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ABSTRACT 

Background: The transition to university life is a critical time of change, often 

accompanied by the adoption of negative lifestyle habits, including an unhealthy diet and 

a decrease in physical activity. Lifestyle changes during university may result in a positive 

energy balance and a decrease in diet quality, which can lead to weight gain, a percent body 

fat in the overweight/obesity range, and increased cardiometabolic disease risk over time. 

The purpose of the current study was to investigate changes in body mass and composition 

from 1st to 4th year among university students, and to assess whether changes in physical 

activity and dietary intake were related to observed changes in body mass and composition. 

Methods: Thirty-eight participants completed food frequency and activity questionnaires 

and had their body mass measured and body composition assessed using bioelectrical 

impedance analysis. These measurements were obtained at the beginning (fall) and end 

(spring) of 1st year and the end (spring) of 4th year. Results: During the 1st year, body mass 

and percent fat increased by 3.2 kg and 2.1%, respectively (P<0.01), while daily energy 

intake was maintained and daily energy expenditure decreased (-435.2 kcal/day, P<0.01). 

Between the end of the 1st year and the end of the 4th year, students continued to increase 

their body mass, but this increase was smaller (+2.2 kg, P=0.05) than the change occurring 

during the 1st year. Additionally, percent fat and energy intake did not change while energy 

expenditure increased from the end of 1st year to the end of 4th year (+208.6 kcal/day, 

P<0.01). Conclusions: Increases in percent body fat during university occurred only 

during the 1st year. However, students were not able to reverse these gains by the end of 

the 4th year. 

Keywords: weight gain, percent body fat, physical activity, nutrition, University
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CHAPTER 1: INTRODUCTION 

1.1 Rationale   

Obesity is a global epidemic, with a worldwide prevalence that has almost tripled 

since 1975 (World Health Organization, 2018). In Canada, 34% of the adult population 

have overweight, and 27% have obesity (World Health Organization, 2018). Overweight 

and obesity are defined as excess fat mass which present a risk to health (World Health 

Organization, 2018).  Obesity can lead to chronic diseases such as diabetes, insulin 

resistance, stroke, heart disease, musculoskeletal disorders, and cancer (World Health 

Organization, 2003). Furthermore, once acquired, an overweight or obese BM  tends to be 

chronic, as most attempts to lose excess BM fail (Brownell, 1993; Kramer, Jeffery, Forster, 

& Snell, 1989). 

When looking at critical periods for BM gain, the transition from high school to 

university was found to be linked with a high risk for weight gain (Crombie, Ilich, Dutton, 

Panton, & Abood, 2009). In turn, BM gained during this time can lead to the onset of 

obesity and increase the risk of chronic diseases and early mortality (Barbour-Tuck et al., 

2018; Barbour-Tuck et al., 2019; Katzmarzyk, Craig, & Bouchard, 2001). BM gain and 

changes in body composition during the freshman year of university have been well studied 

(Crombie et al., 2009); however, studies investigating changes in BM and composition 

across all four years of university are limited and demonstrate inconsistent results. For 

example, Hovell et al. (1985) found a significant increase in BM during the 1st year of 

university, followed by a decrease almost to baseline by the end of the third year. In 

contrast, Gropper et al. (2012) found an average gain of 5.3 kg during all 4 years of 

university. Moreover, there is a gap in the literature regarding the factors responsible for 
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BM gain during the 4 years of university, such as diet quality, and there is limited 

information about physical activity behaviors. 

The present study investigated the changes that occur in BM and body composition 

during the 1st versus the 4th year of university. To our knowledge, this is the first study in 

a Canadian university sample that provides a better picture of the effects of lifestyle habits 

on BM and body composition changes during the 1st year compared to the other 3 years of 

university. The findings can help to inform the design of programs focused on healthy 

habits accessible to students throughout their university studies, to help combat the issues 

of poor general health and obesity on Canadian campuses. 

1.2 Objectives 

 The current study investigated differences in BM and body composition between 

the beginning of 1st year, the end of 1st year, and the end of 4th year of university, and how 

these differences corresponded to changes in nutrition and physical activity (PA) amongst 

undergraduate students at Brock University. Specific objectives included:  

1. Determine and compare differences in BM and body composition [percent body fat 

(%BF)] between the beginning and the end of 1st year and the end of 4th year. 

2. Determine and compare differences in nutrition and PA between the beginning and 

the end of 1st year and the end of 4th year. 

1.3 Hypotheses 

We expected that students would continue to gain BM and %BF after the 1st year, 

and as such, would have higher BM at the end of the 4th year compared to both the 

beginning and end of the 1st year; however, we estimated that the amount of BM and %BF 
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gained would be higher during the 1st year compared with from the end of the 1st year to 

the end of the 4th year (objective 1). In addition, we hypothesized diet and physical activity, 

would improve slightly from the end of the 1st year to the end of 4th year (objective 2).  
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CHAPTER 2: REVIEW OF LITERATURE  

2.1 Overweight and Obese Ranges  

2.1.1 Prevalence of Overweight BM and Obesity 

 Obesity is a global epidemic, as worldwide obesity prevalence has nearly tripled 

from 1975 to 2016 (World Health Organization, 2018). In 2016, more than 1.9 billion 

adults 18 years and older were classified as overweight, with over 650 million having 

obesity (World Health Organization, 2018). Likewise, the prevalence of children and 

adolescents aged 5-19 years having overweight or obesity has also increased, starting at 

4% in 1975 to just over 18% in 2016 (World Health Organization, 2018). In Canada, in 

2018, 36.3% of the adult population in Canada had overweight, and another 26.8% had 

obesity. The national average was slightly higher than the obesity prevalence of 26.1% in 

Ontario (Statistics Canada, 2019). A similar pattern is observed when assessing the 

prevalence of overweight and obese children and adolescents in Canada, with the 

population rates having more than doubled during the past decade (Roberts, Shields, De 

Groh, Aziz, & Gilbert, 2012). The latest data from the Canadian Health Measures Survey 

estimates that 8.6% of children and adolescents up to age 18 years are obese (Statistics 

Canada, 2019).  

2.1.2 Health Concerns Associated with Excess Body Mass  

 Obesity increases the risk of chronic diseases such as diabetes, insulin resistance, 

stroke, heart disease, musculoskeletal disorders, and cancer (Woodvine, 2006; World 

Health Organization, 2003). For example, a meta-analysis of 26 observational studies 

investigating middle-aged adults with normal weight (BMI 18.5-24.9) and obesity (BMI ≥ 

30) found that the risk of mortality for those with obesity was 22% higher than for those 
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with normal weight (McGee, 2005). In addition, Abdullah et al. (2011) found a positive 

correlation between the number of years lived with obesity and the risk of mortality, 

suggesting that the longer time lived with obesity was associated with a higher risk of 

mortality. Furthermore, once obesity is acquired, it is difficult to lose the excess BM, as 

most attempts to lose the excess BM end with failure (Brownell, 1993; Kramer, Jeffery, 

Forster, & Snell, 1989).  

  The health risks associated with excess BM for adults are also a growing concern 

for children and adolescents. Compared with previous years, there are now more children 

and adolescents suffering from health conditions such as prediabetes, insulin resistance, 

sleep apnea, musculoskeletal disorders, and risk factors for cardiovascular disease related 

to excess BM (McCrindle, 2015; Centers for Disease Control and Prevention, 2015). 

2.1.3 Assessment of Overweight and Obese Individuals  

 There are multiple metrics based on BM, height and the level of excess body fat 

used to identify overweight/obesity and its associated health risks (Kim, 2016). One of the 

most common metrics is the BM Index (BMI, kg/m2). The advantage of using BMI is that 

it is simple and inexpensive. The classification of overweight and obesity by BMI is  

detailed in Table 1 (Clinical guidelines on the identification, evaluation, and treatment of 

overweight and obesity in adults, 1998). However, BMI does not take into account body 

composition, as it cannot distinguish fat mass (FM) from lean body mass (LBM). 

Additionally, the use of BMI as a reflection of body fat percentage is problematic for 

individuals who are extremely tall, extremely short, extremely lean, or extremely muscular. 

For example, when assessing BMI, a very muscular athlete might display BMI similar to 
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an obese individual due to higher LBM and not because of excess body fat (Janssen, 

Katzmarzyk, & Ross, 2004).  

Another way to screen for health risks that are related to excess fat is by measuring 

how body fat is deposited across the body. Research suggests that there is a higher rate of 

mortality and morbidity associated with higher abdominal fat. Metrics such as waist 

circumference and waist-to-hip ratio have been used to measure abdominal fat, and have 

been shown to be superior to BMI for indicating health status in young and middle-aged 

adult populations (Janssen et al., 2004; Smith et al., 2001). Classifications of overweight 

and obesity by BMI, waist circumference, and associated disease risk are detailed in Table 

1 (American Society for Clinical Nutrition, 1998). 

Table 1: Classification of overweight and obesity by BMI and waist circumference 
(Clinical guidelines on the identification, evaluation, and treatment of overweight and 
obesity in adults, 1998) 
 

 
 A more accurate way to assess health risk is by measuring body fat (Kim, 2016). 

Percent body fat (%BF) can be measured using multiple technologies including skin folds, 

hydrostatic weighing, air displacement plethysmography (Bodpod), bioelectrical 

impedance analysis (BIA), ultrasound, magnetic resonance imaging (MRI) and dual-

 BMI 
(kg/m2) 

Obesity 
Class 

Disease Risk Relative to Normal Weight and 
Waist Circumference   

Underweight ˂ 18.5  Men ≤ 102 cm (40 in) 
Women ≤ 88cm (35 in) 

Men ˃ 102 cm (40 in) 
Women ˃ 88cm (35 in) Normal 18.5 – 24.9 

Overweight 25.0 – 29.9 Increased High 
Obesity 30.0 – 34.9 1 High Very High 

35.0 – 39.9 2 Very High Very High 
Extreme 
Obesity 

≥ 40 3 
Extremely High Extremely High 
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energy X-ray absorptiometry (DXA). The latter two are considered gold standard 

technologies for this assessment (Z M Wang et al., 1996).  

The ideal fat percentage for an individual varies depending on age and sex and is 

described in Table 2 below (Medicine, 2008). Sex-specific ideal body fat percentages by 

fitness category, are presented in Table 2 and are based on essential body fat, which is the 

amount of fat necessary for maintaining life and reproductive function. Furthermore, adult 

men tend to carry more fat around the abdomen compared to women, which is more 

detrimental to one’s health. As such, women can be healthy at higher levels of total body 

fat. The essential body fat for men is 2-5% of BM and 10-13% of BM for women (Lau, 

Cohen, Ward, & Ma, 2013; Health Canada, 2012). 

Table 2: Ideal percent body fat (%BF) based on age and sex (ACSM, 2008) 

  Male Age 

Fitness category 20-29 30-39 40-49 50-59 60+ 

Essential fat 2-5 2-5 2-5 2-5 2-5 

Excellent 7.1-9.3 11.3-13.8 13.6-16.2 15.3-17.8 15.3-18.3 

Good 9.4-14 13.9-17.4 16.3-19.5 17.9-21.2 18.4-21.9 

Average 14.1-17.5 17.5-20.4 19.6-22.4 21.3-24 22-25 

Below average 17.4-22.5 20.5-24.1 22.5-26 24.1-27.4 25-28.4 

poor >22.4 >24.2 >26.1 >27.5 >28.5 

Female Age 

Fitness category 20-29 30-39 40-49 50-59 60+ 

Essential fat 10-13 10-13 10-13 10-13 10-13 

Excellent 14.5-17 15.5-17.9 18.5-21.2 21.6-24.9 21.1-25 

Good 17.1-20.5 18-21.5 21.3-24.8 25-28.4 25.1-29.2 

Average 20.6-23.6 21.6-24.8 24.9-28 28.5-31.5 29.3-32.4 

Below average 23.7-27.6 24.9-29.2 28.1-32 31.6-35.5 32.5-36.5 

poor >27.7 >29.3 >32.1 >35.6 >36.6 
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2.2 Factors affecting body mass changes 

2.2.1 Energy balance 

Energy balance is composed of two main components, energy intake (EI) and 

energy expenditure (EE). Energy intake is the total amount of energy an individual 

consumes during the day (Hill, Wyatt, & Peters, 2012). EE is the total amount of energy 

being used by the body each day, including basal metabolic rate, resting metabolic rate, 

thermal effect of food, and activity (exercise and non-exercise), related thermogenesis (Hill 

et al., 2012). When the daily EE is equal to the daily EI, the body maintains the energy 

balance. Energy balance describes a situation in which the same number of calories are 

consumed and expended during the day, which has a major role in maintaining one’s BM 

(Hill et al., 2012). If EI exceeds EE, positive energy balance will occur, which will cause 

weight gain. Preserving positive energy balance over the long run can lead to overweight 

BM and obesity (Hill et al., 2012). Conversely, when EE exceeds EI, negative energy 

balance will occur, which will cause weight loss (Hill et al., 2012). 

2.3 Nutrition  

2.3.1 Macronutrients  

Macronutrients are nutrients consumed in relatively large quantities which provide 

the energy needed to keep the body functioning, as well as for all daily activities. There are 

three types of macronutrients: proteins, carbohydrates, and fats (Calabrese et al., 2018). 

2.3.1.1 Carbohydrates 

Carbohydrates are organic molecules that are made from carbon, hydrogen and 

oxygen to form sugars, starches and fibers, which are found in fruits, grains, vegetables, 
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milk, and alternative dairy products. Their primary role is to provide energy to cells in the 

body. Oxidation of one gram of carbohydrate yields approximately 4 kcal of energy 

(Pennington, 1992; Institute of Medicine, 2008). The correlation between carbohydrates 

and weight gain in the North American diet has been repeatedly demonstrated, suggesting 

that high consumption of carbohydrates with a high glycemic index is a key factor for 

weight gain and health complications, including type 2 diabetes (Bosy-Westphal & Müller, 

2015; De Souza et al., 2015). However, carbohydrates with low glycemic index are more 

slowly digested and less readily absorbed. Therefore, low glycemic index carbohydrates 

may promote satiety and weight loss, which in turn can help prevent health complications 

associated with obesity (Bosy-Westphal & Müller, 2015). 

2.3.1.2 Fat 

Fats or lipids include oils, fats, and related compounds found in animal products 

(meat, eggs, and dairy products), and in plant base products (nuts and vegetables). Simple 

lipids consist primarily of triacylglycerols, which are stored in adipose tissue. 

Triacylglycerols are made from one alcohol molecule (glycerol) attached to three fatty acid 

molecules. The primary role of fatty acids is to serve as an energy source (oxidation of one 

gram of fatty acids yields approximately 9 kcal of energy), compose cell membranes, and 

act as precursors to signaling molecules (Calder, 2011; Pennington, 1992). Dietary 

guidelines from the World Health Organization and the Dietary Reference Intakes 

recommendations include limiting the intake of fats, in order to improve general health 

(Trumbo, Schlicker, Yates, & Poos, 2002; World Health Organization, 2003). However, 

even though the intake of fat has decreased over the past 40 years, obesity rates continue 

to rise, suggesting fat consumption is not necessarily responsible for this epidemic (Kratz, 
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Baars, & Guyenet, 2013). Likewise, no clear association between higher intake of saturated 

fats and all-cause mortality, ischemic stroke, and type 2 diabetes has been found within 

healthy adult populations (De Souza et al., 2015).  

2.3.1.3 Protein  

Proteins can be found in animal products, such as chicken, beef, eggs, and dairy 

products, and can also been found in plant products, such as soy, legumes, and beans. Like 

carbohydrates, oxidation of one gram of protein yields approximately 4 Kcal of energy. 

Yet, the main function of proteins is not to provide energy to the body (Pennington, 1992; 

Hammond, Whitney & Rolfes, 2013). Proteins play a role in nearly every biological 

process, including constructing structures, carrying substances in the blood, coordinating 

activities of different body systems, and acting as enzymes (Hammond, Whitney & Rolfes, 

2013).  Proteins are composed of amino acids. There are 20 different amino acids required 

by the body, some of which are essential and others non-essential. While the body is 

capable of synthesizing the non-essential amino acids, it is not capable of synthesizing the 

essential amino acids. Therefore, essential amino acids have to be consumed through diet. 

The essential amino acids include isoleucine, leucine, lysine, methionine, phenylalanine, 

threonine, tryptophan, and valine (Hammond, Whitney & Rolfes, 2013).   

A high protein diet has been linked with weight loss and prevention of weight gain 

due to satiety and enhanced energy expenditure, explained by increased diet-induced 

thermogenesis. (Brownell, 1993; Mikkelsen, Toubro, & Astrup, 2000; Weigle et al., 2005; 

Bendtsen, Lorenzen, Bendsen, Rasmussen, & Astrup, 2013). In addition, even with a 

restriction of diet and weight loss, high protein diet acts to preserve LBM when combined 

with exercise (Josse, Atkinson, Tarnopolsky, & Phillips, 2011). Skeletal muscle plays a 
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major role in the regulation of glycemia and lipidemia, which is one of the reasons why 

preserving LBM during weight loss diet is important (Samuel, Petersen, & Shulman, 2010).   

2.3.1.4 Recommended Dietary Allowances (RDA) 

The RDA for the macronutrients described in Table 3 vary based on age and sex (Health 

Canada, 2006). 

Table 3: RDA (g/d) values per macronutrient per sex and age group 

Y = years of age. 

2.3.2 Micronutrients 

Micronutrients are composed of vitamins and minerals that must be consumed in 

our diet. They are called micronutrients because they are only needed in minuscule 

amounts. Nevertheless, they are essential for proper growth and development, and even a 

small deficiency might cause significant consequences. Refer to Appendix A and B for the 

description of vitamins and minerals (Hammond, Whitney & Rolfes, 2013; Smolin, 2014; 

Mckardle, 2013).  

2.3.3 Assessing dietary intake 

Methods to assess dietary intake include dietary history, 24-hour recall, food 

records, and food frequency questionnaires (FFQ) (Block, 1982; Brownell, 1993; 

 Carbohydrate 

(g/d) 

Protein  

(g/d) 

Omega-6 

(g/d) 

Omega-3 

(g/d) 

Fiber  

(g/d) 

Males 130 9-13 y – 34 

14-18 y – 52 

19-30 y – 56 

9-13 y – 12 

14-18 y – 16 

19-30 y – 17 

9-13 y – 1.2 

14-18 y – 1.6 

19-30 y – 1.6 

9-13 y – 31 

14-18 y – 38 

19-30 y – 38 

Females 130 9-13 y – 34 

14-18 y – 46 

19-30 – 46 

9-13 y – 10 

14-18 y – 11 

19-30 y – 12 

9-13 y – 1.0 

14-18 y – 1.1 

19-30 y – 1.1 

9-13 y – 26 

14-18 y – 26 

19-30 y – 25 
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Schoeller, 1995; Sharma et al., 2010).  The Block FFQ is a common approach for assessing 

dietary intake, in which all foods consumed on average during the past 6 months are written 

down based on estimated portion sizes. Using this method puts demand on the participants, 

and therefore this method is susceptible to inaccuracies such as underreporting and 

overreporting (Block, 1982). However, the strengths of the FFQ include the ability to 

measure long-term dietary intake using a relatively low-cost assessment, which can allow 

for the repeated measurement of large samples (Cade, Thompson, Burley, & Warm, 2002; 

Schatzkin et al., 2003). The FFQ includes questions used to quantify commonly eaten 

foods, as well as questions to adjust for fat, protein, carbohydrate, sugar, and whole-grain 

intake (Khani, Ye, Terry, & Wolk, 2004). 

The Block FFQ is one type of FFQ. The reliability and validity of the Block FFQ 

was investigated in Canadian women, by comparing the Block FFQ to multiple 24-hour 

dietary recalls and a secondary FFQ (Boucher et al., 2006). This study showed a moderate 

to high validity between the FFQ and 24-hour dietary recalls (r2 ranging from 0.11 to 0.73 

for macronutrients, and from 0.50 to 0.76 for micronutrients). The reliability of the Block 

FFQ was also found to be high, with r2 ranging from 0.57 to 0.90 for macronutrients, and 

from 0.65 to 0.88 for micronutrients. The reliability and validity of the Block FFQ has also 

been investigated in multiple populations, such as Western Japanese and Swedish 

populations and demonstrated a reasonable reproducibility and validity of the major dietary 

patterns (Hu et al., 1999; Khani et al., 2004; Nanri et al., 2012). Therefore, the Block FFQ 

has shown evidence of reliability and validity for assessment of dietary intake in a variety 

of populations, and is thus suitable for the purposes of this study.  



13 
 

2.4 Physical Activity 

2.4.1 Physical activity and well being 

 The long-term contribution of physical activity to overall health has been well 

studied (Reiner, Niermann, Jekauc, & Woll, 2013; Warburton, Nicol, & Bredin, 2006). 

Long-term health benefits of physical activity include maintaining and improving BM and 

body composition, bone health, muscular strength, endurance, and mental health 

(Warburton et al., 2006; Reiner et al., 2013). Likewise, long-term physical activity has been 

shown to increase life expectancy and to decrease the prevalence of chronic diseases, 

including cardiovascular disease, type 2 diabetes, metabolic syndrome, and cancer (Reiner 

et al., 2013;Warburton et al., 2006). In fact, compared with inactive individuals, individuals 

who exercised 150 minutes (2.5 hours) per week meeting the Canadian Society for Exercise 

Physiology (CSEP) recommendations, reduced the risk for all-cause mortality by 19% 

(Public Health Agency of Canada, 2011). 

2.4.2 Physical activity guidelines for adults 

CSEP guidelines for physical activity for adults to achieve health benefits are as 

follows: adults aged 18-64 years should engage in at least 150 minutes of moderate to 

vigorous-intensity aerobic physical activity per week, in bouts of 10 minutes or more. 

Resistance training involving major muscle group is recommended twice per week to 

strengthen the muscles and the bones (Tremblay et al., 2011) 

2.4.3 Assessment of physical activity  

 To investigate the interaction between daily physical activity and health, a valid 

and reliable method for the assessment of physical activity is required. Methods to assess 
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physical activity in free-living environments include behavioral observation, 

questionnaires in the form of diaries, recall questionnaires, and interviews, as well as 

physiological markers like heart rate, calorimetry, and motion sensors (Westerterp, 2009). 

Self-reporting activity questionnaires are the most common tools for the assessment of 

physical activity. It is the least expensive method, which allows for assessment of large 

samples; however, the reliability and validity of the measurement of habitual physical 

activity by questionnaires were found to be low (Westerterp, 2009; Shephard, 2003). The 

most accurate method to measure habitual physical activity was found to be motion 

sensors; however, this method (in comparison to questionnaires) is more expensive, 

making it difficult to use the investigation of large samples (Westerterp, 2009). 

2.5 Body mass and body composition changes during university 

Most of the research regarding weight gain has focused on the transition from high 

school to the 1st year of university. In contrast, studies that encompass the typical 4-year 

period spent as an undergraduate student in the university are less common. The 

phenomenon of weight gain during the 1st year of university is often called the “freshman 

15” and refers to a weight gain of 15 pounds (~7 kg) during the 1st year of university. 

Studies investigating the “freshman 15” phenomenon confirm the occurrence of weight 

gain during this period; however, the amount of weight gain identified in previous studies 

is less than 15 pounds (~7 kg). An analysis conducted by Crombie et al. (2009) examined 

17 longitudinal studies that followed students over their 1st year and revealed an average 

weight gain of 4.4 pounds (~2 kg). The reason for this weight gain is likely multifactorial 

but may include changes in dietary intake and physical activity habits (Beaudry et al., 2019; 

Crombie et al., 2009; Thomas et al., 2019). The study previously done at our institution, 
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which this thesis is extending, investigated factors related to changes in BM and body 

composition during the 1st year in university. The main findings included weight gain, 

increased percent body fat, lower quality of the diet, and lower participation in physical 

activity (Thomas et al., 2019; Beaudry et al., 2019).  

Our group found that dietary changes during the 1st year of university include higher 

consumption of high sugar beverages, alcohol, and fried foods. Additionally, the 

consumption of healthy food such as fruits, vegetables and high-quality proteins during 

this time was shown to decrease (Beaudry et al., 2019). Furthermore, reductions in physical 

activity during the 1st year of university included decreases in light, moderate, and vigorous 

activity minutes (Thomas et al., 2019). Taken together, these changes in both diet and 

physical activity may contribute to increased BM and %BF during the 1st year of university 

(Beaudry et al., 2019; Thomas et al., 2019). 

When investigating the same variables of dietary changes, physical activity, BM, 

and body composition over periods longer than one year, the amount of available 

information is limited, and the outcomes are inconsistent. For instance, one study by Hovell 

et al. (1985) monitored the changes in weight of women during three years of university. 

For the 43 women who came back for all the measures across the 3 years, a significant 

weight gain of approximately 5 pounds (~2 kg) was found during the 1st year, followed by 

a decrease almost to baseline by the end of the 3rd year (Hovell, Mewborn, Randle, & 

Fowler-Johnson, 1985). This decrease in weight after freshman year is not consistent with 

the literature. One study by Gropper et al. (2012) found a significant weight gain for men 

and women during four years of university. Within this study, 70% of the participants 

gained on average 5.3 kg, while men were found to gain more FM and LBM (and 
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consequently overall BM) than women. Likewise, by the end of the 4th year, the number of 

participants who were classified as overweight or obese increased by 13% (Gropper, 

Simmons, Connell, & Ulrich, 2012a). Another study that compared changes in physical 

activity and body composition between sport science students (SPS) and dentistry students 

(DES) during 4.5 years of school found no decrease in weight after their freshman year. 

No significant changes in diet and EI were found for either SPS or DES. While no change 

in body fat was found for the SPS group, the DES group gained on average 1.6 ± 3.8 kg of 

FM. These differences are likely explained by the higher level of physical activity in the 

SPS group. While the SPS group maintained their level of leisure time sports activity, 

resistance training, and aerobic training, the DES showed a significant decrease in leisure 

time sports activity, as well as a large decrease of 40% in resistance and aerobic training 

(Kemmler, Von Stengel, Kohl, & Bauer, 2016). Thus, due to inconsistent information and 

lack of detailed information regarding physical activity and diet during periods longer than 

the 1st year, it is meaningful to investigate changes in body weight and body composition, 

along with physical activity levels and nutrition habits, from the end of the 1st to the end of 

the 4th year of university.   
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CHAPTER 3: METHODS 

3.1 Participants 

This study and all related procedures received ethical clearance from the Brock 

University Research Ethics Board (REB# 13-297 and REB# 17-334).  This thesis reports 

data from a follow-up study that added a third time point of data collection, at the end of 

the 4th year of university, to a study (called the “Transition Study”) that investigated the 

changes in nutrition and exercise during the 1st year of university.  Participant recruitment 

for the initial study (Beaudry et al., 2019; Thomas et al., 2019) occurred during the 

summer/September of 2014 and 2015 at Brock University. Thus, participant recruitment 

took 2 years. Participants included both male and female students between the ages of 17-

20 years, entering their 1st year of study at Brock University directly from high school, i.e., 

with no previous university or college experience. A total of 301 participants completed 

both the Fall and Spring study visits in their 1st year. Three years later, during the spring of 

2018 and 2019 (February-May), participants who initially expressed that they would like 

to participate in future research studies were contacted through email and asked whether 

they would be interested in returning to the laboratory for follow-up measures. In an 

attempt to maximize participant retention, multiple emails were sent, and those who did 

respond were then contacted by phone. After the students expressed interest in the follow-

up study, they were sent an individualized email containing further information about it 

(i.e., the invitation letter), and were provided with a new consent form specifically for the 

follow-up study (Appendix C). Informed consent for the follow-up was obtained before 

commencing data collection. All subjects were given a code name (the same one as before), 
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to ensure anonymity. Figure 1 displays the overall study design and data collection time 

points.  

 

 

3.2 Procedures  

Details regarding the specific data collection procedures during the 1st year of 

university have been published elsewhere (Beaudry et al., 2019; Thomas et al., 2019). With 

respect to data collection for the follow-up study, upon providing consent to participate in 

the follow-up, participants were invited to the Nutrition, Exercise, and Lifestyle 

Improvement Laboratory to fill out questionnaires as well as to take the in-person 

measurements (detailed below). All visits were scheduled during the hours of 8:00 am - 

11:30 am. Participants were instructed to arrive at the laboratory in a fasted state (no food 

or drink for 8 hours prior). They were also asked to refrain from alcohol consumption for 

a minimum of 24 hours prior and to refrain from exercise for a minimum of 12 hours before 

their lab visit. These guidelines were set to ensure that the participants’ body fluid levels 

were stable before body composition assessment with the bioelectric impedance (BIA) 

analysis device. Upon arrival at the laboratory, all participants verbally confirmed that all 

pretesting parameters (listed above) were followed. In the lab, the participants started by 

answering the questionnaires. The questionnaires included one about their general health 

and demographics (Appendix D) and a Food Frequency and Activity Questionnaire 

Figure 1: Study design. 
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(FFAQ; NutritionQuest, 2014). These were the same ones that were used previously 

(Beaudry et al., 2019). After completing the questionnaires, the participants had 

anthropometric measurements taken including height and BM, and had their body 

composition measured. 

3.3 Measurements 

3.3.1 Anthropometric measurements and body composition 

Height and BM were measured without shoes and in light clothing using a scale 

and stadiometer (Portable Fitness Scale 140-10-7N, Rice Lake Weighing Systems, Rice 

Lake, WI). Height was recorded to the nearest 0.1 centimeters (cm). BM was recorded to 

the nearest 0.1 kilograms (kg). Body composition was measured using Bioelectric 

Impedance Analysis (BIA) (Lunar In-Body 520, Biospace, GE Healthcare, Madison, WI). 

The BIA device has been reported to produce accurate and reliable measurements of %BF 

in subjects with healthy and overweight body weights when compared to the gold standard 

of dual-energy X-ray absorptiometry (DXA) and to other standard methods such as the air 

displacement plethysmography (Bodpod; Wang et al., 1996; Wagner, 2013; Pineau et al., 

2007; Smith-Ryan, Fultz, Melvin, Wingfield, & Woessner, 2014; Jaffrin, 2009). 

We used the Lunar In-Body 520 BIA device, which is a commonly used device for 

assessing body composition (National Institutes of Health Technology,1994). The device 

measures the flow of electrical signals through an individual’s body. The electrical signals 

pass quicker through fat-free tissues, which are composed of a higher amount of water 

compared to fat tissue (70-75% and 10-20%, respectively). Briefly, the participants were 

asked to stand on the metal footplate with bare feet and age, height, and sex were manually 
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entered into the device. The participants were then asked to gently hold on to the handles 

with their arms relaxed by their side. A weak electrical current was generated at 3 

frequencies (5, 50, 500kHz), and 15 impedance measurements at 5 segments (right arm, 

left arm, right leg, left leg, and truck) were calculated using a tetrapolar 8-point tactile 

electrode system. The procedure takes approximately 50 seconds to complete and provides 

additional measures of intracellular water (ICW), extracellular water (ECW), total body 

water (TBW), ECW/TBW, BMI, and BMR. During the assessment, if an individual is 

hyperhydrated and/or retaining water (from consuming fluids and high doses of salt, from 

engaging in exercise prior to the measurement, or from a menstrual cycle) the percentage 

of FM could be underestimated. If an individual is hypohydrated/dehydrated (not 

consuming a sufficient amount of water), the percentage of FM could be overestimated 

(National Institutes of Health Technology, 1994). Therefore, to ensure that all participants 

were well hydrated, immediately upon arrival to the lab, they were all given 500mL of 

water to consume. They then completed the questionnaires (FFAQ and health 

questionnaire; approximately 45 minutes) and were then asked to void their bladder 

immediately before stepping on the device. In doing this, we aimed to minimize the 

influences of hypo- and hyperhydration on our BIA measures. The same hydrating 

procedures were carried out at all three measurement occasions.  

3.3.2 Assessment of Diet and Habitual Physical Activity 

The 2014 Block FFAQ (Appendix E; NutritionQuest, 2014) included 127 different 

food and beverage items. The responses were used to calculate the longer-term amounts 

and frequency of consumption of all these foods over the past 6 months. Data on the intakes 

of specific nutrients (i.e., carbohydrates/day, fat/day, protein/day) as well as foods (i.e., 



21 
 

milk, chicken, vegetables, etc.) can be extracted from this FFAQ. The participants were 

also given a standard portion size sheet to help them quantify the amounts of food that they 

were eating and to better aid them in answering the questions.  

Additionally, the FFAQ was used to collect information on the frequency and 

duration of light, moderate, and vigorous physical activity the participants engaged in on a 

weekly basis, to measure total EI (kcal/day) as well as EE (kcal/day). The physical activity 

portion of the questionnaire calculated the average number of MET minutes (metabolic 

equivalents) of light, moderate, and vigorous physical activity minutes that the students 

engaged in per week, and the average weekly EE for the six months preceding the survey.   

From the answers provided, estimates of intensity of effort and total EE in kcal and kJ units 

were obtained. METs are physiological measurements that quantify the caloric expenditure 

of activities. One MET is equal to the amount of energy expended at rest (1 MET = 3.5 ml 

O2/kg/min for a 70kg person) (Godin  & Shephard, 1997). The Block FFAQ used in the 

current study defines low physical activity (LPA, e.g.,  walking) as lower than 3 METs, 

moderate physical activity (MPA, ex: leisure biking) ranging from 3-6 METs, and vigorous 

physical activity (VPA, ex: running) as higher than 6 METs (Block et al., 2009).  

3.4 Statistical Analysis  

Statistical analyses were performed using SPSS version 21.0 for Windows (SPSS, 

Chicago, Illinois, USA). Descriptive statistics were used to provide information about the 

overall characteristics of the sample population. In cases where the data did not meet the 

assumptions of univariate normality, a Ln transformation or sqrt transformation was 

conducted. BM, FM, Proteins intake and MPA were Ln transformed. EE, LPA, VPA and 
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MET were sqrt transformed. Finally, LBM, EI and carbohydrates intake did not meet the 

assumptions for univariate normality, and so nonparametric analyses were conducted. For 

all data, outliers were not removed nor manipulated.   

Differences in anthropometrics, body composition, physical activity and dietary 

intake from the beginning of 1st year university, end of 1st year university, and end of 4th 

year university were examined using a two-way repeated measure analysis of variance (RM 

ANOVA) with sex as the between-subject variable and time as the within-subject variable. 

In case of a significant main effect for time, post hoc pairwise analyses were conducted 

using a paired t-test. In case of a significant main effect for sex, post hoc pairwise analysis 

was conducted using an independent t-test. For variables showing a time by sex interaction, 

a follow-up analysis using a one-way repeated measure analysis of variance (RM ANOVA) 

with Bonferroni adjustment was conducted within each sex. Additionally, for variables that 

did not meet the assumption of normality, a nonparametric analysis using a repeated 

measures Friedman test, with post hoc analysis using the Wilcoxon and Mann-Whitney U 

tests. For all the analysis performed, P≤0.05 and P≤0.016 for the Bonferroni adjustment 

were considered statistically significant. 
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CHAPTER 4: RESULTS  

4.1 Demographic characteristics 

Out of 301 participants (n = 71 males, n = 230 females) who completed both the 

fall and spring study visits during their 1st year of university, a total of 38 participants 

returned for the third study visit during the spring of their 4th year. The reasons for attrition 

included dropping out of university, changing to a different university, changing contact 

information, and disinterest in the follow-up study after 3 years from their participation in 

the first transition study. Of these 38 participants who returned for the third visit (average 

age = 21 ± 1 years), 63% were female (n = 24) and 37% were male (n = 14). Seventy-four 

percent of the students lived in a student house off campus (n = 28), 21% of the students 

lived at home (n = 8), and 5% of the students lived in residence (n = 2). Seventy-nine 

percent of the sample were Caucasian (n = 30), 13% were African American (n = 5), 3% 

were Arab (n = 1), 3% were Spanish (n = 1) and 2% were Asian (n = 1).  

4.2 Anthropometrics and body composition 

Figure 2 displays BM and body composition results from the beginning of the 1st 

year, the end of the 1st year, and the end of the 4th year of university. For BM, %BF and 

FM, there were significant main effects for time and sex, with no significant sex-by-time 

interaction. Males had consistently higher BM and lower %BF and FM compared to 

females (sex effect). In both sexes (time effect), BM, %BF and FM significantly increased 

from the beginning to the end of the 1st year (+3.21±3.79 kg, +2.07±2.78%, +2.47±3.05 

kg, respectively) and from the beginning of the 1st year to the end of the 4th year 

(+5.41±7.98 kg, +2.26±4.90%, +3.38±6.25 kg, respectively). In addition, there was a 

significant increase from the end of 1st year to the end of 4th year in BM (+2.21±7.81 kg), 
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with no significant change in %BF (+0.2±4.74) or FM (+0.91±6.09). LBM was analyzed 

using nonparametric analysis and showed a significant increase from the beginning to the 

end of 1st year (+0.73±2.10 kg, p<0.05) and a further increase from the end of 1st year to 

the end of 4th year (+1.30±2.90 kg, p<0.01) in both sexes.  LBM was higher in males across 

all time points. Finally, figures 3, 4, 5 and 6 display the spread of individual changes from 

the beginning of the 1st year to the end of the 1st year, as well as from the end of the 1st year 

to the end of the 4th year for BM, %BF, FM and LBM respectively.    

 Figure 2: Body mass (MB), lean body mass (LBM), fat mass (FM) and percent body 
fat (%BF) changes in University students during the first and the fourth academic 
year. 
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Figure 3: Body mass - individual absolute change (Δkg) from 
beginning to end of 1st year (T1-T2) and from end of 1st year to end 
of 4th year (T2-T3). 

 

Figure 4: Percent body fat - individual absolute change (Δ%) from 
beginning to end of 1st year (T1-T2) and from end of 1st year to end 
of 4th year (T2-T3). 
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Figure 5: Fat mass - individual absolute change (Δkg) from 
beginning to end of 1st year (T1-T2) and from end of 1st year to 
end of 4th year (T2-T3). 

 

Figure 6: Lean body mass - individual absolute change (Δkg) 
from beginning to end of 1st year (T1-T2) and from end of 1st year 
to end of 4th year (T2-T3). 
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4.3 Dietary Intake 

Table 4 displays macronutrient intakes from the beginning of 1st year, the end of 1st 

year, and the end of 4th year of university. EI (kcal/day) was not analyzed for sex-by-time 

interactions due to the use of a nonparametric analysis. However, there was a significant 

main effect for time, reflecting a drop (-359.34±1018.91, p<0.01) from the beginning to 

the end of the 1st year, and a similar negative difference (-355.11±895.24, p<0.05) from 

the beginning of the 1st year to the end of the 4th year. However, no significant changes 

were observed in EI from the end of the 1st year to the end of the 4th year (p>0.05). Sex 

differences indicate that EI for males was higher than for females at all time points 

(p<0.01). 

For daily fat intake, there was no significant main effect for time, but there was a 

significant sex-by-time interaction (p=0.05), and main effect for sex. Sex differences 

indicate that fat consumption for males was higher than females at all time points (p<0.01). 

For protein intake, there was no significant sex-by-time interaction (p=0.10); however, a 

significant main effect for time was observed, which reflects a significant decrease in 

protein consumption from the beginning of the 1st  year to the end of the 1st  year, and from 

the beginning of the 1st year to the end of the 4th year (-19.93±48.81 gr/day, p<0.01; -

21.23±46.30 gr/day, p<0.05, respectively) with no change from the end of the 1st year to 

the end of the 4th year (p>0.05). Finally, a significant main effect for time was observed for 

carbohydrates intake, reflecting a decrease from the beginning of the 1st year to the end of 

the 1st year, and from the beginning of the 1st year to the end of the 4th year (-44.75±125.70 

gr/day p<0.01, -46.46±105.53 gr/day p<0.05, respectively), with no change from the end 

of the 1st year to the end of 4th year (p>0.05). In addition, the carbohydrate consumption 
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was higher in males than in females at all time points (p<0.05), which is related to the 

higher overall intake of energy in males.  

Table 4:  Total energy, fat, protein and carbohydrate consumption in University students 
during the first year and fourth academic year.  

 

 

 

  

Nutrient T1 T2 T3 

Total energy intake (kcal/day) 2255 ± 1108 1896 ± 1140.9a 1900 ± 845a 

    Male (n = 14) 3200 ± 1077* 2671 ± 1506* 2439 ± 1062* 

    Female (n =24) 1704 ± 678 1444 ± 482 1586 ± 480 

Fat intake (g/day) 92.2 ± 47.4 78.8 ± 47.2 80.1 ± 37.0 

    Male (n = 14) 139.2 ± 42.6* 114.1 ± 59.5* 100.7 ± 42.8* 

    Female (n =24) 67.8 ± 27.3 60.4 ± 25.4 69.3 ± 29.0 

Protein intake (g/day) 93.2 ± 58.2 73.2 ± 52.8a 71.9 ± 35.1a 

    Male (n = 14) 151.0 ± 58.8* 117.6 ± 69.4* 91.2 ± 36.4a* 

    Female (n =24) 63.2 ± 27.2 50.2 ± 16.6 61.9 ± 30.6 

Carbohydrate intake (g/day) 264.3 ± 117.1 219.5 ± 137.6 a 217.8 ± 101.5 a 

    Male (n = 14) 347.5 ± 116.5* 295.1 ± 194.0* 272.2 ± 136.6* 

    Females (n =24) 215.7 ± 87.9 175.4 ± 60.7 186.0 ± 56.2 

asignificant difference from T1 (time effect); *p<0.05 between males and females (sex effect); T1 = 
beginning of 1st year; T2 = end of 1st year; T3 = end of 4th year 



29 
 

4.4 Physical Activity 

Table 5 displays total EE expenditure, MET minutes and time spent doing PA 

broken down into categories of intensity (light, moderate, and vigorous activity [in minutes 

per day]). The data is displayed for both males and females at the beginning of 1st year, the 

end of 1st year, and the end of 4th year of university. For all variables, including total EE, 

LPA, MPA, VPA and MET, there was no significant sex-by-time interaction. However, a 

significant main effect for time was observed for EE, LPA, MPA and MET. Specifically, 

EE decreased (-434.52±786.02 kcal/day, p<0.01) from the beginning of the 1st year to the 

end of the 1st year, followed by an increase (+208.6±703.11 kcal/day, p<0.01) from the end 

of the 1st year to the end of the 4th year in both sexes. LPA followed the same pattern of 

decreasing during the 1st year (-60.54±100.22 min/day, p<0.01) and increasing from the 

end of the 1st year to the end of the 4th year (+33.26±62.24 min/day, p<0.01). MPA 

decreased significantly during the 1st year and was significantly lower between the end of 

the 1st year and the end of the 4th year (-42.85±77.99 and -39.25±77.01 min/day, p<0.01, 

respectively). The MET minutes showed a decrease from the beginning of the 1st year to 

the end of the 1st year, as well as from the beginning of the 1st year to the end of the 4th year 

(-407.4 ± 599.2 min, p<0.01 and -243.1 ± 628.4 min/day, p<0.05, respectively). However, 

from the end of the 1st year to the end of the 4th year, MET minutes increased (164.2± 488.3 

min/day, p<0.01) in both sexes. No significant main effect for time was observed for VPA. 

Additionally, EE and VPA showed a significant main effect for sex, reflecting that both 

were consistently higher in males compared to females across all time points.  

 

 



30 
 

Table 5: Total Energy Expenditure and Physical activity in University students in the first 
and fourth academic year. 

 

 

 T1 T2 T3 

EE (kcal/day) 1151.2 ± 690.6 716.7 ± 779.2a 925.3 ± 625.8b 

    Male (n=14) 1519.1 ± 717.34* 1256.3 ± 1038.9* 1246.1 ± 581.6* 

    Female (n=24) 936.6 ± 588.1 401.9 ± 293.5 738.2 ± 582.8 

LPA (min/day) 111.8 ± 86.2 51.2 ± 52.9a 84.5 ± 54.3b 

    Male (n = 14) 84.1 ± 72.0 64.9 ± 77.1 80.8 ± 40.6 

    Female (n =24) 127.9 ± 91.1 43.2 ± 31.0 86.6 ± 61.6 

MPA (min/day) 75.2 ± 70.5 32.4 ± 48.5a 36.0 ± 47.9a 

    Male (n = 14) 151.0 ± 58.8 117.6 ± 69.4 91.2 ± 36.4 

    Female (n =24) 63.1 ± 27.2 50.2 ± 16.6 61.9 ± 30.6 

VPA (min/day) 55.4 ± 56.3 40.3 ± 43.7 49.6 ± 45.9 

    Male (n = 14) 91.4 ± 65.2* 66.2 ± 56.5* 74.0 ± 41.4* 

    Females (n =24) 34.3 ± 38.0 25.2 ± 24.8 35.3 ± 42.9 

MET minutes  928.61 ± 502.75 521.21 ± 481.05 a  685.43 ± 409.10 a, b 

    Male (n = 14) 1070.56 ± 529.45 805.02 ± 634.89* 801.50 ± 323.06 

    Females (n =24) 845.81 ± 478.28 355.66 ± 258.48 617.72 ± 444.15 

asignificant difference from T1 (time effect); b significant difference from T2 (time effect); *p<0.05 
between males and females (sex effect); T1 = beginning of 1st year; T2 = end of 1st year; T3 = end of 4th 
year; EE = energy expenditure; LPA = light physical activity; MPA = moderate physical activity; VPA = 
vigorous physical activity 
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CHAPTER 5: DISCUSSION 

The present study aimed to investigate differences in BM and %BF from the beginning of 

the 1st year to the end of the 1st year, and then to the end of the 4th academic year in 

undergraduate University students, and whether these differences are accompanied by 

changes in measures of nutrition and physical activity. The main result is that BM 

continued to increase from the end of the 1st year to the end of the 4th year, but the amount 

of weight gained during this period was less than during the 1st year and consisted of higher 

LBM, while the %BF gained during the 1st year, although did not continue to increase, it 

was retained until the end of 4th year. Additionally, after a decrease in both total energy 

intake and energy expenditure during the 1st year, no change in total EI was observed from 

the end of 1st year to the end of 4th year, while EE increased during this period.  These 

results highlight the impact of the initial weight and fat gain during the 1st year, suggesting 

that the lifestyle in university can increase the risk of students becoming overweight or 

obese. Indeed, by the end of the 4 years spent in university, the obesity rates in the current 

sample increased by 6%. 

The time spent during university is a critical time for gains in BM (Crombie et al., 

2009; Gropper et al., 2012b, Gropper et al., 2012c); however, research on the time course 

for gains in BM and %BF during these 4 years in university remained unclear. Studies 

exploring this field have focused mainly on the transition from high school to 1st year in 

university (Crombie et al., 2009). Furthermore, studies investigating the changes in BM 

and body composition during the 4 years spent in university have provided limited 

information in relation to changes in nutrition and physical activity (Racette et al., 2008; 

Gropper et al., 2012c). Longitudinal studies spanning all 4 years of university have 
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typically included two time points of data collection, at the beginning of the 1st year and 

the end of the 4th year (Racette et al., 2008; Gropper et al., 2012c). The current study 

focused specifically on potential changes in nutrition, physical activity, BM and body 

composition not only from the beginning of the1st year to the end of the 1st year but also 

from the end of the 1st year to the end of the 4th year, and was able to capture the different 

trajectories of BM and %BF gains during these different time periods.  

Our hypotheses were partially confirmed. First, as hypothesized, BM and %BF 

gains were higher from the beginning of the 1st year to the end of the 1st year than from the 

end of the 1st year to the end of the 4th year (objective 1). However, while we hypothesized 

that both BM and %BF would continue to increase after the 1st year, we only found an 

increase in BM and no change in %BF beyond the 1st year. Second, no changes were 

observed in daily EI, daily fat, protein and carbohydrate intake from the end of the 1st year 

to the end of the 4th year for either males or females, a result which also differed from our 

initial hypothesis (objective 2). Lastly, in accordance with our hypothesis, PA levels 

increased from the end of the 1st year to the end of the 4th year, marked by an increase in 

both total EE and MET minutes/day in both sexes (objective 2). 

5.1 Participants characteristics  

 The current sample is a representative sample of the first transition study for several 

reasons.  In both cases, most of the participants were females; 76% in the first transition 

study and 63% in the present sample. Likewise, the ethnicities were very similar, with most 

of the participants being Caucasians; 75% in the first transition study and 79% in the 

present sample. In addition, living arrangements at baseline (beginning of the 1st year) were 

very similar, with most of the participants living in residence; 71% in the first transition 
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study and 68% in the present sample.  Furthermore, at baseline, there were no differences 

between the responders (the current sample, n=38) and the non-responders sample from 

the first transition study (n=263) for age, %BF, FM, LBM, EE, LPA, MPA, VPA, EI, and 

consumption of carbohydrates, proteins and fats (p˃0.05). However, BM was higher in the 

sample of the first transition study (p˂0.05). In addition, when comparing the responders 

with the non-responders in terms of observed changes from the beginning of the 1st year to 

the end of the 1st year, there were no differences for BM, %BF, FM, LBM, EE, LPA, MPA, 

VPA, EI and consumption of carbohydrates, proteins and fats (p˃0.05). 

5.2 Transition from high school to university 

 Young adulthood has been previously shown to be a critical period for weight gain 

(Barbour-Tuck, Erlandson, Muhajarine, Foulds, & Baxter-Jones, 2018b). This period 

includes the transition from high school to university, a time during which many people 

develop poor nutritional and PA habits (Beaudry et al., 2019; Thomas et al., 2019). One of 

the reasons for this concern is that PA and nutritional habits are evolving during this period, 

and these have high transferability to adulthood (Barbour-Tuck, Erlandson, Muhajarine, 

Foulds, & Baxter-Jones, 2018a).  Therefore, poor lifestyle habits developed during early 

life can chronically impact BM and body composition during adulthood, increasing the risk 

of becoming overweight or  obese (Gunes, Bekiroglu, Imeryuz, & Agirbasli, 2012; Serdula 

et al., 1993). Changes during the transition from high school to the 1st year of university 

included a decrease in daily EI. However, it also reflected a compromise in diet quality, as 

shown by a decrease in the consumption of healthy foods, such as fruits, vegetables and 

high quality proteins, and a shift towards unhealthy foods, such as French-fries, energy 

drinks and alcohol. In addition, the transition was marked by a decrease in daily EE. This 
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decrease in EE was found in all types of PA, i.e., light, moderate and vigorous PA. At the 

same time, when these changes in diet and PA are taking place, BM and %BF also 

increased. These changes were investigated in the first transition study and are reported 

elsewhere (Beaudry et al., 2019; Thomas et al., 2019). 

Briefly, the first transition study found that on average males gained 3.7 kg while 

females gained 1.6 kg (Beaudry et al., 2019). These gains in weight during the 1st year in 

university were in line with the literature, suggesting weight gain during the 1st year in 

university ranges between 0.73 kg to 3.99 kg for both sexes (Crombie et al., 2009; Vella-

Zarb & Elgar, 2009). Body composition changes in the first transition study showed that 

males gained 2.9 kg of LBM and 1.3 kg of FM, while females gained 1.4 kg of FM and 

only 1 kg of LBM (Beaudry et al., 2019). The increase in FM observed was consistent with 

previous literature (Butler, Black, Blue, & Gretebeck, 2004; Crombie et al., 2009). 

Likewise, the first transition study reported a reduction in EI, as well as EE, which was 

consistent with the literature (Butler et al., 2004; Pullman et al., 2009). In contrast, the 

higher increase in LBM compared to FM observed in the males, which was first seen in 

the first transition study, does not agree with a previous study, which has reported males 

having a higher increase in FM (Hoffman, Policastro, Quick, & Lee, 2006).  

The current study, carried out in a subset of the same participants, followed the 

same patterns observed in our first transition study, showing a significant increase in BM 

and %BF during the 1st year in university (Beaudry et al., 2019; Thomas et al., 2019). 

Likewise, as previously shown, the increase in BM and %BF during the 1st year took place 

despite a significant decrease in EI, suggesting that the gains might be explained by the 

observed reduction in EE (Thomas et al., 2019). However, another potential explanation is 
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that along with the decreased EE and diet quality, by the second measurement (end of first-

year) students were already in a positive energy balance. Despite the observed decrease in 

EI during the 1st year, this may not have been enough to create substantial changes in the 

energy balance.  

5.3 Body mass and body composition changes from the 1st year to 4th university 

The current study offers information about BM and %BF gains not only during the 

1st year of university, but also whether such gains continue to occur until graduation. 

Interestingly, BM and body composition variables showed no sex by time interaction 

effects, and as such, males and females were combined into one group. However, in line 

with the literature (Nieves et al., 2005; ACSM, 2008), male students had higher BM and 

LBM, and lower FM and %BF, when compared with females at all times. Importantly, 

students gained less weight from the end of the 1st year to the end of the 4th year than during 

the 1st year of university (2.21 ± 7.81 kg, p=0.05, 3.21 ± 3.79 kg, p<0.01). Furthermore, 

during the same later period, no changes were observed in %BF. As previously stated, 

studies investigating changes in nutrition, PA BM and body composition after the 1st year 

in university are limited and inconsistent, and one cannot distinguish between gains 

observed during the 1st year with those found beyond the 1st year. For instance, Racette et 

al. (2008) found a significant gain in BM during the 4 years in university, such that females 

gained 1.7 ± 4.5 kg and males gained 4.2 ± 6.4 kg. However, body composition was not 

assessed, and one cannot decipher when, over the 4 years, the bulk of the weight was 

gained. Racette et al. (2008) also investigated whether the students met the guidelines 

established by the 5 Day campaign to eat at least 5 fruits and vegetables daily, while 

limiting intake of fried foods and high-fat fast foods to a maximum of 2 times per week 
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(Havas et al., 1994). They found that during the 1st and 4th years, less than one-third of the 

participants consumed the recommended servings of fruits and vegetables. No further 

information was given for EI or macronutrients consumption. In the same study, PA was 

assessed by measuring whether the participants met the 1998 ACSM exercise 

recommendations. These ACSM recommendations included prescriptions for aerobic, 

strength and flexibility training, which included aerobic exercises 3 to 5 days per week, 20 

to 60 minutes per day, strengthening exercises 2 or 3 days per week for the largest muscle 

groups, and stretching exercises 2 or 3 days/week (American College of Sports medicine 

Position Stand., 1998). However, these recommendations do not include LPA, so habitual 

PA was assessed in the Racette et al. (2008) study. Increasing these type of PA, as found 

in the present study, can highly contribute to increasing daily EE (Flint, Cummins, & 

Sacker, 2014; Gordon-Larsen et al., 2009; Pate, 1995). Another study by Gropper et al. 

(2012) showed that females increased their %BF by 2.9 ± 3.2 % and males by 5.2 ± 3.6 % 

from the beginning of the 1st year to the end of the 4th year in university, but again, it is 

unclear when this weight was gained. In Gropper et al.’s (2012) study, females gained 1.7 

± 4.4 kg of BM and males gained 5.9 ± 5.0 kg of BM, which is consistent with Racette et 

al. (2008). Unlike these two previous studies, our study had an additional measurement 

after 1st year of university allowing us to better understand when the weight was gained, 

yet even our study does not show the yearly weight gain trajectories. One study by Hovell 

et al. (1985), which monitored the weight changes in 43 women each year of 3 years in 

university, found that BM gained during the 1st year dropped almost to baseline by the end 

of the 3rd year. Our study and that of Hovell et al. (1985), clearly demonstrate that the 1st 

year of university is a unique time for weight gain.  
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Our study investigates changes in BM and body composition over all 4 years of 

university, with 3 time points of data collection. During the 4 years, the students gained 

2.26 ± 4.90 %BF. However, we know that from the end of the 1st year to the end of the 4th 

year, no changes were observed. During this time, there was also a significant increase in 

LBM, which was larger than that found during the 1st year (1.30 ± 2.90, 0.73 ± 2.10, p<0.05, 

respectfully). Therefore, the composition of the weight that was gained in the 1st year was 

different than the composition of the weight gained after the 1st year. The former was 

characterized by greater fat mass and the latter by greater lean mass. Yet, given the young 

age of the participants, one may question whether these gains in LBM were due to 

improvements in lifestyle habits including PA and nutrition or simply due to normal 

growth. However, we found no significant changes in height during this period, for neither 

females nor males, which suggests minimal somatic growth occurring during these 4 years 

in University. Indeed, at the end of the 1st year the average age was 18.3±0.46 years, which 

is after most growth induced somatic changes take place, especially for the majority of our 

sample who were females (63%). Lean body mass differs between females and males 

during the period when there is rapid growth in height (peak height velocity). In females, 

peak height velocity occurs earlier, between 12-14 years of age and stabilize at 

approximately 15-16 years of age, while in males, it occurs between 14-16 years of age 

and stabilize 2-3 years later than females (Malina, Bouchard, & Bar-Or, 2004; Veldhuis et 

al., 2005). Therefore, it is not likely that growth contributed to the observed increase in 

LBM.  

 Our data demonstrate the importance of assessing body composition rather than 

just BM or BMI alone. This has further implications. Although frequently used, BMI is 
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unable to discriminate between body fat and lean mass, and it cannot accurately classify 

normal body weight individuals when their body fat is too high and their muscle mass is 

low, and those who have an excessive BM with little BF and high muscle mass (Jackson, 

Ellis, McFarlin, Sailors, & Bray, 2009; Romero-Corral et al., 2008). A meta-analysis of 32 

different studies and a total of 31,968 patients showed that the use of BMI to classify 

obesity failed to find half of the cases of people who had excess %BF (Okorodudu et al., 

2010). In addition, from a health standpoint, the use of %BF was shown to be a superior 

predictor of cardiovascular risk factors in 2173 males adults and 1686 females adults 

without a history of cardiovascular disease, when compared with BMI (Zeng, Dong, Sun, 

Xie, & Cui, 2012). Likewise, %BF was shown to better predict mortality and length of 

hospital stay in 1707 healthy adult males and females (Forbes, 1988; Kyle, Pirlich, Lochs, 

Schuetz, & Pichard, 2005). In addition, the larger increase in LBM during the later years 

is essential, as these gains are associated with improving one’s health. Health benefits 

associated with increasing LBM in adult populations include a decreased risk of mortality, 

increased bone density, and lower cardiovascular disease risk factors, including arterial 

stiffness and blood pressure (Filippin, Teixeira, da Silva, Miraglia, & da Silva, 2015; 

Wannamethee & Atkins, 2015; Ilesanmi-Oyelere, Coad, Roy, &amp; Kruger, 2018). Thus, 

future studies that investigate health implications should invest in the assessment of body 

composition as the use of BM or BMI alone might be misleading.  

It is important to note that even though students did not further increase their %BF 

from the end of the 1st year to the end of the 4th year in university, this does not mean that 

the students overcame the unhealthy behavior observed in the 1st year. The %BF gained 

during the 1st year was maintained from the end of the 1st to the end of the 4th year of 
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university, so they did not subsequently lose the body fat gained after the 1st year. 

Moreover, during 4 years of university, the number of participants who were classified as 

obese increased by 6%, using %BF cutoffs made by the World Health Organization (≥25 

for men, ≥35 for female; World Health Organization, 1995). The increase in obesity rates 

highlights the importance of promoting health plans throughout university. Specifically, 

since most of the gains in BM and %BF took place during the 1st year, it is suggested that 

a better strategy will be to promote these plans during the 1st year rather than the later years. 

Investing more effort during the first year is preferred as it is harder to lose the excess 

weight than to prevent it to begin with (Brownell, 1993; Kramer et al., 1989).  

5.4 Nutrition and physical activity changes from the 1st year to 4th university 

This study explored university students who are in the period of emerging 

adulthood, which is generally from 18 to 25 years of age. This is a period during which 

individuals will develop their adult lifestyle habits, including those related to health 

behaviors such as dietary intake, alcohol consumption, and PA behaviors (Nelson, Story, 

Larson, Neumark-Sztainer, & Lytle, 2008). During this final stage of development, 

coinciding with the time they enter university, individuals become more independent and 

continue to develop their self-identity, which includes health-related variables, such as 

“exerciser/non-exerciser” or “healthy eater/eat whatever I want” (Arnett, 2000; Strachan 

& Brawley, 2009; Strachan, Brawley, Spink, & Jung, 2009). This critical period  in one’s 

life is associated with increased FM, which as mentioned before, is related to increased 

health risk (Barbour-Tuck, Erlandson, Muhajarine, Foulds, & Baxter-Jones, 2018). 

Therefore, it is very important to have a better understanding of the changes occurring to 
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health behaviors and body composition during this time to inform targeted health 

interventions for university students across their university career. 

When investigating dietary habits during university, it is important to assess the 

overall daily energy intake as well as the daily macronutrient consumption. Our study 

demonstrated that changes during the 1st year included a decrease in daily EI, protein 

intake, carbohydrate intake, but no change in fat intake. These results are consistent with 

other studies that have used FFAQs to quantify daily EI and daily macronutrient 

consumption during the 1st year in university (Butler, Black, Blue, & Gretebeck, 2004; 

Pliner & Saunders, 2008). It is interesting that studies exploring the 1st year in university, 

including the current study, observed an increase in BM despite a decrease or maintenance 

of EI (Beaudry et al., 2019; Butler et al., 2004; Pliner & Saunders, 2008). The decrease or 

maintenance in EI suggests that gains in BM and %BF during the 1st year of university are 

more likely due to the decrease in EE. This is the other main factor that could affect one’s 

energy balance and contribute to weight and fat gain (Hill et al., 2012).  

EE changes in the present study are mainly represented by changes in PA. During 

the investigated period, changes in one’s basal metabolic rate (BMR), which explains 

approximately 70% of the daily expenditure of calories, could not explain the changes in 

EE, as changes in BMR will only be minor. The main contributor for changes in BMR is 

LBM (Zi Mian Wang et al., 2007). Increased FM can also increase BMR. However, this 

was only found to be significant in obese individuals (Johnstone, Murison, Duncan, Rance, 

& Speakman, 2005). However, the overall observed changes of LBM during the 4 year 

study period were relatively low (+2.03±3.73). To give some perspective, 1 kg of muscle 

tissue will expend approximately 10 kcal per day (Elia, 1992). Therefore, on average the 
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contribution of the observed increased LBM to the daily BMR in our sample during the 4 

years in university, would be as low as approximately +20±37 kcal. This value is even 

lower when looking into these changes during the 1st year and the latter years separately. 

Other contributors to daily EE include the thermic effect of food (TEF), which represents 

approximately 10% of the daily expenditure of calories, will only account for a very little 

amount of the expended calories per day. Exercise activity thermogenesis (EAT), and 

nonexercise activity thermogenesis (NEAT) together make up the rest of the approximate 

20% of the daily expenditure (MacLean, Bergouignan, Cornier, & Jackman, 2011). Both 

EAT and NEAT are included under the different previously mentioned components of PA. 

It is well known that PA has a major impact on the regulation of BM and body composition.  

Therefore, it is expected that a decrease in  PA during university will have a negative effect 

on BM and body composition (Chaput et al., 2011; Slentz et al., 2004). Changes in PA 

habits during the 1st year in our sample (Table 5) were reflected in the lower daily EE 

observed in both males and females. Specifically, PA-related changes in the current sample 

include a decrease in LPA and MPA, but no change in VPA for both sexes. These changes 

in PA during the 1st year are consistent with the changes observed in the first transition 

study and one other study, investigating 1st year university students (Jung, Bray, & Ginis, 

2008; Thomas et al., 2019). 

The present study also measured EI and macronutrient changes from the end of the 

1st year to the end of the 4th year in university. During this period, no changes were observed 

in the consumption of any of the macronutrients or the daily EI (Table 4), but recall this 

was different from baseline (beginning of 1st year).  Therefore, the changes in EI, 

macronutrient intake, and %BF from the end of the 1st year remained stable across the 
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remaining 3 years while BM continue to increase. Since EI and macronutrient consumption 

did not change for the remaining 3 years in university, if EE also remained the same (or 

decreased further), one would expect to see higher gains in BM and %BF. However, from 

the end of the 1st year to the end of the 4th year, EE increased, which may explain why 

students gained less BM with no change in %BF instead of what they would have been 

expected to gain without the observed increase in EE.   

These changes in PA for both sexes, including an increase in EE and in LPA, with 

no change in MPA and VPA, reflect slight improvements in PA habits after 1st year of 

university. This observation strengthens the suggestion that EE plays a major role in body 

composition management during this period. In other words, it is possible that the increase 

in EE tilted the energy balance in a negative direction, likely explaining the plateau 

observed in %BF (Hill et al., 2012).  This has a major impact on our understanding of how 

PA affects BM and body composition change during university. When looking only at EE 

changes during university, these changes correspond to the observed changes in %BF. That 

is, when EE decreases during the 1st year, %BF increases. However, from the end of the 1st 

year to the end of the 4th year, when EE increases, no changes are observed in %BF, and 

LBM increases. This strengthens the suggestion that changes in body composition during 

university are influenced by changes in PA and not necessarily due to nutritional changes.  

The students in the current sample met the CSEP guidelines of 150 minutes of 

moderate to vigorous PA per week both during the 1st year and from the end of the 1st to 

the end of the 4th year. Importantly, from the end of the 1st year to the end of the 4th year, 

LPA increased significantly, suggesting that the change in body composition may not have 

been related to more structured/planned exercise expressed as moderate and vigorous PA, 
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but rather to the overall physical activity and mobilization of the students, expressed as 

LPA. Hence, it will likely be of great value to emphasize to students how important it is to 

increase the opportunities for habitual PA during the day to maintain a healthy body 

composition and BM. This was shown previously by Flint et al. (2014) and Gordon-Larson 

et al. (2009). They demonstrated that individuals who made more choices to increase 

habitual PA, such as walking or biking to work and using the stairs rather than the elevator, 

gained less weight over time than those who chose not to increase their PA in this way 

(Flint, Cummins, & Sacker, 2014; Gordon-Larsen et al., 2009; Pate, 1995). The increased 

PA from the end of the 1st year to the end of the 4th year, which was mainly in light 

activities, was sufficient to stop further increases in %BF after the year 1, but not enough 

to reverse the gains in BM and %BF, which took place during the 1st year.  Consequently, 

during the 4 years in university, the number of students classified as obese increased (using 

%BF cutoffs). Therefore, there is still a need to improve PA habits beyond the 1st year in 

university.  

5.4 Strengths and Limitations 

 The present study had two main strengths. The most important is its longitudinal 

nature, including 3 time points of data collection, at the beginning of the 1st year, the end 

of the 1st year, and the end of the 4th year. This allowed for a comparison of changes 

observed during the 1st year with those observed from the end of the 1st year to the end of 

the 4th, leading to a better understanding of the trajectories for BM and %BF gains during 

university time. The ability to isolate the information found during the 1st year is also 

important, because most of the gains in BM and %BF took place during the 1st year, 

highlighting the importance of addressing these gains as early as possible, i.e., during their 



44 
 

habituation to university life in their 1st year. Another strength of the present study is the 

comprehensive assessment of nutrition and PA variables. The results suggest that changes 

in PA may help to explain further gains in BM (and LBM) and the plateau in %BF despite 

the lack of improvement in EI. 

The present study had several limitations. The main limitation of the current study was the 

small sample size (n =38). Although, retention rates for longitudinal studies in university 

populations tend to be low, we acknowledge that the 10% retention rate of our study is low. 

A post-hoc power analysis using G*Power (version 3.1), with an effect size of 0.15 and a 

significance level set at 0.05, revealed a 50% power. An estimated 66 participants would 

be needed to obtain statistical power at the recommended 80% level at the same effect size 

and significance threshold. However, despite clear differences in the size of the samples, 

the same patterns were observed for the changes in BM and body composition during the 

1st year in both the 1st transition study (n=301) and the current sample (n=38). In both cases, 

significant weight and %BF gain were observed during the 1st year (Beaudry et al., 2019). 

This suggests that the current sample is representative of the first transition study cohort. 

Selection bias is possible, as those who came back might have done so because they had 

lower BM at baseline, which could have affected their confidence, however, we found no 

other differences at baseline between responders and non-responders for %BF, EE, LPA, 

MPA, VPA, EI, and macronutrient consumption. In addition, no differences were found 

between responders and non-responders, for the changes occurring from the beginning of 

the 1st year to the end of the 1st year, in any of the investigated variables. Another limitation 

is the large variability in our sample as illustrated in the scatterplots (Figures 3-6) of the 

individual changes in BM, %BF, FM and LBM. 



45 
 

Additionally, other factors that could affect the results were not analyzed. Such 

factors include stress levels, programs of study, and any underlying health conditions or 

medications that can affect weight gain like oral contraceptives, which are common in this 

population. Living arrangements could also influence the results, but most of the students 

lived in a student house off campus (n = 28, 74%). Likewise, most of the students were 

Caucasian (n = 30, 79%), therefore, ethnicity was not used as a covariate. In addition, the 

FFAQ relied on participants' recall, which has been shown to produce over and 

underestimation (Paffenbarger, Blair, Lee, & Hyde, 1993). Yet, for the purpose of this 

study, we mainly focused on the changes between the 3 timepoints and assumed that any 

over or underestimation will be similar within a person at each timepoint. Finally, this study 

required students to have their BM and body composition measured only 3 times over the 

4 years, and not every year. Thus, the potentially important information from the 2 years 

between the end of 1st to the end of 4th year is missing, so we cannot determine whether 

additional fluctuations in BM and body composition occur during this time.  

5.5 Implications and future directions 

 This thesis has several practical implications, especially for students and 

universities. First, these findings highlighted the importance of assessing BM and body 

composition not only during the 1st year, but also throughout other years of university and 

comparing them, as the trajectories for BM and %BF may change during each year of 

university and might not be linear. Information from the present study suggests that the 

main issue with %BF gain takes place only during the 1st year since no additional fat was 

gained by the end of year 4. Further investigations with more time points will determine 

the trajectories of BM and %BF changes in more detail. This will allow for a better 
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understanding of when the most efficient time will be to invest in programs to improve 

health during university. According to our data, we should focus our efforts on addressing 

the contributors to body fat gain occurring in the initial year of university, as these may be 

the most important and may mitigate further gains seen in the latter 3 years. Likewise, the 

results support the importance for students to increase their habitual PA. Thus, we should 

systematically encourage students to make healthy choices to increase their daily habitual 

activity, such as walking to the university instead of using the bus, choosing the stairs over 

the elevator, and implementing short durations of walking breaks while studying. These 

choices can help to mitigate the increasing prevalence of overweight and obesity observed 

in university students, as reduction in PA was highlighted as one of the main reasons for 

weight gain (Flint et al., 2014; Gordon-Larsen et al., 2009; Pate, 1995; Pullman et al., 

2009). Therefore, it is important to incorporate PA in the health program designed for the 

students. It may also be beneficial to incorporate PA within the student’s university 

schedule to make PA more accessible to the students.  

BM gains were detected during all 4 years in the current sample, and even when 

EE increased, it was not sufficient to reverse the BM gains observed in the 1st year. 

Therefore, further education and changes in healthy behaviors, including dietary habits are 

needed to incorporate into the designed health programs for university students. This 

should include more knowledge about how to prepare healthy meals, as students might be 

lacking this information (Vella-Zarb & Elgar, 2009). In addition, changes in university diet 

should include offering smaller portions of food for students who have a meal plan, while 

avoiding all you can eat style buffets (Rolls, Morris, & Roe, 2002). Likewise, students 

should increase the amounts of fruits and vegetables in their diet (Beaudry et al., 2019). 
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There is still a lot to learn about the university environment and the reasons for BM 

and %BF gains during this period in life.  Future studies should be encouraged to compare 

university programs to college programs and working environments and determine if other 

factors are at play. For instance, hours of study/work per week, planned and unplanned 

hours of PA per week, eating behaviors at these different environments, and level of stress.     

5.6 Conclusions  

The present study followed a sample of 38 students during their 1st year and 3 years 

after the end of their 4th year of study at Brock University. The most significant finding of 

the current study is that %BF gains occurred only during the 1st year, and these gains were 

maintained thereafter until the end of the 4th year. However, students were not able to 

reverse the gains obtained during the 1st year, which may have negative health implications. 

One of the main reasons this is a concern is weight gained early in life can follow into 

adulthood, and so there is an increased risk for overweight and obesity to continue 

throughout adulthood (Serdula et al., 1993). Therefore, even though the observed gains in 

%BF during university time are relatively low and most likely will not cause health 

implications in the short term, the increased %BF and the lifestyle habits developed during 

university can lead to increased obesity rates in the long run. The present study provided 

detailed information about nutrition and PA habits during university. No changes were 

observed in macronutrient consumption from the end of the 1st year to the end of the 4th 

year. However, it seems that the path for the changes in PA, which included an increase in 

LPA, was in line with the stabilization of %BF by the end of the 4th year. Specifically, 

while daily EE decreased during the 1st year, %BF increased. Additionally, when EE 

increased from the end of the 1st year to the end of the 4th, %BF plateaued. This highlights 
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the possible contribution of PA changes to body composition during university. Finally, 

the results of the present study suggest that university is associated with adverse changes 

in BM and %BF leading to an increased risk of overweight and obesity, so the promotion 

of health programs, particularly during the 1st year of university, where most of the gains 

occurred and lifestyle changes take place, should be of great importance.    
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APPENDIX 

 Appendix A - Information on select vitamins 

 

Vitamin Fat/Water 
Soluble 

Food Sources Functions 

Vitamin D Fat Soluble Beef liver, egg yolk, 
dairy (fortified) 

Maintains normal amounts of calcium 
and phosphorus. Helps the body 
absorb 
Calcium 

Vitamin A 
(beta-
carotene) 

Fat Soluble Dark leafy green 
vegetables 

Maintenance of epithelial tissues and 
constituent of visual pigment 

Vitamin C Water Soluble Citrus fruits, 
tomatoes, green 
peppers, salad 
greens 

Maintains intercellular matrix of 
cartilage, bone and dentine. Important 
in 
collagen synthesis 

Vitamin E Fat Soluble Seeds, green leafy 
vegetables, 
margarines, 
shortenings 

Functions as an antioxidant to prevent 
cell damage 

Vitamin 

B1 

Water Soluble Pork, organ meats, 
whole grains, nuts, 
legumes, milk, 
fruits, 
vegetables 

Coenzyme in reactions involving the 
removal of carbon dioxide 

Vitamin 

B2 

Water Soluble Meats, eggs, milk 
products, whole-
grains, 
wheat germ, green 
leafy vegetables 

Constituent of two flavin nucleotide 
coenzymes involve in energy 
metabolism 

Niacin Water Soluble Liver, lean meats, 
poultry, grains, 
legumes, peanuts 

Constituent of two coenzymes in 
oxidation reduction reactions 

Folate Water Soluble Legumes, green 
vegetables, whole 
wheat, meats, eggs, 
milk products, liver 

Coenzyme involve in transfer of 
single-carbon units in nucleic acid and 
amino acid metabolism 

Vitamin 

B6 

Water Soluble Meats, fish, poultry, 
vegetables, whole-
grain, 
cereals, seeds 

Coenzyme involved in amino acid and 
glycogen metabolism 
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 Appendix B - Information on select minerals  

 

 

Mineral Major/Minor Food Sources Functions 

Calcium Major Milk, cheese, dark green 
vegetables, 
dried legumes 

Bone and tooth formation, blood, 
clotting, nerve transmission 

Zinc Minor Widely distributed in 
Foods 

Constituent of enzymes involved 
in 
digestion 

Iron Minor Eggs, lean meats, 
legumes, whole grains, 
green leafy vegetables 

Constituent of hemoglobin and 
enzymes involved in energy 
metabolism 

Potassium Major Leafy vegetables, 
cantaloupe, lima 
beans, potatoes, 
bananas, milk, meats, 
coffee, tea 

Fluid balance, nerve transmission, 
acid-base balance 

Sodium Major Common salt Acid-base balance, body water 
balance, nerve function 

Magnesium Major Whole grains, green 
leafy vegetables 

Activates enzymes involved in 
protein 
synthesis. 
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