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ABSTRACT 

Problem: Mostly attributed to lack of time, only about 15% of Canadian adults are currently 

reaching the Canadian Physical Activity Guidelines (CPAG). Recently, studies have 

suggested that any bout of aerobic exercise reaching moderate to vigorous intensity has the 

potential to improve health.  

Methods: Sixty adults (20 young non-overweight adults, 20 overweight adults, 20 older 

adults) already doing some resistance training (RT) were recruited. Participants performed 

eight RT exercises during three visits. The objective was to identify the proportion of time 

spent at moderate to vigorous intensity during RT sessions. 

Results: Overall, the participants were at moderate to vigorous intensity during 82% of the 

time. However, the older adult group compared to the young adult group spent lower 

proportion of time at moderate to vigorous intensity during RT sessions. 

Conclusion: Most Canadian adults can reach HR equivalent to those achieved during 

moderate to vigorous aerobic activity by doing RT. 
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ABBREVIATIONS 

1-RM- One Repetition Maximum  

BMI- Body Mass Index 

BP- Blood Pressure 

CPAG- Canadian Physical Activity Guidelines 

HR- Heart Rate 

HRmax- Maximum Heart Rate 

HRR- Heart Rate Reserve  

MET- Metabolic Equivalent 

MVPA- Moderate to Vigorous Physical Activity 

RT- Resistance Training 

RPE- Rating of Perceived Exertion 

VO2- Volume of Oxygen 

VO2max- Maximum Oxygen Consumption 

 



 

vi 

 

TABLE OF CONTENTS 
 

ABSTRACT ...................................................................................................................... ii 

ACKNOWLEDGEMENTS ............................................................................................ iii 

DEDICATION ................................................................................................................. iv 

ABBREVIATIONS ........................................................................................................... v 

TABLE OF CONTENTS ................................................................................................ vi 

LIST OF TABLES ......................................................................................................... viii 

LIST OF FIGURES ......................................................................................................... ix 

CHAPTER-1: INTRODUCTION ................................................................................... 1 

Defining Terms ....................................................................................................... 5 

CHAPTER-2: REVIEW OF THE LITERATURE ....................................................... 8 

Benefits of Physical Activity .................................................................................. 8 

Barriers Associated with Physical Activity ............................................................ 9 

Canadian Physical Activity Guidelines ................................................................ 10 

Methods to Measure Physical Activity Intensity .................................................. 11 

Challenging Length of Bouts of Aerobic Exercise ............................................... 15 

Alternate Strategies to Reach the CPAG .............................................................. 17 

Resistance Training and Health Benefits .............................................................. 18 

Resistance Training Programs to Reach Moderate to Vigorous Intensity ............ 20 

Circuit Training ................................................................................... 20 

Specific Populations ............................................................................................. 23 

Overweight and Obese ........................................................................... 23 

Older Adults ............................................................................................ 24 

Summary of the Review of the Literature ............................................................ 24 

 



 

vii 

 

CHAPTER-3: METHODS ............................................................................................ 26 

Objectives ............................................................................................................. 26 

Hypotheses ............................................................................................................ 26 

Participants ........................................................................................................... 26 

Data Collection ..................................................................................................... 27 

Statistical Analysis ................................................................................................ 32 

CHAPTER-4: RESULTS ............................................................................................... 34 

Descriptive Information ........................................................................................ 34 

Time Spent at Moderate Vigorous Intensity ......................................................... 38 

Regression Models to Predict Time Spent at Moderate to Vigorous Intensity .... 41 

Volume of Exercise .............................................................................................. 43 

Length of Bouts Spent at Moderate to Vigorous Intensity ................................... 43 

Evaluation of Each Exercise ................................................................................. 45 

CHAPTER 5: DISCUSSION ......................................................................................... 48 

Limitations ............................................................................................................ 59 

Next Steps ............................................................................................................. 60 

Conclusion ............................................................................................................ 60 

APPENDIX-I ....................................................................................................... 61 

APENDIX-II ....................................................................................................... 62 

REFERENCES ................................................................................................... 64 



viii 

LIST OF TABLES 

Table 1: Main Methods to Measure Exercise Intensity……………………………………13 

Table 2: Length of Bouts of Aerobic Exercise in the Current Literature………………….17 

Table 3: Estimation of 1-RM………………………………………………………………....31 

Table 4: General Characteristics…………………………………………………................35 

Table 5: Self-Reported Physical Activity Levels………………………………………….36 

Table 6: Relative 1-RM ………………………………………….......................................37 

Table 7: Intensity While Doing Resistance Training Sessions…………………………....40 

Table 8: Comparison between Older Men and Older Women………………………….....42 

Table 9: Duration of Bouts while Doing Resistance Training………………………….....44 

Table 10: Proportion of Time Spent at Moderate to Vigorous Intensity …………….........46 

Table 11:  Proportion of HRR and Time Spent at Moderate to Vigorous Intensity.....……47 



 

ix 

 

LIST OF FIGURES 

Figure 1: Volume of Exercise at Different Exercise Sessions……………………………………..43 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

CHAPTER-1: INTRODUCTION 

According to the Canadian Physical Activity Guidelines (CPAG) every Canadian adult 

should participate in a minimum of 150 minutes of aerobic exercise per week at moderate to 

vigorous intensity in minimum bouts of 10-minutes or more to optimize health benefits.  

Additionally, every Canadian should engage in a minimum of two days on resistance training 

(RT) each week [1] with no specific intensity or duration.  However, it is unlikely that 

someone would do a recommended bout of RT for less than 30 minutes to target all major 

muscle groups.  When physical activity level is measured objectively, statistics show that only 

15% of adults reach the CPAG in aerobic exercise component [2]. One of the concerns is that 

the majority of Canadians are not aware that they do not reach these guidelines because there 

tends to be a big difference between self-reported physical activity levels and what is actually 

measured.  For example, a study showed a correlation ranging from -0.70 to + 0.96 [3] among 

participants, suggesting a huge variation between what is done and what is perceived as being 

done. This gap between objective and self-reported exercise suggests that many adults who 

say they are quite active in reality do not reach the CPAG requirements, and, therefore, are 

unlikely to see any health outcomes. 

Recent studies have challenged the belief that 10- minute bouts of aerobic exercise of 

moderate to vigorous intensity are not needed to draw health benefits from aerobic exercise. 

Some studies have reported that as long as the exercise is achieved at moderate to vigorous 

intensity the length of bout does not matter to derive any health benefits [4-9].  If this is the 

case, one could benefit just as much from an accumulation of short bouts (<10-minute) of 

physical activities performed at moderate to vigorous intensity as from the traditional way of 

reaching the CPAG (≥10-minute). This notion of short bouts of moderate to vigorous intensity 
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associated with health benefits opens up many other avenues to reach the aerobic component 

of the CPAG.  

Since most Canadians do not reach the CPAG, it is important to explore alternative 

physical activities in shorter bouts of time performed at moderate to vigorous intensity that 

could potentially increase the number of people who reach the national physical activity 

guidelines. The CPAG suggest undergoing two days of RT per week in addition to aerobic 

exercise; as an alternative, one could focus on RT exercises and achieve two things at once. 

For example, if a typical RT session lasts 50 minutes, the total weekly commitment to reach 

the current CPAG is 250 minutes (150 minutes of aerobic exercise + two 50 minute RT 

sessions). As a result, the CPAG could be reached by performing RT at a moderate to 

vigorous intensity and reduce the required weekly time by 40%. This is important because the 

most cited reason for not engaging in regular physical activity is lack of time [10]. In addition, 

two groups of people who tend to suffer from poor mobility and/or low fitness levels – those 

who are overweight and older adults could benefit even more from this alternate way in 

meeting the CPAG. For overweight adults, it might sound contradictory to reduce the 

recommended amount of time for physical activity since one of the main goals for most 

overweight individuals is to engage in regular exercise   to lose weight. The American College 

of Sports Medicines recommends more than 150 minutes per week to significantly reduce 

body weight [11].  However, the CPAG objective is not to lose weight, but to prevent the most 

common chronic conditions in adults and to maintain functional independence for older adults 

[12, 13]. 

The first objective of this study was to compare the time spent in moderate to vigorous 

intensity while doing RT at 70% or 80% of 1-RM for the entire sample group and for each 
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subgroup (i.e., young non-overweight adults, overweight adults, and older adults). The second 

objective was to evaluate the proportion of time spent at moderate to vigorous intensity while 

doing a RT session in young non-overweight adults, overweight adults, and older adults.  The 

third objective was to identify if the proportion of time spent at moderate to vigorous intensity 

was different in overweight adults and older adults when compared with young non-

overweight adults. Finally, the study wanted to identify whether the collected variables (e.g., 

strength, age, and sex) were associated with the proportion of time spent at moderate to 

vigorous intensity while doing RT. 

To answer our question, 60 participants were recruited – 20 young non-overweight 

adults [age 18-35 years old; body mass index (BMI) ≤25 kg/m2], 20 overweight adults (BMI 

≥27kg/m2), and 20 older adults (age ≥60 years old, no limits were set on BMI).  Recruitment 

was mainly done by sending emails to members of the University of Manitoba Recreation 

Services. Once individuals were contacted and their eligibility confirmed, the participants 

were asked to meet three times at the fitness facility. During the first visit, the consent form 

was signed and anthropometric data were collected (e.g., body weight, resting heart rate (HR), 

physical activity level). During that same visit, the maximal possible load that the participants 

could lift just once, commonly called the one Repetition Maximal (1-RM), was evaluated for 

seven of the eight RT exercises, as 1-RM cannot be measured for the abdominal planks 

exercise.  During the second visit, participants performed all seven RT exercises at 70% of 

their 1-RM, for three sets per exercise of 10 repetitions each, while the abdominal exercise 

(i.e., abdominal plank) was done three times to exhaustion for three sets, respecting the same 

break between sets. The break between sets was 90 seconds long, while 30 seconds were 

allowed between exercises.  During the third visit, participants performed the same RT 
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exercises of the program, but this time using 80% of 1-RM. Both the second and third visits 

were performed while wearing a HR monitor. Moderate to vigorous intensity was determined 

based on whether participants reached a minimum Heart Rate Reserve (HRR) of 40%, 

whereas vigorous intensity was labelled as being a minimum HRR of 55%  [14]. 

 No difference was observed in the proportion of time spent at moderate to vigorous 

intensity between the RT performed  at 70% of 1-RM and the RT done at 80% of 1-RM; all 

together and in between each of the three groups. Among all the participants, 82.3% of the 

workout time was spent at moderate to vigorous intensity during the RT session done at 70% 

of 1-RM. In looking at the individual groups, it was 82.6% for the young adults, 92.5% for the 

overweight adults, and 51.5% for the older adults (p≤0.01). RT session performed at 80% of 

1-RM, the overall proportion of time spent at moderate intensity was 82.0%. For the 

individual groups, it was 81.0% for the young non-overweight adult group, 94.5% for the 

overweight adult group, and 59.4% for the older adult group (p≤0.05). No difference was 

observed between the overweight adult group and the young non-overweight adult group, 

whereas the older adult group spent a lower proportion of time at moderate to vigorous 

intensity during the RT sessions compared to the young non-overweight adult group (p≤0.01). 

Further analyses shows that older men reached a higher proportion of time spent at moderate 

to vigorous intensity while doing RT compared to older women (p=0.02). Interestingly, older 

men spent 81.1% of the time at moderate to vigorous intensity while older women spent 

31.6% of the time at moderate to vigorous intensity when doing the workout at 70% of 1-RM. 

Similar results were observed when the workout was done at 80% of 1-RM. Age and 1-RM 

leg curl proved to be the variables that helped the most in predicting the proportion of time 

spent at moderate to vigorous intensity.   
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This study suggests that it is possible to reach moderate to vigorous intensity in short 

bouts while doing RT, especially for young non-overweight adults, overweight adults, and 

older men.  If 10-minute bouts of aerobic exercise are not needed to reach functional and 

health benefits, the proposed RT could potentially reduce the commitment in meeting the 

CPAG. 

Defining Terms 

This section presents the terms that are specific and used often in this thesis. 

Aerobic Exercise (AE) 

The word aerobic means "living in air", and it is through the aerobic energy system the 

body uses oxygen to meet its demands [15] [16]. Aerobic exercise is also referred to as 

"cardio" exercise [17]. Aerobic exercises (e.g., running, jogging) involve many physiological 

responses, such as an increase in HR and oxygen consumption [18, 19], along with 

psychological responses that improved the mood and contribute to greater health [20].  

Canadian Physical Activity Guidelines (CPAG) 

The CPAG is the protocol developed by the Canadian Society for Exercise Physiology 

in collaboration with stakeholders for all age groups [1]. It was last updated in 2011. 

According to the CPAG, every Canadian adult should do a minimum of 150 minutes of 

aerobic exercise per week in bouts of 10- minutes at a minimum of moderate to vigorous 

intensity along with two days of RT. 
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Exercise 

Exercise is a type of physical activity programmed and structured to improve one or 

more components of physical fitness [21]. 

Exercise Intensity 

Intensity refers to the degree of effort needed to perform an activity [22]. Aerobic 

exercise intensity can be classified by using different methods, such as HR [23] and Rating of 

Perceived Exertion (RPE) [24]. HR can be expressed as percentages of HRmax or as a 

percentage of HR reserve (HRmax– resting HR).  The activity is labeled as moderate intensity 

when HR is between 55-69% of HRmax or between 40-59% of HRR [14].  In terms of the 

RPE scale, the activity is labeled as moderate intensity when a person’s effort is equivalent to 

12-13 on a scale of 6 to 20 [25] or between 4 to 6 on a scale of 1 to 10 [26].

One Repetition Maximum 

One Repetition Maximum (1-RM) is defined as the maximum load (or weight) that one 

person can lift at least once throughout a full range of motion in proper form [21].This is seen 

as being the gold standard measure to quantify maximal strength in clinical settings [27]. 

Physical Activity 

Physical activity is body movement produced when skeletal muscles contract, which 

results in an increase in caloric requirements above the resting energy expenditure [28, 29].  

Physical Fitness 

A set of attributes or characteristics that relate to a person’s ability to perform physical 
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tasks is generally called physical fitness [29]. These characteristics are usually separated into 

different categories (cardiorespiratory endurance, body composition, muscular strength, and 

flexibility) or skill-related components (agility, coordination, balance, power, reaction time 

and speed) [30]. 

Resistance Training (RT) 

RT is when at least one muscle is put to work against a force during any set of 

movements [31]. RT has many benefits, including an increase in fitness level [32], muscle 

strength [33], fat free mass [33], or a decrease in body fat mass [34]. 
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CHAPTER-2: REVIEW OF THE LITERATURE 

 

Benefits of Physical Activity 

Many studies have shown that regular exercise is an effective strategy to prevent and 

treat several chronic diseases (e.g., cardiovascular diseases [35-37], diabetes, cancer [12] 

hypertension, depression and osteoporosis) [38]. It has been demonstrated that the current 

CPAG are sufficient to elicit health benefits, especially in people who were previously 

sedentary [39]. Generally, a positive linear relationship exists between physical activity level 

and health status [40]. Research has also shown that people who exercise on a regular basis 

are more productive and miss less work due to illness compared to their inactive peers [41, 

42]. Both aerobic exercises and resistance exercises have been shown to be associated with 

positive health outcomes [43-45]. Greater physical activity level has been found effective in 

controlling blood lipid abnormalities, diabetes and body composition [38]. In addition, aerobic 

exercise has been shown to produce positive improvements in blood pressure, up to 10 mm 

Hg (both systolic as well as diastolic), in hypertensive individuals [46]. On the other hand, 

physical inactivity is an independent risk factor for development of coronary artery disease 

[38]. 

For older adults, people who exercise regularly  have less functional limitations [12]. 

Similarly, high muscle strength level that comes from a routine exercise regimen also helps 

one to complete daily activities with less or no limitation [47]. Being free of physical 

limitations leads to a lower risk of falls and fewer injuries associated with falls [48]. 

One of the most common psychological benefits of aerobic exercise is stress relief by 
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increasing norepinephrine concentrations in the blood [49]. Doing aerobic exercises also help 

in releasing endorphins and create a sense of euphoria and happiness [50]. Studies suggest that 

physical activity should be considered in the treatment of depression [51] or anxiety [52, 53]. 

Regular exercise done at moderate intensity has been recommended for treatment of anxiety 

[54].  Physical activity also helps a person gain a positive self-image and greater self-worth 

[55], especially if activities are done outdoors [56]. Specific to older adults, exercising prevent 

degeneration of cells in the hippocampus, an important gland responsible for one’s memory 

[57]. 

Barriers Associated with Physical Activity 

Health officials have identified so-called barriers - family responsibilities, pressures at 

work, lack of time [10] - that routinely deter people from regular exercise that is so essential 

to maintain good health and the benefits that go with it [58, 59]. Recent advances in 

technology have resulted  in an increase in sedentary lifestyles, both  at work [60] also in 

leisure time and at home (e.g., video games) [61, 62]. In addition,  longer work days often 

leave people mentally exhausted, with little energy to do anything else  [63]. Among older 

adults, there is a fear of getting injured and a lack of confidence that often restricts them from 

being sufficiently active to observe optimal health benefits [63]. However, lack of time 

reportedly is the greatest barrier for every age group [10]. Thus, it is important to find 

strategies for people to reach the CPAG in a more practical way in order to save time while 

still achieving the suggested minimum amount of exercise to optimize health benefits.   

High intensity training, such as sprints, is being recognized as a way to reduce time 

commitment and yet still reach similar health outcomes.  Studies suggest that a smaller 
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volume of exercise performed at high intensity produces similar health benefits compared to 

the more traditional moderate intensity exercise conducted at a larger volume [64, 65]. 

Manipulating the work: rest ratio will target different energy systems depending on the length 

of each exercise intervals [66]. The results show increases in muscle capillary density [67],  

myoglobin,  mitochondrial enzyme activity [68], and  mitochondria number and size [68]. 

Many health benefits have been associated with  interval training  [69] such as aerobic 

capacity [70], cardiorespiratory, skeletal muscle adaptations [67], and metabolic syndrome 

risk factors [71].  Exercise volume, subsequently, can be reduced because the intensity is high 

compared to continuous moderate intensity sessions [68, 72].  High intensity training has been 

found to be more effective [43, 73] than traditional aerobic exercise at moderate to vigorous 

intensity in different populations (e.g., cardiac, diabetics) [74]. However, people with mobility 

issues and/or people with a low fitness level might not be able to adhere to, or enjoy, such 

training as an alternative to reach CPAG [75]. 

Canadian Physical Activity Guidelines 

The CPAG promotes specific guidelines for five different age groups: early years (0-4 

years), children (5-11 years), youth (12-17 years), adults (18-64 years), and older adults (65 

years and older) [1]. Among adults, the CPAG recommend aerobic exercise for at least 150 

minutes per week at a minimum of moderate to vigorous intensity in bouts of 10- minutes or 

more in addition to two days of RT in a week without any specific indications of the intensity. 

According to the CPAG, moderate intensity physical activities include brisk walking, cycling 

and gardening, while vigorous intensity physical activities include jogging, running, cross 

country skiing and swimming.  
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The goal of the CPAG for general adults is to increase or maintain health benefits, 

whereas in older adults, the objective is to increase or maintain functional abilities [1]. 

Although people are aware of the benefits associated with physical activity, only 27.3% of 

Canadians are aware of the CPAG, and only 15.6% know the details and specific 

recommendations of the CPAG [76]. These statistics were a bit of a surprise seeing that the 

national guidelines are among the most downloaded documents from the Health Canada 

website [77]. 

Methods to Measure Physical Activity Intensity 

This section discusses different methods that can be used to measure the intensity of 

physical activity. The choice depends on various factors, such as individual needs and health 

issues, the resources available, and the intended goal (e.g., personal, research). 

Heart Rate Monitors 

The HR monitor provides immediate feedback of the heart rate and helps to adjust the 

activity according to the desired intensity. There are two types of HR monitors: 1) A wireless 

chest strap that sends data through an electromagnetic impulse to the monitor worn at the 

wrist; 2) A pulse monitor that requires having a hand or a finger in a particular position for a 

short period of time. With some models, information can be downloaded after the selected 

workout. The data may be recorded every 1, 5, 15, 30, or 60 seconds. During a typical aerobic 

exercise, the HR and oxygen consumption increase linearly with an increase in the workload 

[78, 79]. At a given intensity, the HR reaches a steady state level and as the workload 

increases, the time needed to reach a steady state goes up, affecting the typical linear 

relationship between the HR and oxygen consumption [80]. Consequently, the relationship 
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between the HR and exercise intensity is weaker at high intensity physical activity compared 

to what is observed at low intensity.  

Several exercise strategies can be used when looking at the HR. The most common 

methods are percentage of maximal HR (%HRmax) and percentage of HR reserve (%HRR) 

[81, 82]. To determine maximal HR (HRmax), expensive equipment and trained staff are 

needed. Therefore, using formulae to predict  HRmax (e.g., 220- age) [83] that are validated 

are more convenient to use. Many researchers have challenged that equation over the years 

[84]. A recent study reported that this equation was not accurate when predicting the HRmax 

while performing upper body exercises [85]. For older adults, the equation of predicting 

HRmax = 220- age would overestimate the HRmax when doing such exercises. The authors 

recommended using the equation, but suggest reducing the HRmax prediction by 10 beats per 

minute for older adults and by 20 beats per minute for general adults.  

The other method is percent of HR Reserve (%HRR).  One major difference compared 

the percent of HRmax is that this method takes into consideration the resting HR and is 

recommended by the American College of Sports Medicine (ACSM) as this method is more 

specific to the person [86].  The measurement is calculated: [(HRmax- resting HR) X target % 

of exercise intensity] + resting HR [87]. The %HRR chosen for exercise prescription differs 

based on fitness level and goals [87]. 
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Table 1: Main Methods to Measure Exercise Intensity 

Intensity %VO2 
max [80] %HRmax [26] RPE 

(0-20) [26] 

Accelerometer 
(counts per 

minute) [88] 

Walking 
Cadence 
(steps per 
minute) 

[89] 
Very Light <20 <50 <10   

Light 20-39 50- 64 10-11   

Moderate 40-59 64-77 12-13 ≥1535-3959 100 

Vigorous 60-84 77-94 14-16 ≥3960  

VO2 max-Maximal Oxygen Uptake 
HRmax- Maximal Heart Rate 
RPE- Rating of Perceived Exertion 
 

Accelerometers 

Accelerometers, devices that measure and record body accelerations caused by 

movements, are able to track the intensity, duration, and frequency of physical activities based 

on valid algorithms [90].  The data recorded by accelerometers can be used to estimate energy 

expenditure or steps taken at different intensities [91]. They are useful in measuring physical 

activity levels as they are valid, reliable and do not rely on self-reported information. 

However, they are more expensive than other methods to measure physical activity, and they 

are not reliable for some exercises, such as swimming or RT [92].  

Pedometers 

A pedometer is a device used to measure the number of steps taken in a certain time 

period, and is normally worn on the hip [93].  Pedometers are particularly useful in motivating 

people to get more active, and monitor how these people walk more in an effort to improve 
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their health [89]. Most pedometers are valid and reliable for walking-based activities [94]. The 

use of a pedometer can result in a decrease in BMI, blood pressure [95, 96], and an increase in 

physical activity level [97].  A pedometer, however, does not provide the intensity involved in 

taking steps.  New research shows walking intensity may be quantified with pedometers when 

counting steps per minute [89, 98].  More work is needed to identify how many steps are 

required to reach moderate intensity. Currently, people are advised to walk at a minimum of 

100 steps per minute to reach moderate intensity [99]. 

Metabolic Equivalent of Tasks (MET) 

A MET is used to estimate the energy cost of physical activities based on how much 

energy is spent doing an activity, compared to when a person is at rest [100]. Activities are 

measured in what are called METS. Activities equivalent to 4.8 to 7.1 METs are considered 

moderate intensity in young adults, between 4.5 and 5.9 METs in middle-aged adults, and 

between 3.6 to 4.7 METs in adults age 65 years and older. Activities at higher values are 

classified as being   vigorous intensity [26]. Some studies suggest that three to six METs are 

usually considered moderate intensity for all people [101]. 

Oxygen Consumption 

Oxygen consumption happens when the body transports and uses oxygen while 

performing a physical task [102]. It is often expressed as the VO2, relative to body weight 

[103, 104]. Genetic factors and exercise training have been found to influence the body’s 

ability to transport oxygen [105]. Research has shown that oxygen consumption is positively 

associated with HR [106]. However, at maximal capacity, oxygen consumption ceases to 

increase despite a HR increase. That peak is known as the VO2max, and is considered to be a 
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benchmark of   maximal aerobic capacity [107]. There are advantages to prescribing exercise 

intensity based on VO2 Reserve (VO2R)compared to other methods of exercise intensity, such 

as RPE, %VO2max [108, 109] or METs [110]. VO2R is calculated as being the difference 

between VO2max and resting VO2 [86, 111]. The advantages of prescribing exercise intensity 

on the basis of VO2R instead of VO2max are: 1) There is a strong relationship between %HRR 

and %VO2R, and, thus, using %HRR (by using the prediction of HRmax and measuring 

resting HR) provides an accurate clinical exercise intensity prescription when clinicians do not 

have access to a metabolic cart to measure VO2max and resting VO2 [112]; 2). VO2max is not 

as sensitive to individual difference in fitness levels [113]; 3). Exercise prescriptions based on 

%VO2R rather than %VO2max can be directly translated into net caloric expenditure [114, 

115]. In acknowledging these advantages, the American College of Sports Medicine 

recommends VO2R instead of VO2max to prescribe exercise intensity [86]. 

Self-Perceived Intensity 

Exercise intensity can also be self-reported by using a Borg scale, which can have a 

measurement of 0 to 10 or 6 to 20 [18].  According to the 10 point Borg scale, 4 to 6 out of 10 

is considered moderate intensity and ≥7 is considered vigorous intensity [25].  On the 20 point 

Borg scale, 12 to 13 out of 20 is considered moderate intensity and ≥14 is considered vigorous 

intensity [26]. Although self-reported methods such as the  talk test are valid  in determining 

exercise intensity [116, 117],  objective tools such as HR monitors are  preferred  in  following 

an exercise prescription based on exercise intensity in previously inactive clients [118, 119]. 

Challenging Length of Bouts of Aerobic Exercise 

Despite CPAG recommendations, many studies have reported that a person does not 
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need to perform 10- minute bouts of  aerobic activity to derive health benefits as long as the 

exercise reaches moderate to vigorous intensity [4-7, 120, 121]. This challenges the current 

CPAG which suggest a minimum of 10- minute bouts of moderate to vigorous intensity to 

count towards the 150 minutes of aerobic exercise per week. Table 2 reports the methods and 

results of the most recent related studies in the area using accelerometers to measure exercise 

bouts. 

Most of these studies concluded that bouts of moderate to vigorous intensity activities 

shorter than 10-minutes were associated with health benefits.  However, the length of bouts 

was not the same in all the studies.  In Mark and Janssen [7], the shortest bout considered was 

one minute while in another study the length of bouts compared was <10-minutes and ≥10-

minutes [5].  Thus, even if the newest literature is challenging the need for 10-minute bouts at 

moderate to vigorous intensity, it is unclear whether such short bouts are associated with 

health benefits. Nonetheless, short intervals of moderate to vigorous intensity at  less than 10-

minutes have been associated with a similar protective factor for different chronic conditions 

(e.g., waist circumference) [9]. For example, Loprinzi in 2013 [5] presented the same risk of 

different health outcomes such as metabolic syndrome, cholesterol, BMI, triglycerides, and 

glucose levels for people who reach national guidelines using 10-minute bouts and those who 

did not. 

This is an important area that needs to be explored. Not having to do activities in 10-

minute bouts at moderate to vigorous intensity to optimize health benefits can help individuals 

who cannot perform such a task because of low fitness levels or health issues. Based on these 

studies, even if physical activities are performed in bouts shorter than 10-minutes, they could 

have similar health benefits compared to physical activities in 10-minute bouts or more. More 
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research, especially a look at intervention, is needed to confirm these results. 

       Table 2: Length of Bouts of Aerobic Exercise in the Current Literature 
 

Authors Characteristics 
of Sample Study design 

Bouts of  
Moderate intensity 

exercise 
Main Result 

Ayabe 
2013 [4] 

N= 42 
Age:50± 6 

Cross 
sectional  

> 32 seconds 
>1 minute, >3minutes 
>5 minute, >10 minute 

≥ 1 minute and >10 
minutes bouts associated 
with lower visceral fat. 

Mark 
2009 [7] 

N = 2498 
Age: 8-17  

Cross-
sectional 

1-4 minutes 
5-9 minutes 
≥ 10 minutes 

Any bouts of MVPA 
benefit adiposity status 

Loprinzi 
2013 [5] 

N = 6321 
Age:18-85 

Cross-
sectional  

<10 minutes or 
≥10 minutes 

No difference in odd ratio 
for bouts <10 minutes and 
≥ 10 minutes were similar 
for health outcomes (e.g., 
metabolic syndrome, 
HDL-cholesterol, waist 
circumference) 
 

McGuire 
2011 
[122] 

N = 135 
Age: 35-65 

Cross-
sectional  

   < 10 minutes or 
≥ 10 minutes 

Both < 10 minutes and  
≥ 10 minutes were 
predictors of change in 
cardio respiratory fitness. 

Holman  
2011 [9] 

N = 2754 
Age:6-19 

Cross-
sectional   

< 5 minutes or   
≥ 5 minutes 

Relations between MVPA  
bouts associated with 
cardio metabolic risk 
factors 

MVPA- Moderate to Vigorous Physical Activity 
HDL-High Density Lipoprotein 
 
 
Alternate Strategies to Reach the CPAG 

In recognizing that 10-minute bouts are not needed, it might be possible to reach the 

CPAG by taking other approaches. For example, walking up a flight of stairs for a minute or 

two could count towards the time needed to reach the CPAG as long as moderate to vigorous 

intensity is reached. Lack of time is the most cited reason to indulge in physical activity [10], 
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therefore, reducing the amount of time needed to reach the CPAG could potentially increase 

the overall number of Canadians in reaching it. Since RT is recommended in the current 

CPAG [1], and lack of time is the predominant barrier to regular physical activity [123, 124], 

it is logical to reach moderate to vigorous intensity while doing RT to reduce the total amount 

of time needed. Currently, the total time investment to reach CPAG is 250 minutes [150 

minutes of aerobic exercise and two days of RT (about 50 minutes for each session)]. 

Achieving moderate to vigorous intensity while doing RT could potentially reduce the time 

needed to reach the guidelines by about 40% (i.e. 150 minutes instead of 250 minutes). 

Resistance Training and Health Benefits 

Traditionally, RT has been used to improve muscle strength, induce muscle 

hypertrophy, or enhance power for athletes. RT is also known to have many health benefits for 

the general public [125]. These benefits include weight management [126, 127], prevention 

and control of many chronic conditions such as type 2 diabetes [128] and cardiovascular 

diseases [129]. People doing RT can improve metabolic outcomes, quality of life, and 

physical function [130-132]. RT has also been found to be associated with an increase in 

resting metabolism, and, thus, daily energy expenditure [100, 133]. For older adults, 

improvements have been seen in balance, muscular strength [134, 135] and mobility [136-

138]. In addition, RT exercises increase bone density, and, therefore, reduce the risk of 

osteoporosis [139, 140].  

The current literature supports the inclusion of RT for a minimum two days each week 

to optimize health benefits for all adults [1, 141]. The current guidelines do not specify the 

intensity at which RT should be performed in terms of workload or HR. However, if bouts of 
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aerobic exercise lasting less than 10- minutes can contribute to health benefits [5, 7], we can 

hypothesize that time spent doing moderate to vigorous intensity activities while doing RT 

could contribute to the aerobic time required to reach the CPAG. It should be noted that sub 

max 1-RM (predicted 1-RM) or maximal 1-RM testing are recommended before starting a RT 

program to create an exercise prescription based on maximal capacity and to track the 

progress [27]. 

Different variables of a RT program affect factors such as energy expenditure, HR 

response, and oxygen consumption [142, 143], and, as a result, could influence the intensity of 

RT programs. Five of the most studied elements include: 

• Muscle Size: Compared to small muscle groups, large muscle groups induce greater

energy expenditure.  This can be because large muscle groups recruit more muscle

fibers during the exercise and, because of an increase in  oxygen consumption

following the exercise session using large muscle groups compared with exercise

sessions using smaller muscle size groups [144].

• Number of Sets: As the number of sets increases, the net energy expenditure is also

increased. However, the net energy expenditure is maximized in the first set of any RT

exercise protocol [145].

• Lifting Velocity: Higher lifting velocities (e.g., 1:1) involve more energy expenditure

during, as well as after, a RT session because of greater post-exercise oxygen

consumption compared to a RT session done at a lower lifting velocity (1:6) [146].

The recommendation is to follow a moderate tempo (e.g., 2:2) to maximize exercise

intensity and energy expenditure while doing RT [147].

• Rest: Rest intervals do not influence total energy expenditure through RT training
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[148]. Even though short rest intervals between sets are associated with higher rates of 

perceived exertion, the total energy cost per set is not increased [149]. However, it is  

hypothesized that shorter rest times would maintain an elevated HR in the moderate to 

vigorous intensity range as observed in circuit training programs [108]. 

• Exercise Order: The total oxygen consumption during the workout is not influenced by 

the exercise order [149]. 

Resistance Training Programs to Reach Moderate to Vigorous Intensity 

To perform any activity, the muscles require energy to produce effective contractions 

[102].  There are three main pathways to produce energy: the phosphagen system, the 

glycolytic system, and the aerobic system [150].  Depending on the exercise intensity, the role 

of each system will vary in proportion [151]. Thus, the three systems do not work 

independently of each other. They all make contributions to the particular activity. Based on 

the intensity, one system, or perhaps two, would dominate the energy production for a specific 

physical activity.  Typically, RT is not known to be an activity targeting the aerobic pathway 

to produce energy compared to aerobic exercises such as walking. When doing RT in a study, 

researchers rarely measure HR, RPE, or VO2. If it is necessary to modify the number of 

repetitions, the % of 1-RM, the resting time, and/or the number of sets, it is logical that HR 

can reach and be maintained at moderate to vigorous intensity  

Circuit Training 

For people aiming to improve health, it is normally recommended to train each major 

muscle a minimum of two times per week [1]. Typically, it is recommended to perform 1 to 8 

repetitions at 80% to 100% of 1-RM with 2 to 5 minutes of rest between 3 to 5 sets when 



 

21 

 

aiming to improve strength. When targeting muscular endurance, 12 to 20 repetitions at 60 to 

70% of 1-RM with 20 to 30 seconds of rest between 2 to 3 sets should be performed. A rest of 

at least 48 hours is usually recommended between RT sessions [45].  

Circuit training is known to increase aerobic intensity (usually measured by HR) while 

doing RT [152] with a reduction in rest time compared to typical RT. Circuit training 

generally consists of  eight to ten exercises repeated 2 to 3 times per session with a short 

resting interval between sets. Instead of doing several sets of one exercise, a person typically 

does one set with one exercise and then moves to the next exercise. There is generally no rest 

time between exercises other than the time needed to reach the next station. Circuit training is 

designed to alter the work: rest periods during a RT session to increase and maintain the 

intensity to a higher level. Circuit training programs are recommended for different groups of 

people, including cardiovascular patients when performed at low intensities (e.g., 40% to 60% 

of 1-RM) [125, 153]. Unlike a traditional RT program, in which more rest is taken for the 

same volume of exercise, circuit training appears to have substantial benefits. Some studies 

have shown a greater reduction in fat mass and cardiovascular adaptations when doing this 

program [154, 155] when doing circuit training. 

It appears only two studies reported the average HR during a RT  or  circuit training 

program and both were done with  non-overweight young adults. First, Peinado et al. (2010) 

documented  an average of 50% HRR while doing circuit training [156]. They evaluated 26 

participants in a seven-exercise circuit RT program. The participants were asked to perform 

three circuits of exercises at six different intensities (40%, 50%, 60%, 70%, 80%, 85% of 15-

RM). The activities included: bench press, leg press, lat pull down, shoulder press, hamstring 

curl, biceps curl, and triceps push down. Each exercise was done in three circuits. This 
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program took place on two separate days, one day at 40%, 50%, 60% of 15-RM, and the 

second day at 70%, 80%, 85% of 15-RM. There was one lap for each intensity and each 

exercise had a rest interval of 10 seconds with 5 minutes between each lap. No difference in 

the average %HRR was observed between the men and women at higher intensities (70%, 

80% and 85% of 15-RM). The men, however, were performing a lower %HRR at lower 

intensities.  The researchers concluded that it is possible to reach an average of 51.0% of 

%HRR while doing RT in a circuit training format and that HR, body weight and the amount 

of weight lifted can be used to predict the aerobic intensity during circuit weight training.   

The second study was a pilot program undertaken in our facility [157]. In a cross-

sectional study, we evaluated HR intensity in a nine-week RT program with 39 non-

overweight young adults who were striving to increase muscular strength and improve body 

composition [157].  Participants were asked to exercise four times a week at the university 

fitness facility; two sessions involved lower body exercises and two sessions involved upper 

body exercises. To individualize the exercise sessions, 1-RM was assessed using a 

submaximal testing protocol for each of the 10 exercises; 1-RM was subsequently tested at 

five weeks and nine weeks to adjust the load in order to train at 70% of 1-RM. Participants 

performed three sets of each exercise for 12, 10, and 8 repetitions, respectively, with the 

exception of abdominal crunches, which were maximal as tolerated by the participant. The 

resting interval between sets was 90 to 120 seconds. The upper body workout included: bench 

press, lat pull-down, shoulder press, bicep curl, and triceps pushdown. The lower body 

workout included: leg press, leg extension, leg curl, calf raises, and abdominal crunches for 

the core. Of the 39 participants, 16 volunteered (median age of 28 years and median BMI of 

24.3 kg/m2) to wear a HR monitor during 4.1 ± 2.7 RT sessions. Moderate intensity was set at 
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above or equal to 55% of predicted HRmax [158] where HRmax, which was estimated by 

using the common formula of 220-age [84]. The results show that the participants spent 51.5% 

± 21.7 % of their time exercising at moderate intensity. However, when taking part in the 

lower-body RT session, the participants spent a median (25-75th percentile) of 75.0% (32.5%–

89.2%) of their time above the moderate intensity cutoff, in comparison to a median of 45.8% 

(30.0%–66.8%) of the time spent during the upper-body RT session (p=0.07). To sum it up, 

both studies have shown that reaching moderate exercise intensity while doing RT is feasible 

for young adults with a “healthy” BMI. However, it has yet to be determined if overweight or 

older people (≥ 65 years) can reach moderate to vigorous intensity while doing RT. 

Specific Populations 

Overweight and Obese 

Obesity is the term that defines a person with excessive body fat tissue [159]. BMI has 

been extensively used to classify obese and non-obese people because of the high correlation 

between body fat and BMI [160], and also because of the ease with which it can be measured. 

To calculate an individual’s BMI, body weight (in kilograms) is divided by height (in meters 

squared) [161]. In 2004, 59% of Canadian adults were classified as being overweight or obese 

[162]. In 2010, the number increased slightly to 61% [163]. According to the CPAG, there is 

no specific exercise recommendation for overweight and obese individuals. However, in an 

effort to reduce body weight, the ACSM recommends at least five days of aerobic activities at 

moderate to vigorous intensity for 150 to 300 minutes per week [11]. Moreover, the ACSM 

suggests the exercise regimen should also include RT and flexibility exercises in addition to 

aerobic exercise [164]. 
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Older Adults 

Approximately 7% of the world’s population is over 65 years of age and this proportion 

is expected to increase to 12% by 2030 [165]. By 2050 one-fifth of the Americans will be 

above 65 years old [166]. Also, age 85 and above is considered to be the fastest growing 

segment of the population [167] where  14.1% of adults currently aged over 65 years [168]. 

Age is the number one predictor of disability [169, 170]. Disability is a condition which 

includes a variety of impairments that restrict the ability to perform activities expected of 

one’s age [171]. The costs in health care for the elderly are high, but it is even more expensive 

if older adults are overweight or obese [172]. As life expectancy is constantly increasing, so is 

the number of older adults who are considered disabled [173]. Thus, it is important to identify 

strategies to reduce the risk of disability in older adults. Both aerobic exercises and RT have 

been identified as key factors helping to reduce the risk of disability [174, 175], but only 

13.2% of older Canadians are currently reaching the CPAG [2]. It is possible that doing RT 

exercises might be easier than traditional aerobic exercises for older people if they have 

mobility issues [176, 177]. There are CPAG guidelines specifically tailored for adults who are 

65 years old and older [1]. The distinction for older adults is that the recommendations are 

based on optimizing autonomy, quality of life, and reducing disability, and not so much on 

decreasing the risk of diseases, as is the case for younger adults [13].  Clinically, the 

recommendations for physical activity are the same in adults and older adults with the 

addition of balance exercises if the person has mobility and balance issues [1]. 

Summary of the Review of the Literature 

Based on the literature, it appears a person can expect to experience some health 
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benefits when doing bouts of 10-minutes or less at moderate to vigorous intensity exercises. 

As a result, there are a number of new and different exercise approaches that should be 

explored in an effort to reach the CPAG.  RT, no doubt, should be among the approaches 

because it is already recommended in the CPAG and it would certainly help people who 

struggle with a shortage of time. Overweight people and older adults, who generally suffer 

from serious medical conditions, can especially benefit from this alternate approach because 

their ailments often prevent them from taking part in common aerobic activities at required 

intensity.  
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CHAPTER-3: METHODS 

Objectives 

This study had four objectives: 1) To compare the proportion of time spent at moderate 

to vigorous intensity while doing RT when lifting 70% or 80% of 1-RM, among members in a 

specific group and in the overall sample of people partaking in the study; 2) To evaluate the 

proportion of time spent at moderate to vigorous intensity while doing a RT session in young 

non-overweight people, overweight people in general, and older adults; 3) To identify if the 

proportion of time spent at moderate to vigorous intensity was different in overweight adults 

and older adults when compared with young non-overweight adults; and 4) To identify if 

collected variables (e.g., 1-RM, age) were associated with proportion of time spent at 

moderate to vigorous intensity while doing RT. 

Hypotheses 

The hypotheses related to the objectives listed above are: 1) There will be a significant 

difference in the proportion of time spent at moderate to vigorous intensity between the RT 

done at 70% and the RT done at 80% 1-RM.; 2) Overweight adults and older adults will not 

have a significant difference in the proportion of time spent at moderate to vigorous intensity 

when compared with young non-overweight adults while performing RT at 70% and 80% of 

1-RM. 

Participants 

Sixty members of the University of Manitoba Recreation Services Centre were recruited 

for the study in one of three groups: 1) Young non-overweight adult group between 18-35 
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years, and BMI ≤ 25 kg/m2; 2) Overweight adult group between 18-59 years, and BMI > 27 

kg/m2; and 3) Older adult group 60 years  and older, regardless of BMI. Most of the 

participants were recruited through biweekly emails sent out by the fitness facility. People 

were asked to contact the research staff if they were interested in taking part in the study. In 

addition, advertisements were placed on billboards and announcements were given at various 

workout classes at the University of Manitoba fitness facility.  

Data Collection 

Overview 

Participants were asked to come and meet the research team.  Three different visits were 

scheduled, with at least 48 hours between visits. Upon signing a consent form, during the first 

visit baseline measures were collected (e.g., body weight). These measures were to confirm 

inclusion criteria and to describe the samples recruited for the study. Additionally, two 

questionnaires on physical activity were administered to garner further background 

information on the participants. The first consisted of the short version of the International 

Physical Activity Questionnaire (IPAQ) [178, 179]; the second document consisted of the 

History of Physical Activity Questionnaire [180]. After baseline measurements were 

completed, the participants were asked to perform seven resistance exercises – lunges, squat, 

shoulder press, chest press, leg extension, lat pull down, and leg curl – at the fitness facility to 

determine their 1-RM for each exercise. The first visit lasted about 90 minutes. The second 

visit was involved eight different exercises (APPENDIX I). The second visit was performed at 

70% of 1-RM (measured at the first visit) for each exercise, for three sets of 10 repetitions, 

while wearing a HR monitor. The participants were given 90 seconds of rest between each set 
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and 30 seconds of rest between each exercise. That second visit lasted about 60 minutes. The 

work: rest ratio was 1: 2. The third visit was exactly the same as the second visit except that 

the exercises were done at 80% of 1-RM. If the participants were not able to perform 80% of 

1-RM for an exercise for 10 repetitions, the load was lowered to complete three sets of 10 

repetitions. During the second and third visits three times an abdominal plank was performed 

for a maximal time, utilizing the same rest interval between each set and the same rest interval 

between each exercise. 

If the participants wanted to receive the results of the study they had to fill out a 

feedback form at the end of the program. Once the participants completed all the visits, a 

general conclusion was sent to them (APPENDIX II). The participants were also provided 

with the opportunity to ask questions about their current RT program at the end of the third 

visit. If they wished to have more information regarding their personal results, the researchers’ 

contact information was made available. 

Anthropometric Measures (Height, Weight, Waist Circumference 

Anthropometric measures were taken in accordance to the Canadian Society for 

Exercise Physiology protocols [181]. With participants wearing light clothing and no 

footwear, body weight was measured using a digital scale (OMRON HBF-5186, Illinois, 

USA). Height was measured against a tape mounted on the wall ensuring the participants were 

standing perfectly straight with arms to the side of the body. The measurement was taken at 

the end of expiration and rounded off to the nearest 0.5 cm. BMI was calculated using the 

standard formula: BMI= weight (kg)/height (m)2 [182]. For waist circumference, the 

participants were asked to remove clothing and accessories at the abdominal area. Everyone 



 

29 

 

was then instructed to stand with feet shoulder width apart and arms crossed at the chest level.  

The measurements, rounded off to the nearest 0.1 cm, as recommended,  were taken twice at 

the superior edge of the iliac crest at the end of expiration [183]. If the difference between the 

two readings was more than 0.5 cm, a third reading was taken and the mean of the two closest 

readings was retained for analysis. 

Handgrip Strength 

Following ACSM protocol [184], the participants were asked to grip the dynamometer 

(JAMAR 08-1028935, Sammons Preston, Illinois, USA) between the fingers and the palm at 

the base of the thumb, with the shoulder adducted and elbow at a 90-degree angle. The 

participants were then required to squeeze their grip as hard as possible while breathing out 

and not touching their elbow to their body. The measurement was taken twice on each side.  

The maximum score for each hand to the nearest 0.1 kg was kept for analysis [184].  

Resting Heart Rate and Blood Pressure 

Resting HR and blood pressure measurements were taken twice [185]. The participants 

were seated for at least five minutes in a chair with a back support before the first reading of 

their resting HR and blood pressure were taken. The cuff was wrapped around the upper arm, 

and aligned with the brachial artery. Using an automatic apparatus (OMRON HEM-432C, 

Illinois, USA) the procedure was repeated with two minutes between the readings. The lower 

of the two readings was retained for resting HR [181]and the mean of the two readings was 

kept for blood pressure analysis [185]. 

 



 

30 

 

1-RM Measurement/Volume 

The 1-RM was tested using a validated indirect strategy that is 95% correlated with 

maximal 1-RM testing [186]. For each RT exercise, the research assistant demonstrated the 

exercise and had the participants do a light warm-up set using a light weight or no weight at 

all. Based on a discussion with the participants, load was added so that the participants would 

be able to achieve between one and ten consecutive repetitions. Repetitions that lost form or 

were not performed throughout the full range of motion were not counted. If a participant 

completed more than ten repetitions, a minute of rest was provided and the procedure was 

then repeated. This procedure was repeated for a maximum of three attempts. After that, the 1-

RM test was postponed to a future visit. Then, the 1-RM was estimated using a validated 

formula (Table 3 [186]). For example, if the maximal load a participant lifted was 43.5 kg and 

the participant was able to do seven repetitions, the estimated 1-RM was 60.5 kg. The volume 

of exercise was calculated during both exercise sessions using the metric ton formula: [load 

(kg) X reps (#) X sets (#) /1000] [21]. 

Physical Activity Questionnaires 

The short version of the IPAQ was used to measure self-reported physical activity level. 

This questionnaire utilizes properties for measuring physical activity of all age groups in 

diverse settings [179, 187]. Briefly, the questionnaire provides an overview of light, moderate, 

and vigorous intensity activities self-reported in the past seven days. A History of Physical 

Activity questionnaire was also filled out [180]. This gave the research staff a sense of the 

participants’ activity level in the past 10 years and the factors that could have influenced their 

lifestyles. If the participants considered themselves active, the kind of activities they liked 
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were also documented. 

Table 3: Estimation of 1-RM 

Baechle et al.,2008 [186] 

Intensity during Each Session 

The HR was measured by HR monitor and recorded every 15 seconds.  As each 

participant performed RT sessions while wearing a HR monitor, the Karvonen Formula 

[Target HR= (HRmax (220-age)- Resting HR) X 40%) + Resting HR] was used to determine 

the minimum HR needed to reach moderate intensity (40% of HRR) [14].  The cutoff for 

vigorous intensity was ≥60% of HRR [14]. The proportion of time spent at moderate to 

vigorous intensity was calculated based on each 15-second period divided by the total time.  

The HR of 15 participants (n=5, each group) was monitored using a function in the HR 

monitor watch that indicated when each exercise started and finished.  The results were used 

to calculate average HR during each exercise for this sub-sample. In addition, it was possible 

to pool the proportion of time spent in moderate to vigorous intensity for upper body 

Repetition completed % 1-RM [186] 

1 100 

2 95 

3 93 

4 90 

5 87 

6 85 

7 83 

8 80 

9 77 

10 75 
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exercises, lower body exercises, as well as for each exercise.  A new study suggests that 

HRmax is overestimated by 10 to 20 beats per minute when using the commonly used 

equation of 220–age when performing upper body exercises; therefore, the formula used to 

calculate HRmax for upper body exercises – chest press, lat-pull down, shoulder press – was 

done with the traditional 220-age [84] and [(220-age)-15] [188]. 

A threshold of 75% of time spent at least at moderate to vigorous intensity while doing 

RT was identified as the minimum threshold needed to significantly reduce the time needed to 

reach the CPAG. This would be interesting for the population to reduce the time commitment 

to reach the CPAG. If a person only reaches moderate to vigorous intensity while doing RT 

40% of the time, he or she would have to increase the weekly time commitment to reach the 

CPAG.   

Length of Bouts 

A bout is a short period of any activity of a specified kind [189]. In compiling 

calculations for this study, the research assistant manually counted the number of times the 

HR was ≥ 40% of the HRR every 15 seconds when using 220-age to predict HRmax for each 

participant. The mean and the longest length of time at moderate to vigorous intensity was 

calculated and reported as a bout in minutes. 

Statistical Analysis 

The distribution of every continuous variable was tested using the Shapiro-Wilk tests. 

Most variables were not normally distributed besides each group had a small sample size, the 

characteristics of the sample were described using the median (25-75th percentile) and non-

parametric analyses were performed. In comparing the overweight or older adult group with 
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the young non-overweight adult group, depending on whether continuous or categorical 

variables were being analyzed the Mann-Whitney tests (e.g., age, body mass, waist 

circumference) or the Chi-squared tests (e.g., sex) were used. 

Correlations between descriptive characteristics (e.g., age) and time spent at MVI while 

doing RT at 70% and 80% of 1-RM were performed using the Spearman correlation tests. 

Comparisons of the proportion of time spent at moderate to vigorous intensity among the three 

groups when doing the RT at 70% of 1-RM and 80% of 1-RM was evaluated by using the 

Wilcoxon tests. A linear regression was performed to identify variables that could help to 

predict time and proportion of time spent at moderate to vigorous intensity while doing RT. 

Finally, logistic regression was applied to predict variables associated with reaching a 

minimum of 75% of time spent at moderate to vigorous intensity while doing RT.  All 

statistics were performed using SPSS version 17. 
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CHAPTER-4: RESULTS 

Descriptive Information 

As shown in Table 4, there were many differences when comparing the young non-

overweight adult group with the other two groups. As per study design, the young non-

overweight adults were significantly younger than the older adult group and weighed less than 

the overweight adult group (p≤0.01). The older adult group was significantly different from 

the young non-overweight adult group in characteristics such as age, BMI, waist 

circumference, predicted HRmax (p≤0.01), systolic blood pressure, and maximum hand grip 

strength (all p≤0.05). Meanwhile, the overweight adult group was significantly different from 

the young non-overweight adult group in characteristics such as age, greater body mass, BMI, 

waist circumference, and predicted HRmax (all p≤0.05). Even though the recruitment was not 

stratified by sex, there were a near equal proportion of men and women in each group. 

Upon collecting self-reported physical activity levels (Table 5), most of the information 

was not significantly different between the non-overweight young adult group when compared 

to  the overweight adult group or the older adult group. The only difference was that the time 

spent at moderate intensity was substantially greater among the  young non-overweight adults  

compared to the overweight adults (p=0.03). Also, the years of experience doing RT was 

significantly greater in the older adult group compared with the young non-overweight adult 

group (p≤0.01). 
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Table 4: General Characteristics 

 
 Young Non- 

Overweight Adults 
N= 20 

Overweight  
Adults 
N= 20 

Older  
Adults 
N= 20 

Age (years) 22.0 (21.0-24.7) 30.0 (24.0-43.0)** 64.5 (60.0-70.0)** 

Gender (men) 10 (50.0) 12 (60.0) 11 (55.0) 

Body Mass (kg) 70.7 (64.5-77.2) 89.3 (78.9-107.0)** 70.1 (62.2-73.9) 

Body Mass Index (kg/m2) 23.5 (22.0-24.4) 29.7 (28.8-32.9)** 23.7 (22.2-26.7)** 

Waist Circumference (cm) 79.5 (73.3-85.9) 99.0 (92.2-110.5)** 88.2 (81.0-92.2)** 

Resting Heart Rate (bpm) 60.0 (51.2-68.7) 63.5 (53.2-70.0) 60.0 (55.2-66.0) 
Predicted HRmax Using 220-
age (bpm) 191.5 (189.2-193.0) 187.0 (178.5-191.0)** 163.5 (160.0-167.0)** 

Systolic BP (mmHg) 116.2 (110.5-127.5) 128.5 (112.7-137.1) 128.5 (121.75-137.13)* 

Diastolic BP (mmHg) 68.7 (60.7-73.7) 72.5 (66.5-80.8) 74.2 (63.7-81.7) 

Maximum Hand Grip (kg) 38.2 (32.7-44.6) 40.5 (25.4-55.0) 31.5 (25.6-37.1)** 
Data presented as median (25-75 percentile), or N (%) 
BP- Blood Pressure 

   *p≤0.05  
   **p≤0.01  

Mann-Whitney tests were used to compare the Young Non-Overweight Adult Group with either the Overweight Adult Group or 
the Older Adult Group 
A Chi-Square test was used to test differences in gender between the Young Non-Overweight Adult Group with either the 
Overweight Adult Group or the Older Adult Group 
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Table 5: Self-Reported Physical Activity Levels 

 Young Non-
Overweight Adults 

Overweight  
Adults 

Older 
Adults 

PA Frequency (times/week) 5.0 (4.2-6.7) 4.0 (3.0-5.4) 5.0 (3.9-5.9) 

PA Weekly Time (min) 380.0 (271.9-450.0) 307.5 (165.0-545.6) 325.0 (274.4-440.6) 

Duration of Current PA level (months) 36.0 (12.0-57.0) 18.0 (3.5-57.5) 42.0 (16.2-174.0) 

Time Moderate Intensity  (min/week) 135.0 (92.5-262.5) 60.0 (0.0-142.0)* 137.5 (37.5-236.2) 

Time Vigorous Intensity (min/week) 190.0 (120.0-270.0) 180.0 (120.0-262.5) 180.0 (58.1-240.0) 

Years Doing RT (years) 4.5 (2.0-6.7) 3.5 (0.3-8.0) 12.5 (4.2-27.5)** 

RT (days/week) 3.5 (2.5-4.0) 3.0 (2.0-3.5) 3.0 (1.6-3.0) 

Data presented as median (25-75th percentiles)  
PA- Physical Activity 
HR- Heart Rate 
RT-Resistance Training 
*p≤0.05  
**p≤0.01  
Mann-Whitney tests were used to compare the Young Non-Overweight Adult Group with either the Overweight Adult Group or the 
Older Adult Group 
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 Body weight is normally associated with muscle strength [190]. In an effort to further 

understand this relationship, strength relative to body weight was evaluated and is presented in 

Table 6.  No difference was observed between the young non-overweight adult group and the 

overweight adult group on any of the tested exercises. However, five exercises were 

performed with a lower relative load with the older adults compared with the young non-

overweight adults despite no difference in body mass between the two groups (p≤0.05).  

 
Table 6: Relative 1-RM (Load/ Body Weight) 

 
Data presented as median (25-75th percentiles) 
*p≤0.05  
**p≤0.01  
Mann-Whitney tests were used to compare the Young Non-Overweight Adult Group with 
either the Overweight Adult Group or the Older Adult Group 

 
Young Non-
Overweight 

Adults 

Overweight  
Adults 

Older 
Adults 

Relative Chest Press 1.0 (0.7-1.0) 0.9 (0.6-1.3) 0.7 (0.6-0.8)** 

Relative Squats 1.0 (0.8-1.4) 0.9 (0.6-1.4) 0.7 (0.6-0.9)* 

Relative Lunges 0.5 (0.4-0.7) 0.4 (0.2-0.6) 0.4 (0.2-0.4)** 

Relative Lat Pull Down 0.9 (0.6-1.1) 0.9 (0.5-1.0) 0.7 (0.6-0.8) 

Relative Leg Extension 0.9 (0.6-1.1) 0.9 (0.5-1.0) 0.7 (0.6-0.8) 

Relative Shoulder Press 0.8 (0.6-1.0) 0.6 (0.5– 1.1) 0.4 (0.3-0.7)** 

Relative Leg Curl 0.8 (0.7-0.9) 0.7 (0.5-0.8) 0.6 (0.4-0.7)** 
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Time Spent at Moderate Vigorous Intensity  

Together, the median workout time for all participants was 49.5 minutes (47.2-51.9), out 

of which 40.6 (28.4-46.2) minutes and 39.5 (28.1-46.3) minutes were spent at moderate to 

vigorous intensity at 70% of 1-RM and 80% of 1-RM, respectively (Table 7).  One of the 

objectives of this study was to identify if the proportion of time spent in moderate to vigorous 

intensity while doing RT sessions (70% of 1-RM and a session at 80% 1-RM) was 

significantly different in the overweight adult group and the older adult group when compared 

with the young non-overweight adults. In a careful look at the duration of the workout, the 

time spent at moderate to vigorous intensity, and the percentage of time spent at moderate to 

vigorous intensity, there was no difference between the young non-overweight adults and the 

overweight adults for both 70% and 80% of the 1-RM exercise sessions. On the other hand, 

the older adult group spent less time and less percentage of time at moderate to vigorous 

intensity at both RT sessions compared with the young non-overweight adult group (p≤0.05). 

Because no difference in proportion of time spent in moderate to vigorous intensity was 

observed between the two exercise sessions, the remaining of the results were recorded based 

on the first exercise session (70% of 1-RM). 

The minimum proportion of HRR considered to be moderate intensity is 40% [14].  

When combining the results from all the participants, median (25-75th) %HRR while 

performing the RT session using 70% of 1-RM was 52.7% of HRR (43.3-59.7);  it was 53.4% 

of HRR (44.4-60.8) when performing the RT session at 80% of 1-RM. The older adult group 

presented a lower median proportion of HRR during both RT sessions (p≤0.05) when 

compared with the young non-overweight adult group. 

Similar findings were observed when using 55% of predicted HRmax (220-age) instead 
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of 40% HRR as the cutoff for moderate intensity.  For example, when combining the results 

from all the participants, 97% and 96% of workout time was spent at moderate to vigorous 

intensity when doing the RT at 70% of 1-RM and 80% of 1-RM when using 55% of predicted 

HRmax.  

When only evaluating the proportion of time spent at vigorous intensity, 25% and 31% 

of the time was spent at vigorous intensity while performing RT at 70% of 1-RM and 80% of 

1-RM, respectively. No significant difference for that variable was observed between the 

young non-overweight adult group with either the overweight adult group or the older adult 

group. 

In a further analysis, it was evaluated if the collected variables from all the participants 

were associated with the proportion of time spent at moderate to vigorous intensity and 

vigorous intensity while doing RT session at 70% of 1-RM and 80%-1RM. The bivariate 

correlations revealed that 13 variables were significantly associated with the proportion of 

time spent at moderate to vigorous intensity during the second visit (70% of 1-RM): squats 1-

RM (r=0.53; p≤0.01), leg curl 1-RM (r=0.52; p≤0.01), total volume of exercise (r=0.52; 

p≤0.01), chest press 1-RM (r=0.51; p≤0.01), shoulder press 1-RM (r=0.48; p≤0.01), leg 

extension 1-RM (r=0.47; p≤0.01), lat pull down (r=0.43; p≤0.01), HRR (r=0.39; p≤0.01), age 

(r=-0.39; p≤0.01), weight (r=0.39; p≤0.01), lunge 1-RM (r=0.37; p≤0.01), BMI (r=0.33; 

p≤0.01), and hand grip strength (r=0.26; p≤0.05). 
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Table 7: Intensity While Doing Resistance Training Sessions 
 

1-RM – One Repetition Maximum 
MVI- Moderate Vigorous Intensity 
VI- Vigorous Intensity 
*p≤0.05  
**p≤0.01  
Mann-Whitney tests were used to compare the Young Non-Overweight Adult Group with either the Overweight Adult Group or the 
Older Adult Group 

 Total Young Non-
Overweight Adults 

Overweight  
Adults 

Older 
Adults 

Workout Time (min) 49.5 (47.2-51.9) 49.8 (47.6-52.2) 48.8 (47.5-50.9) 50.5 (46.3-53.7) 

70% of 1-RM 

Time MVI (min) 40.6 (28.4-46.2) 42.1 (34.5-47.5) 44.5 (34.7-47.1) 24.0 (11.2-40.1)** 

% Time MVI 82.3 (56.1-94.7) 82.6 (69.2-94.6) 92.5 (73.3-99.1) 51.5 (22.0-86.6)** 

% Time VI 25.0 (12.9-48.0) 28.9 (18.1-41.1) 31.6 (16.2-51.8) 13.0 (3.7-36.0) 

HR (bpm) 124.8 (111.0-135.8) 130.6 (123.135.9) 132.7 (120.8-140.5) 102.6 (93.9-115.1) 

HRR (%)  52.7 (43.3-59.7) 53.3 (48.6-57.9) 58.0 (48.6-61.8) 43.0 (30.2-55.1)* 

80% of 1-RM 

Time MVI (min) 39.5 (28.1-46.3) 39.4 (31.1-46.8) 43.7 (38.3-50.1) 27.3 (17.0-43.0)** 

% Time MVI 82.0 (59.2-98.0) 81.0 (60.7-96.1) 94.5 (73.8-99.9) 59.4 (31.1-92.3)* 

% Time VI 31.0 (12.9-49.3) 34.0 (17.8-42.4) 37.0 (22.7-70.4) 13.0 (8.4-36.4) 

HR (bpm) 124.6 (112.3-137.7) 131.2 (122.4-139.5) 136.9 (119.6-145.9) 105.9 (97.6-116.2) 

HRR (%) 53.4 (44.4-60.8) 54.9 (45.9-59.5) 56.9 (48.4-67.5) 44.2 (35.5-57.0)** 
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Regression Models to Predict Time Spent at Moderate to Vigorous Intensity 

Variables that were associated with the proportion of time spent at moderate to vigorous 

intensity in bivariate analyses were entered in a linear regression model using a stepwise 

approach.  The analysis revealed that age and leg curl 1-RM were the only variables included 

in the model explaining 38.5% of the proportion of time spent at moderate to vigorous 

intensity when performing a RT session at 70% of 1-RM.  Based on that analysis, the equation 

to predict how much time is likely to be spent at moderate to vigorous intensity in similar 

individuals doing RT at 70% of 1-RM was: 67.96 + 0.48 [leg curl 1-RM (kg)] -0.49 [age 

(years)]. When linear regressions were done for each group, in addition to age and leg curl 1-

RM, gender was a significant variable in the model, but only in the older adult group.  The 

proportion of time spent at moderate to vigorous intensity in older men was 81.1% compared 

with 31.6% in older women (P=0.01).  Further analyses were done to help understand the 

difference in proportion of time spent in moderate to vigorous intensity while doing RT 

between older men and older women. Table 8 presents some characteristics of the older adult 

group based on sex. BMI and hand grip were significantly lower among the women than 

among the  men (p≤0.01). In terms of strength, men lifted more weight relative to their body 

weight in only two of seven exercises (p≤0.01). 

A logistic regression model was performed to verify which variables could predict 

spending a minimum of 75% of time at moderate to vigorous intensity.  The final model 

showed that age was the only significant predictor (p≤0.03). In the young non-overweight 

adult group, 75% of the participants spent a minimum of 75% of the time at moderate to 

vigorous intensity during the RT session at 70% of 1-RM. These proportions were 85% in the 

overweight adult group, but only 35% in the older adult group. Similar results were observed 
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when doing the analyses of the RT session at 80% of 1-RM (55%, 75%, and 35%). The 

difference was only significant between the young non-overweight adult group and the older 

adult group (p=0.03) in which only older men reached 75% of the time spent at moderate to 

vigorous intensity.  

 

Table 8: Comparison between Older Men and Older Women 

 Older Men 
N=11 

Older Women 
N=9 

General Characteristics   

Age (years) 68.0 (60.0-72.0) 63.0 (60.0-68.0) 

Body Mass (kg) 73.5 (70.1-84.9) 63.1 (50.7-70.1) 

Body Mass Index (kg/m2) 23.9 (22.8-27.8) 23.0 (19.8-26.1)** 

Maximum Hand Grip (kg) 35.8 (29.5-39.0) 26.5 (19.7-31.5)** 

Relative Strength   

Relative Chest Press 0.7 (0.7-0.9) 0.7 (0.6-0.8) 

Relative Squats 0.7 (0.6-0.8) 0.7 (0.5-0.9) 

Relative Lunges 0.4 (0.2-0.5) 0.3 (0.2-0.4) 

Relative Lat Pull Down 0.8 (0.7-0.9) 0.6 (0.5-0.7)** 

Relative Leg Extension 0.8 (0.7-0.9) 0.6 (0.5-0.7)** 

Relative Shoulder Press 0.5 (0.4-0.7) 0.4 (0.2-0.6) 

Relative Leg Curl 0.6 (0.5-0.7) 0.6 (0.4-0.7) 
Data presented as median (25-75th percentiles) 
**p≤0.01  
Mann-Whitney tests were used to compare men and women 
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Volume of Exercise  

The volume of exercise for the two RT sessions was calculated in metric tons. The 

results are presented in Figure 1. During both RT sessions, participants in the older adult 

group performed less volume than those in the young non-overweight adult group (p≤0.01) 

while no difference was observed between the young non-overweight adults and the 

overweight adults.  

 
Figure 1: Volume of Exercise at Different Exercise Sessions 
Mann-Whitney tests were used to compare the Young Non-Overweight Adult Group with 
either the Overweight Adult Group or the Older Adult Group 
**p≤0.01 
 

Length of Bouts Spent at Moderate to Vigorous Intensity 

Based on CPAG recommendations [1] , the researchers carefully evaluated the longest 

bouts and the average length of bouts spent at moderate to vigorous intensity (Table 9). When 

the results for all the participants were combined, the median longest bout was 10.4 minutes 

and 12.0 minutes for the RT session done at 70% and 80% of 1-RM, respectively. On the 

other hand, the median bout length was 2.2 minutes for both RT sessions.
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Table 9: Duration of Bouts while Doing Resistance Training 

Data presented as median (25-75th percentiles) 
**p≤0.01  
Mann-Whitney tests were used to compare the Young Non-Overweight Adult Group with either the Overweight Adult Group or the 
Older Adult Group 

 Total 
Young Non-
Overweight 

Adults 

Overweight  
Adults 

Older 
Adults 

Median Bout Length at 70% of 1-RM 
(min) 2.2 (1.2-6.1) 2.6 (1.6-4.2) 5.0 (1.5-39.2) 1.1 (0.7-2.7)** 

Longest Bout at 70% of 1-RM (min) 10.4 (5.2-39.1) 13.5 (7.7-27.3) 16.7 (8.4-44.4) 3.6 (2.0- 15.2)** 

Median Bout Length at 80% of 1-RM 
(min) 2.2 (1.2-13.8) 2.6 (1.3-7.7) 7.6 (1.8-41.6) 1.2 (0.8-4.8) 

Longest Bout at 80% of 1-RM (min) 12.0 (5.2-39.1) 12.3 (5.2-37.7) 26.7 (9.0-50.1) 7.5 (2.3-20.2) 
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Evaluation of Each Exercise 

Five volunteers from each of the three groups had their HR evaluated in every exercise 

(Table 10). Overall, the participants spent the highest proportion of time at moderate to 

vigorous intensity doing lat pull down 100.0% (80.0-100.0), leg extension 100.0% (50.0-

100.0), and shoulder press 100.0% (40.0-100.0). The only difference observed was in the leg 

curl exercise, in which the overweight adult group spent significantly more time at moderate 

to vigorous intensity compared with the young non-overweight adult group (p≤0.05). These 

volunteers were also examined to evaluate the proportion of HRR and the amount of time 

spend in moderate to vigorous intensity when using two different equations to estimate 

HRmax for upper body exercises (Table 11). These proportions were calculated using the 

traditional 220-age equation to predict HRmax and then again by using the Hill et al. equation.  

No significant difference was observed between the two methods in estimating HRmax when 

evaluating the proportion of HRR or time spent in moderate to vigorous intensity for any 

upper body exercises. The %HRR using the equation 220-age to predict maximum HR for the 

other exercise is also presented. 
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Table 10: Proportion of Time Spent at Moderate to Vigorous Intensity  

 Total 
N = 15 

Young Non-Overweight 
Adults N=5 

Overweight  
Adults N=5 

Older 
Adults N=5 

Squat 71.4 (37.5-100.0) 48.1 (37.5-78.5) 93.7 (51.9-100.0) 83.3 (7.1-100.0) 

Chest Press 53.8 (0.0-100.0) 40.5 (0.0-81.2) 75.0 (42.5-100.0) 53.8 (0.0-100.0) 

Lunges 94.5 (82.1-100.0) 88.9 (82.1-100.0) 100.0 (70.0-100.0) 93.7 (63.6-100.0) 

Lat Pull Down 100.0 (80.0-100.0) 91.6 (75.0-100.0) 100.0 (85.0-100.0) 80.0 (16.6-100.0) 

Leg Extension 100.0 (50.0-100.0) 90.0 (53.3-100.0) 90.0 (57.5-100.0) 100.0 (7.1-100.0) 

Shoulder Press 100.0 (40.0-100.0) 100.0 (58.3-100.0) 92.8 (58.9-100.0) 100.0 (16.7-100.0) 

Leg Curl 85.7 (60.0-100.0) 83.3 (62.5-89.3) 100.0 (100.0-100.0)* 60.0 (8.3-100.0) 

Plank 71.4 (57.1-90.0) 69.0 (51.2-78.7) 78.5 (60.7-96.4) 70.0 (27.8-100.0) 

Total  72.1 (62.5-98.0) 66.5 (61.6-83) 85.9 (72.5-98.1) 64.2 (21.1-100.0) 

Data presented as median (25-75th percentiles)  
*p≤0.05  
Mann-Whitney tests were used to compare the Young Non-Overweight Adult Group with either the Overweight Adult Group or the 
Older Adult Group 
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Table 21:  Percentage of HRR and Time Spent at Moderate to Vigorous Intensity  

 %HRR 
Using 220-age to 

predict Max HR[84]  

%HRR 
Using the Hill formula 
to predict Max HR in 
upper body exercises 

[188] 

% time in MVI 
Using 220-age to 
predict Max HR 

[84] 

% time in MVI 
Using the Hill formula 
to predict Max HR in 
upper body exercises 

[188] 
Squat 0.47 (0.40-0.62)    

Chest Press 0.46 (0.42-0.64) 0.42 (0.42-0.64) 0.75 (0.42-1.00) 0.92 (0.81-1.00) 

Lunges 0.65 (0.56-0.76)    

Lat Pull Down 0.52 (0.50-0.52) 0.53 (0.53-0.64) 1.00 (0.85-1.00) 1.00 (0.91-1.00) 

Leg Extension 0.52 (0.44-0.63)    

Shoulder Press 0.55 (0.46-0.57) 0.53 (0.42-0.60) 0.93 (0.59-1.00) 1.00 (0.92-1.00) 

Leg Curl 0.54 (0.45-0.55)    

Plank 0.42 (0.40-0.51)    
HRR- Heart Rate Reserve 
MVI- Moderate to Vigorous Intensity 
Data presented as median (25-75th percentiles)  
Wilcoxon tests were used to compare proportion of HRR and time spent at MVI between the two formulas for each exercise
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CHAPTER 5: DISCUSSION 

One of the objectives of the study was to identify what was the time spent at moderate 

to vigorous intensity while doing RT in overweight adults and older adults.  Another objective 

was to evaluate if the proportion of time spent at moderate to vigorous intensity while doing a 

RT session was different in these two groups when compared with the young non-overweight 

adults. The participants spent 82.4% of the time in moderate to vigorous intensity when doing 

the RT at 70% of 1-RM and 81.0% of the time in moderate to vigorous intensity when doing 

the RT at 80% of 1-RM. During both RT sessions, no difference was observed in the 

proportion of time spent at moderate to vigorous intensity between the young non-overweight 

adult group and the overweight adult group. On the other hand, the older adults had a lower 

proportion of time spent at moderate to vigorous intensity for both RT sessions compared with 

the young non-overweight adults.  However, older men were more likely to reach moderate to 

vigorous intensity compared with older women.  

No significant difference was observed in the proportion of time spent at moderate to 

vigorous intensity between the RT session performed with 70% of 1-RM and that with 80% of 

1-RM.  One of the reasons could be that the volume of exercise was not sufficiently different 

to see any difference in the cardiovascular response. As a result, we recommend doing 70% of 

1-RM to reach moderate to vigorous intensity because it causes less fatigue and has a lower 

volume. 

Proportion of Time Spent at Moderate to Vigorous Intensity 

The young non-overweight adult group spent 82.6% of their session time at moderate to 

vigorous intensity, whereas the overweight adult group spent 92.5% of their time at moderate 

to vigorous intensity when doing RT at 70% of 1-RM. This means that if the duration of a RT 
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session is 50 minutes, as observed in our study, young non-overweight adults and overweight 

adults would be reaching moderate to vigorous intensity for 41 minutes and 46 minutes, 

respectively. In order to reach the CPAG aerobic component, young non-overweight adults 

and overweight adults could do three RT sessions at 70% of 1-RM for about 60 minutes per 

session every week.  

When evaluating the whole sample, the proportion of time spent at moderate to vigorous 

intensity was greater (82.3%) when compared with the proportion of time (52.0%) observed in 

an earlier study that had been previously done in our laboratory settings [157]. We had 

previously reported that RT upper body exercises did not increase HR as much as RT lower 

body exercises and the difference may be the result of a less number of upper body exercises 

in this study [157]. A greater muscle mass is recruited when doing lower body exercises and 

this also may have had an impact on our results [191].  Similarly, we  included one multi-joint 

exercise,  lunges, that uses  a large muscle group, which is known to increase exercise 

intensity [192]. In addition, resting time between exercises was shorter in the current study 

compared with our pilot study (30 seconds compared with 60 to 90 seconds) [157].   

Even if the proportion of time spent at moderate to vigorous intensity was relatively 

high while doing RT, we believe that even a higher proportion of time spent at a minimum of 

moderate to vigorous intensity could be observed.  For example, the four exercises that 

reached the highest proportion of time in moderate to vigorous intensity (lunges, lat pull 

down, leg extension, and shoulder press) could be done twice in one training session.  Another 

option would be to repeat the same program in a circuit training pattern and reduce the resting 

interval. Circuit training is a type of RT program that aims at increasing strength and aerobic 

capacity [193, 194], mostly using multi-joint RT and callisthenic exercises [195]. During 
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circuit RT, multiple laps are performed by using a small number of exercises (e.g., <10 

exercises) with minimal or no rest between the exercises, but involves a short rest interval 

between laps [194].  

A recent study  reported that HR could be increased significantly by using circuit RT 

[196]. In four rounds of eight different exercises, nine physically active men did RT interval 

training using 75% of 1-RM; their HR was significantly higher than in an aerobic training 

session [196]. The researchers suggest that a RT program performed in a circuit training 

fashion could be as beneficial as aerobic training for those who have less time to gain benefits 

of both resistance and cardiovascular training in young non-overweight adults. Another study 

conducted by Peinado et.al (2010) evaluated exercise intensity in 14 men and 12 women aged 

22 ±2 years old while doing  seven exercises (sitting bench press, leg press, lat pull down, 

shoulder press, hamstring curl, biceps curl, triceps extension) performed in a circuit training 

manner [156]. Six different intensities of RT programs were compared: 40%, 50%, 60%, 70%, 

80%, and 85% of 1-RM [156]. The participants were monitored for HR and energy 

expenditure. During each workout, the participants performed all seven exercises three times. 

They had a 10 second rest between exercises, with a five minute break between circuit laps. 

The tempo of each movement was 2:0:2 (eccentric: rest: concentric). The researchers observed 

differences between men and women at low intensities (≤ 60% of 1-RM), but at higher 

intensities (70%, 80%, and 85% of 1-RM) no difference was detected.  The findings mirror 

our study results, in which we evaluated the cardiovascular response using 70% and 80% of 1-

RM. We observed no difference in the HR responses between men and women. 

Although studies reporting the benefits of circuit training mentioned HR and VO2 while 

doing RT, to our knowledge we are the first to look into whether moderate to vigorous 
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intensity can be reached while doing RT. This could potentially replace or help to reach 

aerobic exercise to reach the CPAG aerobic component.  Peinado et al. (2010) reported that 

their participants were doing an average of 51.0% of HRR while performing RT [156], which 

would be considered  moderate intensity.  In our case, 53.3% was the median value in the 

young non-overweight adult group, which had a similar age range, when doing RT at 70% of 

1-RM. Using regression models, Peinado et al. (2010) found that HR during the exercise 

session, work load, and body weight, were the factors predicting the intensity of the exercise 

session for men while HRmax and workload during the RT session were identified for 

women.  In our study, strength (i.e., leg curl 1-RM) was the best predictor of the proportion of 

time spent at moderate to vigorous intensity with no differences between men and women in 

the young group. Because the workload is based on 1-RM, we could say that there are some 

similarities between Peinado’s study and ours.  

When looking at all of our participants, we observed that age and 1-RM leg curl were 

predictors of time and proportion of time spent in moderate to vigorous intensity.  

Physiologically, it is possible to explain why age is a predictor. In our study, the older adult 

group reached a smaller proportion of time in moderate to vigorous intensity compared to the 

young non-overweight adult group (51.5% vs. 82.6%). Among the reasons for this, the older 

adults were not lifting as much volume (31% less; Figure 1) compared with the young non-

overweight adults. For example, the volume of exercise was a median of 6.0 metric tons in the 

older adult group compared with 8.7 metric tons in the young non-overweight adult group. 

This was expected because the volume is a result of maximal strength and it is well known 

that maximal muscle strength is reduced with age [197].  

In addition, the literature suggests that older adults might not perform their true 1-RM 
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when evaluating it in only one session, especially for older women [198]. In fact, one study 

has indicated that older adults need two to three sessions of 1-RM testing before reaching their 

true maximum [199]. It is possible that the 1-RM in older adults was underestimated, and, as a 

consequence, older adults might have done their RT sessions at a lower percentage than the 

expected 70% and 80%, which partly explains why their HR did not reach a higher proportion 

of moderate to vigorous intensity. Nonetheless, we chose this method because all our 

participants had a history of RT (average of 12.5 years in older adults).  It was, therefore, 

assumed that they would be familiar with RT exercises and would reach their true 1-RM in 

one session. It is possible that evaluating 1-RM two to three times would have contributed to a 

higher volume workout and possibly increased the time spent at moderate to vigorous 

intensity in older adults, especially if 1-RM would have been increased for the leg curl 

exercise because the 1-RM leg curl was one of the predictors of time spent at moderate to 

vigorous intensity while doing RT.  In the current study, the difference between the 1-RM in 

leg curl of the young non-overweight adult group and the older adult group was 35%; 57.9kg 

(43.6-67.3) in the young non-overweight adult group versus 37.6kg (27.3-51.4) in the older 

adult group (p≤0.01).  Moreover, the relative 1-RM for the older adult group was lower 

compared to the young non-overweight adult group for six of eight RT exercises, meaning that 

for the same body weight, older adults lifted less load compared to younger adults, probably 

because of a lower muscle quality [200]. Physiologically, this reduction in muscle quality can 

be explained by the fact that the muscle unit undergoes a deterioration with aging that impairs 

the excitation/contraction coupling.   A decrease in fiber recruitment results [201] change in 

the sinoatrial node cells or cardiac output associated with aging could also explain  why HR 

was not as elevated in the older adults  as in the young non-overweight adults  [202]. 
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As mentioned earlier, leg-curl 1-RM was a predictor of time and proportion of time 

spent in moderate to vigorous intensity. No physiological reason was found why leg curl 1-

RM was an important predictor compared to other RT exercises.  In fact, many other 1-RM 

tests were associated with proportion of time spent in moderate to vigorous intensity when 

evaluated in bivariate analyses.  Squat 1-RM, shoulder press 1-RM, chest press 1-RM, lat 

pull-down 1-RM, and lunge 1-RM were also significantly associated with the proportion of 

time spent in moderate to vigorous intensity. Also, all 1-RM measures were significantly 

associated with each other. It is possible that maximum strength in general is associated with 

the proportion of time spent in moderate to vigorous intensity and leg curl 1-RM being simply 

the variable entering the model when controlled for other variables.  

 Even if the proportion of time spent at moderate to vigorous intensity during RT was 

lower in the older adult group compared with the young  non-overweight adult group, it is 

important to note that seven  of 20 older adult men reached moderate to vigorous intensity at 

least 75% of the time when doing RT at 70% of 1-RM.  In addition, older men reaching 

moderate to vigorous intensity at least 75% of the time while doing the RT at 70% of 1-RM 

had a greater average leg curl 1-RM compared with the older men not reaching that intensity 

for a minimum of 75% (46.1 kg versus 33.6 kg).  This implies that older men are more likely 

to reach moderate to vigorous intensity for a minimum of 75% of the RT session than older 

women, especially if they have a greater leg curl 1-RM.  When comparing the older men and 

the older women in our study, 81.1% of the time was spent at moderate to vigorous intensity 

while doing RT for men compared with 31.6% (P=0.02) for women. Such a difference 

between men and women was only observed in older adults. Older women have less leg 

muscle strength than older men, and the decline in muscle quality with age is steeper in 
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women compared with men [203]. The leg muscle quality, with such contractile properties of 

muscle or angle of pennation of muscle fibers, declines with age. This decline is more 

pervasive in women than in men. This surely had an effect on the results of our study. 

 Table 6 shows 1-RM for every exercise the groups performed.  Further analyses by 

gender have shown that in some exercises older men presented a greater relative 1-RM than 

older women (Table 8), but this was not observed between men and women in the other 

groups.  One of the differences in relative 1-RM between older men and older women was the 

relative 1-RM for leg curl. The difference in relative leg curl 1-RM again can partially explain 

why older men achieved greater proportion of time at moderate to vigorous intensity during 

RT sessions when compared to older women. 

It was hypothesized that no difference would be observed between the overweight adult 

group and the young non-overweight adult group in the proportion of time spent at moderate 

to vigorous intensity while doing RT.  We confirmed our hypothesis; no difference was 

observed between the two groups. The overweight adult group increased their HR to the same 

level as the young non-overweight adults at both RT sessions despite being significantly older 

(p≤0.01). However, the overweight adult group displayed a higher 1-RM for leg curls which is 

also a predictor of the proportion of time spent at moderate to vigorous intensity and probably 

compensated for the median difference of eight years in age. This is not surprising as it is well 

known that overweight individuals have more absolute muscle strength compared with their 

leaner counterparts [204]. In other words, if someone is overweight, even being somewhat 

older, he or she might be able to compensate by having a greater 1-RM on leg curls to reach a 

high proportion of moderate to vigorous intensity when doing RT.  
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Oxygen consumption was not measured in our study, but we acknowledge that some 

studies have reported that oxygen consumption does not increase at the same proportion as 

HR while doing RT as observed when doing aerobic exercise [155, 205]. For example, Jansen 

et al. (2007) reported that their 12 participants were at 61.0% of their HR while doing RT, 

compared to only 26.5% of VO2max [155]. In addition, it is known that HRmax is not 

strongly associated with VO2max [206]. These studies indicate that VO2 might not increase 

proportionally with HR when doing RT compared to doing aerobic activities. The results also 

suggest that the energy expenditure could be overestimated when doing RT if estimated with 

HR. However, %HRR as used to estimate intensity, as was done in our study, is associated 

with %VO2R [206]. In addition, in our sample, 28% of the workout time was spent at vigorous 

intensity (≥60%HRR [14]) and the median percentage of HR was 124.8 bpm (111.0-135.8) 

during the RT at 70% of 1-RM, which represented 53.3% of HRR, and, thus, 13.3% above the 

cutoff for moderate to vigorous intensity.  As a result, it is likely that the participants’ oxygen 

consumption reached the parameters of moderate to vigorous intensity while doing our RT 

program. Future studies in this area should measure oxygen consumption while doing RT to 

confirm that VO2 reaches the intended intensity. 

Choice of Exercises 

Based on HR, some exercises were better than others to increase the proportion of time 

spent at moderate to vigorous intensity (Table 10). Overall, when performing lat pull down, 

leg extension, and shoulder press, the median proportion of time spent at moderate to vigorous 

intensity was 100%. For lunges, participants were at moderate to vigorous intensity for 94.5% 

of the time. Statistical analyses were performed to compare the proportion of time spent at 

moderate to vigorous intensity within each exercise among different groups in the study.  The 
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only difference observed was that the overweight adult group spent a greater proportion of 

time at moderate to vigorous intensity while performing leg curl.  

It is known that large muscle groups and multi-joint exercises recruit more muscle fiber, 

and, therefore, utilize more oxygen when achieving work [207, 208]. This could explain why 

these movements were associated with a greater proportion of time spent at moderate to 

vigorous intensity.  For example, one study has indicated a direct relationship between the size 

of the active muscles and the magnitude of the increase in VO2 and HR [209].  However, 

exercises such squat and chest press also require a large muscle group and the proportion of 

time spent at moderate to vigorous intensity was lower (71.4% and 53.8%) than exercises 

using large muscle groups.  Also, shoulder press, an exercise that requires a small muscle 

group, had a high proportion of time spent at moderate to vigorous intensity. Some literature 

supports that upper body exercises have more cardiovascular response, such as an increase in 

HR and blood pressure, than in lower body exercises due to a greater increase in peripheral 

resistance [210, 211]. Based on our findings and the current literature, more studies are needed 

to explain why some RT exercises are associated with greater exercise intensity.     

Bouts of Moderate to Vigorous Intensity 

There is evidence in the literature suggesting that sporadic bouts (<10-minutes) and non-

sporadic bouts (≥10-minutes) of moderate to vigorous intensity are both associated with health 

benefits [4, 5, 212]. To our knowledge, there has been no study that has measured the bout 

length at moderate to vigorous intensity while doing RT.  The median length of bout in our 

sample was 2.2 minutes for both RT sessions. This implies that the majority of the participants 

were using the aerobic pathway to create energy, and, thus, RT has the potential to target and 

possibly improve the aerobic capacity.  In examining the data, the longest bout length in the 
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young non-overweight adult group and the overweight adult group was greater than 10-

minutes; however, a huge variation was observed with 25% of the sample having their longest 

bout being 5.2 minutes or lower, and 25% of the sample having their longest bout being 39.1 

minutes, when evaluating the whole sample doing 70% of 1-RM. Correlations were performed 

to understand what variable could be associated with longer bouts performed at moderate to 

vigorous intensity.  It seems the more strength a person has (measured by 1-RM), the more a 

participant is likely to sustain a bout of RT at moderate to vigorous intensity. The researchers 

also tested BMI, age, and experience doing RT, but there were no significant correlations.  

Even if we were to argue  that bouts of moderate to vigorous intensity shorter than 10- 

minutes  are as valuable as longer bouts at that intensity , our results show that it is possible to 

reach 10-minute bouts of moderate to vigorous intensity while doing RT. In other words, not 

only can RT reach moderate to vigorous intensity, this intensity can be potentially sustained 

for a number of minutes. The duration of bouts could be influenced by resting intervals 

between the sets, as well as between the exercises. Reducing these rest intervals could 

increase the length of bouts at moderate to vigorous intensity [212].  

The older adult group performed shorter bout lengths at moderate to vigorous intensity 

compared with the young non-overweight adult group during both sessions. This might be 

explained by the fact that older adults are probably closer to their lactate threshold or using 

their anaerobic pathways to produce energy at that intensity, and, therefore, they accumulate 

fatigue sooner and maintain the exercise intensity for a shorter period of time.  This is 

supported by Wiswell et al. (2000) who reported that absolute work rate at lactate threshold 

declines with age [213]. 
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Implications for the Canadian Physical Activity Guidelines 

For all adults, the current CPAG recommendations suggest doing a minimum of 150 

minutes of aerobic exercises at moderate to vigorous intensity along with  two days of RT [1]. 

Only 15% of Canadians are reaching the aerobic component of these guidelines [2].  We 

explored whether moderate to vigorous intensity could be reached while doing RT. As new 

research suggests, it could replace some or all of the CPAG aerobic components if it is 

accepted that 10-minute bouts are not needed to optimize health benefits and if further studies 

show that similar health and functional benefits can be achieved by using this form of 

exercise. Based on our results, a 60 minute RT program three times a week would reduce the 

weekly exercise time to 183 minutes  compared to 250 minutes (150 minutes of aerobic 

exercise + two days of RT of about 50 minutes each), a 27% reduction in time.  This 

difference could even be larger (34%) for overweight adults where 92% of their time doing 

RT was spent at moderate to vigorous intensity.  For older adults, the situation is different for 

men and women.  While older men can reach enough proportion of time (81.1%) at moderate 

to vigorous intensity to contribute significantly to the CPAG aerobic component, it is not the 

case for older women. According to our study, only older women would not spend enough 

proportion of time at moderate to vigorous intensity to fully benefit from such training 

because they would have to do more than 250 minutes of RT each week to achieve the 150 

minutes of aerobic activities the target intensity.  However, it is possible that overweight or 

obese older adults could reach a greater proportion of time spent at moderate to vigorous 

intensity or that some older women would prefer doing 250 minutes of RT instead of 150 of 

aerobic exercises along with the prescribed  two days of RT. 
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This study shows that doing only RT to reach the CPAG could be envisioned as a new 

way to promote physical activity if access to RT facilities is provided. Besides traditional 

fitness facilities, outdoor fitness parks [214] and callisthenic exercises could be feasible 

options, especially since there is  no cost  associated with  these options [215]. Underlining the 

current literature that suggests RT is beneficial in inducing changes that include an increase in 

resting metabolic rate [216] and excess oxygen consumption [217, 218], this suggested 

approach could be particularly useful for overweight adults who want to change enhance their 

physical fitness. Based on the fit-and-fat concept of improved health without weight loss, 

doing RT to reach the CPAG aerobic component  could be a new and important way for many 

people to improve their health and functional abilities [219]. 

Limitations 

Although the research findings of this study are interesting and have public health 

implications, some limitations still need to be pointed out. The participants in the study were 

selected only if they were already doing some form of RT. Consequently, if such a person had 

less experience working with weights he or she conceivably would not have achieved their 

true 1-RM in the first session tests. Thus, it is possible that such a participant would have been 

trained in the subsequent sessions with loads lower than 70% or 80% of their maximal 

capacity.  Another limitation of this study is that maximal HR was predicted and not 

objectively measured. In addition, since  there are many factors that can be changed in a RT 

session (e.g., sets, repetitions, rest, exercise tempo), it is possible that other RT exercises or 

other elements of the RT could result in more time at moderate to vigorous intensity. Another 

limitation is the fact that we did not measure the cardiorespiratory fitness level of the 

participants nor the   oxygen consumption during the sessions. This would have helped to 



60 

identify the true maximal HR and the relationship between HR and oxygen consumption while 

doing the workout and would have helped to fully indicate the fitness level of our participants. 

Next Steps 

In the future, studies should aim at exploring the best RT program design to sustain 

moderate to vigorous intensity for a greater proportion of time, especially in the case of older 

women. Moreover, a randomized controlled trial is now needed to test whether it is possible to 

reach the CPAG by only doing RT and obtain similar health outcomes  and see how that 

compares to the traditional CPAG approach (150 minutes of aerobic activity at moderate to 

vigorous intensity in 10-minute bouts + two days of RT). 

Conclusion 

In conclusion, our study shows that it is possible to reach moderate to vigorous intensity 

when doing RT for young non-overweight adults, overweight adults, and older adults.  While 

no difference in the proportion of time spent at moderate to vigorous intensity was observed 

between the young non-overweight adult group and the overweight adult group, the older 

adults reached moderate to vigorous intensity for a smaller proportion of time during the 

workout. However, a significantly lower proportion of older women reached moderate to 

vigorous intensity compared to the older men (p≤0.01). Nevertheless, our results suggest that 

most Canadian adults and older men could save a substantial amount of time in reaching the 

CPAG by doing only RT instead of a combination of aerobic and RT exercises.  
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