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Abstract
Exercise training is known to decrease fat mass and increase lean mass in adolescents and adults. In
adults, the consumption of dairy foods, as part of a lifestyle intervention, can promote favourable body
composition changes. However, results of the few studies examining the combined effects of exercise and
dairy consumption on body composition in adolescents are inconclusive. The purpose of our study was to
determine whether increased dairy consumption, along with structured exercise training and dietary
guidance within a weight management program, can promote favourable changes in body composition,
anthropometry and cardiovascular fitness in overweight/obese adolescent females. Sixty-one adolescent
females (age: 14.8±2.2 y; BMI: 29.3±5.1 kg/m2) were randomized to 3 groups: recommended dairy (RDa;
n=24); low dairy (LDa; n=22); control (GCon; n=8), and 54 participants completed the study. The RDa
and LDa groups participated in a 12-week, individualized, eucaloric, lifestyle modification intervention
consisting of mixed-mode exercise 3x/week, and 5 nutritional counselling sessions with a registered
dietitian. RDa group was provided 4 servings/day of dairy (as milk, Greek yogurt and cheese), while LDa
maintained habitually low intakes of 0-2 servings/day. Seven-day food records were collected at weeks 0
and 12. Body composition, waist/hip circumference, and VO2peak were assessed for all groups at weeks 0
and 12. Both RDa and LDa decreased body fat (-1.7±1.5%, -1.2±1.1%, respectively), fat mass (1.3±2.1kg, -1.1±2.0kg, respectively) and subcutaneous fat thickness (-12.5±10.0mm, -9.1±9.4mm,
respectively) compared with the GCon (0.3±1.3%, 0.8±1.8kg, 3.0±8.0mm, respectively) (p ≤0.002 for
all). RDa decreased fat mass (kg) more than LDa (p=0.001). Both RDa and LDa gained more lean mass
(1.5±1.9kg, 0.7±1.6kg, respectively) than GCon (0.5±1.4kg). RDa increased lean mass more than LDa
(p≤0.001). VO2peak (ml/min/kg) did not differ between groups following the intervention (p=0.093). These
findings suggest that the inclusion of a variety of dairy foods in the diet of overweight/obese adolescent
girls, as part of a weight management intervention program, is beneficial to the overall improvement in
body composition.
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Chapter 1 - Literature Review and Rationale
1.1 Population
The population that was investigated in this thesis was pubertal adolescent females who
are overweight/obese. Because this population is overweight/obese, they are at an increased risk
of becoming obese adults and experiencing the adverse health risks that are associated with this
outcome1–5. This makes them a target population for a lifestyle modification intervention
involving both exercise and diet.
1.1.1 Overweight and Obesity Classification
In children and adolescents, aged 2-19 years old, the classification of overweight and
obesity is done using body mass index (BMI) percentile scores, in accordance with population
specific growth charts6. Percentiles on growth charts are used to help account for the growth that
is occurring in this age group and the differences occurring between sexes. Since BMI is
calculated from two variables (weight (kg) divided by height (m) squared) that are rapidly
changing in this age group, the use of percentile scores allows for a comparison to be made
within a particular age and sex7. Overweight is defined as ≥85th to 97th percentile, and obesity is
defined as >97th percentile6.
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Figure 1.1: WHO - BMI growth chart for girl’s aged 2-19 years old. Accessed from:
https://www.dietitians.ca/Dietitians-Views/Prenatal-and-Infant/WHO-Growth-Charts/WHO-Growth-Charts-Set2.aspx
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1.1.2 Health Risks of Overweight and Obesity
Childhood obesity is an increasing concern in Canada as there are many health risks
associated with it1. The risks associated with adult obesity are well documented, but they are less
so in children. It is important to note that children who are overweight or obese are more likely
to become overweight or obese adults1. Despite its less well-characterized consequences,
childhood obesity has been associated with an increased risk of chronic diseases such as type 2
diabetes, obstructive sleep apnea, and non-alcoholic fatty liver disease4. The most important
factor in overweightness and obesity is the accumulation of excess body fat, and specifically, fat
that is in the deeper abdominal or visceral region2. Visceral fat can begin to surround the heart,
and other internal organs (liver, pancreas, intestine, kidney, etc.), and when an excessive amount
accumulates it can lead to cardiovascular and organ diseases and disfunctions2,3.
1.1.3 Adolescent Growth
Adolescence is a period characterized by somatic growth and maturation related to
puberty. There are many changes occurring in the amount and proportion of fat mass, lean mass,
height and weight during this time. The age of peak height velocity (PHV) (Figure 1.2) is the
point in time at which the maximum rate of growth occurs8. It has been suggested that for
normal-weight girls, the onset of the adolescent growth spurt occurs between age 8.2-10.3 years,
and that PHV itself is usually reached around age 11.3-12.2 years8. However, studies suggest that
for overweight and obese girls, PHV is reached one year earlier than normal-weight girls, and is
thought to be related to increased circulating levels of leptin, insulin, and estrogen in overweight
individuals9–11. Typically, the onset of menarche is approximately one year after PHV, indicating
that physical maturation occurs sooner than sexual maturation8. Following this pattern, girls who
are overweight or obese typically begin menarche one year earlier than normal weight girls,
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however this is still one year following PHV9,10. For the purpose of this study, only females who
have started menstruating were included, therefore they had all reached and surpassed their PHV.
In terms of somatic maturity, it is important to understand the development of lean mass
(LM) and fat mass (FM) in girls. Velocity of LM accrual (Figure 1.3) appears to peak roughly
one year following PHV and takes a steep decline over the following two years12. That is,
following the peak rate of LM development, LM continues to develop but at a slower rate. In
females, FM accrual increases at a fairly consistent and steady rate throughout the adolescent
period, with a slightly larger increase around the onset of puberty8. Thus, throughout
adolescence, females are increasing FM which increases body fat percentage (Figure 1.4). Once
females enter early adulthood, the natural accrual of FM begins to plateau8. Overall, as females
move past the age of PHV, the accrual of LM related to growth begins to decrease whereas the
accrual of FM increases. It is important to understand this relationship when examining potential
changes in the body composition of post-menarcheal females as changes observed related to the
study intervention should be interpreted in the context of their naturally occurring rates of
development of LM and FM. It is not known how or whether this relationship changes in an
overweight/obese population compared to normal weight girls, as it has not been well
characterized. What is known is that those who are overweight/obese gain weight (primarily as
fat) at a faster rate than those who are normal weight13. These changes in growth are likely
related to external lifestyle factors that disrupt the normal growth pattern, such as a lack of
physical activity and an unhealthy dietary pattern14.
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Figure 1.2: Rate of height development in boys and girls for their age, noting peak height velocity12.

Figure 1.3: Velocity of lean body mass development (dotted line) in females based on age 12.
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Figure 1.4: Absolute changes in body composition measurements such as fat free mass, fat mass, and percent body
fat8

1.2 Dairy Products
1.2.1 Dairy Consumption Recommendations and Trends in Adolescents
Dairy products can be part of a healthy diet as they contain a significant amount of
micronutrients and macronutrients in a single serving15–17. The consumption of dairy products
has been associated with the consumption of more nutrient-dense, less energy-dense diets,
making dairy products healthful foods18,19. The recommendation for dairy consumption in the
Canada’s Food Guide (CFG) until 2019 was that girls between the ages of 9-18 years old should
consume 3-4 servings of dairy per day20. Examples of one serving of dairy products included: 1
cup (250 mL) of milk, ¾ cup (175g) of yogurt, or 50g of cheese20. The food serving
recommendations in CFG aligned with the nutrient recommendations of the Dietary Reference
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Intakes (DRI) in order to promote health and reduce the risk of chronic diseases21. In particular,
the dairy consumption recommendations were set to improve bone health and prevent
osteoporosis. Milk and alternatives was the target food group to help prevent osteoporosis
because most of these foods (specifically dairy products) contain a high amount of calcium. The
Recommended Dietary Allowance (RDA) for those aged 9-18 years old is 1,300mg of calcium
per day22,23. Each serving of milk contains roughly 300mg of calcium24. When an adolescent
consumes the recommended 3-4 servings per day they will be consuming around 900+ mg of
calcium which is almost at the amount recommended in the DRIs and by Osteoporosis Canada22.
The rest of the calcium will come from other natural and fortified sources in the diet such as
beans, vegetables, nuts and some fruit juices24.
Recently, Health Canada published a newer version of CFG (2019). The new version of
CFG has moved away from using four food groups and instead has three groups: fruits and
vegetables, whole grain foods, and protein foods25. Although the previous category of milk and
alternatives has been removed, dairy foods have not been eliminated. Instead of having their own
category, dairy products were moved into the ‘protein foods’ category, along with foods that
previously belonged to the meat and alternatives category (which is also no longer its own
category). Additionally, the new CFG has not yet published specific intake recommendations
such as serving sizes25. Instead, the guide uses an image of a plate with foods from each category
representing a portion of the plate (Figure 1.5). This is to be used regardless of age or sex.
Further, it is recommended that one quarter of the plate be protein foods (which contains dairy
products). For each food category, there are additional recommendations or guidelines for
selecting foods. Under protein foods, it is recommended that lower fat dairy products be
consumed25. Despite the removal of the milk and alternatives category from CFG, it is important
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to note that dairy products are still recognized to be an important part of the Canadian diet,
although this is less obvious in the new food guide.

Figure 1.5: The 2019 Canada’s Food Guide plate. Accessed from: https://food-guide.canada.ca/en/

Since the IDEAL for Adolescents study was designed when the previous CFG was in
place, we have examined literature in relation to the previous recommendations and serving
sizes. Despite the specific dairy recommendations in the previous CFG, dairy consumption
appears to decrease during adolescence. Dairy foods contributed less to the total energy intake of
adolescents at 15 years old than at 10 years old26. Interestingly, epidemiological research has
noted that paralleling the downward trend of dairy consumption in adolescence, is the rise in
obesity27. While there are many different factors at play here, it is hypothesized that dairy
consumption, milk in particular, is being replaced by unhealthy and less nutrient dense drinks,
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such as soda pop and juice, which are higher in added sugars27–30. This indicates that those who
do not consume much dairy foods, typically eat/drink foods with less nutrient density and variety
(that therefore contain more empty calories). This can contribute to a poorer quality diet19.
Another reason why adolescent females are reportedly not consuming as many dairy products is
because they perceive them as fattening, or believe that they will cause weight gain31,32. On the
other hand, adolescent females who are consuming the recommended amount of dairy products
appear to be doing so at the lower end of the recommendations33. This decrease in the
consumption of dairy products could mean that adolescents are missing out on the quantity and
variety of key nutrients that dairy products can deliver to support musculoskeletal health, growth
and development.
1.2.2 Dairy Protein and Lean Mass
The proteins found in dairy products have been widely studied, particularly regarding
body composition and the development and maintenance of lean mass. The two main proteins
found in dairy products are whey and casein. Both whey and casein contain all of the essential
amino acids, making them complete proteins34. A main difference between these two proteins is
the way in which they are digested and absorbed. Whey protein is deemed a ‘fast’ protein as it is
liquid and soluble and can be absorbed much quicker than casein35. Casein is a ‘slow’ protein, as
it coagulates (i.e. becomes solid) in the stomach and therefore is not broken down or absorbed as
quickly as whey34,35. Upon consumption, the ingested amino acids from whey appear in the
blood more quickly and are taken into the tissues more quickly compared to casein (Figure
1.6)35. On the other hand, the slow intestinal absorption of casein leads to a delayed appearance
of the amino acids in the blood, which creates a delayed but extended response (Figure 1.6)35.
Due to the amino acid response of whey protein (fast absorption and fast delivery), muscle
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protein synthesis is increased, with less of an effect on muscle protein breakdown. However,
with casein, muscle protein synthesis is still increased (albeit not to the same extent) and protein
breakdown is thought to be inhibited35, although this is harder to measure. The combined and
repeated effects of increasing protein synthesis while inhibiting protein breakdown would lead to
a positive protein balance and the acquisition of lean mass over time. Because dairy foods
contain a mixture of these 2 proteins, their consumption facilitates both fast and slow amino acid
delivery mechanisms making it an ideal food for muscle mass accretion and balance35.

Figure 1.6: Plasma leucine concentration, indicating plasma amino acid concentration, over time after consuming
casein protein (CAS) or whey protein (WP)35

Recently (June 2019), a review article comparing muscle health in obese and normalweight adults has suggested that obese individuals may have a blunted protein synthetic response
to nutrition and exercise leading to poorer muscle health36. This blunted muscle protein synthetic
response in obese adults is likely a result of altered insulin signalling, inflammation and
metabolic disturbances that often accompany obesity36. This suggests the importance of
improving body composition in obese individuals which will also act to improving overall
muscle health. Therefore, lifestyle interventions targeted at the treatment of obesity should be
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designed in such a way that optimal muscle health can be achieved. A suggested feature to
include in an intervention for muscle health is the consumption of higher levels of protein with
muscle-building exercise bouts36. Since dairy products are known to be a good source of
protein37, the incorporation of these foods into the diet with exercise could help improve muscle
health in obese individuals.
In children and adolescents, the effects of dairy proteins on lean mass amount or
development is typically examined with the consumption of milk and yogurt. However, the
results of such studies have been conflicting30,38–40. A cross-sectional study examining the
relationship between dairy intake and fat-free mass in boys and girls aged 12-18 years found that
in boys but not girls, there was a positive relationship between these two variables38. As
suggested by the authors, the lack of association between dairy intake and fat-free mass in girls
may relate to the lack of variability in its intake. Indeed, boys in the study had more variability in
their dairy consumption, compared to girls who were mainly low to moderate consumers of dairy
(<3 servings/day)38. Two randomized control trials (RCTs) were conducted in which participants
were randomly assigned to consume 3-4 dairy servings per day, or to a control group who made
no changes to their diet (summarized in Table 1.1)39,40. Participants in the intervention group of
one study received nutritional counseling in which they were provided with advice on how to
replace foods with the dairy products so that they would not increase energy intake39. The control
group for this study also had nutritional counseling, where they were provided with advice on
how to follow a balanced and healthy diet39. Participants were girls aged 13-14 years who were
divided into three BMI percentile ranges: 50th to <70th, 70th to <85th, and 85th to <98th. Within
each of these groups, participants were randomized into the intervention or control group39. In
the second study, none of the participants received any nutritional counselling. They simply
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added the suggested dairy products to their diets in the intervention groups, and continued their
regular diets in the control group40. This study included boys and girls aged 8-16 years and
included participants who were normal-weight (5th-70th percentile) and overweight (≥85th
percentile)40. Neither study noted any differences in lean mass between groups after the 12month39 or 18-month40 interventions. In another study, instead of just adding dairy products into
the diets of 8-10-year-old overweight boys and girls, the intervention group was instructed to
replace sugar-sweetened beverages (SSBs; soda and juice) with flavoured milk, while the control
group continued to drink SSBs. The results of this study demonstrated that, in both boys and
girls, there was a greater increase in lean mass in the intervention group compared to the control
group30. Thus, results show a greater development of lean mass when less healthy food items
(i.e. SSBs) are replaced with dairy products. Here, the energy intake is similar but the nutrient
profile of the two drinks is very different, with milk having a better micronutrient/macronutrient
profile than SSBs.
There are recommendations put in place for children regarding protein intake. The
acceptable macronutrient distribution range (AMDR) for protein in those aged 4-18 years is 1030% of total energy41. Currently, the RDA suggests that protein should be consumed at 0.95 and
0.85 g/kg/d of body weight for those 9-13 and 14-18 years old, respectively. These
recommendations are made in order to at least maintain nitrogen balance but more so to facilitate
a positive protein balance to support growth and development, particularly at younger ages 41,42.
The recommended level of protein is not high (e.g. for an adolescent girl age 14 years old and 80
kg [like in IDEAL] = 68 g/d of protein) and can easily reached with the addition of dairy
products to the diet. For example, two 100g cartons of flavoured 2% Greek yogurt (just over 1
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serving) contains 16 g of protein, making dairy products a good and convenient source of highquality protein.
1.2.3 Calcium and Fat Mass
Calcium is a mineral micronutrient found in dairy foods. Research shows that calcium
may play a role in the reduction of fat mass or adiposity, especially in adults who are overweight
or obese43–45. Calcium is thought to help regulate fat mass through multiple mechanisms. One
such mechanism is through increased fecal fat excretion associated with calcium inhibiting fat
absorption in the gut44. Another is that calcium may potentially act on the adipocyte to stimulate
lipolysis, and the absence of calcium (i.e. low Ca/dairy diets) increases lipogenesis 43. Although
these mechanisms likely individually only elicit a small effect on fat mass regulation, it is
believed that the combined effects of these smaller mechanisms, may help to decrease fat mass
overall44. In a cross-sectional study examining the relationship between calcium intake (from
food and other sources) and measures of adiposity in adolescent females, an inverse relationship
was demonstrated between calcium intake and BMI, waist circumference, hip circumference, and
waist to hip ratio46. It was also noted that, when compared to those who were normal weight,
those who were overweight or obese on average consumed less calcium46. This last point
proposes the idea that those who are overweight or obese may be missing out on the potential
benefits of calcium on fat mass regulation through their low levels of consumption.
In younger populations, instead of looking at calcium supplementation, most studies
examined the effects of dairy foods, as a source of calcium, on adiposity in adolescence. As
previously mentioned, each serving of milk provides ~300mg of calcium, making milk a high
source of calcium. A cross-sectional study examined the association between dairy consumption
and body fat percentage in a sample of non-obese girls between the ages of 8-12 years47. No
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relationship was found. RCTs have examined the effects of incorporating dairy products,
typically milk, into the diets of children and adolescents on fat mass (summarized in Table 1.1).
These studies ranged in duration from 12 weeks to 18 months. For most, the control groups
would consume low levels of dairy products (1-2 servings/day) and the intervention groups
would consume 3-4 servings of dairy/day39,48–50. The studies examined boys and girls between
the ages of 8-18 years with most studies focusing on overweight and obese populations39,48,50.
Collectively, these studies demonstrated no differences in body fat percentage between the low
and high dairy groups39,48–50. Important to note, although fat mass and body fat did not differ
between the two groups, consuming dairy did not increase adiposity. In one study, the authors
speculated that the self-report measure of compliance to consuming the dairy products may have
been a limitation, as participants may not have consumed all of the dairy products but reported
that they did50. Another study suggested that the lack of an energy deficit may have been the
reason that no changes in body fat were seen with increased dairy consumption48.
One study compared body composition changes between three intervention groups: one
group consumed a high-dairy (>800mg calcium/day) eucaloric diet, one group was put on an
energy-restricted diet, and the third group, or the control group, received no nutritional
guidance51. Children in the study were obese and 5-6 years old. They were then followed up 6
months and 12 months after completion of the initial 6-month intervention. It was found that all
groups lowered their BMI standard deviation score (SDS) and waist circumference following the
dietary interventions. However, 6 months following the intervention, all groups increased in BMI
SDS and waist circumference which is likely related to growth as this was seen in the control
group as well51. Interestingly, although the high-dairy group experienced increases in BMI SDS
and waist circumference 6 months after the intervention, they experienced significantly less
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increases than both the energy-restricted and control groups until 12 months after the
intervention51. Since waist circumference is used as a surrogate measure of adiposity52, these
results indicate that a high-dairy eucaloric diet produced the same reductions in waist
circumference as did an energy-restricted diet, and helped slow the increase in waist
circumference following the intervention. This study also noted that following the initial 6month intervention, those who were in the dairy group continued consuming higher amounts of
dairy 12 months following the intervention, whereas those in the energy-restricted group
increased their calories beyond baseline levels by the 6 month follow-up51, indicating that dairy
consumption is a more sustainable dietary change than creating an energy deficit.
Table 1.1: Summary table of randomized controlled trials on the effects of dairy consumption on
body composition and nutrient intake in pediatric populations
Author

Participants

Intervention

Results

Lappe et al.
(2017)39

274 post-menarcheal,
normal weight and
overweight girls (BMI
>50th percentile to <98th
percentile) 13-14 years
old

Dairy group: consumed low fat
milk or low fat yogurt servings to
equate to ≥1200 mg of
calcium/day for 12 months,
informed by study dietician how
to include dairy into diets without
increasing energy intake
Control group: consumed their
usual diets of ≤600 mg of
calcium/day for 12 months,
informed by study dietician how
to consume a balanced diet

Vogel et al.
(2017)40

240 (87 boys, 153 girls)
normal weight and
overweight/obese
children, 8-15.9 years old

Albala et al.
(2008)30

98 (52 boys, 46 girls)
overweight/obese
children, 8-10 years old

Dairy group: consumed 3
servings of dairy/day as milk and
yogurt, with varying fat contents
for 18 months
Control group: consumed their
regular diets for 18 months
Dairy group: replaced sugarsweetened beverage consumption
with consumption of 3 x 200mL
servings of flavoured milk/day for
16 weeks

Between-groups:
Dairy ↑ calcium intake, calories
from protein, calories from fat,
calories from sugar, and energy
intake greater than control
Within-group dairy:
↑ calcium intake, calories from
protein, calories from fat, calories
from sugar, and energy intake
↔ waist and hip circumference,
and abdominal girth
Within-group control:
↑ calcium intake and energy
intake
↔ waist and hip circumference,
and abdominal girth
Between-groups:
Dairy ↑ calcium and energy intake
greater than control
No difference between groups for
weight, lean mass, waist
circumference, or fat mass
Between-groups:
Dairy ↑ protein, calcium intake,
and lean mass greater than control
Dairy ↓ sugar-sweetened beverage
consumption and energy intake
more than control
Within-group dairy:

16
Control group: continued
consumption of sugar-sweetened
beverages for 16 weeks

St-Onge et al.
(2009)48

61 (13 boys, 48 girls)
overweight children, 810 years old

Lau et al.
(2004)49

344 (178 boys, 166 girls)
normal weight and
overweight children, 910 years old

GhayourMobarhan et
al. (2009)50

120 overweight and
obese children, 12-18
years old

Kelishadi et
al. (2009)51

120 obese children
(mean age 5.6 ± 0.5
years old)

High-dairy group: consumed 3 x
236mL servings of skim milk and
1 x 236mL serving of 1%
chocolate milk/day for 16 weeks,
provided with dietary counselling
on healthy eating and
incorporating dairy into the diet (6
sessions)
Low-dairy group: consumed 3 x
200mL sugar-sweetened
beverage/day and 4 x 236mL
skim milk/week and 5 x 236mL
1% chocolate milk/week for 16
weeks, provided with dietary
counselling on healthy eating and
incorporating beverages into the
diet (6 sessions)
40g milk powder group:
consumed 40g of milk powder
(650mg calcium)/day for 18
months
80g milk powder group:
consumed 80g of milk powder
(1300mg calcium)/day for 18
months
Control group: continued
consuming their usual diet for 18
months
High dairy group: 500kcal
deficit and consumption of 4
servings of dairy/day for 12
weeks
Normal dairy group: 500 kcal
deficit and consumption of 3
servings of dairy/day for 12
weeks
Low dairy group: 500kcal deficit
and consumption of 2 servings of
dairy/day for 12 weeks
Dairy-rich diet group:
recommended >800mg
calcium/day as milk, yogurt,
cheese and curd, no change in
energy intake, 6 monthly familyoriented healthy lifestyle
education sessions
Energy-restricted group: energy
restriction with energy intake
restricted to caloric requirements

↑ protein intake, calcium intake
↓ sugar-sweetened beverage
consumption and energy intake
Within-group control:
↑ sugar-sweetened beverage
intake and protein intake
Between-groups:
No differences in changes in body
composition
Within-group high dairy:
↑ weight
↔ waist circumference and %
body fat
Within-group low dairy:
↑ weight
↔ waist circumference and %
body fat

Between-groups:
No differences between-groups in
changes in weight, lean mass, and
fat mass

Between-groups:
No differences in changes in body
composition
Within-group high dairy:
↓ hip circumference, weight, %
body fat, and fat mass
Within-group normal dairy:
↓ weight, % body fat, and fat
mass
Within-group low dairy:
↓ waist and hip circumference,
weight, % body fat, and fat mass
Between groups:
Dairy ↑ calcium intake compared
to energy-restricted and control
Within-group dairy-rich diet:
↓ waist circumference and %
body fat
Within-group energyrestricted:
↓ waist circumference and %
body fat
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based on height, 6 monthly
family-oriented healthy lifestyle
education sessions
Control group: 6 monthly
family-oriented healthy lifestyle
education sessions

Within-group control:
↓ waist circumference and %
body fat

1.3 Exercise
Lack of physical activity and structured exercise, as well as an increase in sedentary
behaviour is linked to overweight and obesity53–55. Several studies have demonstrated that
adolescents with higher BMIs, typically also do not participate in physical activities as often53–55.
This is concerning because physical activity/exercise is critically important for improving overall
health and decreasing disease risk in many ways including controlling blood glucose and lipid
levels, decreasing resting heart rate, and improving fitness, strength and body composition56–58.
1.3.1 Exercise Guidelines for Adolescents
According to Canadian guidelines, children and adolescents aged 12-17 years old should
be engaging in 60 minutes of moderate to vigorous physical activity every day59,60. Further, the
suggested 60 minutes of physical activity per day should be met by including at least 3 days per
week of bone and muscle strengthening activities, such as resistance training, in children and
adolescence, and at least 3 days per week of vigorous aerobic type exercise59–61. A cause for
concern is that ParticipACTION reported that only 35% of those aged 5-17 years were meeting
the recommended guidelines for physical activity62, and Canada was given a grade of D+ in their
2018 ParticipACTION report card59. It has been suggested that excess ‘screen-time’ may
contribute to the lack of physical activity in this age group. Screen-time is considered the time
spent using devices such as tablets, cell phones, computers and watching television, and has been
referred to as a sedentary behaviour59,60,63. However, in a recent article highlighting the new
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guidelines from the Canadian Pediatric Society (CPS) for screen time use in children 5-19 years
old, it has been suggested that rather than focus on total screen-time (which should still be
minimized), parents should focus on monitoring how and when screens are used64. For example,
parents are encouraged to make screen-time meaningful/educational rather than mindless. The
guidelines also suggest that parents encourage children to play outside, get sufficient amounts of
sleep, and participate in at least 60 minutes of moderate to vigorous physical activity each day,
which would then lead to less free time for screen-time64. Studies have noted that as sedentary
behaviour increases, physical activity decreases and measures of fatness (and BMI) increase65–67.
The Heart and Stroke foundation guidelines, based on the Canadian Society for Exercise
Physiology (CSEP) and ParticipACTION guidelines, encourages children between the ages of 517 years to engage in at least 60 minutes of moderate-vigorous physical activity per day. The
activities recommended are those such as running, fast walking, biking, skateboarding and
skating to create a healthy heart68. These activities are considered preventative for the
development of unfavourable lipid profiles, high blood pressure, and an unfavourable body
composition57,69.
1.3.2 Resistance Training
Resistance training (RT) is encouraged by the current Canadian guidelines60,63. It has
been increasingly recognized that RT helps to produce strong bones and muscles in this age
group70–73. A variety of studies in pediatrics have examined the effects of RT on muscular
strength measures74–79. The exercise programs ranged from 8 weeks to 15 months with a
frequency of 3-4 times per week. All studies used a RT program that utilized a combination of
exercises that targeted the whole body. In all studies, after adolescents followed a RT program,
their strength increased74–79.
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RT has also been studied regarding body composition in the adolescent age group and in
obese or overweight subjects. Across these studies the age group ranged from 7-18 years old and
included boys and girls. These studies found that RT produced an increase in lean mass or
muscle size after the completion of programs 8-22 weeks long with exercise 3-4 days/week
75,78,80

. A study, completed in obese 13-17 year old males, had intervention participants complete

RT 3 days/week for 6 months. Body composition did not differ between the intervention group
and the control group (who had no intervention) following the 6 month study period76. There
were however within-group differences indicating an increase in lean mass and a decrease in
body fat percentage and total body mass for both groups76. An issue with this study was that
physical activity levels were not controlled for in either group which may have confounded the
results as it is possible that the control subjects became more active which could have influenced
their body composition. Another study had participants’ complete RT 3 days/week for 12 weeks
in obese adolescents (boys and girls, 13-17 years old). This study did not compare changes overtime to a no-intervention control group, however they did find that following the intervention
there was a decrease in waist circumference and body fat (%) in the group who completed RT81.
McGuigan et al. also examined RT in overweight/obese 7-12 year old boys and girls and did not
have a control group. They found that following 8 weeks of RT 3 days/week there were increases
in strength and lean mass, with decreases in body fat (%).
To summarize, based on these studies (Table 1.2), RT can increase lean mass, muscle
size and strength, and decrease body fat (%) in obese adolescent males and females.
1.3.3 Aerobic Exercise
Studies have examined the effects of aerobic exercise training (AT) on both fitness and
body composition in an obese adolescent population. The results are summarized in Table 1.2.
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Two studies noted that, upon completing an AT program 3-4 days per week for 12 or 22 weeks,
there were increases in VO2peak and time on the treadmill, both of which are measures of
cardiovascular fitness and endurance74,75. Additionally, two studies showed favourable body
composition changes. Vargas-Ortiz et al. and Monteiro et al. found that, upon completion of a 12
or 20 week AT program of 3 times/week, respectively, waist circumference and body fat % both
decreased from pre- to post-training57,75. Furthermore, one study noted that AT for 22 weeks 4
times/week, with a 250 kcal/day deficit also resulted in increased strength74, but no beneficial (or
detrimental) effects were found for body composition80. The authors suggested that the lack of
change in body composition may have occurred due to less rigorous dietary monitoring and only
using a small caloric deficit80.
1.3.4 Concurrent/Mixed Mode Training
When an exercise session combines multiple modes of training such as RT and AT, it is
referred to as concurrent or mixed-mode training. Typically, through a concurrent training
program, favourable results on body composition, strength, and cardiovascular fitness can be
seen. Six RCTs carried out in obese 11-18 year old participants, with males and females used
concurrent training programs57,58,74,80,82,83, and are summarized in Table 1.2. Regarding fitness
measures, a concurrent training program led to an increased VO2peak, longer treadmill test times,
and an overall increase in cardiovascular fitness58,74,83. Body compositional and anthropometric
benefits such as an increase in lean mass, decrease in waist circumference and a decrease in body
weight have also been found with concurrent training57,58,80. Three studies found a decrease in
body fat percentage57,82,83, however another indicated that there were no changes in body fat
percentage or fat mass58. These studies spanned from 12 to 22 weeks and exercise occurred 3-5
times per week. Most of the studies involved an AT program combined with a RT
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program57,74,80,82,83, whereas one study used a physical education class in which aerobic circuits,
RT, and sports games were used to deliver the exercise intervention58. Favourable results were
displayed in all studies, which indicates that concurrent training is an effective method to
decrease body fat and improve fitness.
1.3.5 Plyometric Exercise
Plyometric exercise is an explosive form of exercise that is mainly characterized by
jumping movements. It is completed typically at high intensities and in short durations to
improve agility, speed, and balance84. When performing certain jumping activities, the eccentric
muscle contraction, or lengthening phase of the muscle, leads to the initiation of a stretch reflex
helping the muscle shorten quickly, which results in a more powerful reciprocal concentric
contraction85. Much of the plyometric research carried out in pediatric populations addresses
youth athletes86. Although it has been shown to be safe for other pediatric populations86–88, only
a few studies have examined this type of training in non-athlete pediatric populations89–91. Two
studies in adolescent girls aged 1489 and 16 years old90 (Table 1.2), with one being in an obese
population90, used plyometric training as part of their exercise intervention, while one study used
plyometric training alone on 7-9 year old overweight/obese boys91. When plyometric training
was combined with high-intensity interval training (HIIT) in obese adolescent females for 12
weeks, there were within-group (but not between-group) differences indicating decreases in body
mass, fat mass, and waist circumference90. HIIT combined with plyometrics also increased lean
body mass, which was not seen in the group completing HIIT only90. This indicates that
plyometrics may be a useful training tool to help improve body composition in obese individuals.
Another study combined plyometric training with RT in a population of normal weight,
menarcheal high school females89. Through increases in knee extensor strength, it was
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determined that the combination of RT with plyometrics may help to increase lower body
strength when compared to a control group that did not exercise89. Additionally, Nobre et al.
found that after completing plyometric training 2 days/week for 12 weeks, there were no
significant differences in changes in body composition between the exercise group and the nointervention control group. However, they did find that the plyometric exercise group
significantly increased weight and lean mass, and non-significantly increased fat mass following
the 12 weeks, whereas the control group only significantly increased in weight, with nonsignificant increases in lean mass and no change in fat mass following 12 weeks with no
exercise91. Based on these studies, plyometric training may have beneficial effects on body
composition, however research in overweight and obese adolescents is limited.
Table 1.2: Summary table of the randomized control trials involving different types of exercise
and body composition changes in overweight and obese adolescents
Author

Participants

Intervention
Resistance Training
RT Group:
3x/week for 6 months
Control Group:
No intervention

Schranz et al.
(2014)76

56 (30 intervention,
26 control)
overweight/obese
males 13-17 years old

McGuigan et al.
(2009)78

48 (26 girls, 22 boys)
overweight/obese
males and females 712 years old
44 (24 girls, 20 boys)
obese and normal
weight adolescents
13-17 years old

RT Group:
3x/week for 8 weeks
No control group

27 (13 RT group, 14
AT group) obese
males ~16 years old

RT Group:
3x/week for 12 weeks
AT Group:
3x/week for 12 weeks
20-50min
No control group

Dias et al.
(2015)81

Vargas-Ortiz et
al. (2018)75

Results
Between-groups:
No differences in changes in body
composition or strength
Within-group RT:
↑ Strength and lean mass
↓ Body fat %
Within-group RT:
↑ Strength and lean mass
↓ Body fat %

OB-RT Group:
Between-groups:
Obese adolescents completed
Between- group differences were not
RT 3x/week for 12 weeks
examined over-time due to the control
group only coming in at one timepoint
Control group:
Normal weight control group
Within-group OB-RT:
completed no intervention and ↓ Waist circumference and body fat %
were only tested at baseline
Resistance Training vs. Aerobic Training
Between-group:
AT Group ↑ VO2peak
Within-group RT:
↑ Strength and muscle size
↓ waist circumference
Within-group AT:
↑ VO2peak
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↓ Waist circumference and body fat %

Concurrent Training
Alberga et al.
(2017)80

297 (74 AT, 75 RT,
74 concurrent, 74
control) obese males
and females 14-18
years old

Alberga et al.
(2016)74

253 (64 AT, 66 RT,
63 concurrent, 60
control) obese males
and females 14-18
years old

Monteiro et al.
(2015)57

48 (16 control, 14
concurrent, 18
aerobic) obese males
and females 11-17
years old

Wong et al.
(2008)58

22 (12 exercisers, 12
control) obese males
13-14 years old

Wong et al.
(2018)82

30 (15 exercisers, 15
control) obese girls
(mean age ~15.2±1.1
years)

RT Group:
4x/week for 22 weeks and 250
kcal deficit/day
AT Group:
4x/week for 22 weeks
15-30min and 250 kcal deficit
Concurrent Group:
4x/week for 22 weeks
AT for 15-30min and RT and
250 kcal deficit
Control Group:
No intervention
RT Group:
4x/week for 22 weeks and 250
kcal deficit/day
AT Group:
4x/week for 22 weeks
15-30min and 250 kcal deficit
Concurrent Group:
4x/week for 22 weeks
AT for 15-30min and RT and
250 kcal deficit
Control Group:
No intervention

Between-groups:
No differences in changes in body
composition
Within-group RT:
↑ Lean mass
Within-group AT:
No changes in body composition
Within-group concurrent:
↑ Lean mass

AT Group:
3x/week for 20 weeks
50min
Concurrent Group:
3x/week for 20 weeks
AT for 30min and RT for 30
min
Control Group:
No intervention
Exercise Group:
4x/week for 12 weeks
Combination of aerobic
circuits, RT, and sports
Control Group:
2x/week for 12 weeks typical
physical education class

Between-groups:
AT and concurrent ↓ body fat% and
waist circumference compared to control
Within-group AT:
↓ Body fat % and waist circumference
Within-group concurrent:
↓ Body fat % and waist circumference

Exercise Group:
3x/week for 12 weeks
Combination of AT and RT
Control Group:
No intervention

Between-groups:
AT ↑ VO2peak compared to control
AT ↑ leg press strength compared to
control
RT ↑ leg press and bench press strength
compared to control
Concurrent ↑ leg press, bench press, and
seated row strength compared to AT
Within-group RT:
↑ Strength and treadmill time
Within-group AT:
↑ VO2peak, treadmill time, strength
Within-group concurrent:
↑ VO2peak, treadmill time, strength

Between-groups:
Exercise ↓ weight and BMI compared to
control
Exercise ↑ cardiovascular fitness
compared to control
Within-group exercise:
↓ BMI
↑ Lean mass and cardiovascular fitness
Between-groups:
Exercise ↓ weight, BMI, body fat % and
waist circumference compared to control
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Bharath et al.
(2018)83

40 (20 exercise, 20
control) obese girls
(mean age = 14.7±1
year)

Exercise Group:
5x/week for 12 weeks
Combination of AT and RT
Control Group:
No intervention

Between-groups:
Exercise ↓ weight, BMI, body fat % and
waist circumference compared to control
Control ↑ lean mass % compared to
exercise
Within-group exercise:
↑ VOmax

Plyometric Training
Racil et al.
(2016)90

68 (23 HIIT, 26
P+HIIT, 19 control)
16 year old obese
females

Witzke et al.
(2000)89

53 (25 exercisers, 28
controls) 14 year old
girls of no specified
weight classification

Nobre et al.
(2017)91

59 (40 exercisers, 19
controls)
overweight/obese
boys 7-9 years old

P+HIIT Group:
2x 3 plyo exercises 15s on 15s
off for 2 min
2x 6-8 bouts of running for
30s on 30s off
3x /week for 12 weeks
HIIT Group:
2x 6-8 bouts of running for
30s on 30s off
3x /week for 12 weeks
Control Group:
No intervention
Exercise Group:
30-45 min of RT and plyo
3x/week for 9 months
Control Group:
No intervention

P+HIIT Group (between-group
differences – control group):
↑ VO2peak
↓ Weight, BMI, fat mass, WC
P+HIIT Group (between-group
differences – HIIT group):
↑ Lean mass

PT Group:
2x/week for 12 weeks
Ranged from 50-120
jumps/session
Control Group:
No intervention

Between-groups:
No differences in changes in body
composition
Within-group PT:
↑ weight and lean mass
Within-group control:
↑ weight

Between-groups:
↑ Lower body strength

1.4 Intervention Studies Combining Exercise Training and Dairy Consumption
To date, there are very few studies that have examined the combined effects of dairy
consumption and exercise as a lifestyle modification intervention for body composition change
in adolescents. First, in terms of epidemiological evidence, one study examined the relationship
between physical activity, milk consumption, and BMI using a cross-sectional approach53. This
study found that obese female adolescents consumed less milk and dairy products on average,
and participated in less vigorous physical activity compared to their normal-weight female
counterparts53. Although there can be no conclusion drawn or cause and effect inferred about the
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interaction between dairy consumption and physical activity from this study, this information
suggests that these components are related to BMI and obesity. Another study examined these
relationships and found that overweight girls consumed less milk and yogurt, and participated in
less hours of sports when compared to normal-weight girls92. These two epidemiological studies
demonstrate that both the intake of dairy products and participating in physical activity are
associated with better body composition in this youth population.
Two RCTs/intervention studies have explored the combined effects of dairy consumption
and RT on body composition for either 12 weeks79 or 6 months77 (Table 1.3). Volek et al. had
two groups participate in 12 weeks of resistance training 3 days/week. The participants were
normal weight boys aged 13-17 years old. Participants were randomized into one of two
intervention groups. The first group consumed 3 servings/day of 1% milk in addition to their
regular diet. On days when the boys were exercising, they would consume 2 servings directly
after their workout session, and then the last serving they could have at another time in the day.
The second group was given the same instructions as the milk group, only they consumed
unfortified apple and grape juice. Upon completion of the study, the milk group increased their
intakes of protein and calcium compared to the juice group. There were no other between-group
differences, only within-group differences (over time). Both groups increased body weight, lean
mass, and strength for both upper and lower body, and decreases in body fat percentage and fat
mass (measured by DXA)79.
Lambourne et al. examined the effects of dairy consumption and RT 3 days/week over
the course of 6 months77. Participants were boys and girls aged 12-15 years old (grades 7-9).
They were stratified by BMI (ranging from 50th-99th percentile) and sex and then randomized
into one of three groups. The first group consumed 3 servings of milk/day as fat-free chocolate
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milk and 1% white milk. The second group consumed isocaloric juice, and the third group
consumed three 8oz servings of water/day (matched to the volume of the milk group). Results
demonstrate that for girls, an increase in body mass, BMI percentile, and fat mass (measured by
DXA) occurred to the same extent in all three groups, however for lean mass, the juice group
gained more than the water group, while the milk group experienced no differences in gains
compared to either group. For boys, there were no differences between groups, however body
mass and lean mass increased in all groups. For strength measures, all groups increased strength
on both bench-press and leg-press. Energy intake increased similarly in both the milk and juice
groups more than the water group, as expected. The milk group consumed more protein than the
water group, but the total absolute value was no different than the juice group. Upon examining
the protein as a percentage of total energy intake, the milk and water group increased 1.3% and
0.5% respectively, while the juice group decreased 1.4%. The milk group also increased calcium
by 456mg/day compared to the water (+16mg/day) and juice (+26mg/day) groups77.
Although there were no differences between groups in either intervention of dairy
consumption and RT, this evidence also suggests that there were no detrimental effects on body
composition when consuming dairy during the adolescent period. It can also be noted that both
RCTs discussed had intervention programs that did not change participants’ diets other than
adding milk, juice or water to their existing diet77,79, without any dietary guidance. As noted in
one paper, the increased total energy intake77 may help to explain why there were no differences
found in body composition between the milk and other groups. Both studies did however
indicate higher consumption of protein and calcium by the milk groups compared to all other
study groups, which at the very least suggests positive nutrient changes related to dairy
consumption77,79. Interestingly, the initial levels of baseline calcium intake were quite high in
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both studies77,79, and although the increases in calcium throughout the interventions were greater
in the milk group compared to the juice and water groups, adult studies suggest baseline calcium
levels should be fairly low in order to see changes in fat mass through supplementation93,94. All
groups also increased strength from pre to post-intervention, and there were no differences
between the groups77,79, indicating the effectiveness of RT on increasing strength, regardless of
dietary conditions.
Table 1.3: Summary table of the randomized control trials on the effects of dairy consumption
and exercise combined on body composition in adolescent populations
Author

Participants

Intervention

Results

Volek et al.
(2003)79

28 (14 milk, 14 juice)
healthy weight boys 1317 years old

Resistance training 3x/week for 12
weeks
Milk group: consumed 3 servings
milk/day (24oz total)
Juice group: consumed 3 servings
apple/grape juice/day (24oz total)

Between-groups:
Milk ↑ protein and calcium
compared to juice
Within-groups:
Both groups:
↑ weight, lean mass and
strength
↓ fat mass and body fat %

Lambourne et
al. (2013)77

108 (39 boy, 69 girls)
(36 milk, 34 juice, 38
water) normal weight
and overweight/obese
children in grades 7-9
(mean age = 13.6 years
old)

Resistance training 3x/week for 6 months
Milk group: 16 fluid oz. after RT & 8
fluid oz. with lunch on RT days; 16 fluid
oz. in morning & 8 fluid oz. with lunch
on non-RT days.
Juice group: 3 isocaloric (to milk)
servings of juice with 2 servings after
RT, 1 serving with lunch on RT days; 2
servings in morning & 1 serving at lunch
on non-RT days
Water group: 16 fluid oz. after RT & 8
fluid oz. with lunch on RT days; 16 fluid
oz. in morning & 8 fluid oz. with lunch
on non-RT days.

Between-groups:
Milk ↑ PRO and calcium
intake compared to juice and
water
Within-groups girls:
↑ weight, BMI and fat mass,
strength
Within-groups boys:
↑ weight and lean mass,
strength

1.5 Adherence to Intervention Programs
Adherence to an intervention program typically refers to how well participants followed
the intervention provided to them. It is often expressed as a percentage of the total program that
was followed by the participant, with 100% adherence representing that the intervention was
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completely adhered to, e.g. all sessions were attended, or all supplements were taken. There are
many factors that can affect adherence to exercise and nutritional programs, weight status seems
to be one factor. For example, adherence to an exercise program was found to be 30% lower in
those who were obese than those who were normal weight95. A study examined different factors
related to weight gain and barriers to weight loss in 11-18 year old obese adolescents who were
seeking treatment for obesity96. Most commonly noted barriers influencing adherence to exercise
were physical/medical conditions such as asthma, back pain, or ankle pain, but barriers also
included a lack of motivation and energy to do physical activities, parent work schedules and a
lack of transportation, dislike for exercise, negative peer influences, and a preference for more
sedentary activities over exercising96. Barriers influencing adherence to nutritional programs
were also explored in this study. These included poor family eating habits such as eating out,
unhealthy cooking, and lack of availability of healthy foods at home. Other barriers to healthy
eating were personally-driven and included eating when bored, eating large portions, having a
busy schedule that did not allow for preparation of meals, financial limitations on the family,
peer pressure, temptations for unhealthy foods, and a dislike for the taste of healthy foods96.
Therefore, minimizing one or more of these barriers may increase adherence to an intervention
program and make it more sustainable.
One study used an online intervention to promote healthy eating and physical activity,
and decrease sedentary behaviours in adolescents97. Over the course of the 8 month study, BMI
was tracked, and it was noted that those who were more adherent to the program had a decreased
BMI, while those who were less adherent had an increased or stable BMI97. This indicates that
adolescent adherence to a program increases the favourable results of a program compared to
those who are less adherent.
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Adherence to a program is an important factor to consider when designing lifestyle
interventions. One could design the best intervention based on strong scientific evidence of
efficacy, but if it presents barriers to adherence, it would be difficult to follow and therefore, not
feasible. Of particular importance to this research (but out of the scope of this thesis) are the
barriers to exercise and dietary change that may be faced by overweight and obese adolescent
females. These may stem from external sources such as peers and parents96,97, or internal sources
such as self-efficacy, motivation and self-image95.
1.6 Rationale and Gaps in the Literature
After examining the literature, there are several reasons why we designed and undertook
the study in this thesis (the IDEAL for Adolescents study) the way we did. Some reasons related
to our goal of mitigating previously identified limitations/shortcomings from previous research.
The first reason relates to the population. We examined overweight and obese adolescent
females. Although also true of younger children, these individuals are at an increased risk of
maintaining obesity into adulthood, and developing cardiovascular disease, type 2 diabetes, and
other medical conditions2–4. Since this intervention targeted more complex diet and exercise
change directly involving the individual and required participants to learn and engage in all
aspects of the intervention, it was more appropriate to be carried out in adolescents rather than
younger children. Further, it is this age group that is on the brink of autonomous life, which is
why it is important to reinforce healthful habits in adolescents. Research in the prevention and
treatment of obesity using suitable and accessible countermeasures such as diet and exercise, in
age groups such as adolescence is therefore, critical. Additionally, promoting the intakes of dairy
products to adolescent females, who otherwise do not consume them (and thus do not meet
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recommendations)18,26,33,98, is an important strategy to help improve nutrient intakes and overall
health.
The IDEAL study sought to examine the effect of dairy consumption, as part of a lifestyle
modification program, on body composition in overweight/obese adolescent girls. Literature in
this area is limited in adolescents77,79, while in adults it has been more widely studied45,99–103. In
adults, increased dairy intake results in favourable changes lean mass and fat mass, and increases
in strength45,101,104. Although diet and exercise research in pediatric populations is limited, there
are a few studies that have examined the effect of dairy consumption alone on body
composition30,39,40, and exercise alone on body composition in overweight and obese
adolescents57,58,75,76,78,80,90. Generally, the dairy consumption studies show no effects on body
composition, while exercise studies showed improvements in body composition; neither show
detrimental effects. Focusing on lifestyle modification for decreasing obesity and disease risk,
which includes both diet and exercise, offers a more well-rounded approach105–107. Only two
studies examined the combined effects of dairy consumption and exercise training on body
composition in adolescent populations77,79, and only one of them assessed overweight or obese
participants77. Therefore, given the paucity of evidence, and the need for investigating plausible
lifestyle modification interventions that promote healthy growth and development, and decrease
disease risk in this age group, this area of research warrants further investigation.
Additionally, in the two studies that did examine the combination of exercise and dairy
consumption, participant inclusion criteria for baseline calcium levels were high at
<1500mg/day79 and <1,000mg/day77, respectively. This may be an issue because, as seen in the
adult literature, high baseline calcium levels may mitigate potential body composition changes
with increased dairy (and calcium) consumption108, particularly in relation to fat mass.
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Therefore, research should use habitually low-dairy and calcium consumption as an inclusion
criterion to potentially see an effect of dairy consumption on the reduction of fat mass93,94. The
IDEAL study took this into consideration by examining habitually low dairy consumers; and this
criterion was not hard to satisfy in this population.
Another issue is that many of these studies only examined the effect of milk48,49,77,79, and
did not offer variety in terms of different dairy products such as cheese and yogurt109. It is
important to provide a variety of dairy products to encourage consumption and allow for choice
which improves adherence and further reflects everyday diets. Variety, including access to
flavoured milk, would also give participants the opportunity to choose different dairy products
they may enjoy over others, which may have a positive impact on adherence110. Furthermore, to
promote the generalizability of our study to the public, we used dairy products (Greek yogurt,
milk (white and chocolate) and cheese) that are readily available and purchased at local
supermarkets, and in usually consumed quantities that were in line with the nationally
recommended intakes levels.
The next issue in the current literature is the lack of consideration for growth. Throughout
adolescence there are body compositional changes that are naturally occurring8–10,12. Few studies
have taken usual growth rates/patterns into account when examining body composition109. This
is concerning as without taking these into consideration, changes that occur throughout an
intervention may be mistaken as an effect of the intervention rather than reflecting natural
growth. Similarly, intervention studies assessing either dairy consumption or exercise alone in a
pediatric population have controlled for natural growth by using a non-intervention control
group30,49,57,74,76,80,82,83,89–91, however the few studies examining the combined effects of dairy
consumption and exercise have not included control groups to account for growth and have
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suggested that future research should do so77,79. The IDEAL study addressed this consideration
by using a control group of overweight/obese adolescent girls who did not undergo any
intervention, in order to observe naturally occurring growth. Furthermore, the recruitment of
only menarcheal females increases the likelihood that all participants have reached sexual
maturity and are all past their peak height velocity.
A further consideration in a population that is growing, is to not create a sustained energy
deficit, as this could potentially affect healthy growth111. For this reason (and others), the
intervention was designed to assess changes in body composition during weight maintenance
rather than weight loss, and thus the importance was placed on achieving changes in fat mass and
lean mass, as opposed to changes in total mass. Fat mass is directly associated, whereas lean
mass is inversely associated with disease, therefore it is important to consider each of these
components of body composition separately112–114. If lean mass increases and fat mass decreases,
there may be no net change in body weight, but this would still be considered a healthy/positive
change in body composition. By removing the focus on weight loss (and ensuring the
participants were aware that weight loss was not a focus of the study), this may lead to improved
adherence and a shift in focus towards more healthful outcomes such as fitness and nutritional
improvements, or self-confidence.
Lastly, as the IDEAL study is a lifestyle intervention, it was important to make sure that
participants adhere to the program. Lack of adherence during the study increases dissatisfaction
and frustration and may decrease the likelihood of achieving positive results and continuing the
program. Very few intervention studies report on adherence to exercise and/or dietary
programs109, however, in order to accurately assess the effectiveness of a program, it is important
to note adherence to the program in all aspects; particularly the aspects that differ between the

33

groups. There are many factors that contribute to good or poor adherence that should be
considered and addressed when designing lifestyle intervention programs for adolescents. One
main factors is parental involvement96,97. In this age group, it is likely that parents/guardians are
purchasing and preparing food for participants, and this has been identified as a barrier to healthy
eating for adolescents96. Moreover, parents are likely responsible for transportation (and drive
their daughters to the university for scheduled exercise sessions). Thus, parental involvement
should be encouraged, e.g. during dietary counselling to ensure a healthy diet is offered at home,
and parents should be made aware of the overall intentions of the study so they too can help
participate in its success by ensuring participants do not miss exercise sessions. For both the
exercise and nutrition sessions, from the participant’s standpoint, it was important to foster
motivation, physical competence, and self-efficacy to increase adherence95,115. Goal-setting
activities for both exercise and nutrition should be implemented to help in this regard. As
participants reach the goals they set for themselves, it fosters a sense of physical competence and
self-efficacy, thus increasing adherence. With these provisions in place to increase adherence to
both the diet and exercise programs, the IDEAL study should provide participants (and their
families) with the means to create a positive, sustainable and successful lifestyle change.
1.7 Objectives
The primary objective of this thesis was to determine the effects of consuming the
recommended amount of dairy versus low dairy along with mixed-mode exercise training as part
of a 12-week lifestyle modification program on body composition and waist circumference in
overweight/obese adolescent females. Outcomes were also compared to a no-intervention control
group.
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Secondary objectives:
1) To determine the effects of consuming the recommended amount of dairy versus low
dairy along with mixed-mode exercise training as part of a 12-week lifestyle modification
program on cardiovascular fitness.
2) To assess exercise adherence, measured as the total number of exercise sessions attended
during the 12-week exercise intervention, and its association with body composition.
3) To assess dietary adherence, measured as the amount of dairy servings consumed versus
prescribed, and its association with body composition.
1.8 Hypotheses
The primary hypothesis of this thesis was that both intervention groups would experience
positive body compositional changes characterized by an increase in lean mass, decrease in fat
mass, and a decrease in waist circumference due to the exercise and nutrition program when
compared to the no-intervention control group. However, the respective changes in the group
consuming the recommended number of dairy products would be greater.
Secondary hypotheses:
1) It was hypothesized that both intervention groups would experience increases in
cardiovascular fitness compared to the no-intervention control group due to the exercise
program.
2) It was hypothesized that individuals who were more adherent to the structured exercise
program would experience more favourable body composition changes.
3) It was hypothesized that individuals who were more adherent to consuming the
prescribed dairy would experience more favourable body composition changes.
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Chapter 2 – Manuscript Introduction
Obesity is a growing concern in developed countries. Currently, 31.5% of youth aged 517 years old in Canada are overweight or obese116, which puts approximately 1/3 of our pediatric
population at an increased risk of developing chronic diseases. Although obesity is typically
diagnosed using body mass index (BMI)117, the health-related concerns of obesity are linked to
body composition components, such as fat mass and lean mass2,4,5,56,117–121. Obesity is
characterized by excess fat mass which, in pediatric populations, is related to health risks for
chronic conditions such as sleep apnea1,4, cardiovascular disease1,2, insulin resistance and type 2
diabetes1,120. Obesity research, particularly for young people who are growing, is geared towards
the treatment and future prevention of obesity, and typically uses non-invasive and nonpharmacological methods (first) that directly target healthful body composition change. One way
to decrease obesity is through lifestyle modification programs105–107,122. Lifestyle modification
can be defined as the act of positively changing daily habits (i.e. nutrition and physical activity)
over time to reduce the incidence and prevalence of chronic diseases or conditions that
negatively affect health. These programs use behavioural modification techniques, such as goalsetting, monitoring of dietary and physical activity habits, and education to produce desired
longer-term changes105–107,123. Additionally, lifestyle modification programs for obese
adolescents also involve parents/guardians105 as they are likely the ones selecting and preparing
meals/snacks for adolescents and transporting them to/from appointments, sessions and
meetings124.
Observational studies in nutrition have noted that as obesity rates increase in pediatric
populations, the consumption of nutrient-dense beverages such as milk has decreased28–30. Milk
and dairy products can, and arguably should, be part of a healthy pediatric diet because they
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provide a concentrated amount of important macro- and micronutrients such as calcium, vitamin
D, protein, carbohydrates, and fat in a single serving15–17. These components may also help
promote a healthier body composition by reducing fat mass, increasing lean mass, and promoting
bone health34,35,44. Despite the benefits of consuming dairy products, the Canadian Community
Health Survey (CCHS; 2004) noted that for girls aged 9-13 years old and girls aged 14-18 years
old, the prevalence of inadequate calcium intakes were 93% and 70%, respectively, and for
vitamin D, 93% for both age groups125. These nutrients are of crucial importance, especially in
adolescence; a time characterized by increased growth and development. Regarding
musculoskeletal health specifically, this is the life stage when bone mass is accrued at the fastest
rate126,127, and lean mass can be accrued at a greater rate with growth8.
In addition to the decline in nutrient-dense beverage/milk consumption, children are
becoming increasingly inactive. ParticipACTION, a Canada-wide program with a strong focus
on physical activity promotion, revealed that only 35% of those aged 5-17 years old are reaching
the current Canadian physical activity recommendations of 60 minutes of moderate-to-vigorous
physical activity per day59. Increased physical activity and, specifically the use of exercise
training (resistance, aerobic, and concurrent) to elicit favourable changes in body composition
(i.e. decreases in fat mass and increases lean mass) has been widely studied and accepted as a
countermeasure to obesity and promoter of optimal health in populations of normal weight,
overweight, and obese boys and girls57,58,75,76,78,80,82,83,90,128.
Exercise also improves other health outcomes. For example, aerobic training and
concurrent training are known to improve cardiovascular fitness58,74,75,83,90, which is
independently and inversely associated with mortality related to cardiovascular disease129–131.
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Resistance training and concurrent training also provide additional health and strength benefits in
pediatric populations74–76,78,89.
Given that both exercise57,58,74–76,78,90,132 and diet, including the consumption of dairy
products30,51,101 have been efficacious in the prevention and treatment of obesity and related
diseases, interventions should focus on the implementation of both strategies to improve
health105–107,133. Thus far, only two studies have examined the combined effects of exercise and
dairy consumption on body composition in pediatric populations77,79. Normal and overweight
adolescent boys77,79 and girls77 underwent interventions that included resistance training 3
times/week for 12 weeks79, or 6 months77, along with 3 servings of fluid milk/day77,79 versus an
isoenergetic amount of juice77,79, or an isovolumetric amount of water77. No dietary advice was
provided in these trials77,79. Both studies found no differences in body composition between
groups following the interventions77,79. Despite one study undertaken in a mix of boys and girls,
to date, no randomized controlled trial has examined the effects of exercise and mixed dairy
product consumption for weight management exclusively in overweight/obese adolescent girls. It
is important to intervene with adolescent girls because this population has been shown to
consume less dairy products (and thus less of the related nutrients) than adolescent boys33,38,
particularly during this important period of musculoskeletal growth. Further, the risk for bonerelated disease in later adulthood is higher for females than males134. Given the health impacts of
obesity, the benefits of exercise and healthy diets, and the importance of dairy nutrients in
adolescence, research examining body composition changes in a sustainable lifestyle
modification intervention using these countermeasures is warranted.
Therefore, the primary objective of this study, named the ‘I.D.E.A.L. (Improving Diet,
Exercise And Lifestyle) for Adolescents’, was to determine the effects of the recommended
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amount of dairy versus low dairy consumption, along with mixed-mode exercise training as part
of a 12-week lifestyle modification program on body composition and waist circumference in
overweight/obese adolescent females. We hypothesized that both intervention groups would
experience positive body compositional changes characterized by an increase in lean mass,
decrease in fat mass, and a decrease in waist circumference due to the exercise and nutrition
program, and that the changes in the group consuming the recommended amount of dairy would
be greater.
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Chapter 3 – Methods
3.1 Study Design
The “IDEAL (Improving Diet, Exercise and Lifestyle) for Adolescents Study” was a 12week randomized control trial with a parallel design carried out in overweight and obese
adolescent females who are menarcheal. Participants were assigned to one of three groups. Two
of the groups were experimental groups and one group was a control group. The experimental
groups were the recommended dairy group (RDa) and the low dairy group (LDa). The growth
control group (GCon) did not undergo the intervention and was used as a control for changes
potentially related to adolescent growth during the study. Although participants were randomized
to their groups, there were some instances where siblings or friends would join the study
together. In these cases, we batch-randomized the pair of participants, to minimize the instances
where they were following different study protocols. Participants in the RDa and LDa groups
both underwent an intervention characterized by the provision of detailed dietary advice by a
dietitian and an individualized exercise program for 12 weeks. Additionally, the RDa group was
provided with and instructed to consume 4 servings of dairy foods/day (milk, Greek yogurt and
cheese) which provided half of their daily recommended protein, while the LDa group was
instructed to maintain their habitually low dairy intakes. The Brock University Biosciences
Research Ethics Board approved the IDEAL for Adolescents study (REB 14-284; Appendix A),
and the study was registered at www.clinicaltrials.gov (NCT#02581813).
3.2 Participant Recruitment
Participant recruitment occurred over 2 years starting in May 2016. Our recruitment
strategy included social media (i.e. Facebook), posters, flyers and information sheets posted at
Brock University as well as at local community centres, malls, libraries and family health
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clinics/doctors’ offices. Posters were also distributed through the District School Board of
Niagara elementary and high schools in accordance with their own Research Ethics Board. To be
eligible for the IDEAL for Adolescents study, female participants had to be overweight (BMI
>85th to 97th percentile) or obese (BMI >97th percentile) according to the WHO growth charts6,
between the ages of 10 and 18 years old, menarcheal, characterized as a low dairy consumer at
baseline by consuming 0-2 servings/day of dairy (validated with a baseline food record) and had
low levels of physical activity (no more than 2 times/week). Participants were also otherwise
healthy with no diagnosed illness or disease, as well as no diagnosed dairy allergy or lactose
intolerance. Interested participants (and their parents/guardians) contacted us via email or
telephone and were provided with details regarding the protocols/methods and time commitment
of the study, as well as any potential risks associated with the study. Eligibility was determined
by answering a series of questions based on the inclusion criteria for the study. Eligible
participants were then asked to come to our laboratory at Brock University. Informed consent
(Appendix B) and assent (Appendix C) were obtained in person from each participant and their
parent/guardian, prior to beginning data collection. Following the consent process, participants
were asked to complete a general health questionnaire to document medical history and
medication use. If participants were generally healthy based on the responses to the health
questionnaire, and all inclusion criteria were met, they were permitted to begin baseline testing.
3.3 Procedures and Testing
At baseline, participants underwent fitness, strength, anthropometric and body
composition testing. Upon completion of baseline testing, participants were stratified by BMI
percentile (either overweight or obese) and assigned to one of three groups (RDa, LDa, GCon).
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All of the following measures were taken at weeks 0 and 12 for all the groups (unless stated
otherwise). Investigators were not able to be blinded to participant’s groups.
3.3.1 Questionnaires
At baseline, participants completed a general health and screening questionnaire
(Appendix D) and the Godin Shephard Leisure Time Physical Activity Questionnaire
(GSLTPAQ; Appendix E). The former askes about health conditions, medication use, dairy
intake and vitamin supplementation, and the latter was to determine habitual physical activity
levels135. For the GSLTPAQ, based on the questions asked, a leisure score index was created,
which identified how active an individual was by providing a measure of total METS/week. The
GSLTPAQ was completed a second time at the end of the intervention (week 12).
3.3.2 Anthropometrics and Body Composition
Participants came to the Nutrition, Exercise, and Lifestyle Improvement Laboratory in the
morning between the hours of 0700 and 1000 to have their body weight, composition and
waist/hip circumference measured. Body weight was measured on a standard scale (Digital
Physician Scale, Rice Lake Weighing Systems, Rice Lake, WI) to the nearest 0.1 kg, wearing
light clothing and no shoes. Body composition was measured using the BodyMetrix device
(BMX; BodyMetrixTM System, BX-2000, IntelaMetrix, Inc., Livermore, CA). The BMX is a
small, handheld device that uses amplitude mode (A-Mode) ultrasound technology to measure
the thickness of fat and muscle (in mm) at specific sites using the reflection of sound waves off a
single layer of subcutaneous fat136. This newer method has been validated against gold standard
methodology such as air displacement plethysmography136–138. We measured the triceps, hip,
waist, and thigh on the right side of the body. From this, body composition (body fat percentage
(%BF), lean mass (LM), and fat mass (FM)) was calculated by BMX using the Jackson-Pollock

42

4-site equation for females139. Waist and hip circumference were also measured using a standard,
retractable, non-metallic tape measure under the clothing. Waist measures were taken at the level
of the umbilicus. The hip measurement was taken at the largest circumference around the hip and
buttocks area. All waist and hip measurements were measured to the nearest 0.1 cm. Each
measure was taken twice per area and the average of the two measurements at each site recorded.
Lastly, standing and sitting height were measured using a stadiometer (Seca 213 Portable
Stadiometer, CME Corp., Warwick, RI) to the nearest 0.1 cm without shoes. For standing height,
participants were instructed to stand up tall on the stadiometer platform and look forward with
their back placed flat against the stadiometer while taking a deep breath in. Seated height was
measured by having participants sit cross-legged on the stadiometer platform, while following
the same instructions that were provided for standing height. An additional measure of leg length
(cm) was derived by subtracting seated height from standing height. Seated height, leg length,
standing height, weight, and age were used to calculate maturity offset (years from PHV) using
the equation below:
Maturity offset = -9.376 + (0.0001882*leg length*sitting height) + (0.0022*age*leg length) +
(0.005841*age*sitting height) + (-0.002658*age*weight) + (0.07693*(weight/height)*100)

All measurements (pre and post) for each participant were performed by the same investigator.
BMI was calculated (weight (kg) divided by height (m) squared) using the weight and height
from the scale/stadiometer.
3.3.3 Fitness and Strength Testing
Participants came back to the laboratory on separate days to complete the fitness and
strength tests. For aerobic fitness testing, participants completed a standard VO2peak test. The
progressive exercise to exhaustion was performed on a cycle ergometer and VO2 was measured
using a metabolic cart (MOXUS S.O.P., Version 1, AEI Technologies, Pittsburgh, PA),

43

calibrated prior to each test. Heart rate (HR) was determined using a HR monitor (M593 Heart
Rate Monitor, Timex Inc., Middlebury, CT) worn under the chest. Participants warmed-up for 3
minutes on the bike at approximately 60 watts, at a cadence of 60-65 RPM. Upon completion of
the warm-up, participants began the protocol. The power setting was increased by 30
watts/minute while participants were instructed to maintain a cadence of over 70 RPM, until
volitional exhaustion. The test was terminated upon self-determined exhaustion or when the
participant could no longer maintain a cadence >60 RPM, despite encouragement from the
investigator. VO2peak was recorded as the average of the highest two consecutive 15-s intervals
near the end of the volitional exercise test. Immediately following the VO2peak test, participants
were asked to rate their perceived exertion (RPE) using the 6-20 Borg RPE scale. Tests generally
took between 5-15 minutes to complete.
Strength testing was completed on half of the participants in the LDa and RDa groups
and used a predicted one repetition maximum (1 RM) protocol to estimate strength of various
muscle groups pre- and post-intervention. Due to the incompleteness and other methodological
limitations relating to the strength testing, further details on the strength test used and the postintervention results are in Appendix H.
3.4 Exercise Intervention
The exercise intervention was completed by the LDa and RDa groups only. Participants
exercised three times per week for 12 weeks, for a total of 36 structured exercise sessions.
Exercise sessions lasted between 60-90 minutes. Participants were paired with a volunteer
student trainer. Attempts were made to have participants exercise one-on-one with a trainer,
however there were occasionally as many as three participants with a trainer during a given
exercise session. Exercise sessions all began with a plyometric-based warm-up which lasted
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approximately 10 minutes. Then participants completed an aerobic training (AT) workout and
either a resistance training (RT) or plyometric training (PT) workout. For the first 2 weeks of the
program, participants only did RT and AT so they could get used to the addition of structured
exercise to their routine. After two weeks, participants completed RT twice per week, while their
third exercise session included AT with PT. The AT portion of each exercise session lasted for
20 minutes and was completed on either a stationary bike, treadmill, elliptical machine, or a
rowing ergometer. The 20 minutes of AT was broken down into intervals of higher (75-85% of
maximum heart rate) and lower (60-70% of maximum heart rate) intensity exercise,
individualized to the abilities of the participant. Participants wore heart rate monitors for at least
their first exercise session to help gauge intensity levels. The duration of the higher intensity
interval was increased as participants could tolerate to do so. The RT sessions consisted of 4-5
exercises completed for 3 sets of 10-15 repetitions for each exercise, with one minute of rest
between sets. RT sessions were designed to target the full body each week. The load of each
exercise was increased, when participants could complete 15 repetitions of the exercise, to a load
in which the participants could only complete 10-12 before fatiguing. PT workouts consisted of
4-5 exercises which participants completed 3 sets of 8-15 jumps per exercise. A short cool-down
consisted of stretching and walking back to the study office after the session. Further details
about the exercise intervention are in Appendix I.
The participant’s trainer completed exercise log sheets (Appendix I) during each
structured exercise session to track progression throughout the intervention. Upon completion of
the outlined workout, RDa participants consumed 1 cup (250 ml) of 1% MF chocolate milk,
while the LDa participants consumed an isovolumetric amount of a carbohydrate-based
electrolyte solution (i.e. Gatorade). Participants were also provided with a Fitbit ZipTM
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pedometer at the start of the study to track activity levels. Pedometers were primarily used to
motivate participants to become active outside of the research study (i.e. on the days they did not
exercise with us). Participants and their trainers set individualized step goals that were to be
reached on a daily basis, particularly on the 4 days without the structured exercise sessions each
week. Participants logged their steps each week and reviewed their progress with the trainers.
3.5 Dietary Intervention
This study was designed to be a weight management program and not designed to
produce weight loss. This means that participants were not energy-restricted during the
intervention. Participants were counselled to consume a diet to satisfy a predetermined energy
requirement based on age, height and body mass. Daily energy expenditures were calculated for
each participant using a predictive equation from the Academy of Nutrition and Dietetics for
overweight and obese adolescent girls, with a sedentary activity factor140. Participants in the
intervention groups (RDa and LDa) were counselled by a registered dietitian (RD) on the
adoption of a healthy, nutrient-dense diet. For example, they were asked to minimize or avoid
processed foods, high fat foods (specifically those with trans or saturated fat), sugar-sweetened
beverages, pastries and candy/confection, and to replace these foods with healthier, nutrientdense alternatives such as fruit, vegetables and foods higher in fibre, whole grains and lean meats
and meat alternatives. Both the LDa and RDa groups were instructed to consume a ratio of
macronutrients close to 20:55:25 (PRO:CHO:FAT), however, the LDa and RDa groups differed
in the source of protein they were instructed to consume, with half of the RDa group’s daily
protein intake coming from dairy products. This, along with the actual provision and intake of
the dairy foods, comprised the main difference between the two intervention groups. The LDa
group was instructed to maintain their low level of dairy intake (0-2 svgs/day) throughout the
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intervention. With their PRO intake also increased to 20% of daily calories, they were
encouraged to consume non-dairy protein sources such as eggs, chicken, fish, legumes, and
grains. The LDa group was also asked to avoid consuming calcium-fortified “milks” and juices
(e.g. soy, almond, rice and orange/fruit).
Participants in the RDa group were provided with 4 svgs/day of dairy foods to consume,
as recommended by the 2007-2018 Canada’s Food Guide20. These servings included 2 cups of
1% milk (one chocolate and one white), 2x100g containers of 0% or 2% fat Greek yogurt in
varying flavours (M.F. content varied by flavour), and 50g of cheddar or marble full fat cheese,
each day (Table 3.1). All dairy products were provided to the participants in the RDa group on a
weekly basis. All intervention participants were instructed not to take any vitamin or mineral
supplements for the duration of the study. The GCon group did not receive any dietary
instructions or intervention.
Table 3.1: Nutrients in dairy products provided to the RDa group in the intervention
Nutrient
Calories (kcal)
Protein (g)
Carbohydrate (g)
Fat (g)
Calcium (mg)
Vitamin D (IU)

1% White Milk
(1 cup)
100
9
11
2.5
300
90

1% Chocolate
Milk (1 cup)
160
7
27
2.5
250
90

0% MF Greek
Yogurt (200g)
160
16
26
0
400
60

Cheddar
Cheese (40g)
180
10
0
14
300
0

Total
600
42
64
19
1250
240

The nutritional program was delivered to participants in the RDa and LDa groups by a
RD. Adherence to the program was also facilitated in this way. The participants (and their
parents/guardians) met with the RD at weeks 0, 2, 4, 8, and 12 for 1 hour each time to receive
individualized diet counselling. One method utilized by the RD to inform participants of healthy
food choices was the stoplight method133,141,142. This method assigns foods to either be green
(indicating they were healthy and ideal to eat), yellow (indicating these foods were not the most
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healthful but were not necessarily unhealthy and to eat them in moderation), or red (indicating
these foods were unhealthy and should be avoided if possible). Further guidance provided by the
RD was that meals should include foods from at least 3 of the 4 CFG food groups, and that
snacks should consist of foods from at least 2 food groups. Other topics covered during the diet
consultations were how to read a food label, how to make healthier choices at restaurants, and
how to determine if you are really hungry and when your body requires food. The RD also
counselled the RDa group on how to properly add in the dairy foods to their diet (i.e. into their
meals and snacks, displacing other foods) without increasing their total energy intake. Along
with the diet consultations, participants were required to record everything they ate and handed
in 7-day food records (FR) at weeks 0 and 12, and a 3-day FR at weeks 2, 4, and 8 (Appendix J).
These FRs were analysed just prior to the dietetic consultations and were used to check
adherence to and method/timing of consumption of the dairy foods in the RDa group, and the
general adherence to the healthy diet advice in both groups. The FRs helped the dietitian to
individualize feedback for each participant regarding specific changes they could make to
improve their diets. FRs were analyzed using ESHA (Food Processor SQL, ESHA Research,
Salem, MA.). Participants in the GCon group also handed in 7-day FRs at weeks 0 and 12,
however they did not receive any dietary counselling.
3.6 Adherence
Adherence to the exercise program was determined by the number of exercise sessions
attended vs. the exercise sessions that were scheduled to be attended, as recorded on attendance
sheets by each participant’s assigned exercise trainer. An adherence percentage was then
calculated. Adherence to the dairy consumption advice for the RDa group was measured as the
total servings of dairy consumed, as reported in FRs at week 12, compared to the total number of
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servings that were prescribed (i.e. 4). This number was expressed out of 4 servings. Adherence to
the low dairy consumption criterion for the LDa group was achieved if dairy intakes were kept at
or below 2 servings/day.
3.7 Statistical Analysis
Pre- and post-scores for anthropometry, VO2peak, 1RM, and nutrition were analyzed using
repeated measures ANOVA, with group (RDa, LDa, GCon) as the between-subject factor and
time (wk0 and wk12) as the within-subject factor. The four variables for body composition (body
fat percentage (%), fat mass (kg), lean mass (kg) and subcutaneous fat thickness (mm)), which
made up the primary endpoints of this study, were analyzed using a repeated measures
ANCOVA, with change in body weight as a covariate. It is important to control for body weight
changes when assessing the effect of our intervention on body composition because body
composition is directly calculated from body weight. Although the IDEAL study was designed
for weight maintenance, there was the possibility that individual participants may have lost or
gained weight throughout the intervention. This would affect the gains and losses of both fat and
lean mass beyond what would have been seen from the intervention alone. Absolute change
scores between the groups were analyzed using a one-way analysis of variance (ANOVA) for all
variables, and the body composition variables were analyzed using a one-way analysis of
covariance (ANCOVA), with change in body weight as a covariate. To assess relationships
between exercise adherence and dairy consumption with body composition measures, Pearson’s
correlations were used.
Prior to running any statistical tests, the assumptions of normality and homogeneity of
variances were checked. For the repeated measures ANOVAs/ANCOVAs, all variables met the
assumption of normality with the exception of fat (g), monounsaturated fat (g), vitamin D (mcg)
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and caffeine (mg). For the one-way ANOVAs/ANCOVAs, all variables met the assumption of
normality except for physical activity (METs/week), hip circumference (cm), monounsaturated
fat (g) and caffeine (mg). Physical activity was normalized by square root transforming the data.
Hip circumference (cm) was brought closer to normality by replacing outliers (> 2SD from the
mean) with the limit value (= 2 SD from the mean). This approach helped to retain some
plausible variability in our dataset. After this, all data met the assumption of homogeneity of
variances with the exception of protein intake (g/kg/day). For the covariate of change in body
weight, the assumptions of independence of the covariate and homogeneity of regression slope
were met. Statistical analyses were completed using SPSS (Version 22.0 for Windows, Armonk,
NY: IBM Corp.). P-values ≤0.05 were considered statistically significant.
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Chapter 4 - Results
4.1 Baseline Characteristics
Sixty-one participants were recruited to the study and randomized to one of 3 groups:
RDa, LDa or GCon. Of these, 54 participants completed the study (RDa n=24; LDa n=22; GCon
n=8). Six participants assigned to the GCon group did not return for week 12 testing and were
therefore considered drop-outs. One participant in the LDa group sustained an injury during
week 5 of the intervention (unrelated to the study) and had to discontinue her participation. One
participant in the RDa group did not have their waist and hip circumference measured, and one
participant in the RDa group did not complete a VO2peak test at week 12, both due to scheduling
conflicts. There were no reported adverse events or negative side effects directly related to the
study.
Table 4.1: Baseline descriptive data for the three groups
Variable
Age (years)

RDa
Mean ± SD

n

LDa
Mean ± SD

n

GCon
Mean ± SD

p-value

n
24

14.7 ± 2.2

22

14.9 ± 2.4

8

14.7 ± 2.3

0.94

Physical activity
24
30.1 ± 16.6
21
30.5 ± 18.2
8
32.9 ± 23.9
0.95*
(METs/week)
Estimated
Maturity Offset
24
2.4 ± 1.2
22
2.5 ± 1.1
8
2.3 ± 1.2
0.91
(years)
Baseline values are presented as mean ± SD. Statistical analysis completed using a one-way ANOVA for all three
groups with significance set as p ≤0.05. * indicates one-way ANOVA was run on square root transformed data due
to normality violation.

4.2 Body Composition and Anthropometry
At baseline, body fat (%), fat mass (kg) and hip circumference (cm) were significantly
different between the RDa and GCon groups (Table 4.2; assessed by one-way ANOVA). The
main statistical tests run on the body composition data were repeated measure ANCOVAs with a
2x3 factorial design. Additionally, one-way ANCOVAs were run on the absolute change values.

51

The variables of body fat (%), fat mass (kg), lean mass (kg), and subcutaneous fat thickness
(mm) were run with absolute change in body weight as a covariate in both analyses.
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Table 4.2: Body composition and anthropometric data pre- and post-intervention in the three groups
RDa

Variable

LDa

GCon

Group
Effect

Time
Effect

Interaction

n

Pre

Post

Change

n

Pre

Post

Change

n

Pre

Post

Change

24

163.6 ±
7.9

163.9 ±
7.9

0.3 ±
0.5

22

163.6
± 6.0

164.1
± 6.1

0.5 ±
0.9

8

162.7 ±
4.8

163.0 ±
4.5

0.3 ±
0.6

0.93

0.001

0.73

24

80.8 ±
15.3

81.0 ±
14.9

0.2 ±
3.3

22

79.0 ±
13.6

78.6 ±
13.03

-0.4 ±
3.3

8

68.0 ±
9.9

69.3 ±
12.6

1.3 ±
2.9

0.10

0.48

0.46

24

38.2 ±
3.6a

36.5 ±
3.8

-1.7 ±
1.5a

22

36.8 ±
3.9ab

35.6 ±
3.9

-1.2 ±
1.1a

8

34.2 ±
3.4b

34.5 ±
3.9

0.3 ±
1.3b

0.16

<0.001

0.002

24

31.2 ±
8.1a

29.9 ±
7.7

-1.3 ±
2.1a

22

29.4 ±
7.6ab

28.4 ±
7.4

-1.1 ±
2.0b

8

23.4 ±
5.2b

24.2 ±
6.8

0.8 ±
1.8c

0.11

<0.001

0.001

24

49.6 ±
7.6

51.1 ±
7.8

1.5 ±
1.9a

22

49.6 ±
6.5

50.3 ±
6.4

0.7 ±
1.6b

8

44.6 ±
5.3

45.1 ±
6.2

0.5 ±
1.4c

0.15

<0.001

0.001

Height (cm)

Weight (kg)
Body fat (%)†
Fat mass (kg)†
Lean mass (kg)†

Subcutaneous
109.7 ± 97.2 ±
-12.5 ±
101.2
92.1 ±
-9.1 ±
82.7 ±
85.7 ±
3.0 ±
fat thickness
24
22
8
0.22
<0.001
<0.001
a
a
27.1
23.0
10.0
±
30.2
25.3
9.4
19.4
23.1
8.0b
(mm)†
Umbilicus waist
97.9 ±
96.5 ±
-1.4 ±
94.8 ±
92.9 ±
-1.4 ±
87.1 ±
87.1 ±
0.0 ±
circumference
23
22
8
0.15
0.15
0.62
13.3
13.1
4.8
13.0
11.9
4.7
9.9
12.2
5.8
(cm)
Hip
109.5 ± 108.6 ±
-0.9 ±
107.1
106.3
-0.5 ±
99.9 ± 100.4 ±
0.4 ±
circumference
23
22
8
0.064
0.44
0.64
10.8a
10.6
2.4
± 8.6ab
± 8.1
3.3
4.6b
6.4
2.7
(cm)
Data are presented as mean ± SD. Statistical analysis completed using a Repeated-Measures ANOVA for all three groups with significance set at p ≤0.05. Both
within-factor (time: pre vs. post) and between-factor (group: RDa vs. LDa, vs. GCon) results are displayed. † indicates that a repeated measures ANCOVA was
run with change in weight (kg) as a covariate. Baseline differences were assessed using a One-Way ANOVA, differences are indicated with superscript letters on
the pre-values, with different letters indicating significant differences between groups. Change values were assessed using a one-way ANOVA for all three
groups, differences were indicated using superscript letters on change values. † indicates that a one-way ANCOVA was used, with change in body weight (kg) as
a covariate.
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4.2.1 Body Weight and Height
Mean change in body weight (kg) and height (cm) were not significantly different
between groups (Table 4.2). However, over the 12 weeks, there was a main effect of time for
height (Table 4.2). Body weight did not significantly change over time (Table 4.2).
4.2.2 Body Fat
Significant interactions were seen for body fat (%) and subcutaneous fat thickness (mm).
Both the RDa and LDa groups decreased body fatness to a greater degree than the GCon group,
however the RDa and LDa were not significantly different from each other (Table 4.2, Figures
4.1, 4.3; assessed by one-way ANCOVA). A significant interaction was also seen for fat mass
(kg). The RDa and LDa groups had a greater decrease than the GCon group and that the RDa had
a greater decrease than the LDa (Table 4.2, Figure 4.2; assessed by one-way ANCOVA).

Change in body fat percent (%)
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Figure 4.1: Body fat percent before and after the 12 weeks in the RDa (n=24), LDa (n=22), and GCon (n=8) groups.
Participants’ pre and post values displayed as individual lines. The inset graph displays the change from baseline for
body fat percent with different superscript letters indicating significant differences between groups (assessed by 1way ANCOVA). Data are presented as mean ± SE.

Fat mass (kg)

Change in fat mass (kg)
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Figure 4.2: Fat mass (kg) before and after the 12 weeks in the RDa (n=24), LDa (n=22), and GCon (n=8) groups
with individual participants’ pre and post values displayed as individual lines. The inset graph displays the change
from baseline for fat mass (kg) with difference superscript letters indicating significant differences between groups
(assessed by 1-way ANCOVA). Data are presented as mean ± SE.
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Figure 4.3: Subcutaneous fat thickness (mm) before and after the 12 weeks in the RDa (n=24), LDa (n=22), and
GCon (n=8) groups with individual participants’ pre and post values displayed as individual lines. The inset graph
displays the change from baseline for subcutaneous fat thickness (mm) with different superscript letters indicating
significant differences between groups (assessed by 1-way ANCOVA). Data are presented as mean ± SE.

4.2.3 Lean Mass
There was a significant interaction for lean mass (kg). Both the RDa and LDa groups
increased to a greater extent than the GCon group. The RDa group also significantly gained more
lean mass than the LDa group (Table 4.2, Figure 4.4; assessed by one-way ANCOVA).
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Figure 4.4: Lean mass (kg) before and after the 12 weeks in the RDa (n=24), LDa (n=22), and GCon (n=8) groups
with individual participants pre and post values displayed as individual lines. The inset graph is displaying the
change from baseline to post-intervention for lean mass (kg) with different superscript letters indicating significant
differences between groups (assessed by 1-way ANCOVA). Data are presented as mean ± SE.

4.2.4 Waist and Hip Circumference
Throughout the 12 weeks, waist circumference (cm) and hip circumference did not
significantly change over time or differ between groups (Table 4.2).
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4.3 Incremental Exercise test (VO2peak)
The main statistical test run on the VO2peak data was a repeated measures ANOVA with a
2x3 factorial design. Additionally, one-way ANOVAs were run on the absolute change values.
Data were missing for two participants in the RDa group for VO2peak, one at the pre timepoint
and one at the post timepoint. Data were replaced with the series means. Significant main effects
of time were found for absolute VO2peak (ml/min), VO2peak relative to body weight (ml/min/kg),
VO2peak relative to lean mass (ml/min/kg LM), and maximum power (watts) (Table 4.3; assessed
by repeated measures ANOVA). A significant interaction was found for the maximum power
(watts) achieved. The RDa group increased their maximal power output more than the GCon
group. The LDa group was no different than the RDa or the GCon group (Table 4.3; assessed via
one-way ANOVA).
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Table 4.3: VO2peak data pre- and post-intervention in the three groups.
RDa

Variable
Absolute
VO2peak
(ml/min)
VO2peak
relative to
body weight
(ml/min/kg)
VO2peak
relative to
lean mass
(ml/min/kg)
Max Power
(watts)

n

Pre

Post

24

1989.7
±
392.9

24

LDa

GCon

Group
Effect

Time
Effect

Interaction

Change

N

Pre

Post

Change

n

Pre

Post

Change

2220.3
±
455.2

230.6
±
272.3

22

1992.4
±
374.3

2132.9
±
318.0

140.5
±
288.7

8

1981.4
±
276.9

1976.8
±
270.4

-4.7 ±
242.6

0.68

0.006

0.11

24.9 ±
4.9

27.9 ±
4.8

3.0 ±
2.9

22

25.7 ±
5.2

27.6 ±
5.0

1.9 ±
3.9

8

29.4 ±
3.8

29.2 ±
6.1

-0.13 ±
3.7

0.30

0.004

0.093

24

40.1 ±
6.2

43.6 ±
6.3

3.6 ±
4.9

22

40.4 ±
7.0

42.7 ±
6.4

2.3 ±
5.7

8

44.5 ±
4.2

44.3 ±
6.9

-0.2 ±
6.0

0.49

0.026

0.23

24

163.7
± 33.2

191.2
± 30.9

27.5 ±
21.0a

22

172.0
± 26.6

187.7
± 31.5

15.7 ±
19.3ab

8

173.1
± 40.3

177.5
± 30.6

4.4 ±
28.0b

0.92

<0.001

0.025

Maximum
heart rate
185.5
184.7
-0.8 ±
190.9
189.8
-1.1 ±
189.4
188.6
-0.8 ±
24
22
8
0.16
0.47
0.98
achieved
± 8.8
± 8.0
6.8
± 11.4 ± 11.8
9.4
± 10.1 ± 12.1
7.6
(bpm)
Data are presented as mean ± SD. Statistical analysis was completed using a Repeated-Measures ANOVA with significance set at p ≤0.05. Both within-factor
(time: pre vs. post) and between-factor (group: RDa vs. LDa, vs. GCon) results are displayed. Change values were assessed using a one-way ANOVA for all
three groups, differences were indicated using superscript letters on change values.
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Figure 4.5: VO2peak (ml/min/kg of body weight) before and after the 12 weeks in the RDa (n=24), LDa (n=22), and
GCon (n=8) groups with individual participants pre and post values displayed as individual lines. The inset graph is
displaying the change from baseline to post-intervention for VO2peak (ml/min/kg). Data are presented as mean ± SE.

4.4 Nutrition
The main statistical tests run on the nutrition data were repeated measures ANOVAs with
a 2x3 factorial design. Additionally, one-way ANOVAs were run on absolute change values.
Significant differences between groups were seen for relative (g/kg/day) and total protein (g)
intake, with the RDa increasing more than the LDa group (Table 4.4). A significant difference
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was found for saturated fat (g) with the LDa group decreasing their intake more than the RDa
group. Calcium (mg) and vitamin D (mcg) also demonstrated significant group differences with
the RDa group increasing in both nutrients more than the LDa and GCon groups, with no
differences between the LDa and GCon groups (Table 4.4). Significant differences were seen for
phosphorus (mg) and potassium (mg) with the RDa increasing more than the LDa and GCon
groups, however there was no difference between the LDa and the GCon (Table 4.4). Lastly,
there was a significant difference for total sugars (g) with the RDa group increasing more than
the LDa group (Table 4.4). Significant main effects of time were found for protein (g/kg/day),
protein (g), calcium (mg), vitamin D (mcg), magnesium (mg), phosphorus (mg), potassium (mg),
and fibre (g).
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Table 4.4: Nutrient intake data pre- and post-intervention in the three groups
RDa
Variable

n

Pre

Post

Calories
(kcal)

24

1717.4
± 439.1

Protein
(g/kg/day)

24

Carbohydrates
(g/kg/day)

Monounsaturated
fat (g)
Polyunsaturated
fat (g)
Trans fat (g)

Group
Effect

Time
Effect

Interaction

n

Pre

Post

Change

n

Pre

Post

Change

1713.7
± 349.5

-3.7 ±
364.5

22

1607.0
± 441.2

1522.2
± 206.3

-84.8 ±
455.4

7

1571.1
± 437.1

1711.4
± 282.2

140.3 ±
540.7

0.25

0.80

0.47

0.8 ±
0.3

1.1 ±
0.3

0.3 ±
0.2a

22

0.9 ±
0.3

1.0 ±
0.2

0.1 ±
0.8b

7

0.8 ±
0.2

1.0 ±
0.3

0.2 ±
0.3ab

0.62

<0.001

0.035

24

2.7 ±
0.9

2.6 ±
0.7

-0.1 ±
0.6

22

2.6 ±
1.1

2.3 ±
0.8

-0.3 ±
1.0

7

3.1 ±
0.8

3.1 ±
0.7

0.0 ±
0.8

0.12

0.23

0.65

24

65.5 ±
19.2

86.6 ±
11.9

21.1 ±
13.4a

22

66.1 ±
16.4

74.7 ±
9.6

8.6 ±
14.0b

7

51.0 ±
17.7

65.1 ±
16.1

14.0 ±
20.6ab

0.009

<0.001

0.022

24

212.9 ±
60.0

201.2 ±
47.0

-11.7 ±
46.7

22

196.5 ±
57.5

173.1 ±
37.6

-23.4 ±
70.1

7

205.3 ±
58.7

205.1 ±
41.8

-0.2 ±
55.3

0.19

0.21

0.62

24

69.6 ±
18.0

64.7 ±
20.3

-4.9 ±
25.6

22

64.6 ±
21.1

62.6 ±
14.8

-2.0 ±
26.0

7

63.6 ±
17.0

73.2 ±
16.5

9.6 ±
28.6

0.56

0.83

0.44

24

22.7 ±
7.4

24.3 ±
5.8

1.6 ±
7.8a

22

20.6 ±
8.1

16.1 ±
4.2

-4.4 ±
7.0b

7

21.3 ±
7.0

22.7 ±
7.03

1.5 ±
10.6ab

0.007

0.72

0.031

24

18.6 ±
7.2

19.8 ±
13.5

1.2 ±
15.6

22

19.2 ±
6.6

23.6 ±
10.1

4.3 ±
13.4

7

19.6 ±
6.4

21.2 ±
7.0

1.5 ±
12.2

0.48

0.31

0.75

24

10.8 ±
4.2

8.9 ±
3.0

-1.8 ±
5.6

22

10.4 ±
3.6

12.7 ±
4.7

2.3 ±
6.6

7

10.4 ±
2.6

11.6 ±
5.3

1.1 ±
5.9

0.078

0.57

0.076

24

1.2 ±
0.9

0.9 ±
0.3

-0.3 ±
0.8

22

1.2 ±
1.0

1.0 ±
0.6

-0.2 ±
1.2

7

1.3 ±
0.5

1.4 ±
1.0

0.1 ±
0.9

0.40

0.32

0.68

24

715.8 ±
306.4

1275.5
± 189.6

586.1 ±
349.5a

22

519.8 ±
239.5

495.3 ±
203.3

-24.5 ±
285.9b

7

567.6 ±
220.7

646.7 ±
207.6

79.1 ±
298.4b

<0.001

<0.001

<0.001

Total Fat (g)

Saturated fat
(g)

GCon

Change

Protein (g)

Carbohydrates
(g)

LDa

Calcium (mg)
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Vitamin D
(mcg)

24

2.6 ±
1.7

5.7 ±
1.3

3.1 ±
2.0a

22

1.7 ±
1.0

2.0 ±
1.2

0.3 ±
1.4b

7

2.0 ±
1.1

3.1 ±
1.5

1.1 ±
1.5b

<0.001

<0.001

<0.001

Magnesium
(mg)

24

167.7 ±
70.0

227.5 ±
53.1

59.8 ±
63.0

22

157.4 ±
48.9

238.3 ±
80.8

80.9 ±
98.0

7

155.5 ±
58.5

177.1 ±
65.2

21.6 ±
56.1

0.32

<0.001

0.22

Phosphorus
(mg)

24

816.1 ±
328.1

1336.4
± 207.9

520.4 ±
299.6a

22

739.7 ±
210.4

882.9 ±
180.4

143.2 ±
284.5b

7

714.0 ±
261.3

855.1 ±
269.1

141.1 ±
339.7b

<0.001

<0.001

<0.001

Potassium
(mg)

24

1556.7
± 607.2

2354.9
± 480.6

789.3 ±
607.1a

22

1516.3
± 446.3

1906.8
± 443.3

390.5 ±
533.8b

7

1510.4
± 563.2

1563.5
± 578.2

53.2 ±
577.9b

0.038

<0.001

0.006

Total sugars
(g)

24

74.2 ±
28.6

90.1 ±
22.2

15.9 ±
26.5a

22

64.8 ±
28.4

51.7 ±
19.0

-13.1 ±
38.0b

7

73.4 ±
33.5

69.3 ±
15.7

-4.1 ±
28.1ab

0.001

0.93

0.012

24

13.5 ±
4.1

15.0 ±
6.7

1.5 ±
6.1

22

14.8 ±
4.9

18.9 ±
6.3

4.1 ±
5.7

7

15.0 ±
5.5

15.3 ±
4.8

0.2 ±
5.1

0.19

0.044

0.19

24

15.0 ±
24.7

5.7 ±
7.2

-9.3 ±
26.0

22

22.0 ±
35.0

10.0 ±
22.2

-11.9 ±
33.5

7

9.6 ±
17.6

5.6 ±
9.6

-4.0 ±
8.4

0.45

0.068

0.81

Fibre (g)

Caffeine (mg)

Data are presented as mean ± SD. Statistical analysis was completed using a Repeated-Measures ANOVA with significance set at p ≤0.05. Both within-factor
(time: pre vs. post) and between-factor (group: RDa vs. LDa, vs. GCon) results are displayed. Change values were assessed using a one-way ANOVA for all
three, differences were indicated using superscript letters on change values.
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4.5 Adherence
Adherence to the structured exercise program as well as adherence to the prescribed
intakes or lack thereof of the dairy foods were calculated for both intervention groups. For
exercise adherence, the RDa group attended 86% (range: 71-100%) of their scheduled exercise
sessions, whereas the LDa group attended 79% (range: 56-100%) of their scheduled exercise
sessions. An independent t-test found a significant difference between adherence for the RDa and
LDa groups (p = 0.030). On average, all groups adhered to the dairy protocol with the RDa group
consuming 3.7 ± 0.7 servings/day, the LDa consuming 0.4 ± 0.4 servings/day, and the GCon
consuming 1.2 ± 0.7 servings/day.
All correlations were non-significant for the relationships between exercise or dairy
consumption adherence and the absolute change in body composition variables.
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Chapter 5 – Discussion and Future Research
5.1 Discussion
The results of our study demonstrate that a 12-week lifestyle modification program that
included mixed-mode exercise and dairy product consumption had favourable effects on body
composition in overweight and obese adolescent girls. The consumption of 4 servings of mixed
dairy products/day, along with the exercise training, increased lean mass and decreased fat mass
more than the intervention group undergoing exercise without added dairy consumption, and
more than the no-intervention control group. Thus, because we saw greater body composition
improvements between the GCon and the intervention groups (with the greatest changes between
the RDa and GCon), this implies that, at the very least, our lifestyle intervention succeeded by
improving body composition after accounting for the natural growth that occurred in our control
group. Moreover, based on our data, we can conclude that increased dairy consumption resulted
in a superior change, as it promoted significantly greater increases in lean mass and reductions in
fat mass compared to the other 2 groups. In terms of fitness, peak power (maximum watts)
achieved on the VO2peak test was greater in the dairy group, and the increase in relative VO2peak
tended to be higher (p=0.093) in the dairy group. Lastly, due to the provision of dairy foods in
the diet of the RDa group, this group was better able to successfully follow the dietary
recommendations for protein, and succeeded in increasing several important dairy-related
nutrients such as calcium, vitamin D, phosphorus and potassium compared with the other 2
groups.
The primary outcome of our study was body composition (several measures of fat mass
and lean mass). Body composition is important because it has a greater impact on health
outcomes than body weight2,3. For example, fat mass has a positive relationship with the
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development of cardiovascular disease, which is becoming more prevalent in children and
adolescents, particularly those who are obese2. Lean mass (which includes skeletal muscle)
however, is beneficial to overall health as it plays a key role in the development of healthy
muscles and bones and supports movement and posture143. Additionally, higher lean mass has
been associated with greater insulin sensitivity143, whereas lower lean mass and higher fat mass
have been linked to insulin resistance5,120,121,143. Thus, our results would benefit overall health in
this young population, because, in the absence of weight loss/change, we demonstrated that both
groups who participated in the lifestyle modification program experienced greater decreases in
body fatness and increases in lean mass (compared to the control group). Additionally, the
consumption of dairy products led to a greater decrease in fat mass and increase in lean mass
compared to the other two groups. Indeed, the increase in lean mass experienced by the
intervention groups (and greater still by the RDa group) occurred even though the natural growth
rate of lean mass (i.e. the velocity of development) in girls of this age (and maturity level), while
still positive, is slowing down12. To our knowledge, this is the first study to demonstrate such an
effect on body composition in the absence of body weight change, and the first to utilize a
growth control group in this way. Our findings support our hypotheses that increased dairy
consumption, at the recommended level, would lead to more favourable changes in body
composition.
Our findings contradict previous studies assessing dairy consumption with exercise
training. These studies found no additional benefits to body composition while consuming dairy
in both normal weight and obese male and female children and adolescents77,79. One difference
between these studies and ours, which could account for the lack of observed differences
between the groups, is that both previous studies had participants consume only 3 servings of
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dairy/day, as fluid milk77,79, whereas we provided our participants with 4 servings of dairy per
day, as a mix of milk, Greek yogurt, and cheese. The additional serving of dairy/day in our study
provided our participants with greater amounts of calcium and protein, which may have been
necessary to facilitate changes in fat and lean mass. Mechanisms that have been suggested
include the effect of calcium on the adipocyte (to promote lipolysis) and increased fecal fat
excretion43,44, and the beneficial effect of leucine-enriched protein on muscle protein synthesis35.
Additionally, the consumption of Greek yogurt (2 x 100 g/day) in our study may have played a
role for the delivery of important nutrients, as Greek yogurt, per serving (175g, 14g protein), has
approximately 1.5 times the protein found in one serving of milk (250 ml, 9g protein). Protein is
of crucial importance to the growth and development of the musculoskeletal system, and the
maintenance of overall health41,144. The consumption of dairy foods, likely by virtue of their
protein content and protein quality (i.e. high leucine content)35, have been shown to increase lean
mass in combination with exercise in overweight and obese adult females101, in normal weight
females45, and most recently, in healthy adult males145. The latter study, from our laboratory, was
the first to investigate the use of Greek yogurt (vs. an isoenergetic carbohydrate-based placebo)
with resistance training over 12 weeks on body composition change. There are no studies yet
using Greek yogurt with exercise in overweight and obese adolescent females.
Dairy protein is unique in that it contains both whey and casein proteins, each of which
have different impacts on amino acid (AA) absorption and delivery to the working muscle. Whey
protein, which has a higher proportion of leucine than other protein sources35, is absorbed in to
the blood for quick delivery of AAs to the muscle which helps to increase muscle protein
synthesis quickly after consumption35. The casein protein fraction is absorbed more slowly into
circulation and acts to increase muscle protein synthesis and improve protein balance over a
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longer period of time. The combined physiological effects of the different proteins in dairy
products (i.e. whey and casein) provides a better environment for muscle protein acquisition
following exercise35. Importantly, the RDa participants were provided with 1 cup of chocolate
milk post-exercise whereas the LDa participants were not (they were provided with a
carbohydrate and electrolyte drink). Research in adults has shown that the timing of protein
provision (i.e. during the post-exercise anabolic window) may impact muscle acquisition,
particularly in untrained individuals146. However, another important factor to consider is the total
daily provision of protein, which may arguably be more important to facilitate lean mass
adaptations than protein timing itself144,147. Considering the latter, with the additional dairy
consumption, the RDa group was consuming more protein per day than the LDa group. This was
not intended to be the case since both groups were instructed to increase their protein intakes to
the same extent, however, our study demonstrated that it was easier to increase protein intakes
with the addition of dairy to the diet, and this may have positively impacted our body
composition results.
Change in cardiovascular (CV) fitness was a secondary outcome in our study. CV fitness
is a clinically important modifiable risk factor and is independently inversely associated with
morbidity and mortality in adults129–131. Given the increased risk of overweight and obese
adolescents for developing cardiovascular disease, improvement in CV fitness is critical2. We
measured VO2peak pre- and post-intervention in all three groups to assess changes in CV fitness.
Our results show that VO2peak increased over time (main time effect) with a trend towards
differences between the groups (relative to body weight; p=0.093). The subtle increases in
maximal oxygen consumption in the intervention groups are likely related to the exercise
intervention. For example, the increase of 3.0 ml/kg/min in VO2peak in the RDa group is similar
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to other studies where obese adolescent males and females participated in 20-50 minutes of
moderate intensity aerobic exercise 3-4 days/week. These studies demonstrated increases of 2.7
ml/kg/min74 and 3.8 ml/kg/min75. Although we did not reach statistical significance for betweengroup differences, our findings for absolute increases in relative (to body weight) VO2peak with
the intervention are consistent with previous literature. An interesting finding from our study
however, was that the RDa group increased their maximum power output (watts) by the end of
the 12 weeks, compared to the control group. This improvement in maximal power (and VO2peak)
may have been facilitated by the increase in lean mass, particularly in the RDa group following
the mixed-mode exercise intervention, as lean (muscle) mass is involved in force generation and
oxygen uptake148,149. Although we do not know the muscle fibre type composition of the muscle
mass (lean mass) that was potentially gained by the RDa group, the increase in maximum power
observed may have been a positive anaerobic adaptation. The association between lean mass
increases and anaerobic power increases has been previously demonstrated in obese
adolescents148.
Our intervention was one of lifestyle modification, which involved both intensive
nutrition and exercise manipulations. From a nutritional standpoint, it is important to note that
our study succeeded in positively changing body composition, without significantly
increasing/decreasing energy intake in the intervention groups. Additionally, the RDa group was
able to incorporate 4 servings of dairy foods/day appropriately (i.e. replacing instead of adding)
under the guidance of a RD, and because of this, also succeeded in increasing their calcium,
vitamin D, phosphorus, potassium and magnesium intakes greater than both the LDa and GCon
groups over the 12 weeks. Indeed, dairy products are nutrient-dense and contain more protein,
calcium, magnesium, potassium, zinc and phosphorus per calorie than any other food150. Thus, as
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expected, with an increased consumption of dairy foods (including high fat cheese), these
micronutrients would also significantly increase. This is important to demonstrate as the 2004
Canadian Community Health Survey noted that adolescent girls are consuming well below the
recommended level of calcium and vitamin D125. The provision of inadequate nutrition may have
negatively affected the anabolic processes required for the accrual of lean mass and bone mass
which may increase the risk of several diseases later in life126,127,151. Other studies in pediatric
populations of boys and girls have demonstrated that dairy consumers (with the addition of 2-4
servings of dairy/day) have increased intakes of calcium40,51,77,79,151, vitamin D79, and protein77,79.
Recently, the Lancet published a systematic analysis from the Global Burden of Disease Study
(GBD; 2017)152. This analysis provided a comprehensive assessment of the health effects of
different dietary components across 195 countries. It showed that diets low in milk and diets low
in calcium were two of the fifteen modifiable dietary risk factors that directly contributed to the
global burden of non-communicable diseases and mortality152. Thus, given these and other data,
we posit that it is important to focus research efforts on increasing dairy food consumption (and
thus also associated micronutrients) in younger populations for optimal growth-related reasons as
well as to improve disease risk profiles. This may be of particular importance in overweight and
obese youth, who are already at increased risk of disease2,4,57,118. Other dietary risk factors from
the GBD study included low fruit and vegetable intakes and high sodium intakes152. The
nutritional counselling in our study also aimed to improve these and other important nutritional
intake factors across both intervention groups to promote an overall improvement in dietary
intake.
Adherence (to the dairy consumption and exercise interventions) was another secondary
outcome of interest in this study. Systematic reviews examining lifestyle modification programs
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targeted at overweight and obese adolescents that successfully improved body composition all
had programs that included >26 hours of contact with participants, with increasing hours of
contact leading to larger improvements105,107. Indeed, our study was intensive, as it provided >50
hours of personal contact (between participants and study personnel) over 12 weeks. It is
particularly important to assess and promote adherence in female adolescent populations where
adherence rates to programs tend to be poorer153. Previous literature in overweight and obese
adolescent girls has shown that greater adherence to lifestyle programs leads to greater positive
changes97. Despite the fact that the RDa group demonstrated slightly (but significantly) greater
adherence to the exercise intervention, it is important to note that we found no significant
correlations between changes in body composition and adherence to the structured exercise
program. Another reason for the lack of significant correlations between adherence and body
composition results may be that our adherence analysis was only conducted on the structured
exercise portion of the intervention and did not also include physical activity (PA) done outside
of the study, i.e. on the other 4 days of the week that participants were not exercising with us.
Participants were each provided with a Fitbit Zip™ at the start of the study to facilitate the
tracking of PA as daily steps. They were instructed to track their steps on non-formal-exercise
days and to reach a certain step goal individually assigned to them. Previous literature has
suggested that higher steps per day can lead to lower BMIs in pediatric populations154,155. In
addition, it has been well documented that the use of technology to provide physical movement
feedback can facilitate adherence to an exercise program, even in youth156–158. Although we
encouraged all intervention participants to reach their individualized step goals outside of the
structured exercise sessions, since these data were not pre-specified outcome variables, not
everyone recorded their steps appropriately which limited the accuracy of these data. For this
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reason, we decided not to include them in our adherence calculation, which may relate to the lack
of correlation between adherence and body composition change. Another reason why adherence
did not correlate with body composition outcomes may be that, despite our best efforts, we
cannot guarantee that the participants who attended more exercise sessions, actually put forth
more effort at each session. This is a limitation when working with this population. It is known
that motivation is a very important factor for adherence159, and particularly in overweight and
obese adolescent females, more barriers tend to stand in the way of PA. These can include lower
self-confidence, fear of failure, fear of looking awkward, lower general motivation and lower
levels of energy95,96,160. Even with our strong focus on the facilitation of a positive one-on-one,
exercise environment, these barriers, at least initially, can be difficult to overcome.
Beyond the assessment of the primary outcome of body composition, this study was
designed to address gaps and correct issues in the previous literature involving dairy
consumption and exercise interventions in youth on body composition. This led to some of the
strengths of our study. First, our research team included a RD who was primarily responsible for
providing dietary advice to both intervention groups. Our study only had one RD, which allowed
for consistent dietary advice to be given to individual participants (and their parents/guardians)
within both groups. The main difference in the dietary advice between the groups was the
discussion of dairy products and their incorporation into the diets of the RDa group and not the
LDa group. All other healthy diet advice, including promoting increased protein intakes, was the
same for both groups. Another strength regarding the nutritional aspect of the study was that the
RDa participants were provided with 4 servings per day of a variety of dairy products (milk,
Greek yogurt and cheese), all of which are readily available in Canadian supermarkets. The
direct provision of these foods to the RDa participants likely improved dietary compliance with
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dairy food consumption, since, given the past and present consumption trends, general public
health dietary advice to consume more dairy foods does not necessarily increase dairy intake in
this population. Another strength relates to the overall structure of the intervention. This study
was structured as a sustainable lifestyle modification program that included exercise 3x/week,
and the intake of dairy foods at the nationally recommended level. Although we have no
empirical proof, we believe that this makes our intervention easily transferrable and more
applicable to everyday life. The effectiveness of our intervention in the ‘real world’ needs to be
further investigated. Nevertheless, our combined approach (structured exercise and healthy
eating education) is one that has been repeatedly recommended for the treatment and prevention
of overweight and obesity in adolescents105,106. Another important strength of our lifestyle
modification program is the involvement of participants’ parents/guardians and families in the
intervention process. A systematic review found that most of the effective behavioural
modification interventions in adolescents targeted participants as well as their caregivers105
because parents/families of adolescent girls are still heavily involved in decisions around
nutrition, exercise, time commitments and scheduling96,124. Lastly, the inclusion of a growth
control group in our study was a strength, as this group, although smaller than the other groups
(due to drop outs and other recruitment issues), allowed us to assess and control for changes that
were naturally occurring due to growth in overweight and obese adolescent girls over 12 weeks.
Thus, we can be confident that the differences we observed for body composition between the
three groups are above and beyond those attributed to general growth and relate directly to our
intervention.
Our study also had some limitations. The first limitation is the small size of our control
group. As mentioned above, the control group succumbed to the highest dropout rate reflecting
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the difficulty in retaining control participants. This was likely because the control participants
went 12 weeks without participation in any part of the intervention, except for pre- and posttesting. Although various incentives were provided to improve retention (i.e. gift cards for
participation), this did little to help. Another limitation was the use of self-reported food records.
Self-reporting can lead to the possibility of recall errors, inaccurate estimations of intakes and
reluctance of truthful reporting in favour of reporting in a way that is more socially desirable161.
Additionally, the very act of recording one’s food intake may affect the foods that are
consumed161. The phenomenon of nutritional misreporting has been previously cited in the
literature, however, the use of self-reported food records is still recommended162,163. We
mitigated this issue as best as possible by having participants complete several food records
throughout the study (including 3 within the first month) and going through them in detail with
participants and parents/guardians to catch reporting errors. The next limitation relates to the
body composition measurements. Although we made every effort to ensure that each participant
was measured by the same researcher, due to the long duration of the study (>2 years), this was
not always the case. This may have introduced some inter-observer variability. Other limitations
relate to the exercise intervention and the non-blinding of our investigators during the post-study
testing. It is important to note that although participants had high adherence rates for attending
the exercise sessions, this does not necessarily mean that they exercised to the best of their
ability at each session. Trainers made every effort to motivate and encourage participants,
however the adolescent girls in our study occasionally showed resistance to following protocols.
It is well documented that the adolescent age group may struggle in this regard, and that they
may be preferentially concerned with asserting their autonomy instead of following instructions
which leads to resistance or noncompliance164,165. Ways to promote increased effort may be to
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use heart rate monitors and to potentially facilitate healthy competition between participants.
Additionally, study personnel were not blinded to participant group allocations for the post-study
testing. Blinding is difficult to achieve in nutritional studies as dietary advice and adherence to
dietary protocols are heavily based on participant’s group assignment, and in the current study
there were no additional study personnel available to blindly carry out the post-testing. Lastly,
limitations exist regarding the equation used for the body composition analyses. To calculate
these outcome variables, an equation validated previously only in adults was used. There are
equations commonly used to calculate body composition in youth by Slaughter et al. (1988),
however these equations require specific body fat measurement sites including triceps and
subscapular fat thickness or triceps and calf fat thickness166,167. Our study did not assess
subscapular or calf fat thickness but did assess triceps, suprailiac, waist, and thigh fat thickness,
leaving us unable to utilize this pediatric equation. The reason why using pediatric equations
may be better is because as pediatric populations grow, they deposit fat differently and likely
also lose fat and gain lean mass differently compared to adults8. Nevertheless, because we are
more interested in the change over time in both of these variables, the absolute accuracy of our
measures does not influence the pattern of the results. Moreover, it is for this reason that we also
present a crude measure of fat thickness (in mm) measured directly from the ultrasound along
with calculated fat and lean mass. We demonstrated that the fat thickness measure (which is the
actual sum of subcutaneous fat thicknesses at 4 sites) reflected the results of the ‘body fat (%)’
and closely resembled that of the ‘fat mass (kg)’ analyses which were both derived from adult
equations.
In conclusion, the results of our study demonstrated that, in a population of overweight
and obese adolescent girls, guided lifestyle modification can significantly improve body
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composition and fitness in the absence of overt weight loss. Specifically, implementing an
engaging mixed-mode exercise program along with healthy dietary advice at regular intervals
can significantly improve these outcomes compared to a control group not undergoing an
intervention. Moreover, the novelty of our study is that we also demonstrated, for the first time,
that the consumption of 4 servings/day of mixed dairy products (1% milk [white and chocolate],
Greek yogurt and full-fat cheese) can further augment these favourable changes, leading to
significantly greater fat mass losses and lean mass gains compared to those undergoing the same
exercise intervention but not consuming dairy. From a nutritional standpoint, the consumption of
dairy products also led to a significant increase in important nutrients related to musculoskeletal
health such as calcium, protein, and vitamin D. This further supports the inclusion of dairy
products in the diet to promote adequate micro- and macronutrient intakes, particularly during
important phases of growth. Thus, based on our research, a variety of dairy products should be
included to improve overall diet quality and the success of weight management programs for
overweight and obese adolescent girls.
5.2 Implications and Future research
The findings from the IDEAL for adolescents study have several important implications.
First, with the incorporation of dairy into a healthy diet and exercise program, overweight and
obese adolescent girls were able to decrease fat mass and increase lean mass in the absence of
body weight changes. This highly beneficial change in body composition may decrease their risk
of developing cardiovascular and metabolic diseases2 and supports healthy growth of their
musculoskeletal system143. Second, our intervention succeeded in decreasing body fat with the
addition of dairy products to the diet. Thus, we were able to successfully demonstrate the
benefits of consuming dairy products to the girls in the intervention. Prior to entering the study,
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most participants were hesitant to consume higher levels of dairy for a variety of reasons; the
main one being that dairy foods were perceived as fattening, and they were concerned about
gaining fat mass. This attitude/belief about dairy products has been previously cited in both adult
and adolescent female literature31,168,169. Given that our study found the opposite effect in the
RDa group, our findings have the potential to change these negative attitudes towards and beliefs
about dairy foods, particularly in this population. Based on the healthful benefits elicited by the
consumption of dairy products in overweight and obese adolescent girls in our study, future
research examining how to advise adolescent girls to incorporate dairy into their diets, or how to
best educate them on the healthful benefits of these products, may be important next steps. Third,
consuming dairy products in the current study led to increases in intake of important nutrients
such as protein calcium and vitamin D, which, as previously mentioned, are important for
musculoskeletal development143. Even though the LDa group was instructed to also increase
their protein intakes to 20% of daily energy (from non-dairy sources), according to our study, it
proved to be more difficult to do so without the consumption of dairy foods. Additionally, the
new CFG has de-emphasized the consumption of dairy products as it has taken away the milk
and alternatives food group and removed serving size recommendations (for all foods). Our
study demonstrates that consuming 4 servings/day of dairy products preferentially promotes lean
mass gains and fat mass losses and is therefore beneficial for healthful body composition change.
We posit that it is still important to consume dairy products at this intake level and that the older
recommendations should be brought forward in this new CFG, particularly for this age group.
Given that our study displayed positive effects of the consumption of dairy products on
body composition and CV fitness in overweight and obese adolescent girls, future research using
this same paradigm in overweight and obese adolescent boys may further complement the
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existing literature. Since we noted changes in body composition that could potentially promote
health (decrease risk of cardiovascular disease with decreased fat mass, and greater
musculoskeletal support with increased lean mass), it is important to see if we can also create
these healthful changes in boys. This would also allow for the examination of sex differences in
the response to such a program. Additionally, future research should include a no-intervention
follow-up phase after the intervention. This would shed light on the true effectiveness of the
lifestyle modification program, and the ability for it to change participant behaviours and daily
habits outside of the structured study. If newly learned healthy habits fade from participant’s
daily lives, they are more likely to reverse the benefits they received from the intervention170.
Lastly, both exercise70,73,171 and dairy consumption40,150,151 alone have shown promising effects
on improving bone health in pediatric populations, however only one study has examined the
combined effects of dairy consumption and exercise on bone health79. This study demonstrated
that dairy consumption and exercise were successful together at improving bone health in a
population of normal weight boys79. Given the limited yet positive intervention research
involving the effects of dairy consumption and exercise on bone health in pediatric populations,
future research examining these effects in obese pediatric populations is warranted, given that
obese adolescents are at increased risk of fractures172.
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Appendix H – Strength Data
Strength Testing: The test started with a 15-minute warm-up which involved light
jumping/agility exercises such as ladder runs, hopscotch, jumping jacks, and high knees. Upon
completion of the warm-up, participants used three different machines to determine their
predicted 1RM: leg press, seated row, and seated chest press. On each machine, participants were
shown the correct form, and given advice on breathing techniques. Participants were then given
2-3 warm-up sets of approximately 10 repetitions on each machine using a light weight to ensure
they were performing the exercise in the correct form, and to prepare their muscles for the test.
The initial load was selected by asking participants how hard they found the last warm-up set and
asking how many repetitions they believe they could have completed. Based on this information,
an initial load in which the participant could likely not complete more than 10 repetitions was
chosen. For the predicted 1RM test, weights were increased approximately 5-10% for seated row
and seated chest press, and 10-20% for the leg press, between each set for a maximum of 3 sets
(excluding warm-up sets). Instructions for each set were to ‘complete as many repetitions as you
can, up to 10 repetitions, after that you may stop’. This was completed until the participant could
no longer exceed 6 repetitions at a given weight, which usually occurred by the end of the 3rd set.
Participants were given adequate (2-3 minutes) rest between sets. Once the test was completed,
the predicted 1RM was calculated from the determined 6RM (or less) using the following
equation 1RM = load (lbs)/(repetition percentage from prediction table/100), where load refers
to the highest load that was completed for an exercise, and the repetition percentage refers to the
number associated with how many repetitions were completed. The table below was used to
predict the % of 1RM that the number of repetitions represented, and this number was used in the
above equation as the repetition percentage.

121

Prediction Table for 1RM (adapted from Coburn & Malek, 2012)173
# of
repetitions
completed

1

2

3

4

5

6

7

8

9

10

%1RM

100

95

93

90

87

85

83

80

77

75

Strength Results: All intervention participants significantly increased all strength measures over
time. There was a significant difference between groups for seated back row (kg) and a trend
towards a significant difference for chest press indicating that the RDa group increased their
upper body strength more than the LDa group throughout the intervention.

Table: Estimated 1 RM strength data pre- and post-intervention in the intervention groups (RDa
and LDa).
Variable

Leg press
(kg)
Seated
back row
(kg)
Seated
chest
press (kg)
Total 1
RM (kg)

RDa
n

Pre

14

99 ± 17

14

Post

LDa

Group
Effect

Time
Effect

Interaction

Change

n

Pre

Post

Change

134 ±
31

35 ± 27

12

112 ±
28

137 ±
26

25 ± 17

0.39

<0.001

0.25

43 ± 7

53 ± 9

10 ± 6

12

47 ± 6

51 ± 6

5±5

0.59

<0.001

0.036

14

26 ± 7

33 ± 7

7±6

12

27 ± 5

30 ± 4

3±3

0.49

<0.001

0.057

14

168 ±
24

220 ±
42

52 ± 35

12

185 ±
34

218 ±
31

32 ± 19

0.52

<0.001

0.090

Data are presented as mean ± SD. Statistical analysis was completed using a Repeated-Measures ANOVA: withinfactor (time: pre vs. post) and between-factor (group: RDa vs. LDa). Significance was set at p ≤0.05.
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Appendix I – Exercise Intervention Information and Log Sheets
Exercise sessions all began with a plyometric-based warm-up which lasted approximately
10 minutes. Participants completed three different ladder drills (e.g. straight run through, 2-foot
bunny hop, lateral runs, hop scotch, grapevine/carioca, etc.), four times each for the first half of
the warm-up. The second half of the warm-up consisted of two easier plyometric exercise drills
(e.g. jumping jacks, high knees, butt kicks) preformed for 2 minutes each; 10s of exercise and
10s of rest. Then participants completed an aerobic training (AT) workout and either a resistance
training (RT) or plyometric training (PT) workout. For the first 2 weeks of the program,
participants only did RT and AT so they could get used to the addition of structured exercise to
their routine. After two weeks, participants completed RT twice per week, while their third
exercise session included AT with PT. The AT portion of each exercise session lasted for 20
minutes. The 20 minutes was broken down into intervals of higher and lower intensity exercise.
Initially, AT was carried out as 2 minutes of a higher intensity interval and 3 minutes of a lower
intensity interval for 4 sets, and as fitness increased, AT progressed to a full 20 minutes at a
higher intensity. This was progressed by adding one minute at a time to the higher intensity
interval (and removing it from the lower intensity interval) when the participant could tolerate it.
AT was completed on either a stationary bike, treadmill, elliptical machine, or a rowing
ergometer. The RT program consisted of three different workouts which targeted either the lower
body (with exercises such as the leg press, squats, lunges, glute bridges, etc.), upper body (with
exercises such as the back row, push-ups, lateral raises, bicep curls, chest press, etc.), or full
body (with a combination of lower and upper body exercises). The RT exercises targeted
different muscle groups, depending on the workout assigned for that day. For the first two weeks,
participants completed one from each category (i.e. one upper body, one lower body, and one
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full body workout) each week. For the following 10 weeks, participants either completed two full
body RT workouts with one PT workout each week, or one upper body RT, one lower body RT,
and one PT workout each week. Participants completed 3 sets of 10-15 repetitions for each of the
4-5 chosen RT exercises, with 1 minute of rest between sets. RT exercises were progressed first
by increasing repetitions from 10 to 12, then 12 to 15. When participants could successfully
complete 15 repetitions of a given exercise at a given weight, the weight was increased by 5-10%
for upper body exercises and 10-20% for lower body exercises, or until the participant
demonstrated fatigue between 10-12 repetitions of the new load. PT workouts consisted of 4-5
exercises (e.g. skater hops, toe taps, drop box jumps, jump lunges, tuck jumps, frog hops, etc.).
Participants completed 3 sets of 8-15 jumps for each exercise. The number of jumps depended on
the ability and skill of the participant and increased as the participant progressed through the
program. The number of jumps also depended on the intensity/difficulty of a given exercise. A
short cool-down consisted of stretching and walking back to the study office after the session.
The participant’s trainer completed exercise log sheets during each structured exercise session to
track progression throughout the intervention.
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Appendix J – Food Record Sheet Example

