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ABSTRACT 

Promotion of healthy lifestyle behaviors among college students is a priority in 

line with the World Health Organization (WHO) strategies to improve the health through 

engaging in physical activity (PA) and healthy dietary behaviors. Using mobile health 

(m-Health) applications (apps) as a part of public health intervention offer a significant 

potential improvement among college students. The objectives of this 12-weeks 

randomized control trial (RCT) were to improve PA, reduce the sugar sweetened 

beverages (SSBs), and increase water consumption using theory-basedm-Health apps 

intervention among college students. Need assessment phase was conducted to 

determine the baseline PA, SSBs, water consumption, and other health related concerns 

between those in an intervention group and a control group. In intervention phase, only 

the intervention group was exposed to m-Health apps. Evaluation phase was conducted 

to determine the effectiveness of the intervention program. This intervention followed 

the Capability, Opportunity, Motivation, Behavior (COM-B) framework and was guided 

by Social Cognitive Theory (SCT). 

Stastical analysis included descriptive statistics, dependent t-test, and 

independent t- test to determine the differences pre-to-post intervention within and 

between groups. Additionally repeated measure ANOVA were conducted to evaluate the 

improvement in PA and water intake through intervention period. A pearson correlation 
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was run to determine the relationship between post-exercise self–efficacy scores and step 

counts among intervention group. 

 Results show a mean body mass index (BMI) of participants was 22.87 kg/m2. 

Significant (p<0.05) post-intervention differences were increased PA (step counts), 

increased water consumption, decreased body weight, and improved exercise self-

efficacy scores among intervention group. There were no significant intervention effects 

for SSBs consumption, SSBs self-efficacy scores, BMI, and percent body-fat. Regarding 

to control group, there was no significant differences pre-to-post intervention among all 

measures. There was a strong, positive correlation between post-exercise self–efficacy 

scores and week 12-step count among intervention group. In conclusion, the results from 

the current study demonstrates that a theory based12-weekRCT m-Health app 

intervention offer an effective way to significantly improve PA (step counts), body 

weight, and other dietary healthy lifestyle in college students. In the future, a larger RCT 

with longer follow-up are required to allow positive physiological changes to occur and 

to examine the sustainability of such improvement. 
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CHAPTER I 

INTRODUCTION 

Background 

Overweight and obesity have become a global epidemic affecting both 

developing and developed countries(Hales, Carroll et al. 2017).It is associated with 

impaired quality of life and reduced life expectancy (Hales, Carroll et al. 2017). The 

young adult years particularly those of 18-35 years of age have been recognized as a 

particular period for gaining excess body weight and eating un-healthy foods (Lytle, 

Laska et al. 2017). Approximately 32.5% of most college students are categorized as 

overweight or obese, compared to two-thirds of the United States(U.S) adults are 

overweight or obese (Loughran, Harpel et al. 2018).

The main risk factors associated with obesity and overweight are physical 

inactivity, and unhealthy dietary behaviors. The WHO has indicated that physical 

inactivity is the major risk factor for being overweight or obese, which are the fourth 

leading cause for global mortality, attributing to 6% of deaths worldwide 

(Bhochhibhoya, Branscum et al. 2014). According to the American College Health 

Association (ACHA), only 48.8% of college students meet its recommendation 

forPAand concurrently 34% of American college students have been reported as 

overweight or obese (Bhochhibhoya, Branscum et al. 2014). 
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In addition, among college students there is a tendency to practice unhealthy 

eating behaviors such skipping meals, and/or consuming excess SSBs(Bhochhibhoya, 

Branscum et al. 2014).Several evidences have link higher intake of SSBs with greater 

risk of obesity, type2diabetes mellitus (T2DM),and cardiovascular diseases (CVDs) 

(West, Bursac et al. 2006).It has been argued that the “energy gap” between weight 

maintenance and weight gain is approximately 100 kcal/day. SSBs may offer a readily 

identifiable source of calories that contribute to this energy gap and could be targeted for 

modification to promote weight stability and obesity prevention (West, Bursac et al. 

2006, Hill, Wyatt et al. 2003). 

Data from National Health and Nutrition Examination Survey (NHANES) has 

indicated that half of the U.S population consumed SSBs daily, one in four consumed at 

least 200 calories from SSBs and 5% consumed at least 567 calories which is equivalent 

to 4 cans of soda (Malik and Hu 2015).These values greatly exceed the 

recommendations from the WHO and the 2015 Dietary Guidelines Advisory Committee 

to reduce the intake of added sugars (AS) to no more than 10% of energy (Malik and Hu 

2015).It has been postulated that SSBs consumption plays an important role in the health 

and dietary patterns of college students, so the interventions targeting SSBs reduction 

among college students must be considered(Shapiro, Bauer et al. 2008; Zoellner, Chen et 

al. 2014; and   Hedrick, Davy et al. 2017). 
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Therefore, investigating what promotes PA and healthy eating behaviors among 

this age group is needed; while emphasizing the importance of PA among college 

students is an important effort in order to prevent serious health problems such as 

obesity during and after college (Linder, Harper et al. 2017). 

To date there is limited research addressing SSBs consumption behaviors by 

college students, despite their vulnerabilities to weight gain (Zoellner, Chen et al. 2014, 

Southcote, Jacobsen et al. 2016).Therefore, an important starting point for assessing the 

accessibility and potential effectiveness of SSBs behavioral interventions is to directly 

obtain the information from the target population. Behavioral change interventions are 

considered fundamental from a public health perspective; however, it is not clear what 

kind of intervention most effectively leads to reducing the SSBs consumption and 

increasing water intake among all age groups (Nezami, Ward et al. 2018). 

Population–based strategies that help individuals to maintain healthy lifestyle, 

especially during a high risk stages in life such as the college age years, are 

complementary as clinical preventative strategies to reduce and treatment programs for 

those under overweight and obesity health complications (Loughran, Harpel et al. 

2018).The current recommendations emphasize the importance of lifestyle modification 

program consisting of strategies to improve PA, reduce the energy intake, and provide 

behavioral therapy to identify cues to unhealthy behaviors, as well as restructure 

behavior to adopt healthy lifestyle(Willis, Szabo-Reed et al. 2017). 
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m- Health Applications Based Interventions 

Changing a behavior such as PA and eating behaviors are challenging and 

complex. It is typically delivered through face-to-face (FTF) by a health educator (HE) 

to a group such as12–15 individuals (Willis, Szabo-Reed et al. 2017).However, the need 

to develop alternative strategies to deliver the program has resulted in investigations 

examining the efficacy of using mobile health applications (m-Health apps)to improve 

PA and a healthy lifestyle including healthy eating behaviors (Willis, Szabo-Reed et al. 

2017).M-Health apps involve public health initiatives that are increasingly being used as 

a part of public health interventions; including the promotion PA and healthy eating 

behaviors such as a decrease of the consumption of SSBs and increase water 

consumption (Rose, Barker et al. 2017). 

It provides a platform to provide real-time feedback about the target behavior of 

participants (Das and Evans 2014).This platform is important as behavior change 

theories argue that data driven feedback result in the priorities for changing behavior and 

engaging the individuals in intervention programs (Das and Evans 2014).Applying 

health behavior changes strategies (e.g., goal setting, self-monitoring, and performance 

feedback) have been found to enhance health behavior changes across differing 

populations and settings (Walsh, Corbett et al. 2016;Plaete, De Bourdeaudhuij et al. 

2015; and Conroy, Yang et al. 2014). M-Healthapps offer a significant potential 

improvement of self-monitoring experience and adherence to health promotion 

programs, which result in improved nutritional knowledge, increased duration of PA, 

and enhance healthy behavioral changes. 



5 

Growing evidence has been established about changing behavior using m-Health 

tailoring apps and its effective role in changing lifestyle risk factors, such as PA and 

SSBs consumption (McCarroll, Armbruster et al. 2015). Therefore, theoretically based 

behavior changes interventions that use m-Health apps could provide researchers with an 

effective way for improving the PA, and healthy lifestyle behaviors such as decreasing 

SSBs consumption and increasing water consumption. 

 Unfortunately, one of the most important issues related to current m-Health 

behavioral interventions is the little use theory bases and/or poor reporting of the theory. 

A relatively high proportion of health-related interventions make no use theory at all 

(Prestwich, Sniehotta et al. 2014). It has been found that between 36% and 89 % of 

health interventions are not based on theory (Quirk, Blake et al. 2014, Mama, McNeill et 

al. 2015). To address this gap, the current study explicitly defines the theoretical 

approach including sound definitions and operationalizations of the constructs. Another 

issue related to using m- Health apps to improve PA and health related behavior is most 

m-Health apps intervention focus mainly on women, and limited by the duration of the 

intervention (Hasan, Attlee et al. 2018; Walsh, Corbett et al. 2016; Glynn, Hayes et al. 

2014; and Hebden, Cook et al. 2014). 

An- emphasis on short- term behavioral change present in most efficacy research 

provides little insight on what is needed to maintain or institutionalize an intervention 

(Hebden, Cook et al. 2014).  It has been found that longer intervention could be more 

appropriate to determine if target behavior compliance is maintained for greater time 

(Hebden, Cook et al. 2014).To address this gap, the current study involved both male 
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and female college students in a relatively longer interventions period (12-weeks) than 

other studies, which could be more appropriate to maintain the target behaviour for 

longer period of time . 

Purpose of this Study 

With several studies highlighted an m-Health app intervention as a main channel 

in which included interventions which demonstrated its effectiveness in health-related 

changes, there is little attention to measuring the effect of an m-Health app intervention 

program designed to improve PA and specific lifestyle behaviors such as decreasing 

SSBs consumption and increasing water intake of college students. Despite the potential 

mobile apps and growing interest in their utilization among the public and researchers, to 

the best of our knowledge, relatively few RCTs of m-Health apps as a healthy lifestyle 

intervention in itself that focuses on education and self-monitoring of diet and PA. Thus 

no such interventions have populations such as for healthy college students; further these 

interventions have failed to incorporate theory-based strategies known to drive changes 

in health behaviors (Mummah, Robinson et al. 2017, Coughlin, Whitehead et al. 

2016).Therefore, the purpose of this CRT is to measure and effectiveness of a 12-

weektheory-basedm-Healthapp intervention on specific lifestyle behaviors in college 

students. 
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Research Hypothesis and Aims 

Hypothesis # 1: We hypothesized that those using an m-Health lifestyle promoting app 

(Pacer) will increase PA (step counts) over a 12-week period, when compared with 

control group. We hypothesized that encouraging students to engage with particular 

features of an app (e.g.; goal–setting and self-monitoring) will significantly increase 

their step counts compared to giving standard physical activity (PA) recommendations. 

The magnitude of change (to reach over 10,000 steps per day) is a clinically significant 

magnitude and if it continues, is expected to result in long-term health benefits such as 

reduce cardiovascular and diabetes risks. 

Hypothesis # 2: We hypothesized that those using an m-Health lifestyle promoting app 

(My Fitness Pal) will reduce their consumption of sugar-sweetened beverages (SSB-s), 

and increase water intake over a  

12-week period, when compared pre-to-post intervention data.  

Hypothesis # 3:Wehypothesized that those using an m-Health lifestyle 

promotingappwill decrease their body weight, BMI, and body fat percentage over a 12–

week period, when compared with control group. 

Hypothesis # 4: We hypothesized that those using an m-Health lifestyle promoting app 

will increase their self-efficacy with regard to their belief that they can change their level 

of PA and consume water instead of SSBs.  

Hypothesis # 5:Wehypothesized that those using an m-Health lifestyle promoting 

appwill improve their positive lifestyle behaviors which are related to (Health, Exercise, 

and Nutrition). 
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Aim # 1: To assess the healthy lifestyle behaviors among college students like PA (step 

counts), their usual weekly intake of SSB and water, and their self-efficacy and skills 

toward healthy lifestyle behaviors. Our hypothesis is that we will be able to assess their 

lifestyle behaviors and their use of m- Health app. We developed and distributed surveys 

and analyzed data to reach our objectives. 

Aim # 2: To measure the effect of m-Health intervention app on body weight, BMI, 

body fat percentage, and specific life style behaviors addressed by the app (e.g., PA (step 

counts/day), and SSBs) compared to the control group. Our hypothesis that college 

students who exposed to an app will demonstrate improved nutrition behaviors relative 

to college students in the control group. Our hypothesis was that there will be 

improvements among intervention group compared to the control group for each healthy 

lifestyle behavior addressed by m- Health app. We analyzed the data by comparing the 

two groups. 

Aim # 3: To measure the effect of m-Health intervention app as a means of facilitating 

self-monitoring and increasing motivation for healthy eating. Therefore, this study 

investigates the effectiveness of tailored feedback (tracking SSBs consumption, labeling 

caloric intake, and the serving size) as a method to decrease the consumption of SSBs 

and increase the consumption of water compared with their baseline data. Our 

hypothesis was that there will be improvements in reduction of SSBs consumption and 

increase water consumption among intervention group. We analyzed the data by 

comparing the pre –to- post intervention data. 
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At the completion of this project, we expect to provide modest evidence that 

theoretically based- m Health app intervention to improve diet, PA, and healthy lifestyle 

behaviors can be effective among college students. This study will help elucidate the 

mechanism of how m- Health app intervention program is considered an important tool 

to improve healthy lifestyle behaviors in a healthy sample of college students. 
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CHAPTER II 

LITERATURE REVIEW 

Obesity among Adult 

Overweight and obesity have been established as major risk factors for a variety 

of chronic conditions including T2DM, hypertension, dyslipidemia, heart disease, certain 

cancers, and arthritis(Aceijas, Waldhausl et al. 2017).However, trends in obesity-health 

complications are not always parallel trends in the prevalence of obesity(Aceijas, 

Waldhausl et al. 2017).According to the most recent data from the Centers for Disease 

Control and Prevention (CDC), during the period 2015-2016 the prevalence of obesity 

was 39.8% and affected about 93.3 million of US adults. Although, the observed change 

in prevalence of obesity between 2013–2014 and 2015–2016 was not significant among 

both adults and youth, the prevalence among adults aged 40–59 (42.8%) was higher than 

among adults aged 20–39 (35.7%)(Ogden, Carroll et al. 2018). However, no significant 

differences in the prevalence of obesity between adults aged 60 and over (41.0%) and 

younger age(Hales, Carroll et al. 2017). 

The prevalence of obesity in the U.S. still higher than the Health People 2020 

goals of 14% among youth and adults, but instead their prevalence was 14.5% and 

30.5%; respectively(Hales, Carroll et al. 2017).The prevalence of obesity and 

overweight among adults in the U.S. is alarming; the latest data have indicated that out 

of ten adults, three are overweight and four are obese(Lee, Sa et al. 2018). 
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More than two-thirds of the adult population are overweight (BMI≥25 kg/ m2) 

and within this group one-half are obese (BMI≥30 kg/m2) (Loughran, Harpel et al. 

2018).Moreover, severe obesity (BMI≥40) increased substantially from 2000 to 2010 

(Johnson, Bluestein et al. 2015).Between 2003-2004, and 2013-2014, there were no 

significant changes in the prevalence of childhood obesity, but adult obesity showed an 

increasing trend(Hales, Carroll et al. 2017).At risk young adult populations are 

particularly at high risk of a various adverse weight-related outcomes (Lytle, Laska et al. 

2017). 

Addressing behavioral risk factors such as physical inactivity and unhealthy 

eating behaviors through lifestyle modifications and behavioral modification can 

promote weight management and represents one scalable approach for improving the 

quality of life. A critical time period for managing weight and preventing overweight is 

the college age years since the college students have experienced newfound food 

independence, leading to formation of unhealthy eating habits, such as overeating and 

binge eating, making them vulnerable to the risk of weight gain and within the time at 

high risk of obesity (Loughran, Harpel et al. 2018). In addition, college students who are 

at high levels of stress tend to engage in emotional eating, which often result leads to 

poor eating habits and weight gain (Loughran, Harpel et al. 2018). Approximately 32.5% 

of most college students are categorized as overweight or obese, compared to two-thirds 

of the U.S. adults are overweight or obese (Loughran, Harpel et al. 2018). 
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Strategies that help individuals to maintain healthy eating behaviors and weight, 

especially during a high-risk stage in life such as the college age years, seem to be the 

most effective approach for reducing overweight/ obesity related mortality and 

morbidity (Loughran, Harpel et al. 2018). Enhanced efforts to provide environmental 

intervention will lead to healthier lifestyles and to a future decrease in the prevalence of 

obesity. Data have indicated that certain subgroups of the population have higher rates of 

obesity/overweight, however, non-Hispanic blacks among those aged 20-39 years have 

reported to have a rate of 71.9% (Stephens, Althouse et al. 2017).  With a BMI ≥ 25, 

weight gain is a vital concern in college-aged individuals (Stephens, Yager et al. 2017).  

Data from the ACHA have reported that greater than 34% of undergraduate students are 

overweight or obese and this percentage has increased to 40% for graduate students 

(Stephens, Yager et al. 2017). College students are highly exposed to unhealthy eating 

behaviors and physical inactivity, making them vulnerable to overweight or obesity 

(Alshahrani and Chandramohan 2017).  

According to the WHO, obesity is usually more common among women than 

men (Alshahrani and Chandramohan 2017). However, studies on college students have 

revealed that males have higher rates of obesity than females (Alshahrani and 

Chandramohan 2017). The transition to college or independent setting has been 

identified as a critical period for formation of healthy lifestyle since they have been 

experienced to major changes in their overall behaviors, including eating and exercise 

(Stephens, Althouse et al. 2017). 
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Becoming overweight during these transitional years greatly increases the 

probability that these youth will remain overweight and increases their risk for heart 

disease, T2DM, and some type of cancers (Stephens, Yager et al. 2017). Therefore, 

interventions to eliminate the weight gain during those years are necessary for healthy 

outcomes in later life. Weight gain during the first year of college is common, with an 

average weight increase of about 1.6 kg during the first year (Lee, Sa et al. 2018). It has 

been linked to poor dietary behaviors, physical inactivity, increased academic stress, 

irregular sleep, lack of self-regulation, social norms, food costs, and other social issues 

can affect their dietary behaviors (Lee, Sa et al. 2018). Multiple factors have been 

indicated to influence weight gain among college students. Sex, is one factor (Lee, Sa et 

al. 2018). 

It has been proposed that the differences in weight gain among college students 

has been associated with the differences in personal characteristics among sexes that 

influence weight management behavior such as environment, emotional eating, dietary 

behavior, PA, and stress levels (Lee, Sa et al. 2018). Therefore, strategies during high–

risk stages such as college-age years to maintain a healthy weight are likely to be the 

most effective approach to reduce overweight/obesity related mortality and morbidity. 
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Physical Activity 

Physical inactivity is increasing problem worldwide. Approximately 31% of the 

world’s population doesn’t meet the PA recommendations (Gal, May et al. 2018).Based 

on self-report, only 49.2% of American adults engage in PA at the recommended levels, 

and 25% of Americans are completely sedentary(Lewis, Napolitano et al. 2017).The 

WHO guidelines for adults have recommended ≥150 min of moderate intensity physical 

activity or 75 min of vigorous-intensity physical activity per week (Aceijas, Waldhausl 

et al. 2017).In spite of knowing the benefits of engaging in the recommended amounts of 

moderate or vigorous intensity PA, approximately 18% to 40% of U.S. adults are 

physically inactive (Linder, Harper et al. 2017).One particular segment of the population 

that is at high risk for low PA and high sedentary time is young adults (Unick, Lang et 

al. 2017). 

According to a National College Health Risk Behavior Survey, only 22.4% of all 

college students regardless of their ethnicity do not meet the recommended amount of 

moderate and vigorous exercise (Linder, Harper et al. 2017). It has been found that 

approximately half of those aged 18-24 years fail to meet the appropriate standards of 

PA in the U.S. (Allom, Mullan et al. 2016). Life transitions during this age may play an 

important role to this reduced physical activity (Allom, Mullan et al. 2016). In addition, 

previous research supports the theory that exercise behaviors are created during college-

aged years (Linder, Harper et al. 2017). Since college students generally are physically 

inactive, investigating what promotes PA among this age group is needed (Linder, 

Harper et al. 2017). Young adulthood, or the period of time between 18 and 35 years of 
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age, is characterized by significant weight gain (Unick, Lang et al. 2017). Cross 

sectional studies have indicated that a significant percentage of young adults fail to meet 

the recommendations for moderate to vigorous intensity PA (Unick, Lang et al. 2017). 

Using objective measures of PA, only 10.8% of young adults aged 20-29 years 

engaged in adequate amount of Moderate, Vigorous Physical Activity (MVPA) 

according to the guidelines (Unick, Lang et al. 2017). It has been found that among 

sample of young overweight/obese adults to spend 65% of their leisure time engaging in 

sedentary behaviors (Unick, Lang et al. 2017). College students are one of the groups as 

having a higher rate of physical inactivity making them potentially vulnerable to 

becoming overweight/obese later on life (Linder, Harper et al. 2017). It has been 

estimated that more than one-third of students prior to entering college become inactive 

during the first year of college (Allom, Mullan et al. 2016). 

Actual barriers to engage in PA among college students include lack of 

knowledge about exercise benefits, lack of time and energy, lack of social support, 

increased workload, and internal barriers such as self-consciousness (Linder, Harper et 

al. 2017). Therefore, emphasizing the importance of PA among college students is an 

important effort in order to prevent serious health problems such as obesity during and 

after college (Linder, Harper et al. 2017). The maintenance of adequate levels of PA 

among college students is a critical issue (Bhochhibhoya, Branscum et al. 2014). 

The American College of Sports Medicine (ACSM) has recommended 

individuals to participate in 30 minutes of moderate intensity PA for 5 or more days/ 
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week or 20 minutes of vigorous intensity PA for 3 days or more / week (Bhochhibhoya, 

Branscum et al. 2014). Moderate intensity PA includes activities that do not cause heavy 

breathing or sweating such as walking (Bhochhibhoya, Branscum et al. 2014). Vigorous 

PA refers to exercises that are high intensity, such as running (Bhochhibhoya, Branscum 

et al. 2014). However, maintaining healthy behaviors during college years is important 

because they generally track into adulthood and can provide long-term health benefits 

(Lee, Sa et al. 2018). Physically inactive and sedentary individuals are at higher risk of 

non-communicable diseases including CVDs, T2DM, some types of cancer, and several 

other diseases and premature death (Gal, May et al. 2018).  It has been estimated that 

sedentary lifestyle is associated with a 20 % to 30 % increased risk of mortality (Gal, 

May et al. 2018). However, approximately 58% don’t meet the recommendations to be 

physically active (2.5h/week) (Choi, Lee et al. 2016). 

It has been found that Americans perform only 5.7-10.3 minutes/day of moderate 

to vigorous PA in bouts of 10 minutes or longer (Lewis, Napolitano et al. 2017). PA, 

which is performed in organized events and higher intensities, play a significant role in 

weight control, specifically in the prevention of weight gain or weight regain after loss 

(Unick, Lang et al. 2017). PA has been associated with reducing low density lipoprotein 

cholesterol (LDL-c), blood pressure, fasting blood glucose, and maintaining 

physiological wellbeing (Kelli, Witbrodt et al. 2017). 

It has been found that engaging in regular PA improves cognitive function, 

including an increase in selective attention, inhibitory control, and working memory 

(Allom, Mullan et al. 2016). The recommendation to maintain and enhance health is to 



 

17 

 

 

engage in at least of 150 minutes of moderate intensity PA/week (Allom, Mullan et al. 

2016). It is estimated that every minute of M-VPA is associated with 5þ min of 

increased longevity (McConnell, Turakhia et al.2018). The broad benefits of PA lead to 

adopt regular PA as part of routine clinical care by the ACSMand the American Medical 

Association (McConnell, Turakhia et al.2018). Therefore, stimulating PA gives potential 

for preventing a further increase in non-communicable diseases and premature death 

(Gal, May et al. 2018). It is an exciting time for PA research given evolving technology 

for intervening upon PA, a new focus on novel behavioral targets (e.g., sedentary 

behavior), and increased attention on scaling evidence-based interventions for maximal 

public health impact (McConnell, Turakhia et al.2018). 

M-Healthapps can engage individuals to improve their PA through tracking, goal 

setting, and reminders (Kelli, Witbrodt et al. 2017). It has been found that using 

pedometer resulted in increased PA by 27% compared with baseline pedometer users 

also experienced slight decreases in BMI (0.4 kg/m2) and 4 mmHg decreases in systolic 

blood pressure (SBP)(Kelli, Witbrodt et al. 2017). The introductions of m-health apps 

provide further opportunities in PA tracking and promotion. 
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Pedometer and Physical Activity 

 

Walking is usually encouraged as a simple solution for physical inactivity 

(Badawi, Dong et al. 2017). It has been rated as the most favored form of PA by 

sedentary individuals (Badawi, Dong et al. 2017).  Walking intervention can be effective 

in reducing body weight, BMI, waist and hip circumferences, blood pressure, and body 

fat (Allom, Mullan et al. 2016). It can prevent or ameliorate long-term conditions such as 

obesity, CVDs, and T2DM (Rose, Barker et al. 2017). It helps reducing depression and 

improves the quality of life (Allom, Mullan et al. 2016). It is a low impact activity where 

the individual can control the intensity of activity (e.g., low, moderate) to reduce the risk 

of injury and can be easily incorporated into most daily routine (Badawi, Dong et al. 

2017). 

The target daily step count of 10,000 steps/day has been identified as a universal 

goal due to differences among different subgroups (Badawi, Dong et al. 2017). It has 

been recommended that the daily step count for healthy individuals ranges from 6,000 to 

7,000 steps per day, however, it lower than the recommended guidelines of 10,000 steps/ 

day (Badawi, Dong et al. 2017). Mendoza, Horta et al. (2015), argues that walking-based 

interventions should incorporate personalized step-goals. It has been found that it is 

more beneficial to provide the individuals with easily achievable personalized goals that 

could be adjustable within the time individuals have to spend walking rather than setting 

10,000 steps/ day as a goal for all individuals (Badawi, Dong et al. 2017). 
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It has been suggested that 30 minutes of moderate intensity walking translates 

into approximately 3,000-4,000 steps in healthy adults, although the results are based on 

small sample size, the intensity of walking was determined by self-reported, and there 

was no control   for data analysis (Sowers, Colby et al. 2018). For intervention to be 

effectively improve PA, the intervention needs to motivate individuals to change their 

behavior, provide realistic goal setting, and offer automatic, regular feedback on activity 

patterns, such as are provided by pedometer (McCarroll, Armbruster et al. 2015).  

Pedometer for step counting offers a way to monitor step and provide direct daily 

feedback on walking patterns (Badawi, Dong et al. 2017). Integration into clinical 

settings has potential impacts on improving PA (Tran, Zimmerman et al. 2017). It has 

been found that among prediabetic subjects a 2,000 steps/day increase over one year was 

associated with 8% decline in CVDs rates over 6 years (Tran, Zimmerman et al. 2017). 

It is providing automatic feedback on performance, tracking of steps and calories, 

appealing graphic displays, goal-oriented functionality, and change in PA (Gowin, 

Cheney et al. 2015). A meta-analysis of RCTsand observational studies have reported 

that PA levels increased by 27% over the baseline levels among pedometer users 

(Sowers, Colby et al. 2018). Significant decreases in BMI and blood pressure also have 

been reported (Sowers, Colby et al. 2018). However, the majority of commercially 

available pedometer doesn’t measure the PA intensity but it is relatively in expensive 

($10–$25), therefore it becomes as a centerpiece of PA intervention programs(Sowers, 

Colby et al. 2018) 
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However, the use of pedometer and other interventions are not sustained, and 

decrease with time particularly among young adult at the age of <20 years (McCarroll, 

Armbruster et al. 2015). Furthermore, relatively few apps have been tested to determine 

their efficacy in promoting healthy lifestyle (Gowin, Cheney et al. 2015). The recent 

availability of low-cost m-Health pedometer apps may improve PA compliance among 

individuals with a sedentary lifestyle by providing a motivational and monitoring way 

that provides immediate feedback about PA. However, relatively few of m-health apps 

are based on health behavior change theories, and most of them don’t include evidence-

based features such as reinforcement, and evidence-based recommendations for PA 

(Gowin, Cheney et al. 2015). 

  

M- Health Application as a Support for Improving Physical Activity  

 

it has been highlighted the importance of using Smartphone for PA intervention 

(Badawi, Dong et al. 2017). Novel m-Health technologies particularly mobile phone 

apps offer new facilities that enhance users to engage in behaviors such as planning, 

goal-setting, self-monitoring, and receiving continuous feedback such as daily step 

counts and calories burned (Badawi, Dong et al. 2017). Smartphone apps enable the 

collection of data on multiple aspects of desired behavior that are helpful for establishing 

the baseline patterns and for monitoring the progress in intervention aimed to achieve 

healthier lifestyles (Rose, Barker et al. 2017).  
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For intervention to be effectively improve PA, they need to motivate an 

individual to change the behavior, provide realistic goal setting, and offer automatic, 

regular feedback on activity patterns, such as are provided by pedometer (McCarroll, 

Armbruster et al. 2015). These features of m-Health apps make it as a third- generation 

tailored intervention that can be used to improve PA in particular (McCarroll, 

Armbruster et al. 2015). It has been established through a qualitative study that using of 

m-Health apps facilitated an interactive process of positive behavioral changes among 

participants via the goal setting and feedback dimensions of the app (Badawi, Dong et al. 

2017). However, the magnitude of PA improvement and the effects of other variables 

(e.g. age, sex, ethnicity, and the duration of intervention program) are not known 

(Loughran, Harpel et al. 2018). 

 

m- Health Interventions App and Consumption Patterns of Sugar Sweetened 

Beverages (SSBs) 

 

In adults for every daily serving size of SSBs, the risk of developing T2DM 

increases by 20 % after adjusting for obesity (Vargas-Garcia, Evans et al. 2017).  Intake 

of SSBs such as soda has been implicated as a contributing factor for the growing 

obesity rates among children and adolescents; however, SSBs represents a significant 

source of calorie consumption among this population. Moreover, it has been highlighted 

that over a year, for every additional daily serving of SSBs ,BMI increases by 

0.06 kg m−2 and weight by 0.22 kg in children and adults, respectively(Brand-Miller and 

Barclay 2017). Based on evidence, the WHO updates the dietary guidelines of sugar 
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intake to recommend daily intake of free sugars of no more than 10% of total dietary 

energy(Brand-Miller and Barclay 2017). 

The term “Free sugar” refers to all monosaccharide and disaccharides added to 

foods and beverages by the producer, cook or consumer as well as sugars naturally 

present in honey, syrups, fruit juices and fruit juice concentrates(Brand-Miller and 

Barclay 2017).  Indeed, the U.S. Dietary Guidelines recommended that SSBs should be 

replaced with water(Brand-Miller and Barclay 2017). 

Evidence shows that over 40% of college- age adults consume more than double 

the American Heart Association’s recommended total daily limit of 100 calories for 

women and 150 calories for men coming from all AS (Southcote, Jacobsen et al. 2016). 

Data from NHANES III have indicated that sodas continued to be the most consumed 

product for all age groups except young children, and consumption of non-traditional 

SSBs such as sports/energy drinks tripled among adolescents (Hedrick, Davy et al. 

2017).  

Behavioral intervention that targets solely on SSB reduction leads to improved 

SSB and AS consumption and improves the overall dietary intake (Shapiro, Bauer et al. 

2008,Hedrick, Davy et al. 2017). The SIP smartER intervention shows significant 

dietary improvements (a decrease from 21% to 16% of SSB consumption)(Shapiro, 

Bauer et al. 2008, Hedrick, Davy et al. 2017). Therefore, the evidence highlights using 

m-Health as a main channel in which included interventions are delivered could be an 

effective health-related intervention. Therefore, m-Health interventions that targets a 

single dietary recommendation, such as<=240mL SSBs/d (<=8 floz SSB/d) or<=10% 
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ofcalories from AS per day, may improve overall dietary health and provide motivation 

for individuals to make additional positive dietary changes(Hedrick, Davy et al. 2017). It 

enhances adherence to self-monitoring by providing immediate feedback. 

Using a Theory Based – Intervention in Health Behavioral Change 

Health behaviors are of key importance in different concerns such as prevention, 

treatment, and rehabilitation (Lippke and Ziegelmann 2008). When investigating health 

behaviors, using theories to improve health behavior intervention provides a valuable 

framework to understand processes, gain knowledge, accumulate evidence, and suggest 

which technique should be incorporated in behavioral intervention that has been 

associated with larger change in health related –behaviors such as PA and healthy eating 

(Prestwich, Webb et al. 2015).In return for this, the intervention can be used to test and 

refine the theory, reflecting the reciprocal relationship between theory and interventions 

(Prestwich, Webb et al. 2015). 

Unfortunately, many health behavior interventions fail to provide theoretical 

bases or rationale (Lippke and Ziegelmann 2008). Moreover, when interventions are 

based on theory they don’t extensively apply it (Prestwich, Webb et al. 2015). It has 

found that 90% of research reporting a “Theory based” intervention focusing on physical 

activity and diet didn’t provide the theoretical bases targeted by each of the behavior 

change techniques (BCTs) guiding the intervention (Prestwich, Sniehotta et al. 2014). 

Moreover, other researches employed BCTs that are not consistent with the underlying 
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theory (Prestwich, Sniehotta et al. 2014). These issues reflect little actual use of theory 

and or poor reporting it. Equivalent findings have been reported in a review of 

behavioral interventions, more than 45% of included research reported no theoretical 

bases(Dombrowski, Sniehotta et al. 2007) . Guidelines for clear reporting of using or not 

(using) of theory are necessary to make it easy to understand the mediators for 

behavioral change (Prestwich, Webb et al. 2015). In addition, its use has the potential to 

increase the extent to which theory is used, because it reflects the importance of theory 

(Prestwich, Webb et al. 2015). Specified method for reporting theory use is the 19-item 

Theory Coding Scheme (TCS) (Michie& Prestwich, 2010).  

The TCS specifies whether theory is mentioned, how is it used in intervention 

design, how it influenced the intervention indirectly through the selections of 

participants and through delivery to different groups of participants, how theory explain 

the effects of intervention on outcome measures, and the implication of the results for 

future theory development (Prestwich, Sniehotta et al. 2014). Focusing on the utility 

rather than the generalizability of a theory could lead to a greater impact in health 

behavior. Therefore, theories should focus on specific behaviors or clusters of behaviors 

may be useful (Prestwich, Webb et al. 2015). 

Self-efficacy is defined as ‘‘beliefs in one’s capabilities to organize and execute 

the courses of action required to produce given attainments(Bandura, Freeman et al. 

1999). It has been established that exercise self- efficacy acts as both the determinant 

and a consequence of PA participation(McAuley, Lox et al. 1993). Because self-efficacy 

has been shown to act as a mediating variable for actual behavior change in many PA 
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intervention researches, it is assumed that the first step in a successful PA promotion 

program is to increase exercise self-efficacy, which has also been established as the 

consequence of engaging in physical activity(McAuley, Lox et al. 1993). 

The Exercise Self-Efficacy Scale (EXSE) assesses individual’s beliefs in their 

ability to continue exercising on a three times per week basis at moderate intensities for 

40+ minutes per session in the future. For each item, participants indicate their 

confidence to execute the behavior on a 100-point percentage scale comprised of 10-

point increments, ranging from 0% (not at all confident) to 100% (highly confident). 

Total strength for each measure of self-efficacy is then calculated by summing the 

confidence ratings and dividing by the total number of items in the scale, resulting in a 

maximum possible efficacy score of 100(McAuley, Lox et al. 1993, McAuley and 

Blissmer 2000). This measure has been used widely in the social cognitive literature in 

order to explain PA (McAuley, Lox et al. 1993). Many of the efforts to change life style 

behaviors have used no theory in order to explain why their intervention will change 

those behaviors. 

Previous Research Using M- Health Application as a Support for Improving Health 

To determine the effect on weight of two m-Health based behavioral weight loss 

interventions (Svetkey, Batch et al. 2015), arandomized sample of 365 overweight and 

obese (BMI ≥ 25 kg/m2) young adults were studied for 24 months. The sample 

characteristics included18-35 years of age, 69.9 % female, and 56 % White and was 

broken into three groups: cellphone delivered intervention (CP), a behavioral 
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intervention through personal coaching (PC) enhanced by Smartphone self-monitoring, 

and control. The intervention programs based on SCT and transtheoretical model. The 

PA goal included ≥ 180 min/ week of moderate intensity PA for both CP and PC groups 

and healthy dietary pattern based on Dietary Approaches to Stop Hypertension (DASH) 

dietary pattern.  

In the CP group, the Smartphone was used for both intervention delivery 

including personalized goal setting, and self- monitoring by tracking weight, dietary 

intake, and PA. However, the PC intervention was delivered by dietitians through six 

weekly group discussions followed by monthly phone contacts. The control group 

received only handouts on healthy eating and PA. The outcome measures of weight and 

% of weight change were assessed at baseline, 6months, 12months, and 24months 

afterward. In addition, assessing the dietary pattern through a 24-hourrecall and PA, 

using Paffenbarger’s questionnaire were used at baseline and after 24 months. 

Participants in PC group lost significantly more weight than those in the Control group 

at 6 months (net effect = -1.92 kg, P= 0.003), but not at 12or 24 months. However, there 

were no significant differences between CP and controls at any measurement points.  

Hebden, Cook et al. (2014) evaluated the efficacy of an m-Health intervention on 

decreasing body weight and BMI and increasing PA, sedentary behavior and intake of 

fruit and vegetables, and SSBs intake, compared to a control group during a 12-week 

period, using a prospective RCT in a large Australian University. The participants aged 

(18-35) years and body size, (23≤BMI ≤32 kg/m2) (n=51) were randomized (ratio of 1 to 

1 in the intervention and the control groups). Both groups received a printed diet booklet 
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prepared by a dietitian, including the national PA recommendations for Australian 

adults; with a recommendation of 45-60 minutes of moderate intensity PA daily for 

better health and weight management. In addition, information on the number of 

servings of each food groups were gathered to determine whether the participants 

achieve the recommended macronutrient distribution. However, the intervention group 

also received four Short Message Service (SMS) and e-mails per week and had access to 

Smartphone and the Internet to receive those messages. The app enabled the intervention 

group to record their behavior and then received tailored motivational advice and 

feedback based on population health guidelines.  The primary outcome was change in 

BMI between baseline and follow-up and the secondary outcomes were sitting time PA, 

weekly intake of SSB, intake of energy-dense meals, and daily intake of F/V as assessed 

by questionnaires. Of 51 were randomized into the two groups, only 45 (90%) provided 

outcome data. No significant differences were found between the intervention and 

control groups in the post intervention outcomes. However, the pre- to post intervention 

among intervention group reported a decreased in their body weight (-1.6 (2.6) kg), an 

increase in their light intensity activity (35 min/day), and decreased in their SSB intake 

(-355 (836) ml/ week).  

Walsh, Corbett et al. (2016) conducted a 5-weekRCT to examine the efficacy of 

the m-Health app intervention using an Accupedo-Pro Pedometer, with setting a goal of 

10,000 steps/day in young adults. The participants (n=58) between 17-26   years of age 

were randomized to one of two groups (a ratio of 1 to1 for the intervention and control 

groups). The Smartphone app (Accupedo-Pro Pedometer) was developed using an 
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evidence–based behavioral approach. The app was based on Behavior Change 

Taxonomy; which identified key BCTs for health behavior change interventions. The 

BCTs included education, goal-setting, and modeling, which are effective components of 

behavior change interventions. Both groups downloaded an app to track their daily step 

counts. The control group was given a goal of 30 minutes/day of walking and they 

continued to track their daily count steps without being visible to or interaction with the 

investigators.  The intervention group was encouraged to achieve the setting goal of 

10,000 steps/day. In addition, they learned the usability features of app and were 

encouraged to monitor their daily count steps and obtain feedback in order to achieve the 

target goal of 10,000 steps/day. The retention rates at 5weeks of follow-up were 95% 

(55/58). The primary outcome was daily step-counts between baseline and follow-up. 

Both intervention and control group significantly improved their daily count step 

(p<0.001 and 0.03; respectively), with additional 2000 step/day among intervention 

group. A significant time x group interaction effect was observed for daily step counts 

(P=0.04). 

In the SMART MOVE trial, (Glynn, Hayes et al. 2014), evaluated the efficacy of 

a Smartphone app to improve PA in an 8 week, using a non-blinded, RCT in three 

primary care centers in the western part of Ireland. The participants were over 16 years 

of age; the mean age was44.1 (+/–11.5) years, a mean BMI of 28.2, and 58 (64%) were 

female. The intervention group was provided with Smartphone app and detailed 

instructions on how to use it and they received PA goals of 10,000 steps/day. Those 

assigned to control group were given a PA goal of walking 30 minutes/day in addition to 
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their usual activity; however, the app was not made visible for them and they were not 

instructed how to use it. The primary outcome was differences in mean daily step counts 

between baseline (week 1) and follow-ups (weeks 2-8). Of the 90 participants, 77 (86%) 

provided outcome data. The mean daily step count at baseline for intervention and 

control groups was not significantly different at baseline (4365, 5138 steps/day; 

respectively). After adjusting for baseline step count, age sex, socioeconomic status, 

BMI, blood pressure heart resting rate, mental health, quality of life, and smartphone 

literacy there was evidence of a significant intervention effect (P = 0.009); the difference 

in mean improvement in daily step count from week 1 to week 8 inclusive was 1029 

(95% confidence interval 214 to 1843) steps/day, indicating an intervention effect. 

Improvement in PA among intervention group was sustained until the end of the trial. 

The control group showed an initial increase in step count, which then decreased back to 

baseline. 

The Active Teen Leaders Avoiding Screen-time (ATLAS) trial (Smith, Morgan 

et al. 2014) conducted a 20-week cluster RCT to evaluate the impact of an obesity 

prevention intervention among adolescent boys using Smartphone technology. 

Smartphone users 12-14 years of age (n= 361) considered at risk of obesity were 

recruited from low- income communities in New South Wales, Australia. The 

intervention was based on self-determination theory and social cognitive theory. This 

included: Face-to-face PA sessions for the participants, teacher professional 

development, school provision with fitness equipment, parental strategies for reducing 

screen-time provided, and a Smartphone application and Web site given to the 
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participants. The overall retention rate was 81.2% from baseline. The intervention group 

was provided with pedometers for self-regulation, and encouraged to set goals to 

increase their daily count step, which was enhanced with school sport sessions of 90 

minutes. The participants in control group only engaged in regularly scheduled sport and 

physical sessions. The outcome measures included BMI, waist circumference (WC), % 

body fat, sugar-sweetened beverage intake, muscular fitness, and physical activity 

(accelerometers). Overall, there were no significant intervention effects on BMI, WC, % 

body fat, and physical activity (mean counts per minute).  A significant intervention 

effects were found for screen time, SSBs consumption, muscular fitness, and resistance 

training skills (p=0.03, p=0.01, p=0.04, p<0.001; respectively). 

To examine the effectiveness of always-accessible m-Health app to increase 

cardiorespiratory fitness (CRF) and PA, (Rospo, Valsecchi et al. 2016) conducted RCT. 

Of 45 healthy volunteers 20-55 years of age, only 33 (73%) of them provided follow-up 

data. They received one of three interventions for 2 weeks: The Step-count app group 

(n=8) used the Fitbit app, instructed to Achieve 10,000 steps/day, the Cardio fitness app 

group (n=13) received feedback on their performance, and fitness intensity training 

based on the guidelines of the ACSM. The third group was the Supervised cardio fitness 

(n=12) that achieved 3–4 times/week at the gym, and received face-to-face performance 

feedback. The participants were evaluated for PA (step count/day), CRF, systolic and 

diastolic blood pressure (SBP, DBP), as well as resting, exercise, and recovery heart rate 

(HR).  CRF increased among all intervention groups (p<0.001). Decreased SBP (p 

=0.03) and higher reduction of DBP in occurred in the Super-CF group compared with 
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that of the Step-App group (P<.001).  Significant between-group improvement in week 

mean step counts indicated that of the non-app Super-CF compared to the other groups. 

Posttest recovery HR was lower in the Super-CF than in the other two groups (P<.001). 

To evaluate the usability of the newly 10,000 Steps iPhone application to 

improve PA, (Kirwan,Vandelanotte. et al. 2010) conducted a 3-month matched case–

control trial among participants using the 10,000 Steps program. The intervention group 

(n=50) was able to upload their daily steps using the m-Health app or the 10,000 steps 

website. Following the intervention, the participants completed an online questionnaire 

evaluating usability and usefulness of the m-Health app. Participants in control group 

(n=150) matched for age, gender, and pretreatment level of PA of the intervention group. 

The outcome measure was daily count step. Application users increased the likelihood to 

log greater than10, 000 step/day compared to those in the control group (odds ratio 

20.64, CI: 9.19-46.39). 

In the MoTHER trial (Mobile Technologies to Help Enhance Regular Physical 

Activity), (Choi, Lee et al. 2016) evaluated the m-Health PA program in a 12-week pilot 

randomized controlled trial. The participants were pregnant women at 10-20 weeks of 

gestation, of 18-40 years of age, and of physically inactive; they were then randomized 

into an intervention group (m-Health app plus Fitbit) and a control (Fitbit only) group. 

The intervention was guided by the social cognitive theory. Women in the intervention 

group (n=15) were recommended to increase their steps by 10 % each week until they 

reached 8500 steps/day on most days of week. Information about a healthy diet was also 

provided. 
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These women were also informed of the Institute of Medicine (IOM) 

recommendations of gestational weight gain. In addition, they received daily messages 

to encourage engaging in PA, eating a healthy diet, and managing their weight. Those in 

the intervention group were asked to log their daily step counts assessed by Fitbit and 

assessed the type and duration of PA. A weekly graph of daily step count was available 

and feedback about prescheduled weekly step goal was also provided. Control group 

(n=30) used the Fitbit and received IOM recommendations for safely gestational weight 

gain and promoting PA. They asked to increase their step counts until they reached 8500 

step/ day on most days of week. However, they gave no access to the m-Health app or to 

any intervention components available on the summary menu of the app. In addition, 

members of this group received no techniques by which to develop and maintain social 

support for PA. The primary outcome was their weekly mean (step/day) for the prior 

week as measured by Fitbit and change in their mean step/day. There were no significant 

differences in weekly mean step/day during the 12 weeks between intervention and 

control group (p= 0.38).  The intervention participants had a 1096 ± 1898 step increase 

in daily steps compared to only an increase of 259 ± 1604 steps in control participants at 

the 12th week of the trial.  

Harries, Eslambolchilar et al. (2016) conducted 6-weekparallel group RCT to 

examine the effectiveness of a Smartphone app to improve PA among people who might 

have little intrinsic motivation to increase their PA.  The intervention guided by social 

norms approach which was based the tendency of people to seek to adapt to what they 

perceive to be the normal behavior of others. Healthy male participants (n=165) were 



 

33 

 

 

randomized into one of three groups: control (n=49) (no feedback and no access to the 

interactive components of theapp); personalized feedback (n=53) (feedback regarding 

the participant’s own steps); and social feedback (n=50) (feedback comparing the step 

counts with others in the same group), using an app that recorded their steps count 

continuously. Of the 165 randomized participants at the beginning of the study, 152 

(92%) completed the study in its entirety. The primary outcome was daily step count and 

secondary outcomes included attitudes about PA and perceived barriers to PA. 

Receiving any form of feedback explained 7.7 % of between-subject variability in step-

count (F = 6.626, p<0.0005). However; there was no statistically significant difference 

between the two feedback groups. Compared to control group, the expected step count 

for personalized feedback was 60% higher (B: effect on log step-count = 0.474, 95 % CI 

= 0.166–0.782) and that for the social feedback group, 69 % higher (B: effect on log 

step-count = 0.526, 95 % CI = 0.212–0.840). 

Newton, Wiltshire et al.  (2009) conducted a 12-weekRCT to evaluate the 

effectiveness of using a pedometer and text messaging device in improving PA in New 

Zealand. The participants were 11-18 years of age with Type 1 Diabetes Mellitus.  The 

intervention group (n= 38) was instructed to achieve 10,000 step/day using an open 

pedometer, however, they could record and monitor their steps. Each week, they 

received a motivational message to improve their PA. Participants randomized to control 

group received standard care. The primary outcome was PA as measured by step count/ 

day and self-reported PA over seven days. The secondary outcomes includedA1C, blood 

pressure, BMI Z score, and quality of life. Of the 78 randomized participants (47% 
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male); only74 (95%) of them provided follow-up data. At 12 weeks, there was no 

significant difference in change in daily step counts between the groups. Daily step 

count was reduced by 840 (95% CI 1,947 to 266) in the control group and by 22 (1,407 

to 1,364) in the intervention group (P 0.4). Differences were also not significantly 

different between the two groups in secondary outcomes at 12 weeks A1c, BMI Z score, 

quality of life, and blood pressure. 

Fukuoka, Vittinghoff et al. (2010) conducted a 3-week uncontrolled pilot study to 

measure the change in daily count steps and self-reported PA using a m-Health app and 

to assess the association of these changes with age, baseline weight, concurrent changes 

in self-efficacy, social support, and barriers to being physically active. Forty-one 

sedentary women of25-70 years of age, with a mean of BMI of 33 kg/m2, and 59% were 

minorities were recruited. The participants received information about the benefits of PA 

and entered daily count step using a pedometer and PA intensity, frequency, and 

duration into an app diary. Step counts were measured using the Omron HJ-720ITC 

Pedometer and self-reported PA were assessed using 7-day Physical Activity Recall (7-

day PAR). The participants were recommended to increase their daily count step by 20 

% from the previous week. However, they received weekly goals based on established 

their self-reported steps tracked by their mobile phone. In addition, they received daily 

feedback and motivational messages. The primary outcomes were average daily total 

and aerobic steps and average daily caloric expenditure. All 41 participating women 

completed data entry for daily PA for the evaluated the efficacy of a Smartphone–based 
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weight loss intervention to reduce body weight and waist circumference in a 12-week, 

randomized controlled trial. 

Smartphone users of individuals of18-65 years of age and 25≤BMI≤35 kg/m2 

were randomized into either the SmartLoss group (n=20) or into an attention-matched 

HE control group (n=20). TheSmartLoss group was recommended to increase their PA, 

with a goal of reaching 10,000 steps/day. In addition, the investigators sent feedback to 

the participants via the Smartphone once/week. They also recommended following a diet 

that is consistent with the American Heart Association’s recommendations. The HE 

control group received health information via text messages or e-mail related to stress 

management, a healthy diet, PA, and sleep hygiene. The outcome variables were change 

in body weight, WC, SBP, and DBP. They were assessed at initial screening, baseline 

and the 4th, 8th, and 12th week of intervention program. Thirty-eight participants (95%) 

completed the study in its entirety. The participants were mainly female (82.5%) and 

Caucasian (72.5%). The SmartLoss group achieved significantly greater weight loss than 

the Health Education group (P< 0.001). Moreover, the SmartLoss group showed a 

significant decline of waist circumference, SBP, and DBP compared to that of the Health 

Education control group (P < 0.05).  Intervention period and attended the second 

research visits. Their average daily total count step increased by about 800 steps (15%) 

over three weeks of intervention (p<0.001). The higher baseline step count was strongly 

associated with lower BMI, lower self-reported health status, and no antidepressant use. 

Neither age (p=0.55) nor BMI (p=0.13) was significantly associated with changes in 
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activity over the 3 weeks. However, improvements in self-reported well-being were 

associated with increasing in step counts (p<0.001). 

In Walk@Work trial, (Gilson, Faulkner et al. 2013) conducted a 12-week pre-

post intervention to increase walking among university employees who were not 

achieving a 10,000 step/day activity, using an automated and web-based walking 

intervention. Three hundred ninety participants with a mean of45.6±10.8 years of age 

and a mean of BMI 27.2±5.5 kg/m2were recruited.  

The participants were recommended to increase their daily count steps by 1,000 

steps/day above their baseline every two weeks over a six-week period. The primary 

outcome measure was a step counts /day. There was a significant improvement of their 

daily count steps from baseline to post-intervention (1477 daily steps; p=0.001). Those 

with the lowest step count/day at baseline (<5,000 daily steps; n=125) increased their 

step count the most (<1,837 step/day, p=0.001, whereas the most active (7,500–9,999 

daily steps; n=79) increased the least (929 daily steps; p=0.001). The researchers 

concluded that Walk@Work improved the daily step count by 25% overall, particularly 

among those needed intervention the most. 

Clarke, Freeland-Graves et al. (2007) evaluated the efficacy of a pedometer in 

improving PA and reducing body weight in an 8-week pre-post trial. A convenience 

sample of 93 intervention women who were overweight/obese women (BMI≥25 kg/m2) 

and 18-45 years of age and 31 comparison women of a BMI <25were recruited. The 

intervention group was guided by social support, self-monitoring, and stress 

management. Participants in the intervention group attended class discussions and they 
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shared their ideas about goal setting, reducing barriers to PA, and identifying the sources 

of social supports, and performed 30 exercises during each class. In addition, they were 

instructed to exercise 45 minutes/session at least 5days/week at a moderate PA intensity. 

Step count and energy expenditure were recorded via pedometer; however, exercise 

intensity was not evaluated. The dietary intervention consisted of menu planning with 

ethnic foods, food budgeting, and reducing their intake of energy from fast foods. The 

primary outcome measures include motivational readiness to exercise, exercise self-

efficacy, weight loss, and pedometer steps. Significant correlations were found between 

exercise self-efficacy and exercise readiness (r=0.28, P<0.01), pedometer steps (r=.30, 

P<0.01), and pedometer kilocalories (r=.28, P<0.05). Reduction of body weight, % of 

body fat, and WC were reported. Participants women improved their motivational 

readiness to exercise, exercise self-efficacy, step count, and pedometer kilocalories. 

Araiza, Hewes et al. (2006) conducted a 6-weekRCT to evaluate the efficacy of 

achieving 10,000 step/day, as documented by use of a pedometer, would result in 

significant improvement in parameters of insulin sensitivity, glycemic index, 

cardiovascular risk, and oxidative stress. The participants 33-69 years of age were 

patient with T2DM.  Participants were randomized into one of two groups: intervention 

and control, however, they were matched with regard to age, hemoglobin A1c (HbA1c), 

BMI, and percentage of body fat. All participants wore a YamaxDigiwalker step counter 

and were trained regarding proper placement and use of the pedometer.Theintervention 

group (n=15) was recommended to walk 10,000 steps/ day for at least 5 days for 6 weeks 

of intervention. The control group (n=30) was recommended to maintain their normal 
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daily physical activity. The outcome measures were PA (steps per day), BMI, percentage 

of body fat, blood pressure, and waist circumference. Subjects in the intervention group 

significantly improved their PA by 69% (p=0.002), whereas there was no significant 

improvement among control group (p>0.05). There were no significant changes in % of 

body fat, blood pressure, BMI, and WC in either group (p>0.05). High- density 

lipoprotein (HDL-c) and resting energy expenditure were significantly improved among 

intervention group (p<0.05). Finally, plasminogen activator inhibitor 1 (PAI-1) activity 

was reduced by exercise relative to the control group (P = .03). 

Martin, Feldman et al. (2015) conducted a 5-weekRCT to evaluate the efficacy of 

a fully automated m-Health intervention with tracking and texting in order to improve 

PA. Forty-eight Smartphone users’ were18-69 years of age, 46% were women, and 21% 

were nonwhite. The study took place at an ambulatory cardiology center in Baltimore, 

Maryland. During phase I (weeks 2 to 3), the participants were randomized into(n=32) 

and blinded digital activity tracking (n=16) groups. The un-blinded tracking digital 

activity group was allowed to access to activity data through a Smartphone interface. In 

phase II (weeks 4 to 5), the unblended participants were then randomized into smart 

texts (n=16) vs. no texts (n=16). Smart texts provided coaching 3 times/day aimed to 

encourage the participants and providing feedback loop by a fully automated, physician-

written, theory-based, and goal setting of 10, 000 steps/day. The primary outcome 

measure was daily step count as assessed by accelerometer. Secondary outcome 

measures were changes in total daily activity time and aerobic time. In phase I there was 

no significant differences between un-blinded participants and blinded controls in regard 
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to daily steps 95% confidence interval [CI], -580 to 2628; P=0.21). In phase II, 

unblended participants who received texts significantly improved their steps over those 

not receiving texts by 2534 (95% CI, 1318 to 3750; P<0.001). 

In a cross-sectional observational study (Iijima, Fukutani et al. 2017), the 

reaserchers examined the association of pedometer-based PA with physical function in 

patient with knee osteoarthritis (OA). Two hundred seven patients (71.5% female) were 

classified into four groups: 58 basal activities (<2,500 step/day), 79 limited activity 

(2,500-4,999 steps/day), 45 low active groups (5,000-7,499 steps/day), and 25 physically 

active groups (>7,500 steps/day). Pedometer-based ambulatory PA was evaluated for the 

patients and was measured as step counts/day. In addition, physical functions were 

assessed using four different measures:  Japanese Knee Osteoarthritis Measure (JKOM) 

functional subcategory, 10-m walk, Timed Up and Go (TUG), and5-repetition chair 

stand (5CS) tests. The basal activity group (<2,500 steps/day) had low level of physical 

function with a slower gait speed, longer TUG time, and worse JKOM functional score 

compared with limited activity, low active, and physically active groups after adjustment 

for age, sex, BMI, andKellgren/Lawrence (K/L) grade. The logistic regression reveled 

that steps per day (continuous) was associated with better physical function adjusted for 

age, sex, BMI, and K/L grade. However, there was no significant differences of the 

JKOM functional score among the limited activity, low-active, and physically active 

groups. 
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In a RCT (Coelho, Reboredo et al. 2018), the efficacy of a 12-week unsupervised 

pedometer-based PA intervention was evaluated to determine whether it improved daily 

step count and clinical and physiological parameters among adult with moderate to 

severe asthma. Thirty-seven outpatients were randomized into two groups: apedometer 

group (PG) and a control group (CG). Participants assigned to PG (n=20) received a 

pedometer and target step count. The initial step count goal was determined based on the 

baseline step count taken during the baseline assessments plus 1,000 steps, which is 

equivalent to 10-minutes increase in moderate intensity walk. A new biweekly target 

step was calculated considering the average of steps taken during the previous week plus 

1,000 steps.  However, if the new target step count was lower than the current one, the 

higher value was maintained. Participants assigned to CG received a diary to register 

information about asthma exacerbations. All participants were contacted by phone once 

week and asked to visit the clinic one a month. However, the question about the step 

count was just for PG. The primary outcome measure was: the change of daily step 

count and the secondary measures were the changes in asthma control, health-related 

quality of life, and anxiety and depression levels and in the distance walked in the six-

minute walk test (6MWT). 

The outcome measures were evaluated after 12weeks of intervention and 24–28 

weeks after randomization. Of the 37 participants who were recruited only 30 completed 

the intervention (81%).  There was a statistically significant difference in daily step 

counts between PG and CG of 2,488 steps; 95% confidence interval [CI], 803 to 4,172; p 

= 0.005). However, there were no significant differences between PG and CG after 24–
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28 weeks of randomization. Among secondary outcome measures there was only 

significant difference between PG and CG with regard to 6MWT (adjusted average 

difference, 21.9 m; 95% CI, 6.6 to 37.3; p = 0.006). However, after 24–28 weeks of 

randomization, the differences between groups were no longer significant. 

Newton, Marker et al. (2014) conducted a 12-week randomized comparative trial 

to evaluate the efficacy of delivering PA promoting program targeting 6-10 year old 

sedentary children, which was delivered to their parents via mobile phone and to 

determine if the intervention could be objectively measure increases in children’s PA. 

The eligibility criteria for children was girls averaged step counts of<9,500 steps/day and 

for boys was an average<12,500 steps/day (sex-specific cut points indicative of 

sedentary behavior in children). Out of 59 children who screened for the study, a total of 

27 children (mean age 8.7, SD 1.4 years; 56% female; 59% African American) were 

randomized into two groups: Minimal intervention group (MIG) and Intensive 

intervention group (IIG).In MIG Parents of Children (n=14) were given an access to a 

version of the website, in which they could view their child’s daily step goal, monitor 

their child’s step counts, and receive monthly nutrition tips through the text messages 

targeting children and providing their families with health promoting information.  

The target step goal was intended to increase the children step count by 1000, 

3000, and 6000 steps/day above the individualized baseline during the first, third, and 

fourth week of the intervention, respectively. Another goal was to maintain the 

additional 6,000 steps/day for the remaining period of intervention program.   In IIG 

Parents of Children (n=13), were given an access to a version of the website, in which 
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they could view their child’s daily step goal, monitor their child’s step counts and read 

weekly behavioral articles, and they also received text messages. The step counts and 

monitoring were identical to MIG. The behavioral strategies were based on Social 

Cognitive Theory. The measures were: step count/day using a NL-1000 pedometer, body 

weight, BMI, body composition, Physical Activity Enjoyment Questionnaire (PACES), 

The Child Depression Inventory-Short Form (CDI-S), The Sedentary Behavior 

Questionnaire for parents, The Home and Neighborhood Environment Questionnaire, 

and the Food Frequency Questionnaire (FFQ). All measures with exception of the 

pedometers and the Home and Neighborhood Environment Questionnaire, were assessed 

at baseline and 12-weeks by a trained staff. Children in both the MIG and IIG 

significantly improved their physical activity through a 12-week of intervention, by 

1,427.6 (P=.02) and 2,832.8 (P<0.001) steps/day above baseline, respectively. However, 

there was no significant differences between MIG and IIG (P=.10; effect size=.40). 

Regardless of group assignment, children who significantly improved their daily 

step counts reported greater increases in physical activity enjoyment (P=.003). In 

addition, the number of behavioral articles accessed by IIG parents was positively and 

significantly correlated with change in children’s steps/day (r=.575, P=.04). However, 

there was no correlation between the improvement in children’s daily step counts and 

changes in body composition, mood, and food intake. 

Hasan, Attlee et al. (2018) conducted a 9-week quasi-experimental pretest-

posttest study to evaluate the effectiveness of using a pedometer to improve high-

molecular-weight adiponectin (HMW-Adip) and metabolic syndrome components 
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among normal and overweight and or obese young female in United Arab Emeritus 

(UAE). The participants (21.43 ± 4.8 years of age) were divide in to two groups normal 

BMI (BMI=18–24.9 kg/m2); (n=22) and high BMI group (BMI ≥ 25 kg/ m2) (n=30). All 

participants were provided with pedometers during the 9 weeks of program to estimate 

their usual PA; in addition to they were advised to achieve 10,000 steps/ day and 

provided with educational materials about the guidelines and recommendations to 

promote healthy lifestyle.   

A video link was shared with the participants as a guide to achieve the goal of 

reaching 10,000 steps per day and increasing their level of PA. To measure and motivate 

PA, the participant was classified based on the accumulated daily steps for: sedentary 

(5,000), low active (5000–7499), moderately active (7500–9999), active ≥10,000–

12,499, and highly active or ≥12,500, then they were considered sedentary, low active, 

somewhat active, active, or highly active, respectively. The outcome measures were: 

step counts, WC, hip circumference, and waist-hip ratio (WHR). Body compositions 

include: weight, BMI, body fat mass (BFM), percentage of body fat (PBF), visceral fat 

area (VFA), and fat-free mass (FFM). Biochemical parameters include: total cholesterol 

(T-Chol), triglycerides (TG), HDL-C, fasting glucose levels, serum insulin levels, and 

serum HMW-Adip levels. The secondary measures were: Metabolic syndrome (MetS) 

score and nutrient intake using ESHA nutrient analysis software program. There was no 

significant difference in daily step counts between normal (7,488.49 ± 1,098) and high 

(6,739.18 ± 1,793) BMI groups. However, the normal BMI group significantly improved 

their BMI, BFM, and WHR. In addition to WC, visceral fat, and percent body fat were 
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significantly improved among the high BMI group. The high BMI group significantly 

improved their blood insulin level, TGs, and increased in HMW-Adip (p = 0.034). All 

participants showed an inverse association between daily step counts and BMI (r = 

−0.33, p = 0.017), BFM (r = −0.29, p = 0.037), WHR (r =−0.401, p = 0.003), and MetS 

score (r = −0.49, p < 0.001), and a positive correlation with HMW-Adip (r = 0.331, p 

=0.017). 
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CHAPTER III 

METHODS 

Participants 

Following approval of study protocol by the University of Texas A&M 

Institutional Review Board (IRB) (# 2018-0022D), the research team used University 

networks to distribute email invitations to students across campus and advertisements 

posted around the university. The invitation gave a brief description of the research goals 

and informed the participant that their participation was voluntary and involved no 

incentives. Interested participants were invited to reply via email. Participants interested 

in the study were screened for pre-specified inclusion and exclusion criteria. Those who 

agreed signed and returned the informed consent forms. Enrolment into the study 

commenced on January 2018 and all final outcome assessments were complete by 1st

ofJuly 2018.Eligibility for the study was determined using the following criteria: 

Inclusion Criteria 

1. Healthy college students aged 18-30 years, interested in a healthy lifestyle, and

willing to commit the necessary time and effort to participants in the study. 

2. A body mass index (BMI):   BMI≥ 18.5.

3. Capable of performing ambulatory (walking) physical activity.

4. Must have to own a Smartphone (i-phone or Android).
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Exclusion Criteria 

At the time of recruitment, individuals with the following characteristics were 

deemed ineligible to participate in the study: 

1. Participants who had no Smartphone.  

2. Participating in another program for weight reduction, pregnancy, lactation, had 

bariatric or recent surgery, or had any of the diagnosed chronic diseases such as 

musculoskeletal disorders, heart failure, diabetes mellitus, hypertension, 

dyslipidemia, or cancer, and could not undertake moderate exercise for any 

reason. 

3. Participants who already used the MyFitnessPal app and a Pacer pedometer 

app. 

 

Design and Setting 

 

The study design was a 12week-RCT, recruiting 130 students from Texas A&M 

University/ College Station campus. Following the screening visit, eligible participants 

were randomly assigned to the intervention (m-Health intervention app) group and 

control group in an equal ratio of 1:1. The first FTF meeting with the study participants 

was the introduction to the project. In this meeting, the participants received a 

presentation about a healthy lifestyle, recommendations for healthy nutrition, and the 

clinical benefits of PA for the recommended weekly duration. All participants had the 

Smartphone app downloaded onto their Smartphone.  



 

47 

 

 

Randomization 

 

At the first contact FTF, information about the study was provided to the 

potential participants. Students who consented to participate were screened for baseline 

assessment. After this, these participants were randomly assigned into either the 

intervention group (m-Health) app or the control group. Randomization occurred using 

random permuted blocks to ensure there were similar numbers of participants in the 

intervention and control group. The researcher was responsible for generating the 

allocation sequence using the “Research Randomizer “computer software program 

available at(www.randomizer.org/form.htm). At the end of week 1, the randomization 

code was broken by the researcher. Participants understood that two groups existed; 

however, they were blinded to the nature of each group. Blinding the researcher was not 

possible due to the nature of study, because of the continuous communication between 

the participants and the researcher during the intervention period. 

 

Ethics and Informed Consent 

 

The study was approved by the IRB at Texas A&M University and the human 

research ethics committee (IRB2 # 018-0022D). All participants provided written 

informed consent at the beginning of the study. 

 

 

 

 

file://///toaster/homes/h/a/hala1985/nt/Downloads/(www.randomizer.org/form.htm).
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Sample Size Calculation 

The sample size for the RCT was calculated based on previous RCT studies and 

calculated after taking into account the following assumption(Mummah, Robinson et al. 

2017,Fukuoka, Gay et al. 2015,Naimark, Madar et al. 2015, and Glynn, Hayes et al. 

2014): 

• Most RCTs have used two-sided tests to detect between-group differences.

• It would be possible to detect a relative increase of at least 20% in the change of the

average step count between the intervention and control groups, with 80% power at a 

significance level of  (α=0.05) threshold for statistical significance. ; and Medium 

effect size Cohen’s (d = 0.5 one-half standard deviation)(Cohen 1992) 

• There would be a drop-out rate of 15%.

• The estimated sample size was 130 college students, who were randomized to

receive either the intervention or control groups (65 participants per group were 

required). 



 

49 

 

 

 

 

Figure 1Participant flow through recruitment process. 

Interested in participation

Identification of eligible participants

Consent and Baseline Assessment

Randomization

Completed Baseline Period (Week 1)

Intervention (Week 2-12)

Completion of Follow up

Follow up Assessment
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Need Assessment Phase: Phase One 

 

Anthropometric Measurements 

 

At baseline (week prior to the intervention), anthropometric measurements 

included: weight, height, BMI, body fat mass (BFM), and percentage of body fat were 

obtained. Weight, BMI, and percentage body fat were determined using the TANITA 

Body Composition Analyzer (SC331S). However, due to the fluctuations in body 

hydration status may have affected body composition results, the Tanita scale 

measurements took place in the morning (at least three hours after waking up) when 

students were on an empty bladder, not having exercised, and not consuming food or 

drinks for at least three hours before having the measurements. Students were asked to 

remove their shoes and socks and then wipe off the bottom of their feet before stepping 

onto the measuring platform, since unclean feet may interfere with conductivity (Yahia, 

Achkar et al. 2008). 

Standing height was recorded on a portable stadiometer to the nearest ± 0.1 cm 

with mandible plane parallel to the floor. Students kept off their shoes for height 

measurements.  We calculated BMI as weight in kilograms divided by height squared in 

meters. According to guidelines stated by the National Institutes of Health, weight status 

was classified into four categories: underweight (BMI ≤ 18.5), normal weight (BMI 

between 18.5 – 24.9), overweight (BMI between 25–29.9), and obese (BMI ≥ 30)(Yahia, 

Achkar et al. 2008). 
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Health Related Behaviors 

A survey tool was used to evaluate health related behaviors of participants; it 

included the following validated questionnaires: 

International Physical Activity Questionnaire 

International Physical Activity questionnaire (IPAQ) short last 7 days self-

administered format which measures Metabolic Equivalent of Task (MET); 

minutes/week(Craig, Marshall et al. 2003). The short version of the self- administered 

IPAQwas used to assess PA level. A 12-country reliability and validity study had 

recommended the “short, last seven days “version of IPAQ to be used for national 

monitoring (Macfarlane, Lee et al. 2007). The short version of IPAQ consists of 4 

generic items for use by either telephone or self- administered. The questions were 

structured to confirm the average number of days and duration of PA/week, in term of 

METs based on intensity (Iwasaki, Honda et al. 2017). However, it has been 

recommended not to change the order of wording of the questions as this would affect 

the psychometric characteristics of the instruments (Craig, Marshall et al. 2003).The 

scoring protocol for both long and the short form of the IPAQ-instruments was revised 

and established in November 2005 as the following: 

Category 1: Low  

The lowest level of PA. Individuals do not meet criteria for categories 2 or 3 are 

considered low/inactive. 
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Category 2: Moderate 

Individual should meet one of the following criteria: 

• Three or more days of vigorous PA of at least 20 minutes/ day OR 

• Five or more days of moderate-intensity PA or walking of at least 30 minutes/day 

OR. 

• Five or more days of any combination of walking, moderate-intensity or vigorous 

intensity PA achieving a minimum of at least 600 MET-min/week.  

 

Category3: High  

Individual should meet one of the following criteria: 

• Vigorous-intensity PA on at least 3 days and accumulating at least 1500 MET-

minutes/week OR. 

• Any combination of walking, moderate-intensity or vigorous intensity PA for ≥7 

days achieving a minimum of at least 3000 MET-minutes/week  

 

Exercise Self- Efficacy  

 

Exercise-related self-efficacy was assessed as the participants’ beliefs in their 

ability to continue exercising on a three time per week basis at moderate intensities, for 

40+ minutes per session over incrementalone-week period for 12 weeks. Internal 

consistency for the measures was acceptable (α=0.58) and previously had been shown to 

be predictive of exercise adherence(McAuley 1993)(McAuley and Jacobson, 1991).The 

scale consists of 12 items, for each item, participants were asked to indicate their 

confidence on a 100-point scale compromised of 10-point increments (from 0%: “NOT 
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AT ALL CONFIDENT”, 50%: “MODERATELY CONFIDENT”, to 100 % “HIGHLY 

CONFIDENT”. The scoring of scale was based on summing all items and divided by 

12Appendixes A 

The 1998 Lifestyle and Habits Questionnaire-Brief Version (LHQ-B) 

Lifestyle and Habits Questionnaire-brief version (LHQ-B) assess lifestyle 

behaviors/ attitudes and tested among young adults (18-25)(Dinzeo, Thayasivam et al. 

2014). It is a 42-item scale measuring 8-lifstyle domains including health and exercise, 

psychological health, substance use, nutrition, environmental concern, social concern, 

accident prevention, and sense of purpose. Responses rated on a scale from one 

“strongly disagree” to 5 “strongly agree”; however, a higher total score indicates 

healthier patterns of selected behavior, while lower scores indicate engagement in health 

compromising behaviors. The LHQ-B is tested among college students and has adequate 

internal reliability. The eight lifestyle domains demonstrate fair to excellent reliability 

0.65 to 0.91. In our research we focused mainly on health and exercise, and nutrition 

items. However, there are specific ranges for male and female for each item (bottom, 

middle, and top)(Dinzeo, Thayasivam et al. 2014)Appendixes A 

Sugar Sweetened Beverages (SSBs) Intake 

Beverage intake questionnaire-15 (BEVQ-15) was used to assess the SSBs 

consumption. This brief (~2 min), self-administered, valid, reliable, and sensitive 

beverage assessment measure used to assess the habitual intakes of beverages. It may be 
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used by researchers and practitioners who evaluate and establish intervention related to 

beverage intake pattern among adults(Hedrick, Comber et al. 2013, and Hedrick, Savla 

et al. 2012).It enables to determine the possible association between beverage 

consumption patterns and health-related outcomes, such as weight status. It is suitable to 

measure beverage intake in arrange of adult populations(Hedrick, Comber et al. 

2013).Responses for “How often” category range from “never or less than one times 

perweek“to“up to 3+ times per day”; “How much” ranges from “less than 6 floz (3/4 

cup) to “more than 20 fl oz (2.5 cups). To score BEVQ-15 frequency “How often” is 

converted to the unit of times per day and then multiplied by the amount consumed 

“How much” to provide average daily beverage consumption in fluid ounces(Hedrick, 

Comber et al. 2013,and Hedrick, Savla et al. 2012) 

The SSBs category is composed of regular soft drink, juice drinks, sweet tea, 

coffee/tea with creamer and/or sugar, mixed alcoholic drinks, meal replacement drinks, 

and energy drinks. The beverage categories were established based on energy and 

macronutrient content using published food composition tables and the Nutrition Data 

System for Research software(Hedrick, Comber et al. 2013, and Hedrick, Savla et al. 

2012)Appendixes A 

 

Sugar Sweetened Beverages (SSBs) Self-Efficacy 

 

A brief survey included three questions  about the participants self-efficacy to 

drink water instead of sugar-sweetened drinks based on social cognitive theory were 

used and it derived from previous studies(Xu, Pu et al. 2017,Deliens, Clarys et al. 2015, 
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and Mehta, Sharma et al. 2009). The reliability of the section of PA and nutrition 

behaviors based on social cognitive theory was acceptable (α=0.96)(Xu, Pu et al. 2017, 

and Deliens, Clarys et al. 2015).The response options were “Notat All sure (1)”, Slightly 

Sure (2)”, Moderately Sure (3)”, “Very Sure (4)”, and Completely Sure (5)”. A higher 

total score indicates a higher self-efficacy ofchoosing to reduce the consumption of 

SSBs while lower scores indicate engagement in health compromising behaviors(Xu, Pu 

et al. 2017). 

How sure are you that you will?  

1.  Consume water and sugar-free drinks instead of sugar-sweetened drinks? 

2. Even if water and sugar-free beverages are unpleasant to drink, you will consume 

them instead of sugar drinks? 

3. Drink plenty of water even if you do not feel extremely thirsty?  

In addition to the questionnaires, the instruments asked for demographic 

information including age, gender, and their major. At their baseline appointment, all 

participants received a presentation on a healthy lifestyle, recommendations for healthy 

nutrition, the clinical benefits of physical activity, and brochure about SSB-s 

consumption (Rethink Your Drink ) by CDC. 

 

Measures 

In phase one, online surveys administered at baseline included questions addressing the 

following information:   

 

https://www.cdc.gov/healthyweight/healthy_eating/drinks.html
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1. Demographic data: Age, gender, ethnicity/race, and major (Questionnaire). 

2. Physical activity: Pedometer (Steps/week), and self-reported: IPAQ (Craig, 

Marshall et al. 2003). 

3. Sugar-sweetened beverages (SSBs) consumption: Self-reported 

(floz/day)(Hedrick, Comber et al. 2013). 

4. Weight status: Objectively measured height, weight, and BMI, BFM and body 

fat percentage. 

5. Lifestyle behaviors/attitudes:Health and Exercise, and NutritionLifestyle 

behaviors/attitudes(Dinzeo, Thayasivam et al. 2014). 

6. Self-efficacy scores:Exercise and SSBs consumption related self-efficacy 

scores(McAuley, 1993),McAuley and Jacobson, 1991, and Xu, Pu et al. 2017). 

 

Anticipated Outcomes 

The main outcomes that were anticipated to be achieved were: 

1. Physical activity means (steps/week). 

2. Daily (floz/day) consumption from SSBs and Water. 

3. Weight status (body weight, BMI), body fat mass, and body fat percentage. 

4. Lifestyle behaviors and attitudes. 

5. Exercise and SSBs consumption self-efficacy scores. 

 

All participants had the Smartphone app downloaded onto their mobile phone in 

to record their daily step counts in order to provide a measurement of their baseline PA 

levels. The app provided automatic feedback and tracking of the step count and a 

visually appealing display of step count history and goal achievement. A 20–step test 

was carried out with each participant to calibrate the sensitivity level of the telephone for 

different individuals to ensure their step counts were recorded accurately (Glynn, Hayes 

et al. 2014, and Locke and Bassett 2004). 
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For the week following screening visit, all participants were asked to carry their 

Smartphone during walking hours and to continue operating at their normal PA levels. 

At the end of this period each participant meets with a researcher, who received the 

previous week’s step-count data. Following the collection of baseline data, the 

randomization code was broken by the researcher. 

 

m- Health Applications Intervention: Phase Two 

 

Intervention Development 

 

The Capability, Opportunity, Motivation, Behavior (COM-B) framework is a 

simple model that hypothesizes that an interaction between three components 

(capability, opportunity, and motivation) influence behavior, and can provide 

explanations for why a recommended behavior is not undertaken. In this trial, education, 

training, and modeling were used to address the psychological capabilities and reflective 

motivation of the students, in order to increase walking behavior and improve healthy 

behaviors and attitudes (Walsh, Corbett et al. 2016). The model based on that for any 

behavioral change, a person must have both physical and physiological capability to 

perform the behavior; physical and social opportunity to engage in that behavior and 

must be motivated to do it(Flannery, McHugh et al. 2018). 
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Use of Evidence –Based Strategies 

One of the most common applied theoretical model for understanding PA and 

other healthy related behaviors is Social Cognitive Theory (SCT)(White, Wojcicki et al. 

2012). It is necessary for developing and designing intervention established toward the 

initiation of PA and healthy behaviors or attitudes in the general population(Phillips and 

McAuley 2013, and White, Wojcicki et al. 2012) . 

Social cognitive theory (SCT) is suitable for a health intervention, because the 

core components of theory are: (1): Self -efficacy, (2) self- evaluation, (3) self-

monitoring, and (4) modification of the current behavior based on the feedback, the 

characteristics of m-Health apps have the ability to assist the individual with(Xu, Pu et 

al. 2017, and Voth, Oelke et al. 2016). It provides a comprehensive frame-work to 

understand not only the factors influence the target behavior but also it provides insight 

how these factors can be manipulated to achieve the target behavior(Phillips and 

McAuley 2013, and Ince and Skills 2008). Goals setting are a powerful motivator for 

directing the activity and have been associated with improve the behavioral strategies for 

engaging in the target behavior. Thus, it can be a part of self-regulation to help the 

individual in adopting and maintain the regular PA patterns(White, Wojcicki et al. 2012, 

and Phillips and McAuley 2013).In our research study the m-Health apps allow the 

participants to track their daily step counts and consumption of SSBs and water which is 

form of self-monitoring. In addition, the automatic feedback (e.g.; means of weekly step 

counts or SSBs and water consumed) is an opportunity for self-evaluation and 

assessment. 
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Physical Activity: Pacer Pedometer App 

 

Commercially Available App 

We used one of the most popular publicly available Smartphone applications 

(apps) for improving the PA (Step counts). Pacer has goal setting functionality, self-

monitoring of step counts, calories expended, and automatic performance feedback 

through graphic display of step-count history. 

 

Intervention Group 

The intervention group received PA goals in terms of 10,000 steps/day and was 

informed that this value is roughly equivalent to 30 minutes of walking per day (along 

with their normal activity). They received information about the benefits of exercise and 

instructions how to use the app. The researcher also demonstrated the usability features 

of the mobile phone app to the intervention group (using standardized instructions) and 

encouraged this group to use the app to monitor their steps and obtain feedback, in order 

to achieve their target goals. They were instructed also to keep their phones charged and 

to always carry it during waking hours. By the end of each week (week 2 to week 12), 

the participants in intervention group contacted via SMS/ e-mail asked to share their step 

counts data with the researcher. 

 

Control Group 

Participants in the control group were provided with information related to daily 

recommended PA levels (i.e.; 30 minutes daily), and information highlighting the 

benefits of walking regularly. The control group was given a goal of 30 minutes of 
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walking per day over the following months, without being observed or requiring 

interaction with the researcher. The control group members did not use the pacer app 

after the first week of assessment phase (Baseline Assessment) until week 11, until they 

contacted for week 12 follow-up assessment, and did not receive any other intervention 

action. 

Sugar Sweetened Beverage (SSB) Reduction Intervention 

Commercially Available App 

We used one of the most popular publicly available apps for weight loss: My 

Fitness Pal (MFP). My Fitness Pal has received the highest possible rating, 5 out of 5 

stars, from thousands of reviewers on the Apple and Android (Google) app store Web 

sites and it can be download for free(Laing, Mangione et al. 2014).The company reports 

more than 50 million registered users. MFP incorporates elements of social cognitive 

theory, including self-monitoring, goal setting, and feedback(Laing, Mangione et al. 

2014).We sought to test the effect of providing this free, widely used Smartphone app 

for improving healthy lifestyle behaviors among college students through monitoring 

their consumption of both SSBs, and Water. 

Sugar Sweetened Beverages (SSBs) Definition 

The definition of SSBs is necessary for designing intervention, developing 

policies, and evaluation the correlation between SSBs consumption and adverse health 

outcomes(Miller, McKinnon et al. 2013).However, those efforts are obstructed by the 

lack of consistency in the definition of SSBs(Miller, McKinnon et al. 2013, and 
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Zoellner, Hedrick et al. 2016). A widely accepted description of SSB includes regular 

soft drink, juice drink, sweet tea, coffee/ tea with creamer and/or sugar, mixed alcoholic 

drink, and energy drink. The beverage categories were established based on energy and 

macronutrient content using published food composition tables and Nutrition Data 

System for Research software(Hedrick, Comber et al. 2013, and Hedrick, Savla et al. 

2012). 

Sugar-sweetened beverages are those that contain caloric sweeteners and include (CDC, 

2010): 

 

• Soft drinks: Nonalcoholic, flavored, carbonated or non-carbonated beverages 

usually commercially prepared and sold in bottles or cans. 

• Soda, pop, soda pop: Same as soft drink. 

• Fruit drinks, punches: Sweetened beverages of diluted fruit juice. 

• Sports drinks: Beverages designed to help athletes rehydrate, as well as 

replenish electrolytes, sugar, and other nutrients. 

• Tea and coffee drinks: Teas and coffees with cream and/or sugar (includes non-

dairy creamer). 

• Energy drinks: Most energy drinks are carbonated drinks that contain large 

amounts of caffeine, sugar and other ingredients, such as vitamins, amino acids, 

and herbal stimulants. 

 

Intervention Group 

They received a primary goal of achieving the SSBs recommendation of 

(<=240mL SSBs/d (<=8 floz SSB/d)). To sufficiently target SSBs reduction, participants 

were educated on recommendations for all beverage categories (e.g., water, non-

calorically sweetened beverages, milk) using Rethink Your Drink : Options for reducing 

https://www.cdc.gov/healthyweight/healthy_eating/drinks.html
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the number of calories you drink by CDC. Researcher also conducted a training session 

for intervention group on how to: Scan the barcode of SSBs using the app; enter the 

intake of SSBsand water. By the end of each week (week 2 to week 12), the participants 

in intervention group contacted via SMS/ e-mail asked to share their database 

consumption with the researcher. Researcher encouraged this group to use the app to 

monitor their SSBs and water intake and obtain feedback, in order to achieve their target 

goals and improve their healthy eating behaviors. 

 

Control Group 

Participants in the control group were provided with information related to the 

SSB recommendation of less than 8 fluid ounces per day, and information highlighting 

the importance of reducing SSBs consumption. However, they did not receive any 

dietary feedback or text messages related to their SSBs consumption. 

 

Evaluation of m- Health Applications Intervention: Phase Three 

 

Measures 

 

1. Physical Activity 

 

Pedometer app: feedback and tracking of step counts, calories expended, and 

step- count history. It was assessed across the 4 time points. Time was coded on a 

continuous scale, with 0 at baseline, and 4, 8, and 12-weekfollow- up 

assessments. In addition, self-reported through IPAQ(Craig, Marshall et al. 

2003).It was implemented at the end of 12-week of intervention. 
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2. Sugar-Sweetened Beverages (SSBs) Consumption 

 

Daily fluid ounces of SSBs and water consumption. It was assessed across the 4 

time points. Time was coded on a continuous scale, with 0 at baseline, and 4, 8, 

and 12-week follow- up assessments using m-Health app; however, BIQ-15 was 

implemented at the end of 12-week of intervention(Hedrick, Comber et al. 2013). 

3. Weight Status  

 

Objectively measured height, weight, and BMI, and body fat percentage was 

obtained at the end of 12-week of intervention. 

4. Lifestyle Behaviors/Attitudes 

Health and Exercise, and Nutrition Lifestyle behaviors/attitudes (Dinzeo, 

Thayasivam et al. 2014). 

5. Self-Efficacy Scores 

Exercise and SSBs consumption related self-efficacy scores were obtained at the 

end of intervention (McAuley, 1993, McAuley and Jacobson, 1991, and Xu, Pu 

et al. 2017). 

 

Anticipated outcomes 

 

The main outcomes that were anticipated to be achieved were: 

1. Physical activity (steps/day). 

2. Daily (floz /day) consumption from SSBs and Water. 

3. Weight status (body weight, BMI), body fat mass, and body fat percentage. 

4. Lifestyle behaviors and attitudes. 
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5. Exercise and SSBs consumption Self-efficacy scores.

Data Analysis 

All analyses were conducted using IBM SPSS Statistics for Windows, Version 

24.0. Armonk, NY: IBM Corpwith A 2-sided levels of α level set at p< 0.05; data were 

assessed for normality. The variables were expressed as percentage for categorical 

variables and means plus standard deviation for continuous data. Descriptive statistics 

were used to summarize baseline differences in participant characteristics between 

intervention and control groups. Paired t-tests were used for comparison between pre- 

and post-intervention variables (pedometer measures, anthropometric, and self-efficacy 

scores) for both intervention and control groups. Independent samples t-tests were used 

for comparison between intervention and control groups. Pearson correlation was 

performed to assess the relationship between the physical activity measures (step counts) 

and other variables. 

Weekly steps/day means and water consumption cups/day means across all 

weeks of the study (baseline (T1), week 4 (T2), week 8(T3), and week 12 follow-up 

(T4)) were analyzed using a repeated measure analysis of variance (ANOVA) to analyze 

the effect of intervention for the selected target behavior. Wilcoxon signed ranks Z-tests 

were used to assess the changes in SSBs consumption across all weeks of the 

intervention (baseline (T1), week 4 (T2), week 8(T3), and week 12 (T4), and for changes 
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in BEVQ-15. Anthropometric measurements by gender and race were analyzed using 

independent t-tests and one-way ANOVA within intervention and control group. 

 



 

66 

 

 

 

 

Figure 2 Phases of the research 

Phase one: Needs Assessment 

Demographic information : age, gender, 

race/ethnicity, and the major

Anthropometric measurements: weight, height, 

body mass index (BMI), fat mass and percentage 

of body fat will be obtained

Evaluating health related behaviors and 

attitudes of participants using validated 

questionnaires.

Phase two: Intervention implementation              

Physical activity: Pedometer app.

Sugar Sweetened Beverage (SSB) and water 

consumption using m- Health intervention app: 

MyFitnessPal (MFP)

Phase three: Evaluation

•Physical activity :

•Pedometer apps: feedback and tracking of step 
counts,  and step-count history. It will be assessed 
across the 4 time points. Time is coded on a 
continuous scale, with 0 at baseline, and 4, 8, and 12-
week follow- up assessments.

•Sugar-sweetened beverages (SSB) and Water 
consumption:

•Fluid ounces/day of SSB consumption. 

•Fluid ounces/day of Water

•Weight status and body fatness.

•Lifestyle behaviors.

•Self-efficacy.
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CHAPTER IV 

RESULTS 

Demographics 

Demographic characteristics of participants were comparable at baseline across 

intervention and control groups (Table 1). The two groups combined had a mean age of 

21.12 (+/–2.2) years, a mean BMI of 22.87 (+/–3.8), and a mean fat percentage of 23.10 

(+/–9.9). Participants were predominantly female 92 (80.7%) and white 56 (49.1%). At 

baseline, there were no statistically significant differences between the two groups in 

terms of these characteristics (p>0.05, Table 1). 

College student participants across both control and intervention groups averaged 

43342.59 (+/– 16584.56) steps/week and the difference in steps/week between the 

intervention and control groups at baseline were not statistically significant (Control: 

46260.60 vs. Intervention: 40320.37, p=.056). The mean exercise self-efficacy scores 

were 6.75 (SD 3.02) among all participants. Of the 130 participants, 114 (87.6%) 

completed follow-up; most loss to follow-up occurred during follow-up week (week # 

12). 
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Table 1 Baseline characteristics of the participants according to group allocation. 

Overall Control Intervention p-Value 

Total, no. 114 58 56 

Age (Years), mean (SD) 21.12 (2.2) 21.46 (2.6) 20.76(1.8) 0.94 

Female, no. (%) 92 (80.7) 46 (79.3) 46 (82.1) 

0.000 

Male, no. (%) 22 (19.3) 12 (20.7) 10 (17.9) 

Race category, no (%): 

White 56 (49.1) 23 (39.7) 33 (58.9) 

0.000 

Black or African American. 12 (10.5) 7(12.1) 5 (8.9) 

American Indian or Alaska 

Native. 

16 (14.0) 11(19.0) 5(8.9) 

Asian 20 (17.5) 10 (17.2) 10(17.9) 

Other 10 (8.8) 7(12.1) 3(5.4) 

Weight, mean (SD) 66.19 (12.8) 67.39 (13.8) 64.94 (11.6) 0.307 

Fat percentage, mean 

(SD) 

23.10 (9.9) 23.1 (9.4) 23.15 (10.5) 0.961 

BMI, mean (SD) 22.87 (3.8) 23.42 (4.4) 22.32 (2.9) 0.124 

Baseline step count, mean 

(SD) 

43342.59(16584.56

) 

46260.60(16261.52) 40320.37(16515.63) 0.056 

Exercise self-efficacy 

scores mean (SD) 

6.75 (3.02) 6.28 (3.09) 7.25 (2.89) 0.088 

Differences between the groups at baseline were evaluated with Independent- Sample T Test, and Chi – 

Square, P-value <0.05.  
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Primary Outcomes 

 

Physical Activity (PA) (Step Counts /Week) 

A t-test revealed a significant increase in weekly step counts from baseline (week 

1) to follow-up (week 12) among intervention group (Mean differences =-14575.89, 

t55=-6.113, p=0.00). However, there was no significant difference between the baseline 

(week1) and follow-up (week12) step counts among control group (Mean differences = 

730.48, t57=1.72, p=0.09; table 2). A t-test of the differences in step counts at follow-up 

(week 12) revealed that the participants in the intervention group had a significantly 

higher increase in step counts (Mean=54896.27) than those in the control group (Mean= 

45530.12) (t112= 3.255, p=0.00; table 2; figure 1). 

 

Table 2 Changes in physical activity (PA); (step counts/ week) among intervention and 

control groups. 

Step counts  

N Mean (SD) 

Mean 

Differences  t df 

 

P-

value 

Intervention Pre-Intervention 56 40320.38 (16515.63) -14575.89  -6.113 55 0.00 

Post-Intervention 56 54896.27(14992.35) 

Control Pre-Intervention 58 46260.60 (16261.52) 730.48 1.726 57 0.90 

Post-Intervention 58 45530.12 (15703.41) 

Post 

intervention 

Control 58 45530.12 (15703.41) -9366.15 -3.255 112 0.00 

Intervention 56 54896.27 (14992.35) 

                The mean difference is significant at the 0.05 level. 
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Figure 3 Average steps/week at baseline (week 1) and follow-up (week 12). 



 

71 

 

 

Changes in Physical Activity (Step Counts/Week) among Intervention Group during 

Intervention Program  

 

Repeated measure ANOVA indicated that there was a significant increase in the 

step counts from week 1 (Mean= 40320.38) to week 4 (Mean=49781.13); (p=0.018), and 

a significant increase from week 1 (Mean= 40320.38) to week 12 (Mean=54896.27); 

(p=0.000). A significant difference in step counts have been also observed from week 8 

to week 12 (Mean differences= -11150.48; P=0.000). However, there was no significant 

differences in step counts from week 1 to week 8 (Mean difference=-3425.411; p= 

1.000) (Table 3, Table 4, Figure 2). 

 

Table 3 Step counts/week among intervention group through intervention period. 

Measure:   Step-counts 95% Confidence Interval 

Time N Mean Std. Deviation Lower Bound Upper Bound 

Baseline (Week1) 56 40320.38 16515.63972 35897.458 44743.292 

Week 4 56 49781.13 21411.74850 44047.021 55515.229 

Week 8 56 43745.79 16970.04816 39201.177 48290.394 

Week 12 56 54896.27 14992.35354 50881.289 58911.246 
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Table 4 Changes in step counts/week among intervention group through intervention period. 

Variable Mean Differences 

(SD) 

95% Confidence Interval for 

Differenceb 

P-

value 

Overall 

p-value 

Steps per Week  Lower Bound Upper Bound   

Baseline (Week 1) 40320.38±16515.63     

Change in mean 

steps per week 

    0.000 

Baseline to week 4 -9460.75* -17794.690 -1126.810 0.018  

Baseline to week 8 -3425.41 -11243.217 4392.396 1.000  

Baseline to week 12 -14575.89* -21102.222 -8049.564 0.000  

Week 8 to week 12 -11150.48* -17223.931 -5077.033 0.000  

Based on estimated marginal means. 

*. The mean difference is significant at the 0.05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 
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Figure 4 Step counts mean of intervention participants during weeks 1, 4, 8, and 12. 
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Effect of Gender and Different Races in Step Counts among Intervention Group 

Table 5 indicates that there was a significant difference in week 12 step counts 

between males of the intervention group (Mean=64305.20) and females from that group 

(Mean= 52850.85) (t54=-2.271, p=0.027), being highest among male. However, there 

was no significant difference in mean step counts at baseline (week 1) between male 

(Mean=36689.90) and female intervention participants (Mean= 41109.61) (t54= 0.764, 

p=0.480). 

Table 5 Physical activity (step counts /week) among female and male in intervention group. 

Variable 
Gender N Mean (SD) 

Mean 

Differences df t P-value 

Baseline step counts Female 46 

41109.61 

(16589.21) 

4419.70870 54 0.764 0.448 

Male 10 

36689.90 

(16524.77) 

Week12Step-counts Female 

46 

52850.85 

(14559.32) 

-11454.35217 54 -2.271 0.027 
Male 10 64305.20 

(13927.72) 

   The mean difference is significant at the 0.05 level. 
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Table 6 indicates that there was a significant difference in baseline (week 1) step 

counts among different intervention races (F4=3.702; P=0.01). Post-hoc analysis 

indicates that the significant difference was between White vs. Black or African 

American (Mean differences=-19657.41; p=0.009), Black or African American vs. 

American Indian or Alaska native (Mean differences=29088.80, p=.004), Black or 

African American vs. other (Mean differences=33372.53, p= 0.004), and Asian vs. other 

(Mean differences=1226.33   p=.038). However, the highest difference was between 

Black or African American Vs. other, being highest among Black or African American. 

Nevertheless, no significant differences have been observed at week 12 among different 

intervention races (F4=0.757; P=0.558; Table 7). 

Table 6 Physical activity (step counts /week1) among different races of the intervention 

group. 

N Mean (SD) 95% Confidence 

Interval for Mean 

Race Lower Upper df F 

P-

Value 

White 33 38800.79(14280.87) 33737.0098 43864.5660 

4 3.7 0.01 

Black or African 

American. 

5 58458.20(15870.24) 38752.6973 78163.7027 

American Indian or 

Alaska  

5 29369.40(14342.60) 11560.7048 47178.0952 

Asian 10 46312.00(18939.29) 32763.6431 59860.3569 

Other 3 25085.67(4548.63) 13786.2320 36385.1013 

Total 56 40320.38(16515.64) 35897.4578 44743.2922 

The mean difference is significant at the 0.05 level. 
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Table 7 Physical activity (steps/week 12) among different races of the intervention group. 

 

N Mean (SD) 

95% Confidence Interval 

for Mean  

Race 

Lower Upper 
df F 

 

 

P-

value 

White 33 55282.97(15128.03) 49918.8065 60647.1329  

 

 

 

4 

 

 

 

 

0.757 

 

 

 

 

0.558 

Black or African 

American. 

5 59548.61(12409.06) 44140.7160 74956.4840 

American Indian 

or Alaska Native 

5 44520.01(10324.49) 31700.4408 57339.5592 

Asian 10 56822.91(17855.29) 44049.9971 69595.8029 

Other 3 53760.35(14745.49) 17130.5028 90390.1639 

Total 56 54896.27(14992.35) 50881.2894 58911.2463 

           The mean difference is significant at the 0.05 level 

 

Effect of Gender and Different Races in Step Counts among Control Group 

 

Table 8 indicates that there was no significant difference in baseline (week 1) 

step counts between control female (Mean= 46729.69) and male (Mean=44462.42) 

(p>0.05). As well, no significant differences have been reported for week 12 step counts 

between female (Mean=46186.11) and male (Mean= 43015.50) participants in control 

group (p>0.05). Table 9 and 10 indicate that there were no significant differences 

between different races in the control group in baseline (week 1) and week 12 steps 

count (F4=0.343; F4=0.192; respectively, p>0.05). 
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Table 8 Physical activity (step counts/week) among females and males in control group. 

 

 

Variable 

Gender  N Mean (SD) 

Mean 

Difference 

 

 

 

df 

 

 

 

t P-value 

 

Baseline step counts 

 

Female 

 

46 

 

46729.69 (16388.47) 

 

 

2267.27899 

 

 

56 

 

 

0.43 

 

 

 

0.67  

Male 

 

12 

 

44462.42 (16342.37) 

Week12Step-counts  

Female 

 

46 

 

46186.11 (15658.43) 

 

3170.60870 

 

 

56 

 

0.62 

 

0.54 

 

Male 

 

12 

 

43015.501 (16312.22) 

          The mean difference is significant at the 0.05 level. 

 

 

 

Table 9 Physical activity (step counts/week1) among the different races of the control group. 

 

N Mean (SD) 

95% Confidence Interval for 

Mean  

Race 

Lower Upper 
df F 

 

 

P-value 

White 23 47126.78 (12687.08) 41640.4787 52613.0865  

 

 

4 

 

 

 

 

 

 

 

0.343 

 

 

 

 

 

0.848 

 

 

Black or African 

American. 

7 50193.14(22297.16) 29571.7117 70814.5740 

American Indian or 

Alaska Native 

11 45088.45 (18828.13) 32439.5454 57737.3637 

Asian 10 41584.30 (17559.67) 29022.8655 54145.7345 

Other 7 48004.43 (17550.49) 31772.9264 64235.9308 

Total 58 46260.60 (16261.52) 41984.8543 50536.3526 

       The mean difference is significant at the 0.05 level. 
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Table 10 Physical activity (step counts/week12) among different races of the control group. 

N Mean (SD) 

95% Confidence Interval for 

Mean 

Race 

Lower Upper 
df F 

P-

value 

White 23 46190.91 (13210.66 40478.1932 51903.6329 

4 0.192 0.942 

Black or African 

American. 

7 48627.71(21076.05) 29135.6209 68119.8077 

American Indian or 

Alaska Native 

11 44133.73 (17324.67) 32494.8579 55772.5966 

Asian 10 42510.50 (16865.33) 30445.7723 54575.2277 

Other 7 46769.43 (17269.33) 30797.9591 62740.8980 

Total 58 45530.12 (15703.41) 41401.1189 49659.1225 

    The mean difference is significant at the 0.05 level. 

Sugar Sweetened Beverages (SSB-s) Consumption 

There was a statistically significant difference in sugar sweetened beverages 

(SSBs) consumption (Milliliters) among intervention participants during intervention 

periods (week1, week 4, week 8, and week12) X2(3) = 13.571, p=0.004. Post hoc 

analysis with Wilcoxon signed-rank tests was conducted with Bonferroni correction 

applied, resulting in a significant level set at p<0.017. Median SSBs consumption for the 

Baseline (week1), week 4, week 8, and week 12 were 0.00 (0.00 to 0.00), 177.45 (0.00 

to 473.20), 0.00 (0.00 to 236.600), and 0.00 (0.00 to 236.60), respectively table11.  

There were no significant differences between week 8 and baseline (Z=-1.93, P=0.054), 
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week 12 and baseline (Z=-1.12, P=0.265) SSBs consumption. However, there was a 

statistically significant increase in SSBs consumption during week 4 comparing to week 

1(Z=-3.03, P=0.002) table12. 

 

 

Table 11 Sugar sweetened beverages (SSB-s) consumption (ml/day/week) among intervention group 

through   intervention period. 

 

Week N 

Percentiles Friedman Test 

25th 50th (Median) 75th Chi-Square df P-value 

Baseline  56 0.00 0.00 0.00  

 

13.571 

 

 

3 

 

 

0.004 

Week 4 56 0.00 177.45 473.20 

Week 8 56 0.00 0.00 236.60 

Week 12 56 0.00 0.00 236.60 

 

 

Table 12 Changes in sugar sweetened beverages (SSB-s) consumption (ml/day/week) among intervention 

group through intervention period. 

 Z P-value 

Week4 - Baseline -3.03 0.002 

Week8 - Baseline -1.93 0.054 

Week12 - Baseline -1.12 0.265 

Wilcoxon Signed Ranks Test. 

A significant level at p<0.008. 
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Water Consumption  

 

Repeated measure ANOVA indicated that there was a significant increase in 

water consumption among intervention participants from week 1 (Mean=3.63) to week 4 

(Mean=4.74); (p=0.00), from week 1 (Mean=3.63) to week 8 (Mean=5.44); (p=0.00), 

and a significant increase in water consumption have been also observed from week 1 to 

week 12 (Mean differences=-1.652; P=0.00). (Table13, Table 14, Figure 2).  

 

Table 13 Water consumption (cup/day/week) among intervention group through intervention period. 

 

Measure:   Water consumption (cup/day/week) 95% Confidence Interval 

Time N Mean (SD) Lower Bound Upper Bound 

Baseline (Week 1) 56 3.63 (1.54) 3.212 4.038 

Week 4 56 4.74(2.41) 4.096 5.387 

Week 8 56 5.44(2.64) 4.729 6.146 

Week 12 56 5.28 (1.97) 4.750 5.803 

The mean difference is significant at the 0.05 level. 
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Based on estimated marginal means. 

*. The mean difference is significant at the 0.05 level. 

b. Adjustment for multiple comparisons: Bonferroni.

Figure 5 Water consumption (cup/day/week) means among intervention participants during weeks 

1, 4, 8, and 12. 

Table 14 Changes in water consumption (cup/day/week) among intervention group through intervention 

period. 

Variable Mean 

Differences (SD) 

95% Confidence Interval for 

Differenceb 

P-

value 

Overall 

p-value 

Water (cup/day/week) Lower Bound Upper Bound 0.00 

Change in consumption 

Baseline to week 4 -1.116* -1.957 -0.275 0.00 

Baseline to week 8 -1.813* -2.764 -0.861 0.00 

Baseline to week 12 -1.652 -2.396 -0.907 0.00 
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Secondary Outcomes 

Anthropometric Measurements 

Changes for the secondary outcomes (body weight, Fat %, and BMI) among both 

intervention and control groups are reported in table 15. No changes were found for the 

secondary outcomes of body weight, fat %, and BMI among control group. Changes in 

body weight (Mean±SD: -0.08 ±1.57kg; p=0.71), Fat % (mean= 0.32 ±1.49 %; p=0.11), 

and BMI (mean=-0.05 kg/m2±0.62; p=0.54) among control group. However, 

intervention group significantly reduced their body weight (Mean±SD: 0.42 ±1.23 kg, 

P<0.05), but there were no significant changes for Fat % (mean=-0.87 ±4.88%; p=0.19) 

and for BMI (mean=0.05 ±0.80; p=0.64). 

Table 16 indicates that no significant differences were found for the post -

intervention secondary outcomes of body weight, fat %, and BMI between control and 

intervention groups. Changes in body weight was (mean= 2.95 kg; p=0.23), Fat % 

(mean=-1.28%; p= 0.46), and BMI (mean=1.19 kg/m2; p=0.10). 
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Table 15 Anthropometric variables for intervention and control group. 

Variables N 

Mean (SD) 

Mean 

Differences 

(SD) 

t df 

P-

Value 

Intervention 

Body weight 

 (Kg) 

Pre-Intervention 56 64.94 (11.6) 0.42 (1.23) 2.56 55 0.01 

Post -Intervention 56 64.52 (11.6) 

Fat (%) Pre-Intervention 56 23.15 (10.5) -0.87 (4.88) -1.33 55 0.19 

Post-Intervention 56 24.01(9.2) 

BMI (Kg/m2) Pre-Intervention 56 22.32 (2.9) 0.05 (0.80) 0.47 55 0.64 

Post-Intervention 56 22.27 (2.9) 

Control 

Body weight 

(Kg) 

Pre-Intervention 58 67.39 (13.83) -0.08 (1.57) -0.37 57 0.71 

Post -Intervention 58 67.47 (14.42) 

Fat (%) Pre-Intervention 58 23.06 (9.36) 0.32 (1.49) 1.63 57 0.11 

Post-Intervention 58 22.74 (9.13) 

BMI (Kg/m2) Pre-Intervention 58 23.41 (4.4) -0.05 (0.62) -0.61 57 0.54 

Post-Intervention 58 23.46 (4.6) 

       The mean difference is significant at the 0.05 level. 

Table 16 Post intervention comparisons of anthropometric variables between control and intervention 

groups. 

Post-intervention 

Group N Mean (SD) 

Mean 

Differences t df 

P-

value 

Body weight (Kg) Control 58 67.47 (14.42) 2.95 1.201 112 0.23 

Intervention 56 64.52 (11.6) 

Fat (%) Control 58 22.74 (9.13) -1.28 -0.744 112 0.46 

Intervention 56 24.01(9.21) 

BMI (Kg/m2) Control 58 23.46 (4.6) 1.19 1.643 112 0.10 

Intervention 56 22.27 (2.9) 

      The mean difference is significant at the 0.05 level 
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Self-Efficacy 

 

Exercise –Self Efficacy (ESE) Scores 

Table 17 indicates that no significant differences were found for the pre-

intervention exercise self-efficacy scores between control (mean± SD; 6.28± 3.09) and 

intervention groups (mean=7.25 ±2.90);p>0.05. However, significant differences have 

been reported for post-exercise self-efficacy scores between control and intervention 

groups (Mean differences=-1.55, t112=-3.517, p=0.00) being significantly higher among 

intervention group. Changes for the exercise- self efficacy scores among control and 

intervention groups are reported in table 18. No changes in exercise –self efficacy score 

was found among control group (Mean=-0.18, t57= -0.537, p= 0.59. However, 

intervention group significantly improved their exercise-self efficacy scores (Mean=-

0.76, t55=-2.159, p=0.04). 

The mean difference is significant at the 0.05 level. 

 

 

Table 17 Exercise-self efficacy score comparisons between control and intervention groups. 

 Group 

N Mean (SD) 

Mean 

Difference t df P-value 

Pre-exercise self-

efficacy scores 

Control 58 6.28 (3.09) -0.9746 -1.718 112 0.088 

Intervention 56 7.25 (2.90) 

 Post-exercise self-

efficacy scores 

Control 58 6.46 (2.62) -1.55 -3.517 112 0.001 

Intervention 56 8.00 (2.10) 
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Table 18 Changes in exercise-self efficacy score among control and intervention group. 

 

  

 

N Mean (SD) 

Mean 

Differences 

(SD) t df 

 

 

P-value 

 

Intervention 

Pre-Intervention 56 7.25 (2.90) -0.76 (2.65) -2.159 55 0.04 

Post -Intervention 56 8.01(2.1) 

       

 

Control 

Pre-Intervention 58 6.28 (3.09) -0.18 (2.51) -0.537 57 0.59 

Post -Intervention 58 6.46 (2.62) 

The mean difference is significant at the 0.05 level.  

 

 

 

Correlation between Post-Exercise Self-Efficacy (ESE) Scores and Physical Activity (Step-

Counts/Week 12) among Intervention Group 

A Pearson correlation was run to determine the relationship between post-

exercise self–efficacy scores and week 12 step counts among intervention group. There 

was a strong, positive correlation between post-exercise self–efficacy scores and week 

12 step counts, which was statistically significant (r= 0.320, n=56, p= 0.016), table 19 

and figure 4. 
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Table 19 Correlation between post- exercise-self efficacy scores and step-counts/week 12among 

intervention group. 

Variables Mean (SD) N 

Pearson Correlation 

P-value 

Post-Exercise self-efficacy Score 8.00 (2.05) 56 

0.320* 0.016 

Step counts at week # 12 54896.27 (14992.35) 56 

*. Correlation is significant at the 0.05 level (2-tailed). 

Figure 6 Correlation between post exercise self-efficacy (ESE) scores and physical activity 

(step-counts/week 12) among intervention group. 

r=0.320, p<0.05 
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Sugar-Sweetened Beverages (SSB-s) Consumption Self-Efficacy Scores 

Table 20 indicates that no significant differences were found for the pre-

intervention SSB-s consumption self-efficacy scores between control (Mean ± SD; 3.74 

±0.90) and intervention groups (mean= 3.96 ±0.85); p=0.18. However, significant 

differences were found for post- intervention SSB-s consumption self-efficacy scores 

between control and intervention groups, being higher among intervention group (Mean 

differences =-0.33, t112=-2.423, p=0.02). Changes for the SSB-s consumption self-

efficacy scores among control and intervention groups are reported in table 21. No 

significant changes in post-SSB-s consumption self-efficacy scores were found among 

both control group (mean=-0.06207, t57=-0.620, p=0.54) and intervention group 

(mean=-0.17321, t55=-1.594, p=0.12). 

 

The mean difference is significant at the 0.05 level 

 

Table 20 SSB-s consumption self-efficacy score comparisons between control and intervention groups. 

 

  

Group N Mean (SD) 

Mean 

Difference t df P-value 

Pre SSB-s-Consumption 

self-efficacy scores 

Control 58 3.74 (0.90) -0.22 -1.358 112 0.18 

Intervention 56 3.96 (0.85) 

Post SSB-s-Consumption 

self-efficacy scores 

Control 58 3.8 (0.69) -0.33 -2.423 112 0.02 

Intervention 56 4.14 (0.78) 
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Table 21Changes in SSB-s consumption self-efficacy score among control and intervention groups. 

  

 

N Mean (SD) 

Mean 

Differences  

t df 

 

 

P-value 

 

Intervention 

Pre-Intervention 56 3.96 (0.85) -0.17321 -1.594 55 0.12 

Post -Intervention 56 4.14(0.78) 

       

 

Control 

Pre-Intervention 58 3.74 (0.90) -0.06207 -0.620 57 0.54 

Post -Intervention 58 3.80(0.68) 

The mean difference is significant at the 0.05 level.  

 

Sensitivity to Change SSB-s Consumption Using Beverage Intake Questionnaire 15 

(BEVQ 15)  

 

A Wilcoxon Signed-Ranks test showed that (Water, Sweet Juice, Regular soft 

drink, Diet soft drink, Sweet tea, Coffee with creamer, and Energy drink) consumption 

post intervention among intervention group had no significant change comparing with 

pre-intervention consumption (Z=-1.28, -1.198, -1.16, -0.67, -1.05, -1.17, -0.33; 

respectively), P-value >0.05, table 22. Sensitivity to change SSB-s consumption using 

(BEVQ 15) among control group was reported in table 23. A Wilcoxon Signed-Ranks 

test Showed that the consumption of (water, sweet juice, regular soft drink, diet soft 

drink, sweet tea, coffee with creamer, and energy drink) post intervention were not 

statistically different from pre –intervention consumption (Z=-1.68, -0.75, -1.5, -0.15, -

0.22, -0.28, -0.85; Respectively), P-value >0.05 
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Table 22 Sensitivity to change SSB-s consumption among intervention group using beverage intake 

questionnaire (BEVQ-15). 

N 25th 

50th 

(Median) 75th Z P-value 

Water/day 

Pre-Intervention 56 2.25 3.00 4.38 -1.28 0.20 

Post -Intervention 56 2.25 3.00 4.00 

Sweet juice/week 

Pre-Intervention 56 0.38 0.38 1.00 -1.198 0.23 

Post -Intervention 56 0.38 0.38 0.750 

Regular soft 

drink/Week 

Pre-Intervention 56 0.38 1.00 1.88 -1.16 0.25 

Post -Intervention 56 0.38 0.63 1.500 

Diet Soft drink /Week Pre-Intervention 56 0.75 1.00 1.250 -0.67 0.50 

Post -Intervention 56 0.75 1.13 1.250 

Sweet Tea/Week Pre-Intervention 56 0.38 0.75 1.500 -1.05 0.30 

Post -Intervention 56 0.38 0.75 1.500 

Coffee with C/Week Pre-Intervention 56 0.38 0.44 1.000 -1.17 0.24 

Post -Intervention 56 0.38 0.38 0.500 

Energy Drink/Week Pre-Intervention 56 0.38 0.75 1.000 -0.33 0.74 

Post -Intervention 56 0.38 0.50 1.000 
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Table 23Sensitivity to change SSB-s consumption among control group using beverage intake 

questionnaire (BEVQ-15). 

 

  

 

N 25th 

50th 

(Median) 75th Z 

 

 

P-value 

 

Water/day 

Pre-Intervention 58 2.25 2.25 4.50 -1.68 0.093 

Post -Intervention 58 2.25 3.00 4.50 

       

 

Sweet juice/week 

Pre-Intervention 58 0.38 0.38 1.00 -0.75 0.452 

Post -Intervention 58 0.38 0.50 1.00 

       

Regular soft 

drink/Week 

Pre-Intervention 58 0.38 0.75 1.31 -1.50 0.133 

Post -Intervention 58 0.38 1.00 5.06 

       

Diet Soft drink /Week Pre-Intervention 58 0.50 1.00 1.32 -0.15 0.883 

Post -Intervention 58 0.50 1.00 1.26 

       

Sweet Tea/Week Pre-Intervention 58 0.38 0.50 1.00 -0.22 .823 

Post -Intervention 58 0.38 0.75 1.00 

       

Coffee with C/Week Pre-Intervention 58 0.38 0.38 0.81 -0.28 0.781 

Post -Intervention 58 0.38 0.38 0.75 

       

Energy Drink/Week Pre-Intervention 58 0.38 0.75 1.500 -0.85 0.395 

Post -Intervention 58 0.38 0.38 1.00 
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Lifestyle Behaviors and Attitudes 

 

To assess the quality of life among the participants we used Lifestyle and Habits 

Questionnaire Brief (LHQ-B), Health and Exercise, and Nutrition sections. Table 

24indicates that the majority of female in intervention group (45.7%) was rated as 

having middle health and exercise behavior and attitudes, 41.3 % and 13% were 

classified as top and bottom   health and exercise lifestyle behavior and attitudes; 

respectively. However, the majority of males in intervention group rated as having 

middle health and exercise lifestyle behavior (50%) and 40% was rated with bottom 

degree. 

 

 

Table 24 Health and exercise lifestyle behaviors and attitudes among intervention group. 

 Frequency 

Classification Female Male 

Top 19 (41.3 %) 1 (10%) 

Middle 21 (45.7%) 5 (50%) 

Bottom 6 (13%) 4 (40%) 

Total 46 (100%) 10 (100%) 
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Table 25 indicates the Health and Exercise Lifestyle behaviors and attitudes 

among Control group. Data indicated that the majority of female in control group (60.9 

%) rated as having middle degree, 28.3% and 10.9 % rated with top and bottom; 

respectively. In contrast to this, the majority of male (58.3%) were rated with bottom 

health and exercise lifestyle behavior and attitude. 

Table 25 Health and exercise lifestyle behaviors and attitudes among control group. 

Frequency 

Classification Female Male 

Top 13 (28.3 %) 2 (16.7 %) 

Middle 28 (60.9 %) 3 (25.0 % 

Bottom 5 (10.9 %) 7 (58.3 %) 

Total 46 (100%) 12 (100 %) 

Table 26 and 27 indicates the nutrition lifestyle behaviors and attitudes among 

both intervention and control groups. Table 26 indicates that the majority (67.4 %)of 

female in intervention were rated with top degree and less than 5% with bottom nutrition 

lifestyle behaviors and attitudes. Interestingly, the majority of male in intervention group 

(80%) were classified as having top nutrition lifestyle, and no one (0%) was rated with 

bottom degree. In table 27, data indicated that the majority of female (50%) and male 

(83.3%) in control group were classified as having top nutrition lifestyle behavior and 

attitudes. However, only (10.9%) female and (8.3 %) male were rated with bottom 

degree. 
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Table 26 Nutrition lifestyle behaviors and attitudes among Intervention group. 

Frequency 

Classification Female Male 

Top 31 (67.4%) 8 (80%) 

Middle 13 (28.3%) 2 (20%) 

Bottom 2 (4.3%) 0 

Total 46 (100%) 10 (100% 

Table 27 Nutrition lifestyle behaviors and attitudes among control group. 

Frequency 

Classification Female Male 

Top 23 (50%) 10 (83.3%) 

Middle 18(39.1%) 1 (8.3%) 

Bottom 5(10.9%) 1(8.3 %) 

Total 46 (100%) 12 (100%) 
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CHAPTER V 

DISCUSSION 

The present study provides valuable insights into the use of m-Health apps to 

investigate theory-based behavioral interventions to improve healthy lifestyle behaviors 

among college students, which may be suitable for widespread dissemination and 

implementation. Findings from the current RCT indicate that a 12 weeks m-Health 

intervention using m-Health apps resulted in a significant improvement in PA (step 

counts), body weight, and healthy dietary behaviors related to SSBs and water 

consumption in college students over and above the provision basic information on 

recommendations among young adult. Substantial outreach efforts were needed to 

recruit the participants, but eligibility rates were high among those who were screened, 

and the retention through 12 weeks was excellent (88%). 

The use of pedometer based an m-Health app was found to increase the PA over 

a 12-week period, when compared with data from the control group. However, the 

control group displayed no significant change in their PA (step counts) through 

intervention period. The intervention group achieved a significant increase of over 

14575 steps per week (an increase of approximately 36 % in activity levels), equivalent 

to a distance about seven miles/week. A comparable step counts increase (1029 

steps/day) over a period of 8 weeks had been reported in the SMART MOVE trial 

among intervention group who received PA goals of 10,000 steps/day (Glynn, Hayes et 

al. 2014). 
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 However, the control group who was given a PA goal of walking 30 minutes/ 

day in addition to their usual activity showed an initial increase in step count which then 

decreased back to baseline (Glynn, Hayes et al. 2014). Moreover, comparable step 

counts increased over a mean period of 18 weeks of intervention was associated with a 

significant reduction in BMI(Bravata, Smith-Spangler et al. 2007). Our data is 

comparable to the data fromBravata, Smith-Spangler et al. (2007),who reported that a 

pedometer based m-Health intervention increased the users PA (step counts) by an 

average of 26.9 % over the baseline PA. Furthermore, it has been found that during a 

mean of 6 years, for 2000 step counts/day increase was associated with 10% relative 

reduction of CVD (Yates, Haffner et al. 2014). 

The high effect size  (ES) ( ES=0.82) of the current study and increase in step 

counts were comparable to results found in a meta-analysis, which found that the 

interventions with 10,000 steps/day as a target goal had the highest effect size (ES=0.84, 

95%CI =0.43,1.24)(Kang, Marshall et al. 2009). In addition, individualized goal setting 

intervention based on the baseline measures and individualize goal setting with the 

addition of contact with the researcher and other intervention strategies have had similar 

ESs (Kang, Marshall et al. 2009). Evidence has suggested that using pedometer based m-

Health app has a moderate and positive effect among all age groups, and intervention 

length; the mean ES was 0.68 in most intervention studies, which was translated to an 

average of 2,000 steps in intervention participants (Kang, Marshall et al. 2009).This 

evidence will help us in designing optimal m-Health intervention that optimizes the 

improvement in PA engagement. This substantial change is clinically meaningful and, if 
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continued, is expected to result in numerous health benefits, including decreased the risk 

of obesity, T2DM, and CVDs (Rehn, Winett et al. 2013). 

Participants in intervention group achieved a significant increase in their step 

counts (mean differences =-14575.89, t55=-6.113, p=0.00); with daily average increases 

of approximately 2082 steps/day. Moreover, the increase in PA (step counts) seen in the 

intervention group was maintained during 12weeks of intervention as indicated by table 

3. The current study followed the intervention group throughout the intervention period 

weekly and reported an incremental increase in step counts on a month by month basis. 

It has been proposed that sharing the PA (step counts) on a regular basis may act as an 

intrinsic motivational factor. Baker, Gray et al. (2008) has reported that one limitation of 

their research was measuring step counts at pre and post intervention. 

 Our findings are consistent with the findings of Walsh, Corbett et al. (2016) who 

reported a significant improvement in their daily step counts among both control (30 

minutes of walking/day) and intervention (10,000 steps/ day) groups; with additional 

2000 step/ day among intervention group. The same findings had been found by Kang, 

Marshall et al. 2009;Richardson, Newton et al. 2008; and Bravata, Smith-Spangler et al. 

2007 , who reported that using pedometer in a m-Health behavioral intervention were 

associated with increases in PA (step counts) by approximately 2,000 to 2, 5000 

steps/day .  

This level of increasing was associated with moderate weight loss (Richardson, 

Newton et al. 2008, and Bravata, Smith-Spangler et al. 2007). In addition, improvement 

of blood pressure (BP)(Bravata, Smith-Spangler et al. 2007). Intervention participants 
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had a target goal of 10,000 steps/day, and interacted with the self-monitoring aspects and 

feedback from the m-Health app. Small changes have been set as a behavioral platform 

for greater improvement in PA (step counts) as well as an improvement in public health 

and health fitness consequences with higher volume of PA (Tudor-Locke, Craig et al. 

2011). 

Tudor-Locke, Craig et al (2011) have introduced the concept of gradual index for 

healthy adults as: 1) <2,500steps/day “basal activity”; 2) 2,500-4,999 steps/day “limited 

activity” 5,000-7,499 steps/day “low active”; 3) 7,500-9,999 steps/day “somewhat 

active”; 4) ≥10,000-12,499 steps/day “active”; and 5) ≥12,500 steps/day “highly active”. 

Notably, in the current study the baseline PA levels for both control and intervention 

groups were low (approximately 5,600 steps/day) which was less than the (7,000-8,000) 

steps/ day a reasonable threshold of free living PA that is also associated with current 

public health guidelines based on minimal amounts of time spent in MVPA(Tudor-

Locke, Craig et al. 2011).By the end of the intervention, the intervention group 

progressed from being classified as “low active” (5,000–7,499 steps/day) to classed as 

“somewhat active” (7,500-9,999 steps/day); they had reached the minimum guidelines 

targets (7842 steps/day) suggesting that pedometer based m- health apps are an effective 

method of promoting PA among college students and allowing them to meet suggested 

public health recommendations where it is important to develop healthy behaviors. 

Although there is individual variability, an increase of daily step counts by 

approximately 800 steps is equivalent to an additional 8 to 10 minutes of PA(Marshall, 

Levy et al. 2009). However, these increases do not include the activities such as 
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swimming, and bicycling (Fukuoka, Vittinghoff et al. 2010). Evidence has suggested 

that to meet the current PA recommendations; walking at least 3000steps in 30 minutes 

on 5 days each week will help to achieve that  (Marshall, Levy et al. 2009). Pedometer 

based m-Health behavioral interventions have been used to improve the PA among child, 

adolescents, and adults (Lubans, Plotnikoff et al. 2015). The main concept of using 

pedometer m-Health app to improve the PA is that the “real time” step counts feedback 

increases an individual’s consciousness about how personal behavioral choices affect 

their PA.  Although, the weight loss was not a target of increase in daily step counts the 

intervention group significantly decrease their body weight (p<0.05). However, 

intervention participants’ health outcomes (fat mass, and BMI) didn’t change 

significantly (t55=-1.33, p>0.05, and t55=0.47, p>0.05; respectively). m-Health app 

interventions primarily promoted the healthy lifestyle behaviors that may eventually 

result in healthier BMI. Our finding is consistent with Hebden, Cook et al. (2014) 

findings who reported a significant weight reduction pre-to-post intervention among 

intervention group (-1.6 (2.6) kg), as result of a12-week period pedometer based on an 

m-Health intervention with a recommendation of 45-60 minutes/day of moderate 

intensity PA.  

Significant and clinically meaningful improvements are harder to achieve during 

relatively short period of intervention (12 weeks). Therefore, longer than 12 weeks of 

intervention is required to allow positive physiological changes to occur. It has been 

recommended to spend 45-60 minutes/day of moderate PA to maintain healthy body 

weight (Baker, Gray et al. 2008) . Hasan, Attlee et al. (2018) has proposed that among 
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overweight and obese participants the average daily step counts of approximately 7000 

step counts, which may result in improvement of anthropometric measurements, serum 

lipid profile, and HMW- Adip after a nine-week period intervention.  

Findings from the current study suggest that pedometer-based m-Health app 

intervention that target college students may facilitate their engagement in PA over a 

relatively short period of time (12 weeks).  Pedometer based m-Health intervention 

programs provide individuals with up-to-the minute information about their 

performance, so they can self- monitor and set a target steps goal (Bravata, Smith-

Spangler et al. 2007). Using 10,000 steps/day as behavioral target to improve the PA has 

been criticized as a universal step goals due to differences among different subgroups  

and it reinforced in several literature (Glynn, Hayes et al. 2014; Wilde, Sidman et al. 

2001). It has been found that individuals who achieved 10,000 steps/day are more likely 

to meet the PA guidelines suggested by the CDC, theACSM, and the U.S Surgeon 

General (Kang, Marshall et al. 2009 , Le Masurier, Sidman et al. 2003) . It has been 

argued that an pedometer based m-Health intervention should incorporate personalized 

step-goals (Wilde, Sidman et al. 2001). 

Le Masurier, Sidman et al. (2003)has proposed that personalized step goals may 

be more appropriate for people with sedentary lifestyles. However, a limited number of 

studies evaluated the effectiveness of alternative goals to 10,000 steps /day. As proposed 

by Heesch, Dinger et al. (2005) in their qualitative research, pedometer-based m -Health 

intervention can assist in goal setting (e.g., 10,000 step/day) and improve the motivation 

among the participants to achieve their goals. One study has reported that by achieving 
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10,000 steps/day, equivalent to walking about 5 miles, an individual will expend at least 

150 kcal associated with heath improvement (Lindberg 2000). 

The current pedometer-basedm-Health interventions shares the basic features and 

accuracy of pedometer–based intervention, which is related to improve the PA (step 

counts) of approximately 2082 steps/day, as well as a significant decrease in body 

weight. A similar intervention effect size was reported here, but without the burden of 

cost associated with a pedometer purchase or the need for individual to remember to 

carry extra equipment. Additional features associated with the feasibility of pedometer-

basedm-Health app intervention is the feedback on time, energy consumption, 

accompanied with graphic display and goal achieved. These features provide m-Health 

app with significant potential as third generation ‘tailored’ intervention that can improve 

the PA in particular (Glynn, Hayes et al. 2014). 

The m-Health apps interventions strategy to reduce the excess consumption of 

SSBs among college students involves replacing SSBs with water and other healthier 

drinking options.  The current m-Health intervention demonstrated that there was no 

significant difference in SSBs intake Pre- (week 1)-to-Post (week 12) intervention (z=-

1.12, p=0.265). Our results were explained through that the intervention participants 

showed no significant improvement in their SSBs self-efficacy to reduce their 

consumption of SSBs through 12 weeks of intervention. 

In contrast, Kerr, Harray et al. 2016 ;  Fukuoka, Gay et al. 2015; and Smith, 

Morgan et al. 2014  reported a significant reduction in SSBs consumption among 

intervention group using m- Health app intervention compared to the control group. In 
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addition , Nezami, Ward et al. (2018)reported a significant reduction in SSBs/ juice 

among intervention group equivalent to 145 kcal / day, which is clinically meaningful 

and reduce the risk of being overweight or obese. Findings from study among low-

income girls (9-14) years showed that using m- health app to regulate SSBs consumption 

through the recommended serving, feedback, and positive reinforcements was associated 

with a significant reduction in SBBs ( -0.33, p=0.09) (Nollen, Mayo et al. 2014). 

Although previous studies showed a significant reductions in SSB consumption 

Nezami, Ward et al. 2018; Kerr, Harray et al. 2016; Fukuoka, Gay et al. 2015; and 

Nollen, Mayo et al. 2014, these studies were longer duration period (6 month)  than our 

study and also focused solely on this outcome. The corresponding reduction of kcal/ day 

as a result of reduction in SSBs intake may have a potential impact on health over the 

longtime. However, our findings showed significant increases in water consumption 

during the intervention period of week 4, week8, and week 12 compared to the baseline 

(week 1) (p=0.00). our findings are consistent with results from the Stanford A TO Z 

cohort, replacing water instead of sweetened caloric beverages (SCBs) among 

overweight women who consumed regularly (> 12 ounces/day) at baseline was 

associated with a significant predicted reduction in total energy of 200kcal/day over 12 

months of intervention (Stookey, Constant et al. 2007). 

It has been suggested that the short term effects < 1 day of replacing drinking 

water instead of energy intake translate into weight loss over time (Stookey, Constant et 

al. 2008). Findings from behavioral intervention studies to examine the change of SSBs 

consumption among young adult, without test a specific effect of decreasing SSB, 
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indicated that the reduction in SSBs consumption is feasible; however, they also 

indicated the need for theoretically based intervention to investigate the effectiveness of 

intervention strategies that specifically target SSBs consumption among adults. 

Considering that SSBs consumptions accounts for approximately 10% of total energy 

intake for US adults Rosinger, Herrick et al. (2017) recommendations to replacing SSBs 

with water might have a significant public health impact. Using an m-Health app for 

regulating SSBs and water consumption and tailored feedback has a great potential for 

m-Health promotion interventions targeting SSBs consumption in college students. 

The exercise self-efficacy (ESE) level scores had significantly increased pre-to-

post intervention among intervention group members (p<0.05). Our findings are 

consistent with the findings of Clarke, Freeland-Graves et al. (2007), who reported a 

significant improvement in ESE by week 8 of the intervention to promote PA in low–

income women using pedometer.  Azizan, Justine et al. (2013) showed that older persons 

with higher self-efficacy had better participation and engagement in a long-term PA 

intervention programs (24 weeks). Our findings are consistent with SCT predictions; 

increases in exercise related self-efficacy are positively and significantly associated with 

step counts increases. The current study shows a strong, positive, and statistically 

significant (r= 0.320, n=56, p= 0.016) correlation between post-exercise self–efficacy 

scores and week 12 step counts, which supports the importance of incorporating 

strategies to improve self-efficacy, therefore improve the PA. Moreover, the current 

findings are consistent with Clarke, Freeland-Graves et al. (2007) findindgs, who 

reported a significant correlation between ESE and pedometer step counts 
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(r=0.30, P<0.01). The explanation of why the PA (step counts) improved and positively 

correlated with the high post intervention ESE level may be the high ESE level 

contributes to the formation of exercise habits. It is well established that self-efficacy 

associated with PA by other researchers (Kadir and Rundle-Thiele 2018; Tayama, 

Yamasaki et al. 2012; and McAuley 1993). In addition, it is consistent with previous 

data, which has identified improvement in self-efficacy scores  as a mediator of 

treatment effects on PA among men and women aged 60-69 years (Shephard 2001). 

It has been suggested that setting specific high acheivable steps goal are likely 

lead to  improve the PA performane than none specific goals (Raedeke, Focht et al. 

2010). Williams and French (2011) had suggested that people with high self-efficacy 

levels are more likely to be more commited to the target goal (10,000 steps/day) than 

people with low self- efficacy levels. Pedometer based m-Health app interventions with 

a step goal ( 10,000 steps/day) were associated with increases of more than 2,000 steps 

per day (Partridge, McGeechan et al. 2017; Koring, Parschau et al. 2013; and Tayama, 

Yamasaki et al. 2012) . 

It has been found that baseline self-efficacy levels significantly affected the 

change in pre-to- post step counts after 16 weeks of PA intervention (Tayama, Yamasaki 

et al. 2012).Social cognitive theory (SCT)  suggested that goal setting, and self efficacy 

are the main determinant of PA behaviour (Kadir and Rundle-Thiele 2018, and Bandura 

1977).  However, self- efficacy level accounts  for 10-25 % of the variation in PA 

behavior (McAuley 1993). It seems that self-efficacy mediates the change on objectively 

measured PA behavior, indicating the importance of using this measure as an 
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intermediate and target goal for healthy lifestyle m-Health based intervention. Therefore, 

it is reasonable to  target the self-efficacy in order to improve PA behaviour. Moreover, 

the  behavioral intervention that included feedback, goals setting, and self-reggulation 

produced the highest levels of self-efficacy . 

Self-efficacy to meet recommendations for SSBs and replace it with water was 

relatively high among both intervention and control participant at baseline (mean =3.96, 

3.74; respectively), showing a significant improvement among the intervention group 

compared to control group at week 12 of m health intervention (mean differences =-0.33, 

t112=-2.423,  

p=0.02). However, there was no significant improvement in SSBs self-efficacy 

scores pre-to-post intervention among both groups (p=0.12). 

Although the improvement of SSBs self-efficacy was statistically not significant 

among the intervention group, it seems to mediate the increase consumption of water 

which observed among intervention group. It has been reported that indirect effects of 

improved SSBs behavior in the intervention group of m-Health RCT for prevention of 

weight gain were explained by improvement in self-efficacy, accounting for (8-37) % of 

the total effects (Partridge, McGeechan et al. 2017).  Bruce, Beech et al. (2017) reported 

a significantly lower self-efficacy for changing SSBs consumption in African Americans 

College males compared to white college males. Recent studies conducted among 

college students reported the need to examine the differences in self-efficacy for 

improving certain health behaviors (Stephens, Yager et al. 2017). Self-efficacy was 
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found to mediate the behavioral changes, reflecting the importance of this measure as an 

intermediate indicator and target goal of lifestyle m-Health apps interventions. 

Post-intervention data showed that the majority of participants were rated as 

having middle health and exercise lifestyle behavior which means although they clearly 

established some healthy lifestyle habits they still have a great deal for more 

improvement, with exception of males in control group who were rated with bottom 

health and exercise lifestyle behavior and attitude reflecting there engaging in many 

health and environmental factors compromising healthy behaviors. Interestingly, the 

majority of participants were rated as having top degree of nutrition lifestyle behaviors 

and attitudes meaning they clearly adopt healthy patterns for these categories with 

minimum of health compromising behaviors. The findings suggest that an m-Health app 

intervention may provide the participants encouragement and support to adopt healthy 

behaviors related to increasing the engagement in PA, decrease their consumption of 

SSBs, and consume water instead of SSBs. This positive experience may be necessary 

for the college students to maintain and improve the healthy lifestyle behaviors. The m-

Health apps are therefore likely to have a greater appeal to the college students for future 

health promotion interventions targeting PA and healthy eating than many of the other 

traditional ways of improving the healthy lifestyle (Ipjian and Johnston 2017, and 

Muller, Alley et al. 2016). 
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Limitations 

Limitations of the present study include a relatively small sample size; large 

proportions of female in the sample, focusing on college students may limit the 

generalizability of the findings, and the mean BMI was within normal body weight 

range. In addition, as with most behavioral change’s interventions, self-reported 

questionnaires were used, and it might have contributed to participant bias. It has been 

suggested that self-reported behavioral questionnaires may result in subjects 

intentionally providing inaccurate answers during interview due to pressure or socially 

acceptable manner(Affuso, Stevens et al. 2011). In addition, pedometer-based-Health 

app cannot evaluate the intensity and speed of activity. Finally, the study was relatively 

of short duration (3months) with no extended follow-up. A longer intervention period 

would have provided clearer insight into the maintenance of behavioral changes. In 

addition, it would also provide information about the effect of improving PA and other 

healthy lifestyles on parameters associated with insulin sensitivity, and cardiovascular 

diseases. 

Strength 

The present study found an effective m-Health app intervention among targeted 

college students. Also, the study included the randomized controlled design powered to 

detect the effectiveness of usinganm-Health application to improve the healthy lifestyles 

among college students. Another strength was the use of a theory-based 

intervention,which found to be more effective. Objective assessment using a pedometer 
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to measure number of steps taken and body composition was measured using a Tanita 

scale and stadiometer. A high retention rate at follow-up (88%), and finally, limited 

number of exclusion criteria, therefore strengthening external validity and help to 

facilitate the implementation (Glynn, Hayes et al. 2014). 
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CHAPTER VI 

SUMMARY AND CONCLUSION 

Summary 

An m-Health app intervention was developed for college students. The 

intervention followed the COM-B model and the RCT was designed to measure the 

efficacy and the effectiveness of a 12weeks m-Health apps intervention on specific 

lifestyle behavior changes including PA (step counts), and SSBs and water consumption 

in college students. The intervention was based on a need assessment, which assessed 

PA (step counts) (pedometer based m health app); and self-reports using the IPAQ 

(Craig, et al; 2003), SSBs consumption (self-reported (floz/day)(Hedrick, et al., 2012), 

self-efficacy (McAuley, Lox, & Duncan, 1993), lifestyle behaviors (Health, Exercise, 

and Nutrition) (Dinzeo & Thayasivam, 2014), and body composition (weight, fat mass, 

fat percentage, and BMI). Social cognitive theory (SCT) was used as the theoretical 

background for the intervention. The intervention group received PA goals of (10,000 

steps/day), using a pedometer basedanm-Health app, and a primary goal of achieving the 

SSBs recommended amount of (<=240mL SSBs/d (<=8 floz SSB/d)), and using them-

Health app for weight management (My Fitness Pal (MFP). Participants in the control 

group were provided only with information related to daily recommended PA levels 

(i.e.; 30 minutes daily), information highlighting the benefits of consumption water 

instead of SSBs and encouragement not to increase the consumption of SSBs (<=240mL 

SSBs/d (<=8 floz SSB/d)). The control group received no further information or 

encouragement. 
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Statistical analyses such as dependent t-tests, independent t-tests, and Wilcoxon 

signed-rank tests were conducted to determine the changes in health behaviors before 

and after m health apps intervention. A Pearson correlation was also conducted to 

determine if a relationship existed between post-exercise self–efficacy scores and PA 

(step counts). In addition, independent- sample t- tests and Chi Square test were used for 

baseline differences between two groups. Of the 130 participants at baseline assessment, 

only 114 (87.6%) completed the follow-up assessment. The mean age for all participants 

was 21.12 (+/–2.2) years, and were predominantly female 92 (80.7%) and white 56 

(49.1%). Mean BMI in this sample was of 22.87 (+/–3.8) which put these participants at 

in the normal body weight category for college students. In regards to the change in PA, 

SSBs and water consumption, body composition, and mediators of behaviors, there were 

some significant post- test improvements that were observed after m health apps 

intervention. These include increased PA (step counts), decreased body weight, 

increased water intake, increased the self-efficacy, and other measures of healthy 

lifestyle behaviors. In relation to the mediator of the behaviors, ESE was found to be 

significantly and positively associated with increased post intervention PA (r= 0.320, p= 

0.016). 
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Conclusion 

 

Promotion of healthy lifestyle behaviors among college students is a priority in 

line with the WHO strategies to improve health through engaging inPAand healthy 

dietary behaviors, in order to reduce the risk of diseases burden in later life. It seems that 

the promotion of health should move from a model focused on the physical and 

biological bases of illness and towards a focus on the behavioral changes that support the 

health. These changes seem to be effectively facilitated through m-Health app 

intervention programs. Therefore, m-Health apps may become an effective driver for 

behavioral change process, rather than just providing more evidence that tracking in any 

form supports behavior change. M-Health app interventions provide a unique 

opportunity to track the health-related behaviors, enabling objective assessment of 

health-related outcomes that previously based on self-reported.  

The current study demonstrates that a 12-weekRCTm-Health intervention 

program was an effective way to significantly improve PA (step counts), body weight, 

and other dietary healthy lifestyle in college students. Although weight management is 

not a behavior, but rather is an outcome of behavioral changes. Pedometer based m-

Health app facilitate BCTsof goal settings, self-monitoring, and action planning through 

automatic visual feedback, and consequences on PA (step counts), which may be 

beneficial to improve the engagement through an m-Health app intervention programs 

(Walsh and Groarke2019).Although we found a significant improvement in PA (step 

counts) by setting goal of 10,000 steps/day among all participants and specific 

recommendations regarding to SSB sand water consumption, future researches should be 
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moving toward personalization of m-Health intervention based on an individual’s unique 

profile, which seems to be more effective and increases the likelihood of successful 

behavior changes, and leads to greater engagement in m- health intervention(Glynn, 

Hayes et al. 2014;Wilde, Sidman et al. 2001; and Le Masurier, Sidman et al. 2003). Self-

efficacy was found to mediate the behavioral changes, reflecting the importance of this 

measure as an intermediate indicator and target goal of lifestyle m-Health apps 

interventions. Future research should target the self-efficacy in order to improve the PA 

and healthy eating behaviors. Moreover, the behavioral intervention that included 

feedback, goals setting, and self-reggulation produced the highest levels of self-

efficacy.This research extends our understanding of college students’ knowledge, self-

efficacy, self regulation, and maintenance of healthy lifestyle. Future research should 

assess a more comprehensive range of behavioral change strategies and how they act as 

a mediator for improving dietary behaviors and physical activity using m-Health app 

interventions.  

Significant and clinically meaningful improvements in PA and healthy eating 

behaviors are harder to achieve during a relatively short period of intervention (12 

weeks). Therefore, larger RCT with a longer follow-up intervention are required to allow 

positive physiological changes to occur and to examine long-term sustainability of such 

improvement. Moreover, it would be of interest for future research to include other 

objective measures of fitness such as maximal oxygen uptake and heart rate. In 

conclusion, m-Health is an emerging field of health interventions and research, which 

offers an alternative, usually effective methods of improving physical activity and 
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healthy dietary intakes. M-Healthapp-based interventions remain a feasible and effective 

strategy to change behavior in people of all ages, due to their accessibility, and easy to 

interpret its feedback, goal setting, and self- monitoring. It represents a unique 

opportunity in public health to explore, understand, and effectively improve the PA and 

healthy eating behaviors. 
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APPENDIX A 

SURVEY INSTRUMENT 

Exercise Self-Efficacy 

The items listed below are designed to assess your beliefs in your ability to continue exercising 

on a three time per week basis at moderate intensities (upper end of your perceived exertion 

range), for 40+ minutes per session in the future. Using the scales listed below please indicate 

how confident you are that you will be able to continue to exercise in the future.  

For example, if you have complete confidence that you could exercise three times per week at 

moderate intensity for 40+ minutes for the next four weeks without quitting, you would circle 

100%. However, if you had no confidence at all that you could exercise at your exercise 

prescription for the next four weeks without quitting, (that is, confident you would not exercise), 

you would circle 0%. 

Please remember to answer honestly and accurately. There are no rights or wrong answers. 

Mark your answer by circling a %: 

1. I am able to continue to exercise three times per week at moderate intensity, for 40+

minutes without quitting for the NEXT WEEK 

0%     10%    20%    30%    40%    50%    60%    70%    80%    90%    100%. 

2. I am able to continue to exercise three times per week at moderate intensity, for 40+

minutes without quitting for the NEXT TWO WEEKS 

  0%    10%    20%    30%    40%    50%    60%    70%    80%    90%    100% 
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3. Iam able to continue to exercise three times per week at moderate intensity, for 40+ 

minutes without quitting for the NEXT THREE WEEKS  

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

 

4.I am able to continue to exercise three times per week at moderate intensity, for 40+ 

minutes without quitting for the NEXT FOUR WEEKS  

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

 

5. I am able to continue to exercise three times per week at moderate intensity, for 40+ 

minutes without quitting for the NEXT FIVE WEEKS  

 

          0%     10%    20%    30%     40%    50%     60%    70%   80%   90%   100% 

 

6. I am able to continue to exercise three times per week at moderate intensity, for 40+ 

minutes without quitting for the NEXT SIX WEEKS 

 

          0%   10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

 

7.I am able to continue to exercise three times per week at moderate intensity, for 40+ 

minutes without quitting for the NEXT SEVEN WEEKS 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

 

8.I am able to continue to exercise three times per week at moderate intensity, for 40+ 

minutes without quitting for the NEXT EIGHT WEEKS 
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

9. I am able to continue to exercise three times per week at moderate intensity, for 40+

minutes without quitting for the NEXT NINE WEEKS 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

10. I am able to continue to exercise three times per week at moderate intensity, for 40+

minutes without quitting for the NEXT TENTH WEEKS 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%. 

11.I am able to continue to exercise three times per week at moderate intensity, for 40+

minutes without quitting for the NEXT ELEVEN WEEKS 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

12.I am able to continue to exercise three times per week at moderate intensity, for 40+

minutes without quitting for the NEXT TWELVE WEEK 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
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Beverage Questionnaire (BEVQ-15) 

 Participant ID………………… 

Instructions: 

In the past month, please indicate your response for each sugar sweetened beverage 

type by marking an “ X” in the box for “ how often” and “ how much each time”. 

1. Indicate how often you drank the following beverages, for example, if you

drank 5 glasses of water per week, mark 4-6 times per week.

2. Indicate the approximate amount of sugar sweetened beverages you drank

each time, for example, if you drank I cup of sweetened tea each time, mark

1 cup under “ how much each time”.
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 HOW OFTEN (MARK ONE) 

 

HOW MUCH EACH TIME (MARK ONE) 

Type of Beverage Never or 

less than 

1 time 

per 

week 

 

I time 

per 

week 

 

2-3 

times 

per 

week. 

 

4-6 

times 

per 

week. 

 

1 time 

per day. 

2+ times 

per day. 

 

3+ times 

per day 

 

Less 

than 

6 fl oz 

(¾ cup). 

 

8 fl oz 

(1 cup). 

 

12 fl oz 

(1 ½ 

cups). 

 

16 fl oz 

(2 cups). 

 

More 

than 20 

fl oz  

(2 ½ 

cups). 

Water             

Sweetened Juice 

Beverage /Drink (fruit 

ades, Lemonade, Punch, 

Sunny Delight). 

            

 

Soft Drinks, Regular. 

 

            

Diet Soft Drink/ 

Artificially Sweetened 

Drinks ( Crystal Light) 

 

 

            

 

Sweetened Tea 

 

            

Tea or Coffee, with 

cream and/or sugar 

(includes non-dairy 

creamer). 

            

Energy & Sports Drinks 

(Red Bull, Rockstar, 

Gatorade, powerade, 

etc.). 
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International Physical Activity Questionnaire (IQAP) 

SHORT LAST 7 DAYS SELF-ADMINISTERED FORMAT 

FOR USE WITH YOUNG and MIDDLE-AGED ADULTS (15-69 Years) 

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 

We are interested in finding out about the kinds of physical activities that people do as 

part of their everyday lives.  The questions will ask you about the time you spent being 

physically active in the last 7 days.  Please answer each question even if you do not 

consider yourself to be an active person.  Please think about the activities you do at 

work, as part of your house and yard work, to get from place to place, and in your spare 

time for recreation, exercise or sport. 

Think about all the vigorous activities that you did in the last 7 days.  Vigorous 

physical activities refer to activities that take hard physical effort and make you breathe 

much harder than normal.  Think only about those physical activities that you did for at 

least 10 minutes at a time. 

1. During the last 7 days, on how many days did you do vigorous physical

activities like heavy lifting, digging, aerobics, or fast bicycling?

_____ Days per week 

No vigorous physical activities Skip to question 3  
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2. How much time did you usually spend doing vigorous physical activities on one 

of those days? 

 

_____ Hours per day  

_____ Minutes per day  

Don’t know/Not sure 

Think about all the moderate activities that you did in the last 7 days.  Moderate 

activities refer to activities that take moderate physical effort and make you breathe 

somewhat harder than normal.  Think only about those physical activities that you did 

for at least 10 minutes at a time. 

 

3. During the last 7 days, on how many days did you do moderate physical 

activities like carrying light loads, bicycling at a regular pace, or doubles tennis?  

Do not include walking. 

 

_____ Days per week 

 

   

No moderate physical activities  Skip to question 5 

 

4. How much time did you usually spend doing moderate physical activities on one 

of those days? 

 

_____ Hours per day 

_____ Minutes per day 

  Don’t know/Not sure  
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Think about the time you spent walking in the last 7 days.  This includes at work and at 

home, walking to travel from place to place, and any other walking that you have done 

solely for recreation, sport, exercise, or leisure. 

 

 

5. During the last 7 days, on how many days did you walk for at least 10 minutes 

at a time?   

 

_____ Days per week 

 

  No walking   Skip to question 7 

 

6. How much time did you usually spend walking on one of those days? 

_____ Hours per day 

_____ Minutes per day 

Don’t know/Not sure  

The last question is about the time you spent sitting on weekdays during the last 7 days.  

Include time spent at work, at home, while doing course work and during leisure time.  

This may include time spent sitting at a desk, visiting friends, reading, or sitting or lying 

down to watch television. 

7. During the last 7 days, how much time did you spend sitting on a week day? 

 

_____ Hours per day  

_____ Minutes per day  

Don’t know/Not sure  

 

 

 

This is the end of the questionnaire, thank you for participating. 
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Lifestyle and Habits Questionnaire-Brief (LHQ-B) 

 

Broadly examine your lifestyle behaviors and attitudes for each category below. Write 

the number that best corresponds to your honest response in the space provided to the 

left of each statement. Add up your scores for each category, divide by the number 

indicated, and check the resulting score against the interpretive guidelines. 

 

Strongly Disagree Disagree Neutral Agree Strongly Agree 

1 2 3 4 5 

 

 

Health & Exercise: 

…………1. I am as physically fit as most people my age. 

…………2. I have good physical endurance 

………….3. I spend much of my leisure time involved in physical activities like walking 

bicycling, hiking, swimming, gardening, or playing competitive sports. 

…………4. I participate in vigorous exercise like running, swimming, speed walking, or 

aerobics dance classes for at least 20 to 30 minutes a day and at least three times a week. 

…………5. I try to keep my body healthy and fit. 

………….6. I participate in muscle- strengthening exercise at least several times a week. 

Total Health & Exercise =_____ 

Nutrition 

……....1. I limit my intake of Sugar Sweetened Beverages. 

……….2. I eat food that is broiled or steamed, not fried or sautéed. 

……….3. I limit the amount of salt and sugar I consume. 

……….4. I eat five or more servings of fruits and vegetable daily. 

 

Total Nutrition =___ 
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Interpretive Guidelines for the Lifestyle and Habits Questionnaire- Brief (LHQ-B) 

Directions: Take your score from each of the eight LHQ-Bdomains and circle the 

corresponding range of scores providefor your sex (male or female) below. For example, 

if you are amale and your score was 22 for the health and exercise section,you would 

circle the “middle range” for the health and exerciserow of the first table. The range 

categories (bottom, middle, andtop) were defined by splitting the normative sample data 

intothirds. Thus, the bottom category represents the bottom 33%ofscores while scores in 

the top category represent scores reportedin the upper 33 % of the normative sample. 

FEMALES: Bottom, Middle, and Top Score Ranges 

Bottom Range Middle Range Tope Range 

Health and Exercise 15 or less 16 to 21 22 or higher 

Physiological Health 23 or less 24 to 27 28 or higher 

Substance Use 29 or less 30 to 35 36 or higher 

Nutrition 10 or less 11 to 13 14 or higher 

Enviromental Concern 16 or less 17 to 20 21 or higher 

Social Concern 19 or less 20 to 22 23 or higher 

Accident Prevention 15 or less 16 to 17 18 or higher 

Sense of Purpose 11 or less 12 to 13 14 or higher 

MALES: Bottom, Middle, and Top Score Ranges 
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 Bottom Range Middle Range Tope Range 

Health and Exercise 19 or less 20 to 24 25 or higher 

Physiological Health 24 or less 25 to 29 30 or higher 

Substance Use 25 or less 26 to 33 34 or higher 

Nutrition 9 or less 10 to 12 13 or higher 

Enviromental Concern 15 or less 16 to 18 19 or higher 

Social Concern 19 or less 20 to 22 23 or higher 

Accident Prevention 14 or less 15 to 18 19 or higher 

Sense of Purpose 10 or less 11 to 13 14 or higher 

 

 

Interpretive Guide: The interpretive guidelines are intended to provide you general 

feedback to encourage consideration of lifestyle behaviors/ attitudes that could improve 

or modified. 

 

 

Top Range Score: Congratulations! You appear to have adopted healthy patterns of 

behavior for this particular lifestyle category with a minimum of health compromising 

behavior. Still, there may be room for improvement. What else could you do to optimize 

your health in this area? 

 

Middle Range Scores: Although you clearly have established some healthy habits, you 

have a great deal of room for improvement. Examine responses on the questionnaire that 

were less than “Strongly Agree” or “Agree”, especially those you respond “Disagree” or 

Strongly Disagree”. Consider ways of changing your behaviors in this area. 

 

Bottom Range Scores: Based on these lifestyle factors, you appear to engage in far too 

many health (or environment) compromising behaviors. What steps can you take to 

improve your score in this area 
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Figure 7 Rethink your drink
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APPENDIX B 

INSTALLATION PROCEDURE 

Howdy: 

Thank you for participating in our research. We recognize that you are busy and we are 

grateful for your assistance. Your participation will help us determine whether the m-

Health app works well for college students. 

 

 

• Installation.

• Login:

.1. User name. 

.2. Password.  

• Pedometer prefs:

.1. Mode: Built –in step counter. 

.2. Sensitivity. 

.3. Automatic START/STOP. 

.4. Step counter Notification: we always need to make the step counter 

notification open. 

• Sharing your Data:

1. Make screen shot for your Weekly step Trends.

2. Share the picture with researcher at the mail:      Hala1985@tamu.edu 

3. Title the e-mail with your Name and Number.

Pacer Pedometer & Step Tracker: 

 Recommended guidelines of 10,000 steps 

per day. 

 The magnitude of change (over 

10,000 steps per day ) is clinically

meaningful and, if continued, is

expected to result in long-term

health benefits such as reduced

cardiovascular and diabetes risk.

mailto:Hala1985@tamu.edu
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1. Installation

Figure 8 Pacer installation A 
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2. Login

User name and Password. 

3. Pedometer prefs

o Mode: Built –in step counter.

o Sensitivity.

o Automatic START/STOP.

o Step counter Notification: we always need to make the step counter notification

open.

Figure 9 Pacer installation B 
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Figure 10 Pacer installation C 
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Figure 11Graphic displays of step-counts history. 
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Sugar Sweetened Beverage (SSB) Reduction Intervention: 

• A primary goal of achieving the SSBs recommendation of (<=240mL SSBs/d

(<=8 floz SSB/d)).                            (d=day) 

 

• Scan the barcode of SSBs using the app, or enter the SSBs you have consumed

using search for food on app database.

• Enter the Number of serving of SSBs that you have consumed, and share your

SSBs database consumption with the researcher.

• At the end of the day, when you have finished logging your diary, select

"Complete This Entry."

• Sharing your Data:

1. Make screen shot for your Daily SSBs and Water consumption

2. Share the picture with researcher at the mail:      Hala1985@tamu.edu 

3. Title the e-mail with your Name and Number.

If you would like more information, you may contact Hala. Nawaiseh, at   979-9857189 

or by:  Hala1985@tamu.edu. 

Agriculture and Life Science Building/Room 444 

600 John Kimbrough Boulevard  

Texas A&M University/ College station 

Myfitnesspal app and Sugar Sweetened Beverage (SSBs) 

and water 

 The magnitude of change (over 10,000 steps per 

day ) is clinically meaningful and, if continued, is

expected to result in long-term health benefits such

as reduced cardiovascular and diabetes risk.

mailto:Hala1985@tamu.edu
mailto:Hala1985@tamu.edu
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Figure 12 Graphic displays of SSBs and water consumption 
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APPENDIX C 

RECRUITMENT INSTRUMENTS 

E-mail Announcement 

Participants needed for Nutrition Research 

Howdy! 

You are invited to take part in research study conducted by Dr. William McIntosh and 

Hala Nawaiseh from the Department of Nutrition and Food Science at Texas A&M 

University.  This study (# IRB 2018-0022D) that is approved by IRB in 2.14.2018. We 

are conducting research on whether using an app on smart phones can be used to affect 

eating and physical activity habits. Our research is important because we are interested 

in the eating and exercise habits of young adults like your selves. 

If you agree to participate, you will be introduced to an app that helps you keep track of 

how many steps you take each day and I will send you information regarding Sugar 

Sweetened Beverages, over a 12-week period. I will also send you a short questionnaire 

four times SSB by email regarding your consumption of beverages and several other 

foods that you are eating. Answering these questions should only take about 5 minutes 

each time.  

While you will not be paid to participate in this project, you will participate in a drawing 

that will give 10 of you a gift card worth $20. 

Your participation in this study is voluntary, and you may decide not to begin or to stop 

participating at any time.  

The study will take place at the Agriculture & Life Science (AGLS) Building, on the 4th 

floor, Room 444, on the Texas A&M University-College Station West campus. 
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You can take the bus route number 5 (Bush school) from the main campus to the AGLS 

building.  

If you have any questions or would like to participate in this research, I can be reached 

at: 

Hala. Nawaiseh 

Mobile number: 979-985-7189. 

E-mail: hala1985@tamu.edu 

 

Thanks for your time and consideration! 
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In Class Recruitment Sign-Up 

TAMU Nutrition Research Participation Information Sheet 

NAME: ___________________________________________SEX: 

___________________ 

RACE/ETHNICITY.  Please check the response(s) that best represents how you think of 

yourself. 

☐  Hispanic or Latino/a 

☐Mexican American  

☐other (please specify): _____________________________ 

☐African American or Black 

☐Asian American or Asian (please specify): ____________________ 

☐  White___________________ 

☐other (please specify): ____________________________________ 

UNIVERSITY CLASSIFICATION (e.g., freshman): _____________________AGE: 

_______ 

PHONE #: (_____) ______ - ______ UNIVERSITY

EMAIL:_____________________@tamu.edu 

Please mark what blocks of time are most convenient for you to participate.  If there are 

specific times, please indicate.  If possible, write in specific times that are best. 
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 Monday Tuesday Wednesday Thursday Friday 

Morning      

Afternoon      

Evening      

 

 

 

If you would like more information, you may contact the Principal Investigator, William 

A McIntosh, at 1-979-845-8525 or byw-mcintosh@tamu.eduandHala. Nawaiseh, at        

979-9857189 or by Hala1985@tamu.edu.Agriculture and Life Science 

Building/Room 444 

600 John Kimbrough Boulevard  

Texas A&M University/ College station 

 

 

 

 

 

 

 

 

 

 

 

Thank you! 

 

 

mailto:w-mcintosh@tamu.edu
mailto:Hala1985@tamu.edu
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Instructor Letter 

 

 

Howdy, Dr. xxxx 

  

 

 

My name is HalaNawaiseh. I am a graduate student at Texas A&M in the 

Nutrition and Food Science Department. I am conducting research on whether using an 

app on smart phones can be used to affect eating and physical activity habits. My 

research is important because we are interested in helping young adults improve their 

eating and exercise habits. We are in the process of approval of IRB. 

 

Your spring class has been invited to participate in this research. Studies have 

shown that students are more likely to participate in projects like this when there is a 

direct incentive involved. For that reason, we are asking each instructor to encourage 

their students to participate. We just need to introduce the research idea for students 

through your class and it should take no more than 5minutes. Participating in this project 

will also not receive extra credit from your course.  

 

I hope that you will consider being a part of this important research .If you have any 

questions, please feel free to contact  the Principle Investigator   William A McIntosh, 

PhD, Professor of Sociology in the Department of Sociology at 1-979-845-8525 or  

By w-mcintosh@tamu.edu. 

  

Thank you for your time and consideration, 

 

Hala. Nawaiseh. 

Ph.D . Student, Nutrition, Texas A&M Universityhala1985@tamu.edu 

mailto:w-mcintosh@tamu.edu
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Consent Form 

 

An m-Health Intervention Using a Smartphone Apps to Improve Physical Activity 

and Monitoring Sugar-Sweetened- Beverages in College Students: A Randomized 

Controlled Trial. 

Dear Student: 

In recent years, adults have gained significant amounts of weight, increasing their risk of 

developing heart disease, stroke, and Type 2 diabetes. It is believed that weight gain is 

the result of food choices and physical activity practices. Over-consuming sweetened 

drinks, under-consuming vegetables, and spending too much time engaging in sedentary 

activity such as watching TV and playing computer games. College students are no 

different than adults in general when it comes to weight as a result of their eating and 

physical activity habits.  

One way to change people’s behavior is for them to participation in a program that helps 

them make better food choices and physical activity choices. Recently adults and college 

students have found that using a mobile-health tracking app (M-Health app) helps some 

to make changes in their health habits. We are inviting you to participate in a 12-week 

project in which some of you will use this app to monitor your changes in food choices 

and increases in the amount of walking you do.  

You have indicated that you are interested in participating in this project, but before we 

go forward you need to know more about what we are asking you to do. We recognize 

that you are busy and we are grateful for your assistance. Your participation will help us 

determine whether the M-Health app works well for university students. 

If you decide to participate, you will meet with the project director, who will instruct you 

in how to use the app. You will be told what to expect during the next 12-weeks. You 

will then be placed in either the intervention group or the control group using a 

randomization procedure. 

If you are unable to participate, we will not ask you to do anything else having to do 

with this project. If you begin to participate, but must drop out of the project before the 
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12 weeks, we will not ask you to do additional work. There are no risks to you other than 

those that might occur to you in everyday activities. The only cost to you is making 

changes in what you eat and how much walking you do. While you will not be paid for 

participating in the project, we will place you in a drawing in which 10 of the 

participants will be awarded $20 each.   

If you participate, we are asking that you send us your consumption of sweetened 

beverages four times during the 12 weeks of the project. Those of you who use the M-

Health app will be monitored by the project director the number of steps you have taken.  

Your name and contact information will be kept confidential. Only the principal 

investigator and the project manager will see this information. To maintain 

confidentially, your name and contact information found on a paper record will be kept 

locked in a cabinet in the project manager’s office and any computer files having to do 

with you the data we have collected about you will be stored on a computer that is 

password protected.  

If you would like more information, you may contact the Principal Investigator, William 

A McIntosh, PhD, Professor of Sociology in the Department of Sociology at 1-979-845-

8525 or by w-mcintosh@tamu.edu. You may contact this person if you have a concern 

or a complaint.  

For questions about your rights as a research participation, to provide input regarding the 

research, or if you have questions, complaints, or concerns about the research, you may 

call the Texas A&M University Human Subjects Protection Program by phone at 1-979-

458-4067, toll free at 1-855-795-8636 or by email at irb@tamu.edu.  

This research is voluntary and you have the choice of whether or not to be in this 

research study. You may decide not to begin or to stop participating at any time. If you 

choose not to be in this study or stop being in the study this will not affect your 

relationship with Texas A&M University. 

STATEMENT OF CONSENT 

I agree to be in this study and know that I am not giving up any legal rights by signing 

this form. The procedures, risks, and benefits have been explained to me, and my 

mailto:w-mcintosh@tamu.edu
mailto:irb@tamu.edu
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questions have been answered. I know the new information will be provided me as it 

becomes available and that the researcher will tell me if I need to be removed from the 

study. I can ask more questions if I want. A copy of this entire consent form will be 

given to me.  

Participant’s Signature Date 
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Figure 13m Health app intervention logic model 




