >102 cm in males; >88 cm in females), abnormal
blood lipids (TG > 1.7 mmol; LDL > 3.5 mmol; total chol > 5.2; HDL < 1.03 mmol for
men and 1.3 mmol for women), and/or high fasting blood glucose (> 6.1mmol) as per
NCEP ATP III guidelines.(6) Participants were also required to read and understand
English at a proficiency level which would allow them to complete questionnaires and
participate in group discussions.
Participants were not eligible to participate in this study if they had a diagnosis of Type 2
Diabetes or CVD. They were not eligible to participate if they were required to follow a
special or restricted diet (e.g. vegan diet, gluten free) or were currently seeking dietary
advice from a Registered Dietitian, nutritionist or following a commercial diet program
(e.g. Weight Watchers, Atkins). Participants with a pacemaker were also ineligible to
participate.
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Initial contact was made with potential participants via telephone or e-mail informing
them of the study purpose. Researchers then screened potential participants to confirm
eligibility (Appendix 5). Potential participants from the community were asked to contact
their family physicians for their latest blood glucose and/or lipid profile values to ensure
eligibility. For ARTEMIS participants this was not required as they would have had
confirmed metabolic syndrome in order to participate in the clinical trial. Once these
criteria were confirmed, a mutually convenient meeting time was established so that
researchers could take anthropometric measurements.
Once eligibility was confirmed, participants were asked to read the Letter of Information
(Appendix 6), and, if still interested in participating in the study, they were asked to
provide written, informed consent. It was verbally re-emphasized to participants that they
were going to be randomized into either the intervention or control arm of the study and
that the control arm would receive a delayed and condensed version of the intervention
once all data collection was completed.
A sample size calculation was performed based on a similar study that used diet quality
as an outcome measure.(17) A sample size of 88 was calculated,(76) which included a
15% increase, to control for lower attrition rates found in community-based studies. After
extensive recruitment, only thirty-two persons were enrolled in the study, accounting for
36% of the calculated sample size requirement.

4.2 Pre-Intervention Procedures
After participants read the Letter or Information and signed the consent form, they were
instructed on how to complete an accurate food intake record. Each participant was
required to fill out two, three-day food intake records that consisted of two weekdays and
one weekend day (Appendix 7). Upon completion of their diet records, participants sent
the records to the study researchers by either regular mail, e-mail or dropped them off at
Brescia University College in a secure envelope, whichever was their preferred method.
All food records were reviewed by study personnel to ensure that they were sufficiently
detailed. If additional information or detail was required, researchers contacted
participants via telephone to gain the required information.

22

Participants were then asked to complete two surveys. The first survey, a Lifestyle Belief
Questionnaire (LBQ) (Appendix 8), was intended to assess and monitor participants’ selfefficacy toward healthy eating behaviors at baseline and over the duration of the study.
The second survey, the Long Last 7 Day Self-administered International Physical
Activity Questionnaire (IPAQ) (Appendix 9), was used to monitor participants’ physical
activity throughout the study. Although there was no physical activity component in the
study, participants were encouraged to continue with their regular physical activity
patterns. In this case, physical activity was monitored to account for the potentially
confounding effects of physical activity on diet and anthropometrics.
After completion of the questionnaires, anthropometric measurements (height, weight
and waist circumference) were taken by researchers in a separate room to maintain
participant privacy. Standing height was measured to the nearest 0.1 cm using a
stadiometer (Health-o-meter, Continental Scale Corporation, Bridgeview, Illinois, USA).
Participants were asked to remove shoes, socks and hats and were instructed to stand
facing away from the stadiometer with feet together and arms at their sides. Participants’
heels, buttocks and upper back were confirmed to be in contact with the stadiometer, with
their chin parallel to the floor. Two measurements were performed and when
measurements were within 0.5 cm of each other, the average was calculated. If the
measurements were greater than 0.5 cm, a third measurement was taken and the average
calculated between the two closest measurements. Weight was measured to the nearest
0.1 kg using the digital Tanita Body Composition Analyzer (Model# TBF-300a, Japan).
Participants were required to be bare foot for this measurement. As with the height
measurement, weight was measured twice and an average calculated if measurements
were greater than 0.5 kg, a third measurement was taken and the average calculated
between the two closest measurements. Waist circumference was measured using a
standard plastic measuring tape. Participants’ waist was measured twice at the umbilicus
to the 0.1 cm and if the two measurements were greater than a 0.5 cm difference, a third
measurement was taken and the average calculated between the two closest
measurements.
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Following these procedures, a mutually agreeable time was set up for participants to have
their blood work and blood pressure taken. Participants were required to fast for 12 hours
prior to the blood work and were instructed to avoid alcohol, caffeine and physical
activity for 24 hours prior to their sample being taken. Blood pressure was measured
using a programmable automated device (BP-TRU 100 model, Vancouver, BC) in the
non-dominant arm three times over 15 minutes. The average of the three readings was
recorded as their baseline blood pressure. Blood samples were collected by an
experienced registered nurse at a fully equipped human testing laboratory at UWO.
Approximately 25 ml of venous blood was drawn to determine fasting blood glucose,
total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides. All blood samples
were analyzed at Lifelabs".
Once all the above data were obtained, study participants were randomized to either the
control or intervention groups based on their diet-quality score and BMI to ensure no
differences between groups. An independent t-test was performed to ensure no
differences between groups. Once randomization was complete, participants were
contacted and informed of which arm of the study they were randomized into and they
decided whether or not they still wished to participate in the study.

4.3 Intervention Procedures
This study took place between May 2011 and May 2012. See Figure 1 for a detailed
outline of the study design. The six-month diet quality focused intervention utilized a
randomized control trial design. The intervention consisted of a nine-class group
education program (bi-weekly for three months, monthly for the following three months)
and three individual counseling sessions with a Registered Dietitian. The CHEI was used
both as the educational framework and the primary outcome measure for the intervention.
This approach included discussions on improving diet quality (e.g. fruit and vegetables,
whole grains, etc) without mention of portion control or quantity of food eaten.
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Figure 1. Intervention Overview
To guide this intervention, constructs of the social cognitive theory were used as a
theoretical model.(77) Constructs used in this intervention were knowledge and skills,
self-efficacy, observational learning and self-monitoring (Table 3). In contrast,
participants in the control group received three counseling session on healthy eating,
based on Eating Well with Canada’s Food Guide(78) where quantity could be discussed.
No discussion of CHEI was included as part of the control arm. Participants in both the
intervention and control arm of the study met with research personal at baseline, midpoint
(3 month) and end of intervention (6 month) for a general nutrition assessment and follow
up. A general nutrition form was used to guide the assessments (Appendix 10).
Participants in the intervention group were provided with feedback captured on the CHEI
to guide diet quality improvements throughout the study. Additionally, the CHEI score
was used as a means for intervention participants to self-assess and monitor their
progress, as well as to use as a basis for goal setting.
For the intervention participants, group classes were lead by a member of the research
team on either Tuesday or Thursday evenings from 6:30-8:00pm. The first class provided
an overview of the diet quality approach, as well as introduced the concept of a specific,
measurable, attainable, reward-based and timely (SMART) (Appendix 11) goal setting
approach to promote self-evaluation and regulation throughout the intervention.
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Table 3 Constructs of the Social Cognitive Theory used in nutrition program
Construct

Intervention Strategies

Knowledge and skills

Nutrition education classes, cooking class, label reading,
handouts and tools

Observational learning

Cooking classes

Self-efficacy

Self monitoring, goal setting, self-reflection, application of
skills/education, diet quality feedback, self-assessment

Goal setting

SMART goal setting sheets, goal setting during individual
assessments

Self-evaluation / selfregulation

Self-assessment audits (formal audits/ informal discussion),
goal setting,

Self-monitoring

Achievement of goals, diet quality feedback

Social support

Group sessions, individual nutrition assessments

Environmental support Self-assessment audit
In each class participants were encouraged to set a nutrition goal. Participants were
encouraged to not simply set a goal based on the information covered at the particular
session, but to use the information provided during their individual assessments to
generate an appropriate and meaningful SMART goal. Participants were asked to report
on their success or lack of success with meeting their defined goal at the following group
session. The sharing of goal progress with the group was a means of promoting social
support, and encouraged participants to share problem solving strategies that could be
helpful for other participants.
Each of the nine classes began with a discussion around goals set at the previous session.
The topic of the session was then introduced and thus began the information/education
portion of the class. To promote social support, the session participants were encouraged
to engage in open discussion about the topics being covered. The session facilitator also
reviewed all educational handouts with participants to ensure understanding of the
material provided. Hands-on activities including cooking were used for skill building but
also to promote self-efficacy around healthy eating. Self-reflective/assessment material
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was completed and discussed just prior to goal setting. Each of the group classes had a
similar format. The session topics were based on components of the CHEI (Table 4).
Table 4 Program outline
Session
Week 1 – Diet Quality
and Balanced Eating

Aim
Information / Education
Self Assessment

Week 2- Label Reading,
Grocery Shopping, Fruit
and Vegetable Intake

Information/Education
Skill Building
Self Assessment

Week 3- Cooking with
Fruits and Vegetables

Information/Education
Skill building

Week 4- Carbohydrates

Information/Education
Self Assessment

Week 5- Cooking with
Carbohydrates

Information/Education
Skill Building

Week 6- Fats

Information/ Education
Self assessment

Week 7- Protein

Information/Education
Self Assessment

Week 8- Cooking with
Fats and Protein

Information/Education
Skill Building

Week 9- Sodium

Information/Education
Skill Building
Self Assessment

Handouts / Tools / Audits
Handout: Canadian Healthy Eating Index handout,
Dietitians of Canada food facts, Healthy Plate, Tips
for eating out, Mindless eating
Tool: Goal setting sheets
Audit #1 – Mindless Eating Audit
Activity: Diet Quality handout
Handout: Label Reading, Dietitians of Canada
fruit and vegetable fact sheet, Holiday survival,
heart healthy tips for celebration, Grocery
Shopping – How To Fill Your Cart, Nutrition
Labeling and Health Check
Tool: Goal setting sheets
Audit: Rate your Plate, Personal Behavior Audit
Activity: Group activity scenarios to increase fruit
and vegetables
Handout: recipes, recipe makeover
Activity: Food Demonstration
Tool: Goal setting sheets
Handout: food sources of fiber, high fiber recipes,
Glycemic Index handout
Audit: Rate your Plate, Environment Audit
Tool: Goal setting sheets
Activity: reviewing food records to incorporate
low GI foods
Handout: Recipes,
Activity: Food Demonstration
Handout: Healthy fats handout, composition cards
Audit: Rate your Plate
Activity: Self assessment of 1 day food recall
Audit: Rate your Plate
Activity: reviewing food records to incorporate
healthy protein food choices
Tool: Goal setting sheets
Handout: Recipes
Activity: Cooking Demonstration
Tool: Goal setting sheets
Handout: Low sodium handout, 10 tips Mrs. Dash
Audit: Sources of sodium in the diet
Activity: Making salt free herb shakers
Tool: Goal setting sheets

When participants arrived they were provided with a copy of the presentation, as well as
any other material covered during the class. At the commencement of the study,
participants were provided with a binder to collect all class materials provided. Hard
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copies of all of the information covered were provided to assist participants with the
recall of information. The binder and materials also served as a future resource,
benefitting participants as they transferred their new knowledge to dietary practice.
Also during the group sessions, self-assessment audits were provided at six of the nine
sessions. Examples of these audits included Personal Behavior, Mindful Eating, and
Personal Environment audits. Additionally, Rate Your Plate, and assessing and updating
24-hour intake recalls were distributed.
While none of the self-assessment audits were collected for data assessment purposes;
they were used to raise self-awareness of behavior and eating patterns to prompt
participants to set goals based on their own perception of aspects of their diet that
required improvement.
At three and six months, participants from both the control group and intervention group
were required to complete the LBQ and IPAQ (as discussed above). Blood samples,
blood pressure and anthropometric measurements were collected in the same manner as
baseline. In addition, at six months, a moderator from the research team conducted a
semi-structured interview to obtain more information from intervention participants on
their perceptions of the practicality, feasibility and acceptability of the program.

4.4 Post Intervention Procedures
Once participants from the intervention group had completed all data collection, they
were asked to participate in a one-on-one exit interview. This interview was administered
by a member of the research team. The interview was tape recorded to ensure that all the
information was accurately recorded. A semi-structured interview guide (Appendix 12)
was used to guide the interview and asked participants about their opinions on the
program. These interviews were tape recorded and transcribed verbatim by the researcher
who conducted the survey. Two members of the research team reviewed transcripts
independently. Inductive latent content analysis was applied to the transcripts, whereby
key concepts were grouped into themes. The researchers later met to compare their
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findings and a common theme template was developed. The data were organized and
managed using Microsoft Office Word 2007.

4.5 Data Analysis
4.5.1 Data Handling
Participants were included in the data analysis if they completed data collection at
baseline and three months. If participants dropped out after three-months, they were
included in data analysis (intent to treat) and the data collected at three months were
carried forward to six months.

4.5.2 Impact Evaluation
To assess the primary objective of this study, two, three day food intake records were
collected. Prior to receiving the food records at baseline, participants were provided with
verbal and written instructions on how to accurately complete the records. Participants
were encouraged to provide recipes they used to aid in accurate entering of food data.
Once participants completed these food records, they were then entered into a food
processing software (Food Processor SQL 10.5, ESHA Research Inc., Salem OR) using
trained volunteers or a member of the research team. To ensure accuracy and consistency
between persons entering food intake records a number of measures were employed.
Firstly, any volunteer entering food intake records was thoroughly trained on how to use
the food analysis software. Secondly, if a food product/brand was not found within the
EHSHA database, a comparable product was substituted and the substitution was
recorded on a master list. This ensured that if at any time a product needed to be changed,
it was consistent throughout the study. Thirdly, inputted records were checked by two
different researchers: once prior to the food record being transferred to CHEI scores, and
again prior to the participant’s nutrition assessment. Food records were printed and a
member of the research team manually calculated the Canada’s Food Guide(78) servings
from each food group. Using the average daily Food Guide servings the CHEI was
calculated, the details of how to calculate the CHEI are provided in Appendix 13.
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All data were entered into SPSS (19.0, SPSS Inc., Chicago IL) and independent t-tests
were performed on total CHEI and BMI to ensure no differences occurred at baseline
(Appendix 14). Sensitivity analysis was performed on diet quality outcomes for those
participants that completed all data collection compared to the intent to treat group. No
significant differences occurred between the two groups. To analyze primary and
secondary outcomes, a one-way analysis of covariance (ANCOVA) (using baseline data
as a covariate) was used and to analyze the change over time, a repeated measures
analysis of variance (ANOVA) was used. Additionally, when differences existed, Sidak
post-hoc analysis was used.
In addition to the above, physical activity and self-efficacy were measured at each time
point. To assess whether physical activity levels changed throughout the study, a total
METS per week score was calculated using the IPAQ scoring system (Appendix 15). The
LBQ was assessed for changes in self-efficacy, social support, and outcome expectations
over the study period. For data analysis of the LBQ, answers to question 1a-f were
assessed together for outcome expectations and question 1g-n was assessed together for
social support. Questions 3-6, 8,10,11,13 and 14 were assessed for self-efficacy for
healthy eating behaviors. The data was analyzed similarly to primary and secondary
outcomes.

4.5.3 Formative Evaluation
A formative evaluation was completed to measure the acceptability, feasibility and
practicality of the program. This was measured in three ways: informal feedback,
attendance rates, and an exit survey. Researchers requested informal feedback from the
participants on how to improve the intervention content to make it more acceptable or
effective and, if possible, these suggestions were incorporated throughout the program.
Attendance rates to the group sessions were monitored as measures of acceptability,
feasibility, and practicality of the intervention. In addition, to support informal feedback
and attendance rates, a post-intervention, one-on-one exit interview with intervention
participants was conducted to encourage participants to be forthcoming in their
perceptions and suggestions about the feasibility, acceptability, and practicality of the
intervention.
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5

Results
5.1 Baseline Results

In total, 32 participants were enrolled in this six-month diet quality study (n=32; 22
intervention, 10 control). After baseline data collection, nine participants dropped out (six
intervention, three control). For the purposes of data analysis, participants were
considered enrolled in the study if they provided both baseline and midpoint data. At
midpoint data collection, 23 participants were enrolled in the study. Of these, 19 of the 23
participants completed the study to the 6-month time point (14 intervention, five control).
Based on 0-6 months, attrition rates for this study were 41%. Participants who did not
complete the study stated personal reasons including family, health, and work
commitments.
At baseline, no differences in demographics existed between intervention or control
participants (Table 5). Diet quality, as measured by the CHEI, was found to be in the
‘needs improvement’ range (50-79 out of 100), with a mean score of 64.2 (SD 13.3) for
intervention and 65.6 (SD 10.0) for control group (Figure 1).(46) The average BMI at
baseline was 32.8kg/m2 (SD 3.7kg/m2) for the intervention group, and 30.5kg/m2 (SD
6.6kg/m2) for the control participants (Table 6).
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Table 5 Baseline characteristics of participants

Age
Sex
Male
Female
Ethnicity
Canadian
Other
Education
Graduate
Undergraduate
College
Some college/university
High School Diploma
Annual Income
<$21 359
$21 359- 61 343
>$ 61 343
Refuse to answer

Intervention (n=16)
Mean (SD)[range]
58.1 (7.7) [44-68]
n
%
3
19
13
81

Control (n=7)
Mean (SD) [range]
62.7(8.6)[46-70]
N
%
1
14
6
86

13
3

81
19

6
1

86
14

4
7
3
2
0

25
44
19
12
0

2
2
2
0
1

29
29
29
0
13

0
3
11
2

0
19
68
13

1
2
4
0

13
29
58
0
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Figure 2. Total diet quality scores. Results are shown for the intervention (dashed line)
and control (closed line) at baseline, midpoint and end of study. Time points sharing a
lower case letter are not significantly different (p>0.05) from each other. No differences
were observed between treatments (p=0.179).
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Table 6 Anthropometric outcomes
Variable

Intervention

Control

Waist
Circumference

Base
Mean
± SD
91.0±
10.2
32.8±
3.7
109.3
±10.3

Mid
Mean
± SD
90.3±
9.9
32.6±
4.0
107.2
±9.2

End
Mean
± SD
89.9±
9.8
32.5±
4.1
106.8
±10.7

Base
Mean
± SD
82.8±
16.3
30.5±
6.6
105.6
±9.8

Mid
Mean
± SD
83.0 ±
15.7
30.6 ±
6.3
106.9
±9.8

Systolic Blood
Pressure
Diastolic Blood
Pressure

117±
12.6
73±
8.7

121±
12.3
78±
7.8

121±
13.7
77±
6.9

117±
11.8
70±
6.0

124±11
.8
74±
6.8

Weight
BMI

a

End
Mean
± SD
83.0±
12.0
30.6±
6.5
106.0
±11.8
121±7.
5
76±
4.1

Treatmenta
P
3
6

Timeb

0.695

0.476

0-3
3-6
0-6
0.734

0.609

0.380

0.864

0.272

0.411

0.667

0.390

0.898

0.105

0.296

0.763

0.038

: ANCOVA used for data analysis of treatment effect b: ANOVA used for data analysis
for time effect. Values are means ± SD.
Mean waist circumference at baseline was 109.3cm (SD 10.3cm) for intervention group
and 105.6cm (SD 9.8cm) for control group (Table 6).
Due to different recruitment strategies, comparisons were made between ARTEMIS
participants, and participants who were recruited from the community. Independent ttests were performed on baseline data and no differences were found between the two
groups in terms of total diet quality (p=0.798), weight (p=0.152), BMI (p=0.295), and
physical activity (p=0.380) (Appendix 16).

5.2 Diet Quality Outcomes
5.2.1 Baseline
Using box plots (data not shown), baseline data for total primary outcomes were assessed
for outliers. No data were excluded. Baseline total diet quality scores were classified as
‘needs improvement’ for both groups with scores of 64.2 (SD 13.3) and 65.6 (SD 10.0)
for intervention and control, respectively (Figure1).
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5.2.2 Intervention
Table 7 summarizes the number of participants in each diet quality nominal grouping at
baseline and end of study. Despite a non-significant change over the course of the study,
3 participants in the intervention group had increased their score to a “good diet quality”
and two participants had moved from “poor diet quality” to “needs improvement”. No
movement across groups was observed in the control group.
Table 7 Classification of diet quality scores

Poor diet quality (0-50)
Needs improvement (51-79)
Good diet quality (80-100)

Intervention (n=16)
Baseline
6 months
3
1
12
11
1
4

Control (n=6)
Baseline
6 months
0
0
7
7
0
0

Diet quality outcomes are summarized in Table 8, Figure 1, and Figure 2. ANCOVA
analysis revealed no treatment effect for total diet quality score (Figure 1) (p=0.179).
Despite this however, an increase from 64.2 (SD 12.9) to 73.6 (SD 12.3) was observed
for intervention participants. Meanwhile, scores only increased from 65.6 (SD 10.0) to
69.1 (SD 7.0) for control participants; representing a change of 9.4 and 3.4 in scores for
intervention and control, respectively. Further analysis revealed a time effect was
observed between baseline and three months (p=0.021), and baseline and 6 months
(p=0.020) (Figure 1). No significant difference was observed between groups for
adequacy (Figure 2a; p=0.460) or moderation (Figure 2b; p=0.402) components. Overall,
a time effect was found for moderation (p=0.028); no time effect was noted for adequacy
(p=0.344).
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Figure 3 a. Adequacy scores b. Moderation scores. Results are shown for the
intervention (dashed line) and control (solid line) at baseline, midpoint and end of study.
Time points sharing a lower case letter are not significantly different (p>0.05) from each
other. An overall time effect (p=0.028) was noted for moderation scores. No treatment
effect was observed.
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Table 8 Diet quality outcomes
Variable

Adequacy
components
Total fruits
and
vegetables
(out of 10)
Whole fruit
(out of 5)
Green and
orange
vegetables
(out of 5)
Total grains
(out of 5)
Whole
grains (out
of 5)
Milk and
alternatives
(out of 10)
Meat and
alternatives
(out of 10)
Unsaturated
fats (out of
10)
Moderation
components
Saturated fat
(out of 10)
Sodium (out
of 10)
Other foods
(out of 20)
a

Intervention
Base
Mid
End
Mean Mean Mean
± SD ± SD
± SD

Control
Base
Mid
End
Mean Mean Mean
± SD ± SD
± SD

Treatmenta
P
3
6

Timeb
0-3
3-6
0-6

8.3±
2.0

8.0±
2.5

8.2±
2.0

6.7±
3.5

8.6±
1.4

7.8±
1.6

0.265

0.894

0.353

3.8±
1.7
3.9±
1.5

4.5±
1.3
4.4±
1.0

4.3±
1.3
4.4±
1.0

3.9±
0.6
4.0±
0.8

4.8±
0.7
4.3±
1.2

4.7±
0.4
4.0±
1.3

0.570

0.458

0.082

0.891

0.347

0.415

3.0±
1.1
2.3±
1.6

3.2±
1.0
2.3±
1.7

3.3±
1.1
2.6±
1.6

2.9±
0.9
1.7±
1.4

3.7±
1.0
1.4±
1.2

3.5±
0.8
2.5±
1.4

0.170

0.527

0.072

0.362

0.895

0.127

5.5±
2.9

6.4±
2.8

6.1±
3.0

5.1±
2.7

4.4±
2.9

4.0±
2.8

0.080

0.063

0.676

8.7±
2.4

9.7±
0.5

9.0±
1.6

9.0±
1.4

9.1±
1.2

8.8±
1.1

0.113

0.554

0.302

8.0±
2.3

8.1±
2.1

7.8±
2.1

8.0±
2.1

7.6±
1.9

7.6±
1.9

0.614

0.771

0.909

7.5±
2.3
6.8±
3.4
8.5±
5.8

8.0±
2.2
7.50±
0.7

8.3±
1.7
7.9±
2.7
11.8±
5.0

7.1±
2.2
7.6±
2.6
8.9±
4.8

7.0±
3.8
5.6±
2.6
12.9±
4.8

6.7±
2.6
7.6±
1.5
11.8±
3.3

0.510

0.059

0.812

0.100

0.518

0.212

0.676

0.934

0.002*

11.9±
5.4

: ANCOVA used for data analysis of treatment effect b: ANOVA used for data
analysis for time effect. * Sidak post hoc test reveal time effect 0-3 month (p=0.008)
and 0-6 months (p=0.045). Values are means ± SD.
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Individual CHEI components (Table 8) that contributed to improving total diet quality
over the course of the study for the intervention group included: “other foods” (+3.3
points), sodium (+1.2 points), and saturated fat (+0.8 points). Scores that decreased
throughout the study included total fruit and vegetables (-0.1) and unsaturated fats (-0.2).
For the control group, the individual components which contributed to the increase in diet
quality score were: “other foods” (+2.9 points), whole grains (+0.8 points), and whole
fruit (+0.8 points). Despite the previous increases, participants in the control group
decreased in meat and alternatives (-0.2 points), milk and alternatives (-1.1), and
unsaturated fat (-0.4 points) over the course of the study.
Meat and alternatives (9.0/10), whole fruit (4.4/5), and orange and green vegetables
(4.2/5) contributed the most points to the post intervention diet quality score for
participants in the intervention group. Similar results were observed for control
participants [whole fruit (4.7/5), green orange vegetables (4.0/5), and meat and
alternatives (8.8/10)].
Diet was further analyzed to assess the impact of the intervention on changes in selected
micro- and macronutrients (Table 9). While sodium is part of the CHEI, ANCOVA
analysis revealed a treatment effect (2216 mg SD 1025 and 2947 mg SD 708 intervention
and control, respectively p=0.035) for absolute sodium intake (mg) at three months, but
not at six months (2038 mg SD 868 and 2145 mg SD 471 intervention and control,
respectively p=0.428). Further analysis revealed a time effect for sodium from midpoint
to end of study (p=0.012). It is noteworthy, that sodium intake for intervention
participants at 6 months (2037 SD 868) was 602 mg lower than sodium at baseline (2639
mg SD 1132). Calcium intake had a non-significant (p=0.127) change over the course of
the study with an increase of 40 mg/day and a decrease 107mg/day for intervention and
control groups, respectively. Correlation analysis was on change in calcium versus
change in diet quality score for intervention (r=0.030, p=0.912) and control (r=0.912,
p=0.04) (Appendix 17a). The strong correlation indicates that, for participants in the
control group, change in diet quality was associated with a change in calcium intake.

37

Table 9 Selected nutrients
Variable

Calcium
(mg)
Iron (mg)
Fiber (g)
Sodium
(mg)

Intervention

Treatmenta
P

Control

Base
Mean
± SD
920.2±
394.6

Mid
Mean
± SD
936.2±
333.2

End
Mean
± SD
960.7±
436.2

Base
Mean
± SD
735.8±
183.3

Mid
Mean
± SD
807.9±
240.4

End
Mean
± SD
629.3±
408.0

14.3±
5.1
23.4 ±
5.4
2639.3
±
1132.8

12.8 ±
3.3
24.7±
8.7
2216.3
±
1024.6

12.5 ±
3.4
24.6 ±
7.1
2037.5
±
868.4

12.5 ±
3.0
22.7 ±
6.1
2328
±
468.2

15.2 ±
6.5
35.6 ±
16.5
2947.4
±
708.3

12.2 ±
3.6
27.6 ±
7.5
2145
±
471.3

a

Timeb

3

6

0.428

0.127

0-3
3-6
0-6
0.308

0.061

0.061

0.208

0.014

0.152

0.002*

0.035

0.428

0.035**

: ANCOVA used for data analysis of treatment effect b: ANOVA used for data analysis
for time effect. Sidak post-hoc testing revealed a time effect at * at 0-3 months (p=0.010)
and 0-6 months (0.051) and ** 3-6 months (0.012). Values are means ± SD.
Iron intake remained unchanged over the course of the study. Correlation analysis
between change in diet quality and change in iron intake was done for intervention
(r=0.248, p=0.355) and control (r=0.668, p=0.101) (Appendix 17b) participants. This
suggests that there was no association between change in diet quality and iron intake. A
treatment (p=0.002) effect was observed for total fiber intake. Additionally, a time effect
was observed (p=0.014) for fiber intake and post-hoc analysis revealed significance at 03 months (p=0.010) and 0-6 months (p=0.051).
Diet quality analysis was also assessed in relation to meeting the number of servings
recommended for each food group according to Canada’s Food Guide.(79) Table 10
highlights the number of servings consumed per food group over the course of the study
for both groups. No time or treatment effects were observed. Fruit and Vegetables, Grain
Products, and Milk and Alternatives all remained below recommendations for both
groups over the course of the study. Meat and Alternatives was the only food group that
participants in both groups were able to meet their recommended servings requirements;
however, it should be noted that the means are still below the recommendation for men,
which is three servings per day.
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Table 10 Food guide servings
Variable

Fruits and
vegetables
Grains
Milk and
alternatives
Meat and
alternative

Intervention

Control

Treatmenta
P
3
6

Timeb

Base
Mean
± SD
6.3±2.2

Mid
Mean
± SD
6.4±2.7

End
Mean
± SD
6.2±2.2

Base
Mean
± SD
5.2±1.5

Mid
Mean
± SD
6.9±2.2

End
Mean
± SD
5.5±1.8

0.192

0.675

0-3
3-6
0-6
0.157

3.9±1.7

4.1±1.5

4.3±1.5

3.6±1.3

4.5±1.2

4.2±1.7

0.270

0.919

0.176

1.7±1.1

2.0±1.1

2.1±1.4

1.4±0.6

1.3±0.9

2.2±2.5

0.174

0.492

0.081

2.5±1.1

2.5±0.6

2.1±0.5

2.2±0.6

2.5±0.8

2.1±0.5

0.995

0.844

0.127

a

: ANCOVA used for data analysis of treatment effect b: ANOVA used for data analysis
for time effect. Values are means ± SD.
Total energy intake (TEI) did not significantly differ between the two groups (p=0.365),
but was reduced for both intervention and control groups (-261kcals/day and -27kcal/day,
respectively)(Table 11). The most notable change was a decrease of 7.5 g of total fat per
day for intervention participants over the course of the study. Protein and carbohydrate
intakes did not significantly differ between the two groups over the course of the study
(p=0.560 and p=0.488, respectively). Overall, both groups stayed within the
recommended acceptable macronutrient distribution ranges (carbohydrates 45-65%; fat
20-35%; protein 10-35% of TEI) according to current Dietary Reference Intakes.(44)
Lastly, attendance rates were monitored during the program to assess whether higher
attendance rates were associated with greater change in diet quality score. No correlation
(r=-0.09, p=0.739) was observed between attendance rates and change in diet quality
score throughout the intervention (Appendix 17c).

5.3 Anthropometric Outcomes
Anthropometric data are summarized in Table 6. No significant weight changes occurred
between groups (p=0.476) or over time (p=0.734); however, there was a mean weight
change of -1.1 kg and +0.2 kg for the intervention and control groups, respectively.

39

Table 11 Macronutrient and energy intakes pre-post intervention
Variable

Calories
(kcal/day)
Carbohydrates
(g/day)
(% TEI)

a

Protein (g/day)
(% TEI)
Fat (g/day)
(%TEI)

Intervention
Base Mean
± SD
1960±
579
241.3±
89.8
(50%)
84.5±24.1
(18%)
68.2±25.8
(32%)

End Mean ±
SD
1692±
473
234±
79.7
(52%)
80.5±18.0
(18%)
60.7±20.5
(30%)

Control
Base Mean
± SD
1662± 205
216.1±
40.1
(52%)
67.6±10.4
(16%)
58.3±14.4
(32%)

End Mean ±
SD
1635±
414
215.3±
68.5
(53%)
69.2±22.2
(17%)
56.5±20.5
(30%)

Pa

0.365
0.488

0.560
0.746

: Independent t-tests of delta values were used for data analysis. Values are means
± SD.
There was no association found between the change in diet quality score and the change
in weight in either the intervention (r=0.053, p=0.845) or control (r=0.332, p=0.467)
groups (Appendix 17d). As expected, based on weight changes, no treatment effects were
observed for BMI (p=0.380). Furthermore, no significant differences were found between
groups or over time with respect to waist circumference (p=0.476) (-2.7cm for
intervention, and + 0.4cm for control participants). No correlation was found within the
change in diet quality score and the change in waist circumference between both the
intervention (r=-0.083, p=0.759) and control (r=0.141 p=0.762) groups (Appendix 17e).
No changes between groups were observed for systolic (p=0.898) and diastolic (p=0.763)
blood pressure throughout the study. An overall time effect was noted for diastolic blood
pressure (p=0.026), suggesting that participating in the study (regardless of group) was
associated with an increase in blood pressure over the course of the study.
While physical activity, as a treatment, was not included in this study, it was monitored to
ensure that weight or other anthropometric changes were not confounded due to a change
in physical activity. ANOVA analysis of IPAQ sores revealed no significant changes in
physical activity over time (p=0.446)(Appendix 18).
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5.4 Blood work Outcomes
Blood analysis is presented in Table 12. No significant changes occurred with blood
analysis between the two groups or over time with the exception of triglycerides. A time
effect was observed for triglycerides (p=0.006) from baseline to three months. An
increase of 0.56mmol/L for control group participants over the course of the study places
the mean triglyceride levels >1.7mmol/L, which on an individual level would be
considered a diagnostic criterion for the metabolic syndrome.
Table 12 Blood work results
Variable

Glucose
(mmol/L)
Total
Cholesterol
(mmol/L)
LDL
Cholesterol
(mmol/L)
HDL
Cholesterol
(mmol/L)
Triglyceride
(mmol/L)

a

Intervention

Control

Treatmenta
P

Timeb

Base
Mean
± SD

Mid
Mean
± SD

End
Mean
± SD

Base
Mean
± SD

Mid
Mean
± SD

End
Mean
± SD

3

6

5.64±
0.7
5.0±
1.0

5.5 ±
1.0
5.0±
0.9

5.7±0
.9
5.1 ±
0.8

5.6±
0.5
4.8±
1.0

5.5±
0.8
5.0±
1.2

5.3 ±
0.7
5.0±
1.0

0.951

0.182

0-3
3-6
0-12
0.411

0.472

0.773

0.594

3.1±
0.8

3.0±
0.6

3.0±
0.7

2.8
±1.0

2.8±
1.1

2.7±
1.0

0.671

0.573

0.789

1.3 ±
0.2

1.4±
0.3

1.4±
0.3

1.3 ±
0.4

1.3±
0.3

1.3±
0.4

0.902

0.676

0.340

1.3±
0.5

1.6 ±
0.7

1.5 ±
0.7

1.6±
0.6

2.2±
1.1

2.1 ±
1.0

0.327

0.305

0.002*

: ANCOVA used for data analysis of treatment effect. b: ANOVA used for data
analysis for time effect. * Sidak post hoc analysis revealed a time effect 0-3 months
(p=0.005). Values are means ± SD.

5.5 Changes in beliefs and self-efficacy
Self-efficacy and nutrition beliefs were measured using the LBQ and are summarized in
Table 13. When possible, these results were compared with changes in diet quality score
to provide further insight. A treatment effect is noted for improved self-efficacy for
control participants related to choosing lower sodium food products at midpoint (p=0.04).
Interestingly, for participants in the intervention group, self-efficacy for healthy eating
behaviors appeared to decrease from baseline “highly confidant can do” (85.3 SD11.3) at
three months, moving closer to “moderately can do” (79.3 SD12.8).
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Table 13 Lifestyle Beliefs Questionnaire results
Variable

Outcome
Expectati
ons
Social
Support
Self
efficacy
related to:
(/100)
Fruit
Intake
Vegetable
intake
Green and
orange
vegetable
intake
Whole
fruit over
fruit juice
Lower
sodium
Replacing
saturated
with
unsaturate
d fats
Choosing
whole
grains
Eating less
“other
food”
Overall
healthy
eating

Intervention

Treatmenta

Control

Base
Mean
± SD
4.3±
0.5

Mid
Mean
± SD
4.5±
0.4

End
Mean
± SD
4.7±0
0.4

Base
Mean
± SD
4.9±0
0.2

Mid
Mean
± SD
4.8±
0.4

End
Mean
± SD
4.9±
0.1

3.8±
0.4

3.8±
0.6

4.1±
0.4

4.1±
0.4

4.1±
0.7

80±
19.6
80.0±
19.3
87.3±
15.8

74±
16.4
78.7±
16.4
85.3±
13.0

82.0±
12.1
79.3±
15.3
84.7±
9.9

64.3±
33.6
64.3±
28.8
75.7±
27.6

88.7±
18.1

91.3±
11.3

90.7±
13.9

85.3±
11.3
80.7±
17.9

79.3±
12.8
80.0±
17.3

84.0±
14.0

Timeb

3

6

0.516

0.953

0-3
3-6
0-6
0.086

4.3±
0.6

0.802

0.648

0.652

77.1±
18.0
75.7±1
7.2
77.1±
29.8

75±
16.5
82.9±
17.0
78.6±
25.4

0.521

0.096

0.042*

0.957

0.340

0.192

0.787

0.915

0.993

88.6±
18.6

94.3±
11.3

91.4±
12.1

0.566

0.884

0.517

80.7±
15.3
82.7±
14.4

71.4±
37.6
77.1±
32.0

88.6±
16.8
72.9±
37.3

81.4±
23.4
74.3±
35.5

0.04

0.404

0.486

0.610

0.482

0.843

75.3±
18.1

82.7±
12.8

72.9±
36.4

91.4±
15.7

84.3±
16.2

0.020

0.397

0.417

79.3±
13.9

77.3±
13.9

76.7±
18.0

61.4±
25.4

72.9±
33.0

78.6±
24.1

0.397

0.113

0.169

84.7±
15.5

84±1
1.8

81.3±
12.5

80.0±
23.1

84.3±
21.5

81.4±
16.8

0.720

0.835

0.756

a:

ANCOVA used for data analysis of treatment effect b: ANOVA used for data
analysis for time effect. *Sidak post hoc analysis revealed a time effect 0-3 (p=0.051)
and 3-6 (p= 0.041). Values are means ± SD.
In addition, a treatment effect was observed for improved self-efficacy for control
participants related to choosing whole grains at 3 months (p=0.020).
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In the control group, participants became more confident in their ability to choose whole
grains from baseline to three months with an increase of +18.5 points. Analysis using
ANOVA revealed a time effect for self-efficacy related to increasing fruit intake from 0-6
months (p=0.041) and from 3-6 months (p=0.051).

5.6 Formative Evaluation
Key quotes and recurring themes from the exit interviews are found in Table 14. From
the interview, it appears that the program was enjoyed and acceptable to participants.
Overall, participants found the educational and skill building components to be most
effective, particularly the label reading. Participants indicated that learning how to
properly read labels increased their awareness of healthy food choices. Some participants
felt that they learned new material through the education sessions, and learned of new
foods through the cooking classes, while others noted that their previous knowledge was
reinforced during the study through the educational material and cooking classes. Selfassessment (e.g. audits) and self-monitoring strategies (e.g. goal setting) appeared to have
mixed reviews. Some participants felt that these materials were very helpful at increasing
awareness of their own behaviors, while others felt that goal setting and self-assessments
were more burdensome than helpful. Social support appeared to be a strength of the
program as participants felt they gained valuable knowledge from their peers through
open discussion and feeling supported by the research team. Overall, the study was well
received. Suggestions for improvements included increasing the length of the program,
changing the method of information delivery (via internet videos/ pamphlets), including
couples and having more diversity within the participant population (e.g. young mothers).
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Table 14 Exit interview key points
Overall impression
“I thought that was great. I think umm, it was presented so that people with a little bit of knowledge or
a lot of knowledge could benefit from it, the discussions were great. Umm, particularly like the...
intermittent cooking umm... classes. I thought that was very good. And fun”
“I think it’s great. I wish it was something that was offered to the general public as part of the
Spectrum where you can sign up, and come and have a session like this with a nutritionist. Um, you
know, I’d be signing up on a regular basis every year just to keep on top of it”
Acceptability of the program (location, informative)
“Yeah I think I learned... some pretty good stuff about healthy fats for one thing. The role of salt... I
think all the topics I was familiar with but... yeah but I got a little more and then started really paying
attention more. You know, there’s one thing to know about it and then act on it. So I think it went from
knowing to acting, and that was the key.
Key aspects of the program (label reading, cooking classes)
“the helpfulness of the learning what you should eat and what you shouldn’t, and the cooking lessons
were helpful too”
“The one thing that we, sat around and was really interesting too, is that we’re not the only people in
the world that sometimes are rushed and can’t make a healthy meal and then there was other people
there that had some challenges to have healthy diets. So that was good”
“Umm some of the discussions we got into, I thought were quite interesting. Some of them, I enjoyed
more than others... I really liked the one where they taught us to read the nutrition labels. I really liked
that one.”
“I’m sure everybody must have told you about the label reading, we’re all going to stores now reading
labels and putting food back on the shelf. But um, whole grains was a very interesting um section for
me because I was not aware of um the differences and um I thought the protein was really I mean they
were all really good, I mean there were some that really stand out . So um the cooking classes were
great and lots of fun”
Usefulness of materials (goal setting, audits)
“I had a day planner on the table and I already had the water and the fruits, the vegetables all listed...
and each time I had it I checked it off. So the goal setting was good.”
“They [behavioral assessment audits] were really good, because it actually gave you time to think
about, you know, and reflect about what you’re doing, from time, from you know, one assessment to
the next. That was really good I thought.”
Suggestions for improvement
“I think it could’ve been longer, in my opinion…Probably a year, because I think you... bad habits take
a long time to generate, so to get good habits it takes awhile to get them back in your... your schedule”
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6

Discussion

The metabolic syndrome increases a person’s risk for CVD and Type 2 diabetes.(6)
Given the rising prevalence of the syndrome, (9) recommendations have been put forth to
address the root causes of the syndrome including dietary strategies for weight loss.(6)
Many dietary interventions aimed at weight reduction have been studied;(11-14)
however, likely due to their restrictive nature, seem to lack long term
sustainability.(51,56) To our knowledge, only one other study has utilized a ‘true’ ad
libitum nutrition-based approach to solely promote comprehensive diet quality
enhancements, with no restrictive, prescriptive diet plan (Battram et al., unpublished).
Additionally, this is the first study that employed a diet quality approach to assess
changes in people with or at risk for the metabolic syndrome.
Researchers found that participants thought the current program to be acceptable,
practical and feasible. As anticipated, the research hypothesis that the program would be
considered practical and feasible can be accepted. Additionally, participants indicated
that the content of the program was useful, and almost all participants identified label
reading as a key skill they gained through the intervention. As well, they had a nonsignificant increase in self-efficacy towards adopting healthier dietary behaviors
including increasing fruit intake, choosing fruit over juice, and replacing saturated with
unsaturated fats. The intervention was found to be effective through an overall diet
quality improvement of 9.4 points using the CHEI, compared to a 3.4 point increase for
the control group. Due to a lack of statistical significance between the diet quality scores
of the intervention and control groups, the primary research hypothesis is rejected.
Although not statistically significant, the change in diet quality scores could be
considered clinically important. In addition, a decrease of 1.1kg over the course of the
study was noted; whereas control participants had a weight increase of 0.2kg, again not
statistically significant. Regardless of statistical significance, participants in the
intervention group did appear to make greater changes towards a healthy diet than those
in the control group and this may have lead to a modest weight loss.
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6.1 Impact evaluation
6.1.1 Diet Quality
Baseline diet quality for the intervention (64.2 SD 12.9) and control (65.6 SD 10) groups
were categorized to the ‘needs improvement’ range based on nominal rating put for by
Garriguet.(46) These scores are slightly higher than the average Canadians score of 58.8;
however, are still considered to be in the same nominal range of ‘needs improvement’.
Baseline diet quality scores observed in this intervention are similar to those found in
baseline data for other HEI-related interventions that ranged from 60.39-70.6 (‘needs
improvement’ range).(17,18,75)
Although no treatment effect was observed for CHEI scores at three months or six
months, the intervention participants appeared to have had a higher change in diet quality
score (9.4points) than those in the control groups (3.4 points), suggesting that participants
in the intervention were able to make more positive dietary changes towards a healthy
diet. This is not surprising as they received targeted CHEI advice based on the design and
focus of the study. In a similar designed pilot study by Battram et al. (unpublished), a 9.9
point increase in CHEI scores was found, suggesting that the increase in diet quality is
reproducible. Additionally, these results are similar to changes in diet quality (-4.35 to
15.47 points)(17,18,75) in nutrition programs that used diet quality as an outcome
measure, which suggests that our study improved diet quality similar to other nutrition
programs.
A time effect was observed for total diet quality between baseline and three months, and
baseline and six months, suggesting that participating in this study (in either treatment or
control) significantly improved their diet quality scores over the course of the
intervention. Interestingly, no significant time effect was observed between three and six
months. Another diet quality study by Snyder et al. (19) showed a similar trend with a
treatment effect being observed from baseline to midpoint (6month) (p=0.003), but this
was not observed from midpoint to end of study (12 month) (p=0.19); however, this trend
may be due to the fact that the study focused on diet from baseline to midpoint, and then
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changed the focus to physical activity.(19) For the current study, we speculate that this
may be due to a decline in the frequency of group classes. For the first 3 months of our
study participants were attending bi-weekly group classes and for the latter three months
participants attended monthly meetings, suggesting the more participant engagement in
the first half of the study may have attributed to the diet quality changes. Further to this,
in the exit survey, some participants stated they would like more frequent classes.
Additionally, participants reported that they felt coming to the classes helped them stay
on track, which is in line with research that suggests that more frequent contact with a
health care professional, is more likely to result in greater dietary outcomes.(79,80)
Total CHEI scores can be broken down to two sub-categories; adequacy (out of 60
points) and moderation (out of 40 points). Adequacy (Figure 2a) is a measure of a
participant’s ability to meet Canada’s Food Guide servings and other key nutrient
recommendations according to the DRI.(44) Although not significant, intervention
participants were able to improve adequacy scores to a greater extent than those in the
control group, +2.8 and +0.9 points intervention and control, respectively. These results
would be expected given that intervention participants were more successful at improving
their Canada’s Food Guide servings (Table 8). Moderation (Figure 2b) is a measure of a
participant’s ability to reduce less-healthy components in the diet (e.g. sodium and
saturated fats). An overall time effect was observed (p=0.028) suggesting participating in
the study was associated with a significant increase in moderation scores. This was likely
due to changes seen in sodium and ‘other foods’ scores. Intervention participants were
able to improve their moderation scores greater than those in the control, +7.2 and +4.2
intervention and control, respectively. Although non-significant, this suggests
participants in the intervention were more successful at making dietary changes. Taken
together, intervention participants were able to improve adequacy and moderation scores
to a greater extent than those in the control group, which may be considered clinically
important.
Upon examination of the individual components of the CHEI, one of the largest
contributors to post intervention CHEI score was meat and alternatives (9.0/10). This
translates to about 1.8- 2.7 servings of meat or alternatives per day, and is similar to the

47

Canadian populations intake.(46) It is interesting, however, that while meat and
alternative intake had a non-significant increase throughout the study (p=0.302), saturated
fat scores had a similar non-significant increase (p=0.909), which was a difference of
approximately 3.2 g per day. As a lot of saturated fat comes from meat, this suggests that
participants may have chosen lower-fat meats and used lower-fat preparation methods. In
addition to the above, whole fruit (intervention 4.4, control 4.7), and orange and green
vegetables (intervention 4.2, control 4.0) were major contributors to the post intervention
CHEI score. These high scores likely contributed to the modest increase in fiber over the
course of the study; +1.2 g and +4.9 g intervention and control groups, respectively. A
treatment effect (p=0.014) was observed at three months, but not at six (p=0.152);
however, despite their modest increase in fiber intake, participants were still not meeting
the recommended adequate intake of 25 g and 38 g for women and men, respectively.(44)
Whole grains scores, 2.6 and 2.5 intervention and control respectively, appeared to
contribute the least to the overall post intervention CHEI score. While these scores were
slightly higher than overall Canadians average of 1.6/5, they were lower than scores seen
in a pilot CHEI based study (3.5/5)(Battram et al., unpublished) previously conducted in
our lab. Interestingly, no other diet quality studies differentiated total grain intake from
whole grains, inhibiting comparisons between studies.(17-19) As a lot of fiber is found in
whole grain products, it is not surprising that fiber intake remained below the
recommendations for both men and women (discussed above). A treatment effect was
noted at three months (p=0.02) for self-efficacy related to choosing whole grains;
however, this was not apparent at six months (p=0.397) or over time (p=0.417). Given
that the confidence to choose whole grains did not change over time (p=0.417), this may
provide a potential explanation for why whole grain intake did not change over the course
of the study.
Additionally, milk and alternative intake post intervention (6.1 and 4.0, intervention and
control, respectively) scores remained low, which was similar to Canadian intake
(5.5/10)(46), and similar to other diet quality studies (5.95-7.6)(17,18) In terms of food
guide servings, participants consumed 2.1 and 2.2 servings per day, intervention and
control, respectively. Dairy intake is of particular importance as some research has
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reported an inverse relationship between dairy intake and the metabolic syndrome(81,82)
and specifically waist circumference and blood pressure.(81) Further to this, researchers
have speculated that the calcium within the dairy contributes to the inverse
relationship.(81,82) Calcium intake post intervention was 961 and 629 mg per day
although no treatment effect was observed. Participants in the intervention increased their
calcium intake modestly by 41 mg suggesting they were more successful at meeting the
recommended dietary allowance (RDA) for calcium, which is 1000 mg per day for males
51-70 years and 1200 mg per day for females over the age of 51 and males over 70
years.(44)
‘Other foods’ are described as foods not found within the four food groups, and are often
high in calories and saturated fats. No treatment effect was observed for “other foods”;
however, a time effect was noted from baseline to three months and baseline to six
months (p=0.043), suggesting a significant increase in scores over the course of the
study. This decrease in other foods indicates participants are moving towards following
Canada’s Food Guide, which recommends to: “Limit foods and beverages high in
calories, fat, sugar or salt.”(78) It would be expected that a reduction in other foods
would lead to a decrease in overall caloric intake and this was seen with both groups in
the study (-261 kcals/day and -27 kcals/day, intervention and control groups
respectively). Interestingly, a decrease of 3500 kcals per week is thought to be conducive
to a weight decrease of approximately 1-2 lbs per week. Although neither group was able
to achieve this, at the end of the study intervention, participants had decreased their
intake by approximately 1830 kcals per week, which trends toward a weight decrease
(weight is discussed further in section 6.1.2). A decrease in ‘other foods’ and a
spontaneous modest decrease in overall caloric intake imply that participating in the
intervention was associated with improving dietary patterns, and a trend towards weight
reduction, which is a recommendation for addressing the metabolic syndrome.
Total sodium intake (Table 8) significantly decreased at three months compared to
baseline. Additionally, a time effect was observed for sodium from three to six months.
This indicates that participants in the intervention had a greater decline in sodium
compared to the control group. The time effect suggests that there was a decrease in
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sodium over the course of the study. Participants in the intervention group were able to
decrease sodium by 601 mg per day. A Cochrane meta-analysis of sodium reduction trials
of participants with elevated blood pressure indicates!a reduction of 100 mmol per day
(6000 mg/day) in salt intake predicts a fall in blood pressure of 7.2 mmHg for systolic
and 3.8 mmHg for diastolic blood pressure.(83) Despite the fact that participants were not
successful at decreasing sodium by 6000 mg per day the trend toward a decrease in
sodium intake may have a favorable change in high blood pressure, which is a risk factor
for the metabolic syndrome. No correlation was noted between change in sodium intake
and systolic (r=0.125, p=0.644)(Appendix 17f) or diastolic (r=-0.079, p=0.770) blood
pressure (Appendix 17g). The lack of correlation between sodium and blood pressure
may be, in part, attributed to the fact that not all hypertension responds to a salt reduction
(blood pressure is discussed further in section 6.1.3).(84) It is noteworthy, that the
intervention participant’s sodium levels at baseline (2639 SD 1133) were above the UL
for sodium (2300mg) as defined by the DRIs(44), but decreased throughout the study for
a final sodium intake (2037 SD 868) below the UL. Additionally, it should be noted that
participants identified label reading as a key skill they learned throughout the study, this
may have also contributed to the decrease in sodium intake observed.
Participants in both groups of the study decreased overall fat intake throughout the
intervention (Table 10). Most notably, intervention participants decreased fat by 6.5 g per
day. Intervention participants increased saturated fat scores by 0.8 points and decreased
unsaturated fat scores by 0.2 points, suggesting that the overall fat decrease was most
likely due to saturated fat. A reduction in saturated fat is a recommendation for dietary
changes to address the metabolic syndrome, as a reduction in saturated fat may have
favorable outcomes for LDL levels, which is a risk factor for the metabolic
syndrome.(85) Further to that, epidemiological data suggests abdominal obesity risk
decreases for men with each point increase in saturated fat by 3.1%, suggesting that
reducing saturated fat in the diet is favorable for both anthropometrics and lipid profiles.
Interestingly the pilot study conducted by Battram et al. (unpublished) found similar
spontaneous decreases of unsaturated fats. It should be noted that during this intervention,
emphasis was placed replacing saturated fats with unsaturated fats, as well as education
provided on sources of unsaturated fats and a cooking class devoted to incorporating
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unsaturated fat into recipes. Despite the increase in self-efficacy related to replacing
saturated fats with unsaturated fats, participants still decreased their unsaturated fat
intake.
Macronutrient distributions remained stable between groups and over time, despite
changes in diet quality and caloric intake. Both groups were within the AMDR’s
throughout the study for all macronutrients (Table 10). Riccardi et al. reported the
optimal diet for the metabolic syndrome should focus on high fruits, vegetables, and nonstarchy grains, as well as decreasing saturated fats. They postulated that the optimal
macronutrient distribution should be: 55% carbohydrates, 15% protein, and 30% fat.(86)
Based on this, our participants in the intervention and control groups were successful at
consuming a diet high in fruits and vegetables, and low in saturated fats. Additionally,
their diets had a similar macronutrients distribution, suggesting that these participants had
diet compositions favorable to reducing the metabolic syndrome.
Finally, participants’ intake was assessed based on Canada’s Food Guide servings. At the
end of the study, control participants improved Fruit and Vegetables (+0.3 servings/day),
Grain Products (+0.6 servings/day) and Milk and Alternatives (+0.8 servings/day), while
Meat and Alternatives (-0.1 servings/day) decreased slightly. Meanwhile, intervention
participants improved Milk and Alternatives (+ 0.4 servings/day) and Grain products
(+0.4 servings/day), while slightly decreasing Meat and Alternatives (-0.4 servings/day)
and Fruits and Vegetables (-0.1 servings/day). This suggests that participants in both
groups were able to improve their intake towards meeting Canada’s Food Guide
recommended servings for Milk and Alternatives, and Grain Products. Interestingly, meat
and alternatives intake slightly decreased; however, intake for this food group remained
at the recommended intake level.
Taken together, it appears that the present intervention that focused on an ad-libitum diet
quality approach was successful at improving overall diet in participants; albeit nonsignificant. Both moderation and adequacy had greater improvements for participants in
the intervention than the control, and major improvements were seen in sodium (mg/day)
intake, decreases in ‘other foods’, and saturated fats. Although the overall improvements
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in total CHEI scores and individual components did not reach statistical significance,
participants in the intervention did appear to make greater changes towards a healthy diet
than those in the control group, which may prove to be of clinical importance.

6.1.2

Self Efficacy

The LBQ was used to assess participants’ self-efficacy around healthy eating. Overall,
participants rated self-efficacy around healthy eating as fairly high, between “moderately
can do” and “highly certain can do”. No significant changes in self-efficacy, perceived
social support, or beliefs/outcome expectations changed between groups or over time. It
is therefore not surprising that many of the components of the CHEI did not significantly
(treatment or time) change over the course of the study. It should be noted that exit
interviews suggest participants had a hard time understanding the questions in this
survey, and as such reported that they were unsure if they were providing accurate
responses. Therefore, results from this survey need to be interpreted with caution.
CHEI scores indicate ‘Whole fruit’ and ‘green or orange vegetables’ increased modestly
for participants in the intervention group. These findings are reiterated by increases in
self-efficacy as measured by the LBQ. These results are consistent with literature that
suggests increases in knowledge and self-efficacy has been associated with increases of
fruit and vegetable intakes.(87,88) Additionally, these results are similar to other studies
using a behavioral theory framework and diet quality as an outcome indicator.(18,75)
Carpenter et al. found a 2.2 point increase in fruit intake after a 6 month nutrition
intervention.(18) It should be noted, however, that positive changes in intake were not
always associated with a reported increase in self-efficacy. While sodium, ‘other foods’,
and saturated fats all positively changed over the course of the study, self-efficacy as
measured by the LBQ related to these did not trend in the same direction (Table 13).
Despite statistical significance, self-efficacy related to healthy eating behaviors for
intervention participants appeared to decrease at 3 months and slightly increase by 6
months. Interestingly, this trend was not observed in the control group, where selfefficacy appeared to increase at 3 months. One explanation may be that at baseline,
participants felt confident in their abilities to practice healthy eating behaviors, but after
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starting the nutrition program and gaining knowledge, intervention participants realized
they were perhaps not always practicing healthy eating behaviors. An alternative
explanation for why no statistical significance occurred may be due to a ‘ceiling effect’.

6.1.3 Anthropometrics
Weight loss was not promoted as a goal throughout this intervention; however,
researchers investigated whether a spontaneous and modest weight loss would be
observed with dietary improvements. It is of importance to note that both groups were
classified as class I obesity at baseline,(16) and both groups remained in this category at
the end of the study. Although weight loss observed during the study was greater for the
intervention participants versus the control group (-1.2 vs. 0.2kg), a weight loss of 1.2%
over a six-month period is not considered clinically significant, and this weight loss
actually appears lower than most ad-libitum diet studies where participants lost 2.28.4kg.(11,58-61) As previously discussed the reason why these studies may have more
significant weight loss may be due to the fact that they controlled some aspect of the diet,
confounding the ‘true’ ad-libitum nature of the diet. For example, controlling the type of
carbohydrate(58,60,62,63) or the amount of a macronutrient,(11) may account for the
discrepancy between our results and other ad-libitum diet interventions.
Despite a non-significant weight decrease, waist circumference appeared to decrease
(2.5cm, 3.1%) throughout the intervention; suggesting that participating in the
intervention lead to a decrease in abdominal obesity for intervention participants. Despite
this modest decrease, mean waist circumference at baseline and end of study for both
groups were still greater than the recommendations and remain a metabolic syndrome
risk factor for those participants. Weight loss around the abdomen is of particular clinical
importance as it has been speculated that abdominal obesity is a more accurate indicator
of risk of CVD than weight alone.(89) Additionally, while BMI only decreased 0.3 kg/m2
throughout the study (Table 6), a large waist circumference associated with coronary
heart disease, independent of BMI, suggesting a decrease in abdominal fat is more
clinically important.(90) Further to the above, epidemiological data suggest the odds of
abdominal obesity are 8.3 % lower for women and 14.5 % lower for men with every 10
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point increase in diet quality score.(71) Although epidemiological data cannot be directly
applied to an intervention, it appears that the present intervention on a larger scale may be
effective at reducing waist circumference and potentially abdominal obesity.
Interestingly, no correlation was noted for changes in diet quality score and waist
circumference, however it is likely due to a small sample size.
Over the course of this study, systolic blood pressure increased 4 mmHg for both
intervention and control participants. Similarly diastolic blood pressure increased 4
mmHg and 6 mmHg intervention and control participants, respectively. An overall time
effect for diastolic blood pressure was observed suggesting that participating in this study
was associated with a significant increase in diastolic blood pressure. Another ad-libitum
study that found at 6 months there was a change of -2.3 mmHg and -4 mmHg systolic
and diastolic blood pressure, respectively.(65) The difference between the two studies
results can be attributed to the fact that the latter study controlled total carbohydrate,
suggesting that the study was not a true ad-libitum study, and controlling the diet may
have lead to the favorable results. Additionally, it has been suggested that an 8kg weight
loss can lead to a decrease in both systolic and diastolic blood pressure.(36) Given that
intervention participants in the present study had a weight loss of only 1.1 kg, it is
proposed that this was not sufficient to promote a decrease in blood pressure.

6.1.4 Blood Analysis
A secondary outcome of the study was to assess whether participating in a diet quality
study would be associated with a change in metabolic factors associated with the
metabolic syndrome. Triglycerides significantly changed over from baseline to 3 months;
however, no treatment effect was observed, suggesting that participating in the nutrition
program (in either group) was associated with an increase in triglycerides. This appears to
be consistent with other ad-libitum diet interventions,(59,60) but not others.(58)
Additionally, all participants were required to have high triglycerides as inclusion factor
to the above studies; whereas, this was not an inclusion factor in the current study, which
confounds the comparability of the studies. Interestingly, at baseline, neither group had
high fasting triglycerides; however, at six months participants in the control group met
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the criteria for high fasting triglycerides.(6) Maintaining normal fasting triglyceride
levels throughout the study may be of clinical importance, however, it cannot be
discounted that these results may be due to chance.
No treatment or time effects were observed for other metabolic markers measured in this
study. It should be note that for our current study, not all participants were required to
have elevated metabolic markers, which may account for why blood values did not
change. As participants were not required to meet all metabolic criteria the research
hypothesis that the intervention would decrease risk factors for the metabolic syndrome
can neither be accepted nor rejected. In other ad-libitum diet studies, HDL levels were
improved when low GI foods were controlled for;(60) when MUFA were the
predominant source of fat calories;(11) and when total carbohydrate intake was
restricted.(67) The dietary composition of our study participants (Table 10) did not
spontaneously meet the above-mentioned dietary restrictions, which may be why no
effect on HDL levels was observed. Additionally, fasting blood glucose was not
measured in other ad-libitum studies; therefore, researchers are unable to compare the
results of the current study with comparable studies. It is worth mentioning that fasting
blood glucose levels for both groups were below levels considered to be a risk factor for
the metabolic syndrome at all time points of the study.

6.2 Formative Evaluation
Of the sixteen intervention participants, 10 participants attended at least 80% of the group
classes, suggesting that the group classes were considered acceptable, and practical. No
correlation was noted between change in diet quality and attendance rates. This is likely
due to the fact that when participants missed a class they were provided the educational
materials they had missed and researchers would briefly review the main points covered
as well as answer any questions that the participant had on the topic. Additionally, a
participant may have attended a make-up session.
Post-intervention interviews suggested that the intervention was well received and that
participants felt the program met their needs and expectations. All of the participants felt
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that researchers were approachable, supportive and knowledgeable. All participants
found the location and length of the sessions to be acceptable; however, some participants
felt that the study length could have been longer to help promote more sustainable
behavior change, while others felt that the study could have been condensed with an
increased frequency of meetings and a shorter overall length. Furthermore, most
participants enjoyed the small group setting, and felt they gained valuable knowledge and
skill from their peers. The reported satisfaction with group sizes and discussion indicates
participants desire for social support,(91) which in one study with cancer survivors has
resulted in greater diet quality improvements when compared with groups receiving
educational material but no contact with peers or researchers.(19)
In addition, participants also noted that they found the program reinforced and built upon
their previous nutrition knowledge base and this is consistent with adult learning
principles. All participants noted that skill building, or ‘how-to’ information was useful
for them, particularly the label reading activities. These responses are consistent with the
SCT in that building knowledge and skills can develop self-efficacy and in turn promote
behavior change.(77) Additionally, many participants noted that the self-assessment tools
were very helpful at creating awareness of their current dietary practices. The purpose of
the self-assessment tools was to promote self-evaluation, awareness and to support goal
setting (of both short and long term goals) to further develop sustained self-efficacy.
All participants reported goal setting throughout the study; interestingly, only few found
following the SMART goal setting sheets useful. Participants who did not find SMART
goal setting sheets useful reported setting goals in their mind to achieve small tasks after
each nutrition class. Regardless of the method of goal setting, it appears this was a
valuable aspect in the nutrition program. The positive feedback seen in this study is in
line with goal setting feedback seen in another nutrition program.(92) Of note,
researchers had originally intended on assessing goal setting and attainment as part of
data collection; however, based on participants feedback on the feasibility of recording
goal setting and attainment, researchers decided against collecting this information. For
future studies, this could be a good way of assessing goal setting and improvements in
self-efficacy.
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In addition, most participants noted social support as a key aspect of the program.
Participants not only felt that researchers were accessible, knowledgeable and supportive,
they also noted that group discussion that occurred in the classes very useful. One
interesting source of social support noted in the exit interviews was the cooking classes.
Participants felt that the greatest benefit to the cooking class was talking to other
participants about their accomplishments, and also gaining tips for healthy eating,
including recipe substitution.
Taken together, the program was well received by all participants. Participants felt the
program met their needs in terms of content and objectives. All participants found the
location and time appropriate. Additionally, a few participants had suggestions for
changing the length of study (shorter or longer); but overall found the length of the study
acceptable. The exit interviews provided insight into the acceptability, feasibility and
appropriateness of the program.

6.3 Limitations
Among the limitations of this study, is the small sample size. Sample size calculations
estimated that 88 participants were required in the study; however, after extensive
recruitment only 32 participants were enrolled in the study. Additionally, only 7 control
participants were considered for data analysis. Together, this small sample size limits the
ability to see any statistical significance and therefore and statistics should be interpreted
with caution. The second limitation in this study comes from self-reported intake.
Garriguet noted that there is expected to be a 10% difference between actual intake
versus reported intake, and reported intake is found to be even lower in the obese
population.(94) It was also noted that this under-reporting would account for a 1-point
difference in overall CHEI scores.(46) A third limitation to this study is that the CHEI
must be manually calculated by translating food intake records into Canada’ Food Guide
servings. This may lead to error in either calculating food guide servings, or adding total
servings to calculate a daily average. In order to minimize this, only 2 researchers
calculated food guide servings and CHEI scores. Additionally, the two researchers
reviewed all records together to assess for any discrepancies. If one existed, all intake
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records were reviewed and re-calculated to ensure consistency. A fourth limitation is the
use of The LBQ. The intention was to use this questionnaire to monitor for changes in
self-efficacy. Unfortunately, many of the participants reported during the assessments
that they did not understand the questions in table format (questions 2,7,9 and 11). The
exit interviews confirmed that they did not comprehend what the questions were asking,
and therefore did not understand if they were answering the questions correctly.
Researchers therefore omitted these questions from data analysis; which limits the ability
to interpret the self-efficacy for overcoming barriers data.

6.4 Relevance to Dietetic Practice
The metabolic syndrome and subsequent risk of developing CVD and Type 2 Diabetes
are increasing in prevalence, affecting not only individuals but also the health care
system. Strategies aimed at preventing/treating the metabolic syndrome and ideally
preventing chronic disease should focus on dietary strategies for weight loss. Dietitians in
a community setting can play a key role in addressing this population needs. An adlibitum, lifestyle program promoting diet quality enhancements through education and
skill building can be incorporated into a community program relatively easily.
Additionally, a group approach can, not only foster social support but may be a more
cost-effective way to use a Registered Dietitian’s time in a community setting. The adlibitum nature of this diet quality study provides positive messaging to promote a
healthful diet and quality nutrients, which may help participants make more permanent
life-style changes that have not been demonstrated in the more widely-used restrictive
approach to dietary change. Although no treatment effect was observed in overall diet
quality scores or weight, participants in the intervention group did increase their overall
diet quality score, more than those in the control. Taken together, the current research has
shown that a diet quality focused non-restrictive prescriptive approach can provide an
alternative to current standard nutrition intervention practices.

58

6.5 Concluding Remarks
Restrictive, prescriptive approaches to weight loss have not provided long-term results
for nutrition interventions. This program promotes a healthier lifestyle through education
and skill-building nutrition sessions to enhance self-efficacy leading to a higher diet
quality, and provides an alternative to the current practices for community level
interventions addressing the metabolic syndrome and weight loss. The ad-libitum diet
quality focused intervention was found to be effective through an overall diet quality
improvement of 9.4 points using the CHEI, compared to a 3.4 point increase for the
control group. In addition, a decrease of 1.1kg among intervention participants over the
course of the study was noted, whereas control participants had a weight increase of
0.2kg. Although neither the overall diet quality improvement nor weight change
outcomes reached statistical significance, participants in the intervention did appear to
make greater changes towards a healthy diet than those in the control group and may
support better clinical outcomes. Overall, these results warrant a larger study where
greater power may allow for statistical significance.
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Appendix 3 E-mail Advertisement
Hi________
This email is to inform you of a research study at Brescia University College. This study
is a 6 month nutrition based study and involves both group sessions (9 in total)
and individual counseling (3 in total) with a Registered Dietitian - and as before it is
being offered free of charge to you.
Our approach to nutrition is simple - our goal is to help you make better diet choices
taking into consideration your lifestyle and food preferences. No strict diet plans here that
make you feel deprived or that you won't be able to sustain for years to come. Our goal is
to help you make your personal diet better and to focus on the areas that you need to
improve on.
Currently, we are setting up information sessions for interested participants. If you could
reply to my email (XXXXX@uwo.ca) and provide me with your phone number, I will
call you to set up a convenient time for you to learn more about the study.
Thanks- I am looking forward to speaking with you!
Rebecca
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Appendix 5: Screening Questionnaire
Participant Initials

________________________________________

Date of Screening

________________________________________

1. Are you between 18-80 years of age?

Y

N

2. Are you currently seeking dietary advice from a Registered Dietitian or Nutritionist?
Y
N
3. Do you have a medical illness that requires you to follow a special diet?

Y

N

4. Participant has: (Check all that apply)
_______ Abdominal obesity (waist circumference >102cm in males; >88cm in females)
_______ Fasting triglycerides > 150mg/dL (1.7mM)
_______ HDL cholesterol: Males < 40mg/dL (1.03mM); Females < 50mg/dL (1.3mM)
_______ Total cholesterol > 200 mg/dL (5.2mM)
_______ LDL cholesterol > 135 mg/dL (3.5mM)
_______ Fasting glucose > 110mg/dL (6.1mM)
_______ SBP>130 and/or DBP>85 mmHg
5. Are you able to attend the group evening sessions held at Brescia University College
on either Tuesday or Thursday evenings from 6:30 to 8 pm?
Y
N
6. Are you able to read and understand English well enough to complete questionnaires?
Y
N
7. Has your doctor ever told you that you have diabetes?

Y

N

In order to participate in the current study:
Participants must answer: YES to questions 1, 5 and 6;
NO to questions 2, 3 and 7; and
have at least 2 characteristics listed in question 4.
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Appendix 6 Letter Of Information

Letter of Information
The effects of a 6-month nutrition intervention on diet quality in
persons at risk for or with the metabolic syndrome
Researchers:
Dr Danielle Battram, PhD, Division of Food & Nutritional Sciences, Brescia University
College, UWO
Dr Kevin Shoemaker, PhD, School of Kinesiology, UWO
Rebecca Horne, RD, MScFN candidate, Division of Food & Nutritional Sciences,
Brescia University College, UWO
You are being invited to participate in the following study that involves investigating the
effects of a nutrition intervention on diet quality in persons at risk for or with the metabolic
syndrome. Please read the following information below and initial each page to confirm that
you have read and are aware of the information. If after reading the below information you
wish to participate in this study, please sign the consent form provided.
Why is this study being done?
The metabolic syndrome is a cluster of symptoms that places someone at a higher risk for
developing cardiovascular disease and Type 2 diabetes. These symptoms include having
high blood lipids or fats (e.g. cholesterol), high blood sugars, high blood pressure and
being overweight or obese, especially around the mid-section. Current recommendations
for treatment of the metabolic syndrome include interventions that focus on changing
lifestyle including diet and other strategies to promote weight loss.
Many nutrition interventions aimed at improving diet to date have primarily focused on
quantity of food consumed and often target single foods or nutrients (e.g. low fat diets,
high protein diets, etc). These diets often take a restriction, prescriptive type approach,
which may be successful in promoting weight loss initially, but typically are difficult to
maintain over a lifetime. The main reason for this is that these diets do not take into
account personal diet preferences and eating patterns and as people revert back to their
old eating habits, they gain the weight back.
One alternative to this approach is a nutrition intervention that doesn’t focus on quantity
or restriction, but on the quality of the diet instead. Some research even suggests that this
type of approach may lead to spontaneous weight loss and improve risk factors for
developing diseases, like heart disease and diabetes. Therefore the purpose of this study
is to investigate if a nutrition intervention focusing on diet quality can 1) improve the diet
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quality, 2) promote some modest, spontaneous weight loss and 3) improve risk factors for
disease in persons at risk for or with the metabolic syndrome.
We require 88 participants for this study. In order to be eligible to participate in this study
you must be between 18 and 80 years of age and must have at least 2 of the following
risk factors: high blood pressure, high blood lipids (e.g. cholesterol, triglycerides), and/or
high blood sugars. You must be able to read and understand English and must be able to
attend the bi-monthly nutrition education sessions. In addition, you must not be receiving
any nutritional or dietary advice from a Registered Dietician or nutritionist. You must not
have a disease which requires you to follow a specific diet (e.g. Crohn’s disease) and
must not have diabetes or cardiovascular disease. You also must not have a pacemaker.
What is being asked of you as a participant?
ARTEMIS participants: If you agree to participate in the study by signing the consent
form, you will be asked to complete the following questionnaires: a demographics
questionnaire to gather information about your age, work status, ethnic background, etc; a
physical activity questionnaire; a Lifestyle Belief Questionnaire; Diet Quality audit and a
contact information sheet so that if needed we can contact you to clarify information and
inform you about schedule changes. These questionnaires will take about 30 min to
complete. Once complete, you will have your blood pressure, height, weight and waist
circumference measured (15 min to complete). Following this, you will be provided with
instructions on how to fill out two – 3 day food intake records (60 min to complete).
These records are to be filled out at home and should include everything you eat and
drink for 2 weekdays and 1 weekend day per record (total = 4 weekdays and 2 weekend
days). This record is to be either mailed back to us using the pre-paid postage envelop or
sent via email within 2 weeks. These food records will then be used to calculate your diet
quality score. Also, at this time, we will set up another meeting time to have your fasting
blood samples taken (30 min to complete; 2 Tbsp) and have your cardiovascular
measurements taken (about 2 hours to complete). These cardiovascular measurements
include the following:
! Blood pressure – To assess your blood pressure we will use 2 techniques. First, a
small cuff will be placed around one finger. Second, a cuff will be placed around
your upper arm and inflated periodically in the same manner as blood pressure
measurements made by your physician. An additional cuff will be placed around
one of your toes to measure the blood pressure changes in your feet.
! Fitness test – To assess your level of physical fitness, you will be asked to
perform a Step Test# which involves you stepping up/down on 2 small steps 20
times and your heart rate monitored.
! Heart rate – To assess your heart rate, six small adhesive electrodes will be placed
on the skin of upper body to measure the electrocardiogram (ECG; from which
your heart rate can be determined).
! Blood flow - To assess your blood flow, small probes that emit ultrasound waves
will be held against your skin at the base of your neck (the suprasternal notch),
chest, elbow, wrist and/or your ankle to obtain images of your heart and brachial
artery, respectively.
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!

!

Microneurography - The nervous system that regulates your heart and blood
vessels will be measured by a technique called microneurography. In this
technique one small needle is positioned just under the skin on your knee. A
second needle is inserted through the skin into the nerve that passes near your
knee. This second needle is moved in small movements until the adequate
recording site is found.
Cardiac Reactivity - A Stroop Colour Word Test will be performed which
involves a series of colour words that will be presented to you on flash cards
either in their corresponding colour, or in various different colours for you to
identify. Blood pressure, heart rate and nerve activity will be measured
throughout the test

Non-ARTEMIS participants: Once your eligibility to participate in the study is confirmed
by reviewing your blood values from your physician and by measuring your height,
weight and waist circumference, you will be asked to read the Letter of Information. If
you agree to participate in the study by signing the consent form, you will then complete
all procedures described above in the “ARTEMIS participants” section.
Once we, the researchers, obtain all the information above, we will then randomize you
to either the control group or the intervention group based on both your diet quality score
and body mass index (BMI; a measure of weight for a given height). In order to
randomize you to either the control or intervention group, we will have to analyze your
diet record and calculate your diet quality score. We will then match up 2 participants
with similar diet quality scores and BMI. Once this matching is complete, each pair will
be put in a hat and the first name drawn from the hat will be the one placed in the
intervention group and the other will be placed in the control group. This procedure is
necessary to ensure that both groups are similar with respect to diet quality and BMI at
the start of the study.
Intervention group: A meeting time will be scheduled for you to complete a nutritional
assessment with the Registered Dietician (RD) at Brescia. This assessment serves two
purposes: 1) to obtain other dietary information to better help you to make dietary
changes (e.g. work schedule, diet history, appetite regulation) and 2) identify which areas
of their diet are most important for you to focus on throughout the intervention.
Following this, you will be provided with a schedule of group sessions (9 in total;
covering various nutrition-related topics; led by an RD). These sessions will be offered
on Tuesday and Thursday evenings from 6:30 to 8pm and will take place at Brescia (Rm
158). Group sessions will be offered bi-monthly for the first 3 months and monthly for
the next 3 months. Following this, 2 optional (booster) group sessions will be offered to
you within the next 6 month period if you wish to receive some additional support. All
group sessions will include an educational component, interactive skill building exercises
and goal setting component. In addition to these group sessions, you will also complete
individual follow-up counseling sessions at 3 months and 6 months with the Registered
Dietitian. These individual sessions will be used to review the progress you’ve made,
answer any questions you have, and review your goal progress to date.
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In order for us to assess whether or not the nutrition intervention is being effective, you
will be asked to complete the following at 3 months, 6 months and 1 year follow-up:
•
Two 3-day food intake records (30 minutes each; 60 minutes total to complete)
•
Lifestyle Belief questionnaire (20 minutes to complete)
•
Physical activity questionnaire (5 minutes to complete)
•
Diet Quality audit (5 minutes to complete)
•
Fasting blood sample as before (30 minutes to complete)
•
Have your height, weight and waist circumference measured
(15 minutes to complete)
•
Complete all cardiovascular measurements described above (2 hours to complete)
In addition to the above, at 12 months, you will be asked to participate in a one-on-one
interview to discuss your opinions about the program. This will allow use to assess how
acceptable the program is and if changes are required before we conduct the program
again. Each interview will be conducted in person and will be 1 hour in length. The
interviews will be conducted by graduate students from Brescia who are not part of the
research team so that you can feel completely comfortable about voicing your opinions
about the program.
Control group:
As a member of the control group, you will receive 3 individual counseling sessions with
the Registered Dietician, but will not receive the group nutrition intervention until after 1
year of your participation in the study. A meeting time will be scheduled at a convenient
time for you to complete a nutritional assessment at baseline (2 hours) and 2 follow-up
sessions at 3 and 6 months (30 min each) at Brescia. In addition, as a control group
participant, you will be asked to complete the following at 3 months, 6 months and 1 year
follow-up:
•
Two 3-day food intake records (30 minutes each; 60 minutes total to complete)
•
Lifestyle Belief questionnaire (20 minutes to complete)
•
Physical activity questionnaire (5 minutes to complete)
•
Diet Quality audit (5 minutes to complete)
•
Fasting blood sample as before (30 minutes to complete)
•
Have your height, weight and waist circumference measured
(15 minutes to complete)
•
Complete all cardiovascular measurements (2 hours to complete)
Once these measurements are all complete, we will offer you a condensed version of the
group nutrition education intervention, free of charge. This intervention will run for 4
months.
Are there any risks to you by participating in the research?
The use a venous catheter is a common medical practice and it involves few risks. There
is a slight risk of infection and it will provide some initial discomfort. There may be
minor internal bleeding from the vein if adequate pressure is not maintained on the
insertion point upon removal of the catheter. This may cause bruising and some minor
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discomfort. On rare occasions, injury of the wall of the vein may occur. This could cause
the formation of a small blood clot. This clot will normally dissolve within 12 hours. To
minimize these risks, only experienced personnel will be used who are trained in the
necessary procedures to minimize infection (e.g. wearing gloves, using alcohol swabs,
etc) and bruising. While all discomfort cannot be avoided by the venapuncture procedure,
you will be seated comfortably, informed of all procedures and will only undergo the
procedure when you are ready and give informed verbal consent. Each time your fasting
blood sample is taken (4 times throughout the year), we will withdraw 25 ml (2 Tbsp) of
blood or a overall total of 100 ml (8 Tbsp), which is less than the standard, one-time
blood donation.
The adhesive from the ECG electrodes may cause a small rash which should disappear in
a day or two after the electrodes have been removed, otherwise there are no known risks
of this procedure.
When having your blood pressure measured the cuff around the arm/finger will prevent
blood from entering the arm/hand for up to 1 minute. There are no risks with stopping
blood flow for this duration of time, though the cuff will feel tight around the arm/finger.
This sensation goes away immediately upon deflation of the cuff.
The STEP™ test and requires a mild to moderate exertion which maybe uncomfortable.
As a result, you may feel an increased awareness of breathing, muscle pain, sweating and
fatigue. These symptoms should resolve on stopping exercise.
During the microneurography procedure you may feel a mild “pin-prick” sensation at the
site of insertion of the needle electrode. We will be using sterilized techniques to
minimize risk of infection. Following the microneurography procedure, there is less than
1% chance that you will feel paresthesias (numbness, tingling) in the lower leg for a few
days. This risk will be limited by limiting the search for an adequate signal to less than
60 minutes and by asking the subject to refrain from physical exercise for 24 h following
the procedure.
You may feel uncomfortable having your weight and waist circumference measured. We
will attempt to minimize this by having only trained members of the research team
perform these measurements and will do in a private space.
Participation in this study is voluntary. You may refuse to participate, refuse to answer
any questions or withdraw from the study at any time with no effect on your future care.
There are no economic risks to you by participating in this research.
Maintaining your privacy is of our upmost priority. To ensure that the data we collect
from you cannot be directly linked to you, we will provide you with a participant
identification number. This number will appear on all documentation pertaining to you.
You have the right to withdraw from this study at anytime. In addition, if you choose to
leave the study at anytime, you can choose to have the data we have collected from you
excluded from the study. However, if you complete the study and we publish your results
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in a journal, we cannot allow your data to be withdrawn at a later date. Finally, if the
results of the study are published, your name will not be used and all data will be
presented in aggregate form. If you wish, you can receive a copy of the study by simply
providing us with your contact information.
You do not waive any legal rights by signing the consent form.
Are there any benefits to you by participating in this research?
The ability of any nutrition education program to be beneficial is solely dependent upon
the level at which you choose to participate in the program. You may experience positive
changes in your eating habits and diet quality, which in turn may help you to improve
your blood lipids, blood sugars, blood pressure and body weight. Regardless however,
you will have free access to 12 months of nutrition education by a Registered Dietitian.
You will be provided with guidance, resources and opportunities to build skills and
confidence towards healthier eating habits.
In addition, you will be helping us, the researchers, to better understand whether or not a
nutrition intervention that focuses on diet quality rather than diet restriction can positively
influence risk factors known to increase a person’s chance of developing diseases, like
heart disease or diabetes.
What are the alternatives to participating in this research?
If you decide not to participate or if you withdraw from the study before it is completed,
we will provide you with a summary of your most recent measurements (for example,
blood pressure, cholesterol, etc) that we will encourage you to share with your physician
who can then provide you with usual medical care.
Should you have any further questions about the study, please feel free to contact:
Dr Danielle Battram, PhD
XXXXX@uwo.ca
XXX-XXX-XXXX ext. XXXX
Please be aware that “Representatives of The University of Western Ontario Health
Sciences Research Ethics Board may contact you or require access to your study-related
records to monitor the conduct of the research.” If you have any further questions about
your rights as a participant or the conduct of the study, you may contact the Office of
Research Ethics (University of Western Ontario), at xxxxx@uwo.ca or XXX-XXXX.
This letter is yours to keep
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Consent Form

The effects of a 6-month nutrition intervention on diet quality in
persons at risk for or with the metabolic syndrome
I have read the letter of information, have had the nature of the study explained to me and
agree to participate. All questions have been answered to my satisfaction.

Date

Name (please print)

Signature

Date

Person Obtaining Consent (please print)

Signature
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Appendix 7 Food Intake Records
Instructions for Completing an Accurate Food Intake Record
The key to completing an accurate food record is to be as detailed as possible.
Remember to include the amounts eaten, the brand name of your foods, the type of food
(i.e. 1% or 2% milk, light or regular sour cream, etc) and any beverages you consume
(including water).
You will complete and submit 2 three-day food records at the beginning, 3 months, 6
months and 12 months of the program. One food record equals recording your food
intake for 3 days of a week in total (include 1 weekend day and 2 weekdays). Include the
days that represent your usual intake, not a day when your eating habits are abnormal
(i.e. a birthday, anniversary, etc). Remember to include all snacks, meals, or beverages
consumed away from home must also be recorded.
Record the day of the week (e.g., Monday, Saturday) at the top of each page. Include the
time (e.g., 7:30 am) and the place (e.g., home, cafeteria) of each meal, snack, or beverage
that is consumed. Begin recording when you wake up and continue recording everything
you eat and drink until you go to bed that night.
Begin each new day on a new page. If a day uses more than one page, continue on to the
next page but start the subsequent day at the top of a new page.
Describe the food or beverage in detail. Use a separate line for each item and separate out
components of mixed dishes such as sandwiches, salads, casseroles, etc. For example a
ham and cheese sandwich would be: 2 pieces of white sandwich bread, Dempsters; 2
slices of black forest ham, Maple Leaf; 1 slice of processed cheese, Kraft; 1 tbsp
mayonnaise, Hellman’s.
For all foods, include the following: the name of the food (e.g. milk, eggs, etc); the type
of food (e.g., whole wheat or white bread; 2% or skim milk); the form of the food (e.g.,
fresh, frozen, canned); condiments or accompaniments (e.g., butter, mustard, salsa); as
much label information as possible (e.g., sodium-reduced soup, added Vitamin C);
method of preparation (e.g., fried, roasted, sweetened)
If you did not prepare the food yourself, identify the brand name or best description of
ingredients (e.g., Burger King Chicken Sandwich, extra lettuce, no mayo).
When possible, use measuring cups for soup, casseroles, and drinks.
When possible, use measuring spoons for small-quantity food items (e.g., butter, sugar,
jam). Record amounts in teaspoons (tsp) or tablespoons (Tbsp). Always use level
measures.
For meat, cheese, pies and cakes, estimate the size of the portion by measuring with a
ruler (e.g., cheddar cheese: one 1” cube; roast beef: two slices 2” x 4” x $” thick).
Use counts for eggs and slices of bread.
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Here are some common measurements to remember:
1 cup = 250 ml
Thumb from knuckle to tip = 1 Tbsp
1 Tbsp = 15 ml
Tip of thumb or 1 dice = 1 tsp
1 tsp = 5 ml
Size of 60 watt light bulb = 1 medium fruit
1 oz (ounce) = 28 g
1 slice of lunch meat or cheese = 1 oz
Nine volt battery = 45g (1.5oz) of cheese
A fist or a baseball or a computer mouse = 1 cup
Palm of your hand (including thickness) or a deck of cards = 3 oz of meat
SAMPLE Food Record:
Amount
1.5 c.
0.25 c.
1 c.
1 c.
2 tsp.
1 c.
340 mL
2 slices
2 slices
1 tsp.
1 slice
0.5 c.
0.5 c.
500 mL
1 c.
4 oz
$ c.
2 c.
2 T.
1 T.
2 T.
3 T.
1 c.
2 c.
2
1 c.
1 c.

Detailed Description of
Foods and Beverages
Vector, cereal
Cranberries, dried, sweetened, Ocean Spray
Soy milk, plain, Silk brand
Coffee
Sugar, white
Water
V8 juice, can
Ham & Cheese sandwich:
Whole wheat bread, Dempster’s
Ham, honey flavoured, Maple Leaf
Mayonnaise, light, Hellman’s
Cheese, Swiss, 17% fat
Potato salad
Chocolate ice cream, Breyer’s
Coca cola, diet
Water
Chicken breast, breaded and fried, PC brand
Mashed potatoes, made with $ tsp margarine and 1
Tbsp of milk
Tossed salad:
Iceberg lettuce
Shredded carrots
Chopped green pepper
Garbanzo beans
Creamy cucumber dressing, low fat
Orange juice, from concentrate, Old South
Water
Brownies, bite size, 1 inch cube each, store brand
Chamomile tea
Water

Time

Place

7:30 am
7:30 am
7:30 am
7:30 am
7:30 am
9:15 am
10:30 am
12:30 pm

home
home
home
home
home
work
work
work

12:30 pm
12:30 pm
2:30 pm
5:00 pm
6:00 pm

work
work
work
home
home
home

6:00 pm
6:00 pm

home

6:00 pm
8:30 pm
10:00 pm
10:00 pm
11:30 pm

home
gym
home
home
home
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Appendix 8 Lifestyle Belief Questionnaire
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Appendix 9 International Physical Activity Questionnaire
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Appendix 10 Nutrition Assessment Form

Participant ID#:

__________
Date:
________________
Nutritional Assessment Form
Diet History:
Food allergies
Y
N
If yes,
specify____________________________________
Diet Restrictions Y
N
If yes, specify _________________________________
Reason for restriction ___________________________
Previous diet instruction

Y

N

From whom: _____________________________
For what: ________________________________
Who is responsible for the grocery shopping in your household?
______________________
Who is responsible for the meal preparation in your household?
______________________
How many people live in your household? ____
Specify: __________________________
Are you currently taking any vitamin or mineral supplements? Y

N

If yes, specify: ________________________________________________________
Are you currently taking any herbal supplements or preparations (e.g. ginseng, etc)
Y
N
If yes, specify: __________________________________________________________
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How would describe your appetite throughout the day?
Poor

Good

Ravenous

Is there a time in the day that your appetite changes? Y

N

If yes, specify: ____________________________________________________
When you choose to eat something, is it due mainly to:
______ Hunger
______ Time
______ Boredom
______ Other: ___________________________________________________
What does food mean to you?
______ Source of nourishment
______ Source of entertainment
______ Source of comfort
______ Other: _____________________________________________________
Food likes:
__________________________________________________________________
Food dislikes:
________________________________________________________________
Have you previously tried to change your eating habits?

Y

N

If yes, how or what have you tried? __________________________________________
_______________________________________________________________________
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What was it about this effort that was successful or unsuccessful? __________________
________________________________________________________________________
Weight History:
Usual Body Weight ___________
wt LOSS/GAIN __________ over the past 3 months
Overall Goal of Participating in the Program:________________________________
________________________________________________________________________
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CHEI Components (as assessed by researchers from baseline food records)
Component
ADEQUACY

Increase

Just Right

Decrease

Increase

Just Right

Decrease

Total vegetables & fruit
Whole fruit
Dark green & orange
vegetables
Total grain products
Whole grains
Milk & alternatives
Meat & alternatives
Unsaturated fats
MODERATION
Saturated fats
Sodium
“Other food”
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List key areas of dietary improvement based on this assessment:_________________
________________________________________________________________________

3 month follow – up session notes:
Date: _____________________________

________________________________________________________________________
________________________________________________________________________
_______________________________________________________________________
________________________________________________________________________
_______________________________________________________________________
________________________________________________________________________
________________________________________________________________________

6 month follow – up session notes:
Date: ______________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_______________________________________________________________________
________________________________________________________________________
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Appendix 11 SMART Goal Setting
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Appendix 14 Baseline outcomes for intervention and control participants
Intervention (n=16) Control
pa
(n=7)
Total Diet Quality Score (out of
64.2 (12.9)
65.6 (10)
0.798
100)
Adequacy (out of 60)
43.4 (6.5)
42.8 (3.1)
0.638
Moderation (of out 40)
22.6 (8.4)
23.5 (7.7)
0.803
Wt (kg)
91.0 (10.2)
82.6 (16.3)
0.152
BMI (kg/m2)
32.8 (3.7)
30.5 (6.6)
0.295
Waist Circumference (cm)
109.3 (10.3)
105.6 (9.8)
0.435
a
ANOVA used for data analysis for time effect. Values are means ± SD.
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Appendix 15: International Physical Activity Scoring Key
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Appendix 16: ARTEMIS vs. non-ARTEMIS
Variable
Intervention (n=16) Control (n=7)
Wt (kg)
91.0 (10.2)
82.6 (16.3)
2
BMI (kg/m )
32.8 (3.7)
30.5 (6.6)
Waist Circumference (cm) 109.3 (10.3)
105.6 (9.8)
Total Diet Quality Score
64.2 (12.9)
65.6 (10)
(Out of 100)
Adequacy (out of 60)
43.4 (6.5)
42.8 (3.1)
Moderation (of out 40)
22.6 (8.4)
23.5 (7.7)
a
Independent t-tests used for data analysis. Values are means ± SD.

pa
0.152
0.295
0.435
0.798
0.638
0.803
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Appendix 17a Correlation of change in calcium and change in diet quality
Group
Change in Diet
Change in calcium
r
p
Quality Score
(mg)
Intervention (n=16) 9.4± 9.5
40.5± 215.3
0.030 0.912
Control (n=7)
3.5± 9.6
-106.5± 195.4
0.912 0.004
Values are means ± SD.
Appendix 17b Correlation of change in iron and change in diet quality
Group
Change in Diet Change in iron
r
Quality Score
(mg)
Intervention (n=16)
9.4± 9.5
-1.8± 4.7
0.248
Control (n=7)
3.5± 9.6
-0.28± 2.7
0.668
Values are means ± SD.

p
0.355
0.101

Appendix 17c Correlation of attendance rate and change in diet quality
Group
Change in Diet Quality Score Attendance r
p
Intervention (n=16) 9.4± 9.5
6.5±1.5
-0.090 0.739
Values are means ± SD.
Appendix 17d Correlation of change in weight and change in diet quality
Group
Change in Diet
Change in weight
r
p
Quality Score
(kg)
Intervention (n=16) 9.4± 9.5
-1.1± 2.8
0.053 0.845
Control (n=7)

3.5± 9.6

0.29 ± 2.7

0.332 0.467

Values are means ± SD.
Appendix 17e Correlation of change in waist circumference and change in diet
quality
Group
Change in Diet
Change in waist
r
p
Quality Score
circumference (cm)
Intervention (n=16)
9.4± 9.5
-2.4±7.3
-0.083 0.759
Control (n=7)
3.5± 9.6
0.4± 2.6
0.141 0.762
Values are means ± SD.
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Appendix 17f Correlation of change in systolic blood pressure and change in diet
quality
Group
Change in
Change in systolic blood r
p
sodium intake
pressure (mmHg)
(mg)
Intervention (n=16) -601.8±938.7
3.5±12.2
0.125 0.644
Control (n=7)
-183.0±567.3
-21.9±23.4
0.047 0.921
Values are means ± SD.
Appendix 17g Correlation of change in diastolic blood pressure and change in diet
quality
Group
Change in sodium
Change in diastolic
r
p
intake (mg)
blood pressure
(mmHg)
Intervention (n=16) -601.8±938.7
4.1±10.5
0.079 0.770
Control (n=7)
-183.0±567.3
5.9±5.6
0.293 0.523
Values are means ± SD.
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Appendix 18 Physical Activity
Variable

Physical
Activity in
METS

Intervention
Base
Mid
Mean ± Mean ±
SD
SD
4321±3
3043±
352.7
2974.4

End
Mean ±
SD
4430±
6439.8

Control
Base
Mean
± SD
3800 ±
3811.9

Mid
Mean
± SD
2447 ±
1976.2

End
Mean ±
SD
2374±
1874.4

p
3
month

6
month

0.686

0.446
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