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ABSTRACT 

 

 

 This study assessed the effects of a 10-week sprint interval training (SIT) and resistance 

training (RT) intervention on waist circumference (WC), blood pressure (BP), fasting plasma 

glucose (FPG), triglycerides (TG), high-density lipoproteins (HDL), body composition, VO2max, 

and strength in sedentary women. Thirty-eight females (Age = 38 ± 8 years, BMI= 33 ± 8 kg/m2) 

completed a 10-week, 30-session SIT and RT intervention. Paired samples t-tests compared pre 

and post BP, FPG, TG, HDL, MetS z-score and body composition. A repeated-measures 

ANOVA examined differences in the pre, mid (week 6) and post WC and three repetition 

maximum (3-RM) for the squat and bench press measures. Logistical regression was used to 

measure the dose response relationship between sessions attended and MetS z-score. The results 

showed significant decreases in systolic (p=0.007; pre = 129±18 mm/Hg; post = 125±12 

mm/Hg), diastolic (p=0.005; pre = 81±7 mm/Hg; post = 79±6 mm/Hg), and mean arterial 

pressure (p<0.001; pre 81±7 mm/Hg; post = 79±6 mm/Hg). A significant decrease (p=0.007) in 

WC occurred from pre- (111 ±18 cm) to post- (107 ±16 cm). MetS z-score significantly 

(p=0.001) decreased from pre- (1.127 ± 3.696) to post- (-0.236 ± 3.216 mm/Hg). Fat mass 

decreased significantly (p=0.004; pre 41.6 ± 14.7 kg; post 40.1 ± 15.1 kg), and lean body mass 

increased significantly (p<0.001; pre 46.4 ± 14.9; post 47.6 ± 7.1 kg). VO2max significantly 

increased (p<0.001; pre 23.7 ± 5.0 ml/kg/min; post 28.1 ± 6.5 ml/kg/min). Back squat 

significantly increased (p<0.001) from pre (27.7 ± 9.8 kg) to mid (46.9 ± 11.7 kg), pre to post 

(60.3 ± 13.5 kg), and mid to post training. Bench press significantly increased (p < 0.001) from 

pre (22.3 ± 7.6 kg) to mid (36.4 ± 7.6 kg), pre to post (41.5 ± 8.2 kg), and mid to post-training. 

Logistical regression showed that 24 sessions were needed to promote decreases in the odds of 

MetS. This study revealed that a 10-week SIT and RT intervention can significantly decrease BP, 
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WC, FM and MetS z-score while increasing LBM, VO2max and strength in sedentary women 

who are at risk for metabolic syndrome.   
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I. INTRODUCTION 

Introduction 

Metabolic Syndrome (MetS) is defined as a cluster of risk factors that include elevated 

waist circumference, blood pressure (BP), fasting plasma glucose (FPG), high triglycerides (TG), 

and low high-density lipoproteins (HDL) (Alberti et al., 2009; Eckel et al., 2005; Grundy et al., 

2005). According to the 2009 joint statement of the International Diabetes Federation Task Force 

on Epidemiology and Prevention, an individual must meet at least three of these criteria to be 

clinically diagnosed with MetS (Alberti et al., 2009; Table 1). Global estimates calculate 

approximately 100 million people in the world meet the criteria for MetS (Drebes et al., 2009), 

with more prevalence in first world countries (Levitt, 2008). In 2015, the prevalence of MetS in 

the United States alone was estimated to be almost 35% of all adults, and 50% for those 60 years 

and older (Aguilar et al., 2015).  

Each risk factor for MetS puts an individual at an increased risk of premature death by 

1.6 times, and increases the risk of developing comorbidities including cardiovascular disease 

(CVD), type II diabetes, and obesity (Alberti et al., 2009; O’Neill and O’Driscoll, 2015). 

Furthermore, individuals who do not meet the clinical diagnosis for MetS, but meet one of the 

criteria for MetS are also at an increased risk of developing comorbidities and premature death 

compared to risk free populations (de Carvalho et al., 2015). In addition to the health risks 

associated with MetS, there are accompanying financial costs to treat MetS and its associated 

risk factors. In 2015 alone, the Centers for Disease Control and Prevention (CDC) reported that 

the United States spent $3.2 trillion on health-related expenses that include obesity and 

hypertension (risk factors associated with MetS). Those numbers were projected to rise to $4 

trillion in 2017 (CDC, 2016). To reduce the health and financial burden associated with MetS, 



 10 

evidence-based studies should examine effective methods to reduce risks and poor health 

outcomes associated with MetS.  

Lifestyle choices contributing to MetS include smoking, high fat diets, high carbohydrate 

diets, and sedentary or low physical activity (CDC, 2016; O’Neill and O’Driscoll, 2015). In 

recent years, a lack of physical activity has emerged as an impactful volitional behavior 

associated with MetS, and this is evident when examining countries with low MetS rates 

compared to the United States. For example, physically active African rural countries, such as 

Uganda and Malawi, reported less than 1% of MetS diagnosis (Drebes et al., 2009). Although the 

benefits of participating in physical activity are well known, a majority of adults in the United 

States do not meet physical activity recommendations. In 2018 updated physical activity 

recommendations were released by the Department of Health and Human Services (HHS) and 

stated that adults should engage in 150-300 min/week of moderate-intensity, or 75-150 min/week 

of vigorous-intensity aerobic physical activity, or a combination of moderate- and vigorous-

intensity aerobic physical activity (MVPA). HHS also recommends that adults should engage in 

at least two days per week of muscle-strengthening activities in addition to aerobic MVPA. 

Currently, it is estimated that only 20% of adults in the United States meet current physical 

activity guidelines (Piercy et al., 2018). Not only does low physical activity participation 

contribute to risk factors leading to MetS, but sedentary behavior and physical inactivity is 

directly linked with an increased risk of weight gain, obesity, type II diabetes, hypertension, low 

HDL, and dyslipidemia (Alberti et al., 2009; Grundy et al., 2005; Matthews et al., 2008). A 

previous study monitoring 6,329 participants’ behavior patterns reported that participants spent 

>54% of their monitored time being sedentary, with women showing less physical activity than 

men, and physical activity decreasing with age (Matthews et al., 2008).    
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In 2003, the HERITAGE Family Study published research on exercise as a means of 

treating MetS risk factors. Of the participants who completed the 20-week cycling study (3 days 

per week), 30% were no longer meeting MetS criteria (Katzmarzyk et al., 2003). The results 

showed exercise positively influences all five of MetS physiological risk factors. Specifically, 

the study reported 28% decreased waist circumference, 9% improved fasting plasma glucose 

(FPG), 38% decreased BP, 43% decreased triglycerides, and 16% improved HDL cholesterol 

(Katzmarzyk et al., 2003). The joint consensus among the National Heart, Lung, and Blood 

Institute; American Heart Association; World Heart Federation; International Atherosclerosis 

Society; and International Association for the Study of Obesity is that participating in physical 

activity is the most effective way of managing risk factors associated with MetS (Alberti et al., 

2009). Data from a 2013 Canadian study utilizing accelerometers to observe the relationship 

between physical activity and MetS concluded that the amount of weekly MVPA correlated with 

the risk of developing risk factors associated with MetS. For this study physical activity 

guidelines consisted of 500 MET/minutes/week. Only 23.9% of the participants adhered to the 

physical activity prescription, with those who met the physical activity prescription showing 

significant (p < 0.001) decreases in waist circumference, triglyceride levels, and significant (p < 

0.001) increases in HDL (Glazer et al. 2013). In 2018, a meta-analysis of exercise and MetS 

concluded that not only was MetS more prevalent in older women, but that women experienced 

more exercise benefits than their male counterparts. With exercise, women observed statistical (p 

< 0.05) decreases in all five of the MetS risk factor criteria while men observed (p < 0.05) 

decreases in two criteria (Wewege et al., 2018).  

There have been several different approaches to physical activity interventions targeting 

MetS. This includes aerobic training (AT) only, resistance training (RT) only, and combined 
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aerobic and resistance training (AT+RT) (Bateman et al., 2011; Stensvold et al., 2010; Tjonna et 

al., 2008). AT, also known as cardiovascular training, is any exercise that increases the heart and 

breathing rate, and stresses the cardiovascular system to train the heart and lungs (Laursen & 

Jenkins, 2002). Aerobic-only training interventions typically promote decreases in body mass, 

TG, and BP while promoting increases in HDL (Bateman et al., 2011; Stensvold et al., 2010; 

Tjonna et al., 2008). Moderate-intensity continuous training (MICT), a specific type of aerobic 

training, is defined as exercising between 50-70% of maximum heart rate (HRmax) for ≥30 

continuous minutes (Gibson, Wagner, and Heyward, 2018). MICT is associated with decreases 

in WC (Katzmarzyk et al., 2003; Mello et al., 2011), TG (Bateman et al., 2011; Katzmarzyk et 

al., 2003; Mello et al., 2011), BP (Katzmarzyk et al., 2003), HDL (Katzmarzyk et al., 2003), 

FPG (Katzmarzyk et al., 2003; Mello et al., 2011), and metabolic syndrome z score (Katzmarzyk 

et al., 2003). A metabolic syndrome z score (MetS z score) is a formula that utilizes the criteria 

of MetS to determine an individual’s overall health status and risk for mortality. Bateman et al. 

(2011) conducted an exercise intervention for 8 months using MICT (65-80% VO2peak). 

Exercise volume was calculated to ensure participants metabolized 14 kcal/kg of body 

mass/week (~12 miles/week) using treadmills, elliptical trainers, and cycle ergometers. Results 

showed significant (p < 0.05) decreases in body mass (-1.54 kg) and TG (-21.0 mg/dl). 

Additionally, WC numerically decreased (-1.12 cm), although this decrease was not significant. 

High intensity interval training (HIIT) is characterized by short repeated bouts (<5minutes) of 

vigorous exercise (70 to 90 percent HRmax), with short rests or active recovery in between bouts 

(Gibala, 2018; Kemi and Wisløff, 2010). HIIT is associated with decreases in WC (Stensvold et 

al., 2010), BP (Bonsu and Terblanche, 2016; Tjonna et al., 2008), HDL (Tjonna et al., 2008), 

FPG (Tjonna et al., 2008), and MetS z score (Tjonna et al., 2008). A HIIT training and detraining 
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study was conducted to measure changes in BP in 20 overweight/obese women. The findings 

after six HIIT sessions (~2 weeks) showed decreases in resting BP (>3 mmHg decrease) pre to 

post, and a return to baseline BP levels within 2 weeks of detraining (Bonsu and Terblanche, 

2015). Sprint Interval Training (SIT) is a type of HIIT training characterized by short high 

intense sprints at maximal or near maximal intensity (~95 HRmax) followed by rest. Compared 

to HIIT, SIT consists of shorter active bouts, shorter rest periods, and takes less than 15 minutes 

to complete. Current research shows that SIT has similar physiological adaptations as HIIT 

including significant (p < 0.05) decreases in body mass (kg) and WC (Hazell et al., 2014), BP 

(Hazell et al., 2014), HDL (Gillen and Gibala., 2014), and FPG (Whyte et al., 2010). SIT has 

also resulted in increases in aerobic fitness (VO2max) (Hazell et al., 2014). However, there is a 

gap in the literature as to the effects of SIT on sedentary women with risk factors for MetS 

(Gillen and Gibala., 2014; Hazell et al., 2014).  

Resistance training (RT) is defined as any form of strength training used to resist or 

overcome force (Fleck and Kraemer, 2014). The American College of Sports Medicine (ACSM) 

further specifies that RT includes the use of concentric, eccentric, and isometric muscle actions 

using bilateral, unilateral, single-, and multiple-joint exercises (Ratamess et al., 2009). In terms 

of RT programs, a meta-analysis examined the effect of RT on risk factors related to MetS. Of 

the 13 studies reviewed, all observed a decrease in fat mass and increase in lean body mass. 

Specifically, for MetS, RT only interventions showed significant (p < 0.05) decreases in systolic 

BP (>6 mmHg decrease) (Strasser et al., 2010). Mixed findings are reported on changes in 

fasting insulin and glucose, diastolic BP, HDL, and TG levels in the literature on RT 

interventions in MetS populations and may be due to the type of RT intervention administered 

(Bateman et al., 2011; Stensvold et al., 2010; Tjonna et al., 2008). For example, Castaneda et al. 
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(2002) conducted a 16-week RT study and reported significant decreases in systolic BP (p = 

0.05) in Latino older adults with type II diabetes (Castaneda et al., 2002). Training consisted of 

three sets of five repetitions on five pneumatic resistance training machines (chest and leg press, 

upper back, knee extension, and flexion). Bateman et al. (2011) conducted an 8-month RT 

intervention and reported no significant findings in the use of RT for MetS. Training consisted of 

8-12 repetitions, 3 sets/day, 3 day/wk of 4 upper body and 4 lower body Cybex weightlifting 

machines, 2 free weight exercises, and crunches (Bateman et al., 2011). While both studies 

utilized exercise machines for ≥16 weeks, results from these studies make it difficult to conclude 

whether RT is, or is not, effective at changing MetS risk factors.  

There is limited data on AT + RT interventions on metabolic outcomes in MetS 

participants. Two known studies used MICT (Bateman et al., 2011; Mello et al., 2011), while a 

third study utilized HIIT (Stensvold et al., 2010). Bateman et al. (2011) conducted an exercise 

intervention for 8 months using MICT (65-80% VO2peak) + RT (3 day/wk, 3 sets/day, 8-12 

repetitions) in 30 participants. Results for the AT + RT group showed a significant (p < 0.05) 

increase in VO2peak (ml/kg/min) and strength (kg/session). There was also a significant (p < 

0.05) decrease in body mass, TG, WC, FPG, diastolic BP, mean arterial BP, and MetS z score 

(Bateman et al., 2011). A cited barrier to the AT + RT intervention was the amount of time it 

took to complete exercise sessions, in particular MICT. While AT was ~ 117 minutes per week, 

AT + RT took 234-279 minutes per week to complete (Bateman et al., 2011). Mello et al. (2011) 

conducted a yearlong AT + RT study utilizing MICT (50-70% VO2max) + RT (3 day/wk, 3 

sets/day, 6-20 repetitions) (n=15). Results at 6 months showed a significant (p < 0.05) decrease 

in body mass, fat mass, visceral fat, WC, total cholesterol and LDL. From 6 months to 12 
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months, FPG and WC continued to decrease (p < 0.05) demonstrating long term exercise has 

continued benefits. 

Based on a synthesis of the literature, it appears that an AT + RT intervention would 

provide the overall best results to combat risk factors of MetS. However, there are current gaps 

in the literature examining this exercise modality. Results showed a significant (p < 0.05) 

decrease in WC and fat mass, but not a significant difference in systolic BP and diastolic BP. 

Huffman et al. (2019) examined the effects of SIT +RT on sedentary women over 40 and found 

significant changes (p < 0.05) in VO2max. However, criteria for MetS were not examined. As 

time is a cited barrier to combined training for this population (Bateman et al., 2011), SIT + RT 

offers a time efficient method of training that may effectively control MetS, however, this type 

of training has not been investigated for sedentary women with risk factors for MetS.  

 In summary, previous literature suggests that utilizing an exercise intervention consisting 

of both AT interval and RT would optimize health benefits and decrease risk factors associated 

with MetS (Bateman et al., 2011; Stensvold et al., 2010; Tjonna et al., 2008). A population that 

engages in the greatest amount of sedentary behavior are women ≥30 years old, which may 

increase their risk for developing MetS (Matthews et al., 2008). In addition, women have a 

significantly higher prevalence of MetS compared to men (Women 35.6% vs Men 30.3%, p < 

0.001) (Aguilar et al., 2015). As physical activity is the most effective way of managing risk 

factors associated with MetS (Alberti et al., 2009), women over the age of 25 years old 

displaying even one MetS risk factor may benefit from an exercise intervention. To the best of 

the author’s knowledge, there is no known study to observe the effects of a SIT and RT 

(AT+RT) intervention on individuals with MetS risk factors. With previous research contending 

that AT+RT elicit the greatest response and benefits to participants with Mets risk factors, the 
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goal of this study was to implement a 10-week combined SIT and RT intervention on sedentary 

women with at least one metabolic syndrome risk factor. 

Purpose of the Study and Study Objectives 

The purpose of this study was to examine the physiological effects of a SIT and 

resistance training intervention on sedentary women with at least one metabolic syndrome risk 

factor. 

Primary Objective: Determine the effects of a SIT and RT intervention on waist 

circumference, blood pressure, fasting plasma glucose, triglycerides, and low high-

density lipoproteins, body composition, physical and sedentary activity, aerobic fitness, 

and muscular strength.  

Research Questions (RQ) and Hypotheses 

a. RQ 1: What is the effect of a 10-week SIT and resistance training intervention on risk factors 

(waist circumference, blood pressure, fasting plasma glucose, high triglycerides, and high-

density lipoproteins) associated with metabolic syndrome in sedentary women?  

i. H1:  MetS risk factors: waist circumference (measured with a tape measure), blood 

pressure (measured with a sphygmomanometer and blood pressure cuff), fasting plasma 

glucose (measured with a finger prick blood analysis), triglycerides (measured with a 

finger prick blood analysis) will decrease, and high-density lipoproteins (measured with 

a finger prick blood analysis) will increase, following a 10-week SIT and resistance 

training intervention for sedentary women with at least one metabolic syndrome risk 

factor.  
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b. RQ2: What is the effect of a 10-week SIT and resistance training intervention on body 

composition in sedentary women with at least one metabolic syndrome risk factor? 

i. H2: Total body mass, fat mass and percent body fat will decrease following 10-week SIT 

and resistance training intervention for sedentary women with at least one metabolic 

syndrome risk factor. Body composition was measured with the iDXA.  

ii. H3: Lean body mass Will increase following 10-week SIT and resistance training 

intervention for sedentary women with at least one metabolic syndrome risk factor. 

c. RQ3: What is the effect of a 10-week SIT and resistance training intervention aerobic fitness 

in sedentary women with at least one metabolic syndrome risk factor? 

i. H4: Aerobic fitness (ml/kg/min) will increase following 10-week SIT and resistance 

training intervention for sedentary women with at least one metabolic syndrome risk. 

Aerobic fitness will be estimated using a graded exercise test (GXT).  

d. RQ4: What is the effect of a 10-week SIT and resistance training intervention on muscular 

strength in sedentary women with at least one metabolic syndrome risk factor? 

i. H5: Muscular strength, assessed with a three-repetition max for back squat and bench 

press will increase following a 10-week SIT and resistance training intervention for 

sedentary women with at least one metabolic syndrome risk factor.   

Delimitations  

The following study will be delimited to participants who meet the following criteria: 

1. Females between 25-55 years of age 

2. Low risk for medical complications from exercise as determined by the Physical Activity 

Readiness questionnaire (PARQ) 



 18 

3. Currently not engaging in a regularly schedule of exercise 

4. Displays at least one symptom of metabolic syndrome 

5. Not pregnant 

6. Currently not taking any medications that will increase the risk of participation or 

interfere with testing variables 

7. Able to attend exercise sessions at Auburn University three times per week for 10 weeks 

Limitations 

The current study did not utilize a control group but instead examined a dose response 

relationship between the number of exercise sessions and changes in MetS risk score. In 

addition, the current study did not include the effects of menstrual cycle and oral contraceptives. 

We did not include control for diet; rather, we encouraged participants to maintain their current 

diet. Finally, VO2max was estimated with a GXT (Bruce Protocol), instead of indirect 

calorimetry via metabolic cart. Utilizing a GXT is less risky for sedentary individuals and is an 

acceptable form of testing by ACSM (ACSM, 2017). Reliability testing for the GXT was done to 

assess reliability between GXT measures at baseline data collection.  
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II. LITERATURE REVIEW 

 

Definition of Metabolic Syndrome 

Metabolic Syndrome (MetS) is a condition comprised of multiple risk factors that 

contribute to comorbidities such as cancer, type II diabetes, obesity, cardiovascular disease 

(CVD) and increased risk of premature death (Grundy et al., 2005; O’Neill and O’Driscoll, 2015; 

Tibana et al., 2013). Patients with MetS are clinically diagnosed by meeting at least three of the 

criteria which include: elevated waist circumference (WC), blood pressure (BP), fasting plasma 

glucose levels (FBG), triglycerides (TG), and low high density lipoprotein (HDL) (Alberti et al., 

2009; Grundy et al., 2005). While MetS is a commonly used descriptor, the National Heart, 

Lung, and Blood Institute (NHLBI) states that meeting this criteria can also be labeled as 

Dysmetabolic syndrome, Hypertriglyceridemia waist, Insulin resistance syndrome, Obesity 

syndrome, and Syndrome X. Individuals with one MetS risk factor are at an increased risk of 

developing comorbidities and possible premature death, and risk continues to increase with each 

additional risk factor (Katzmarzyk et al., 2003). 

Since the 1990’s, the prevalence of MetS in the United States has increased to almost 

35% for adults, with a rate of 50% for adults aged 60 years and older (Aguilar et al., 2015). Of 

those adults, the highest increases in MetS prevalence are observed in non-Hispanic black men 

(55%), non-Hispanic white women (44%), non-Hispanic black women (41%), non-Hispanic 

white men (31%), and Hispanic men (12.5%). The smallest increase in MetS has been observed 

among Mexican American women (2%) (Moore et al., 2017). Moore et al. (2017) reported that 

the prevalence of MetS for all racial/ethnic groups increased from 10% (18 to 29 years) to almost 

70% among women (≥70 years). In addition, the authors reported that for every 10-year increase 

in age, the risk of being diagnosed with MetS increased by 50-73% (Moore et al., 2017). In 2007, 
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a meta-analysis of 37 different studies examining MetS and the risk of CVD found there to be a 

1.8-fold increased risk for CVD in those with MetS (Gami et al., 2007).  

Wewege et al. (2018) conducted a meta-analysis of exercise and MetS and concluded that 

MetS is more prevalent in women. Specifically, women have a significantly higher prevalence 

(Women 35.6% vs Men 30.3%, p < 0.001) of MetS compared to men (Aguilar et al., 2015). With 

almost 35% of all adults in the United States estimated to meet criteria for MetS, and women at a 

greater risk of developing MetS risk factors. Therefore, it is essential to reduce associated risk 

factors of MetS in this population (Aguilar et al., 2015; CDC, 2016).  

Clinical Diagnosis of Metabolic Syndrome 

Clinical diagnosis of MetS includes elevated body weight (WC), BP, FPG, TG profile, 

and low HDL (Alberti et al., 2009; Grundy et al., 2005). The criteria have been updated over the 

years beginning with the World Health Organization (WHO) in 1998. In 2009, the NHLBI; 

American Heart Association (AHA); World Heart Federation; International Atherosclerosis 

Society; and International Association for the Study of Obesity came together to establish a joint 

consensus on defining criteria for clinically diagnosing MetS which is located in Table 1 (Alberti 

et al., 2009). The major additions to the criteria included specific WC measures for different 

genders and ethnic populations (Table 2), and adding medications as a qualification to TG, HDL, 

BP, and FPG measures (Table 1). If a specific ethnic population was not included, their country 

of origin was used as the criteria to establish WC measures. This is currently the standard clinical 

criteria used to diagnose MetS.  
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Table 1. Criteria for Clinical Metabolic Syndrome  

Measure (any 3 of 5 constitute diagnosis 

of metabolic syndrome) 

Variable Cutoffs 

Elevated WC Population and country specific 

Elevated TG ≥150 mg/dL (1.7 mmol/L) or 

On drug treatment for elevated triglycerides 

Reduced HDL-C ≤ 50 mg/dL (1.3 mmol/L) in women or 

On drug treatment for reduced HDL-C 

Elevated BP ≥ 130 mm Hg systolic blood pressure or 

≥ 85 mm Hg diastolic blood pressure or 

On antihypertensive drug treatment in 

a patient with a history of hypertension 

Elevated FPG ≥ 100 mg/dL or 

On drug treatment for elevated glucose 
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Table 2. Current Recommended Waist Circumference Thresholds for Abdominal Obesity in 

Women 

Population Waist Circumference 

Asians ≥80 cm 

Canada   ≥88 cm 

Caucasians ≥80 cm 

Ethnic Central and South American  ≥80 cm 

European ≥88 cm 

Middle East, Mediterranean ≥80 cm 

Sub-Saharan African ≥80 cm 

United States ≥88 cm 

Treatment of Metabolic Syndrome 

Lifestyle Changes 

Currently, several lifestyle changes are known to influence the development and/or 

management of MetS. For individuals with one or more MetS risk factors the first line of defense 

are lifestyle changes, followed by medication if necessary (Grundy et al., 2005; Alberti et al., 

2009; Tavares et al., 2015). Lifestyle choices such as smoking, diet, and sedentary behavior 

and/or low physical activity are listed as major predictors contributing to MetS (CDC, 2016; 

O’Neill and O’Driscoll, 2015). Therefore, to minimize risk for developing MetS, individuals are 
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recommended to avoid smoking, maintain healthy diets, and not engage in a sedentary lifestyle 

(Aguilar et al., 2015; CDC, 2016; O’Neill and O’Driscoll, 2015; Wewege et al., 2018).  

Smoking has been suggested as a modifiable lifestyle factor affecting MetS risk factors. 

In 2012, a meta-analysis on the association of smoking and MetS was conducted to quantify the 

risk of this lifestyle choice (Sun, K., Liu, J., & Ning, G. 2012). The meta-analysis included 13 

studies (56,691 participants) and concluded that there is a 26% increased risk of MetS for active 

smokers compared to nonsmoking individuals. Only four studies included females, and were 

inconclusive as to the risks of smoking on MetS risk factors. The authors reasoned that the 

prevalence of heavy smoking is lower in females, and/or females were less likely to reveal their 

smoking habits makes it difficult to analyze the effects of smoking on MetS risk factors in this 

population (Sun, K., Liu, J., & Ning, G. 2012). This conclusion is further corroborated in a study 

that observed the relationship of smoking and BP in young male and female Greek adults 

(Papathanasiou et al,. 2015). While smoking prevalence of the participants was 35.2%, and 

heavy smoking (≥21 cigs/day) was 15.3%, there was no difference in smoking prevalence 

between sexes. Papathanasiou et al. (2015) concluded that there were no significant changes in 

systolic and diastolic BP for smokers, heavy smokers, and non-smokers (Papathanasiou et al,. 

2015). 

A lifestyle factor affecting MetS risk factors that has been highly studied is diet 

(Yamaoka & Tango, 2012). For example, the Mediterranean diet has been associated with 

decreases in MetS risk factors (Kastorini et al., 2011; Yamaoka & Tango, 2012). The 

Mediterranean diet is composed of daily consumption of monosaturated fatty acids (olives, olive 

oil), fruits, vegetables, whole grains, and low-fat dairy products. In addition, this diet 
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recommends weekly consumption of fish and poultry, while limiting red meat and alcohol. 

Kastorini et al. (2011) conducted a systematic review of 50 studies (534,906 participants) 

researching the effects of MetS risk factors when adhering to a Mediterranean diet. The authors 

concluded that the combined data of adherence to the Mediterranean diet showed an overall 

decrease in WC (-0.42 cm), TG (-6.14 mg/dl), systolic BP (-2.35 mmHg), diastolic BP (-1.58 

mmHg), FPG (-3.89 mg/dl) and an increase in HDL (+1.17 mg/dl). While diet alone has shown 

beneficial effects on MetS risk factors, diet combined with exercise is suggested to be the most 

beneficial form of lifestyle modifications (CDC, 2016). However, if research is looking to isolate 

the effects of a certain type of exercise on MetS risk factors, limiting adjustments to diet is a 

necessary component of a study. Therefore, at times participants may be asked to maintain their 

current eating/drinking patterns, regardless of the MetS benefits, to control for changing 

parameters of research being conducted.  

Although sedentary behavior is not listed as a criterion for MetS, a sedentary lifestyle has 

implications for MetS criterion. Sisson et al. (2009) reported sedentary behavior negatively 

affects MetS risk factors in women. Specifically, that women who spent ≥4 hours of sedentary 

time/day were 54% more likely to have and/or develop MetS. Previous studies report decreasing 

sedentary behavior and participating in moderate-to-vigorous physical activity (MVPA) result in 

decreases in BP (>3 mmHg decrease), decrease in FPG (~9%), decrease in WC (0 to 5.6 cm), 

and TG levels (229 ± 25 mg/dL to 150 ± 15 mg/dL, p = .001) (Alberti et al., 2009; Cauza et al., 

2005; Dalzill et al., 2014; Grundy et al., 2005; Katzmarzyk et al., 2003; Matthew et al., 2008; 

Owen et al., 2010; Pattyn et al., 2013). Owen et al. (2010) and Healy et al. (2008) agree that 

while light physical activity (1.9-2.9 METS) contributes to daily energy expenditure and a 

healthy lifestyle; metabolic benefits associated with regular MVPA should be promoted for 
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decreasing risk factors associated with MetS. In 2003, research on exercise (consistent, regular 

MVPA) as a means of treating MetS reported that of the participants who completed the 20-week 

study, 30% were no longer meeting MetS criteria (Katzmarzyk et al., 2003). The results showed 

exercise positively influences all five of MetS physiological risk factors. Specifically, the study 

reported 28% decrease in WC, 9% improvement in FPG, 38% decrease in BP, 43% decrease in 

TG, and 16% improvement in HDL. These results show that exercise positively affects all five-

criteria used to diagnose MetS, and is an effective treatment strategy (Grundy et al., 2005; Owen 

et al., 2010). Although research supports participation in MVPA to positively influence all five 

of MetS physiological risk factors (Grundy et al., 2005; Owen et al., 2010), only 20% of adults in 

the United States meet physical activity recommendations (Matthews et al., 2008; Wewege et al., 

2018), with women reporting less physical activity than their male counterparts (Matthews et al., 

2008).  

Exercise Interventions 

Several different approaches to address MetS via exercise have been studied (Bateman et 

al., 2011; Cauza et al., 2005; Dalzill et al., 2014; Stensvold et al., 2010; Tjonna et al., 2008). 

These exercise interventions are categorized as aerobic training (AT) only, resistance training 

(RT) only, and combined aerobic and resistance training (AT+RT). A 2018 meta-analysis of 

exercise and MetS risk factors examined different participant characteristics in response to the 

exercise interventions across 16 interventions (12 AT, 4 RT) and 588 participants (Wewege et 

al., 2018). The meta-analysis revealed that of the 12 AT interventions reviewed, women 

experience more exercise benefits than their male counterparts. Women experienced statistical (p 

< 0.05) decreases in risk for all five of the MetS criteria while men saw statistical (p < 0.05) 
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decreases in only two criteria. The effect of resistance training was not able to be reviewed due 

to a lack of data (4 RT studies). Although the study concluded that MetS is more prevalent in 

women ≥30 years old, women who are ≥25-29 years old that have at least one MetS risk factor 

would also benefit from an exercise intervention (Wewege et al., 2018). With the increased risk 

of developing MetS, and the benefits of possible statistical (p < 0.05) improvements in all five of 

the MetS criteria, women ≥25 years old are a population that warrants exercise intervention 

research for the purposes of decreases risk factors related to MetS.  

Currently, there is no consensus on the most effective and beneficial form of exercise to 

lower risk factors associated with MetS. With regards to preventative and intervention treatment, 

research on the most effective form of exercise for MetS risk factors deserves more attention as 

MetS patient numbers continue to grow.  

Aerobic Interventions 

Aerobic (AT) only interventions can be done on a variety of equipment and are labeled 

into three different categories: moderate intensity continuous training (MICT), high intensity 

interval training (HIIT), and sprint interval training (SIT). MICT is defined as exercising 

between 50-70% of maximum heart rate for ≥30 continuous minutes (Gibson, Wagner, and 

Heyward, 2018). HIIT is characterized by short repeated bouts (<5minutes) of vigorous exercise 

(70 to 90 percent HRmax), with short rests or active recovery in between bouts (Gibala, 2018; 

Kemi and Wisløff, 2010). Finally, SIT consists of repeated “all-out” bouts (<40 seconds) at ~95 

HRmax, followed by short rests or active recovery intervals (ÅStrand et al., 1960; Hazell et al., 

2014). The SIT protocol takes the least amount of time (<15 minutes). 
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Bateman et al. (2011) conducted an exercise intervention for 8 months using MICT (~120 

minutes/week at 65-80% VO2peak). Exercise was calculated to ensure participants metabolized 

14 kcal/kg of body mass/week (~12 miles/week) using treadmills, elliptical trainers, and cycle 

ergometers. Results for MICT (n=30) showed significant (p < 0.05) decreases in body mass (-1.5 

kg) and TG (-21.0 mg/dl), while WC decreased but not significantly (-1.12 cm). Mello et al. 

(2011) utilized MICT (60 minutes/day, 3 days/week at 50-70% ventilatory threshold) in a 16-

week exercise intervention for 15-19-year-old adolescents with MetS. Results for the MICT 

group (n=15) at 6 months showed a significant (p < 0.05) decrease in body mass, fat mass, 

visceral fat, FPG, WC, and TG. In addition, TG continued to show significant decreases from 6 

months to the one-year post assessment (Mello et al., 2011). These findings indicate that MICT 

is effective at lowering risk factors associated with MetS. 

When looking closer between the different types of AT for MetS risk factors, a difference 

in adaptations is observed between MICT and HIIT training groups. Tjonna et al. (2008) 

conducted a 16-week pilot study, revealing significant (p < 0.05) differences between the MICT 

and HIIT groups physiological changes (Tjonna et al., 2008). Participants exercised 3 sessions a 

week using a treadmill. The HIIT group completed four 4-minute intervals at 90% of HRmax 

with a 3-minute active recovery at 70% of HRmax in between bouts. The MICT group exercised 

for 47 minutes at 70% of HRmax. Both MICT and HIIT aerobic training MetS participants 

experienced a significant (p < 0.05) decrease in total body mass (3-4% kg), WC (>5 cm), systolic 

(~10 mmHg) and diastolic BP (~ 6 mmHg), and MetS z score (Tjonna et al., 2008). However, the 

HIIT group had a significantly (p < 0.05) greater decrease in risk factor variables that contributed 

to MetS. Specifically, a significantly (p < 0.05) greater decrease in FPG (HIIT 46% and MICT 

37%), HDL (HIIT 25% and MICT ~0%), and VO2max (HIIT 35% and MICT 16%; Tjonna et al., 
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2008). Similar findings have been reported in other studies utilizing similar HIIT and MICT 

protocols (Bateman et al., 2011; Stensvold et al., 2010). Stensvold et al. (2010) performed a HIIT 

12-week intervention consisting of 4 x 4 minutes of treadmill bouts at 90-95% HRpeak, three 

days/week. Results for the HIIT group (n=11) showed a significant (p < 0.05) decrease in WC, 

fat mass, and a non-significant reduction of systolic (~6 mmHg) and diastolic (~4 mmHg) BP. 

Taken together, these studies suggest that HIIT may have a greater physiological benefit to MetS 

risk factors than MICT.  

Sprint interval training (SIT) is a type of HIIT training consisting of repeated “all-out” 

bouts (<40 seconds) at ~95 HRmax, followed by short rests or active recovery intervals. Previous 

literature has shown that SIT results in similar physiological benefits as MICT (Smith-Ryan., 

2015; Stensvold et al., 2010) and HIIT (Gillen and Gibala., 2014; Hazell et al., 2014) including 

decreases in body mass, body fat, WC, resting systolic and diastolic BP. SIT training is at near 

maximal intensity with shorter bouts and shorter rest periods compared to HIIT and takes less 

than 15 minutes to complete. An example of SIT training would be three clusters of three sets of 

40-second sprints (~95% HRmax) wherein each set is separated by 20 seconds of rest, and each 

cluster is separated by 60 seconds of passive recovery. Although, SIT has not been conducted in 

a clinical MetS population, other populations have shown changes in MetS risk factors. Hazell et 

al. (2014) conducted a 6-week SIT protocol (4x30 seconds max effort with 4 min active recovery 

between bouts, 3x/wk) in women with MetS risk factors and reported a significant (p < 0.05) 

decrease in body mass, body fat, and WC. Results also showed a significant (p < 0.05) increase 

in fat-free mass and VO2max. These results are impressive due to significant changes from the 

short duration (6 weeks) of the study and the short amount (45 minutes total) of exercise 

necessary per week (Hazell et al., 2014). Sloth et al. (2013) conducted a meta-analysis of aerobic 
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exercise performance on 13 studies utilizing SIT protocols. The authors reported that 2–8 weeks 

of SIT performed 2–3 times/week resulted in improved FPG (28%).  In summary, SIT training is 

associated with significant (p < 0.05) decreases in body mass, body fat, WC, FPG, systolic and 

diastolic BP and increases in fat-free mass and VO2max (Hazell et al., 2014; Sloth et al., 2013). 

With similar physiological benefits and an even shorter exercise duration, SIT training is a 

possible replacement to MICT and HIIT for women with MetS risk factors.  

Resistance Training Interventions 

Resistance training (RT) alone has benefits in terms of decreases in WC (Stensvold et al., 

2010), decrease in FPG (Conceição et al., 2013), decreases in systolic BP (Castaneda et al., 

2002), and increases in strength (Bateman et al., 2011; Castaneda et al., 2002; Conceição et al., 

2013; Levinger et al., 2007; Tibana et al., 2013). However, there have been several studies that 

found no significant changes in fasting FPG and TG in RT only MetS participants (Bateman et 

al., 2011; Levinger et al., 2007; Stensvold et al., 2010; Tibana et al., 2013). Studies finding 

significant and non-significant findings that were comparable in time increments ranged from 

eight weeks to four months (Castaneda et al., 2002; Conceição et al., 2013). 

 Conceição et al. (2013) conducted a 16-week study on RT and reported significant (p < 

0.05) decreases in FPG levels with postmenopausal MetS women. Training consisted of 10 

exercises (leg press, leg extension, leg curl, bench press, lat pulldown, lateral raise, triceps 

pushdown, arm curl, and basic abdominal crunch) with three sets of 8–10 maximum repetitions 

three times/week. Castaneda et al. (2002) conducted another 16-week RT study and reported 

significant decreases in systolic BP (p = 0.05), plasma glycosylated hemoglobin levels (p < 0.01) 

and muscle glycogen stores (p < 0.04) in Latino older adults with Type II Diabetes (Castaneda et 
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al., 2002). Training consisted of three sets of five reps on five pneumatic resistance training 

machines (chest and leg press, upper back, knee extension, and flexion; Keiser Sports Health 

Equipment, Fresno, CA). Where Conceição et al. (2013) used free weights, Castaneda et al. 

(2002) used resistance training machines. Both studies utilized largest to smallest muscle lifting 

order, however the studies differed in the number of sets, reps, and choice of exercise type. 

Although both studies consisted of 16 weeks, there is a possibility that these studies may have 

found different results from one another due to the different type of resistance training design 

chosen in these studies.  

Currently, there is conflicting evidence on the effect of RT alone on risk factors for MetS. 

The literature does report the benefits of RT on decreasing WC and BP which are risk factors 

associated with MetS (Bateman et al., 2011; Bonsu and Terblanche, 2016; Castaneda et al., 

2002; Conceição et al., 2013; Levinger et al., 2007; Stensvold et al., 2010; Tibana et al., 2013). 

Aerobic and Resistance Interventions 

Only a handful of studies have researched the effects of a combined aerobic and 

resistance training (AT+RT) intervention on physiological risk factors in participants with MetS 

(Bateman et al., 2011; Mello et al., 2011; Stensvold et al., 2010). These existing studies included 

AT+RT, AT alone and/or RT alone groups into their experimental design to compare different 

training program effects. RT alone did not show any significant changes on MetS risk factors 

(Bateman et al., 2011; Mello et al., 2011; Stensvold et al., 2010). Two of the studies used MICT 

as their form of AT (Bateman et al., 2011; Mello et al., 2011). Bateman et al., randomly assigned 

196 participants into three groups: RT (3 sets/day at 8-12 reps/set, 3 days/week), AT (~120 

minutes/week at 75% VO2max), and AT + RT (exact combination of AT and RT protocols) for 
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eight months of training (Bateman et al., 2011). Results for the AT +RT group (n=30) showed a 

significant (p < 0.05) increase in VO2peak and strength (kg/session). There was also a significant 

(p < 0.05) decrease in body mass, TG, WC, FPG, diastolic BP, mean arterial BP, and MetS z 

score for the AT + RT group (Bateman et al., 2011). Although AT + RT resulted in the greatest 

decrease in risk factors associated with METS, Bateman et al. (2011) concluded that AT was the 

most beneficial form of training due to AT showing similar results as AT + RT, with AT having 

a lower weekly time commitment to observe positive changes. While AT was ~ 130 minutes per 

week, AT + RT took ~185 minutes per week to complete (Bateman et al., 2011). It could be 

speculated that had this study utilized a less time-consuming form of AT for the combined group 

that AT + RT would have been reported as the most beneficial form of training. Mello et al. 

(2011) utilized 30 (15-19 years) participants to randomly split into AT (60 minutes/day, 3 

days/week at 50-70% ventilatory threshold) and AT + RT (30 minutes of AT at 50-70% 

ventilatory threshold + 30 minutes of RT, 3 days/week, RT load adjusted weekly to meet 

maximal repetition) groups for 1 year of training. Mello et al. (2011) concluded that AT +RT to 

be superior to AT alone due to greater decreases in risk factors associated with MetS. Results for 

the AT + RT group (n=15) at 6 months showed a significant (p < 0.05) decrease in body mass, 

fat mass, visceral fat, WC, and TG. In addition, all previously mentioned variables continued to 

show significant decreases from six months to the one-year post assessment (Mello et al., 2011). 

These studies showed that AT+RT may be beneficial, but further research to determine the effect 

of combining AT and RT in a time efficient manner is necessary to determine the effect of this 

type of training program on participants with MetS.  

Time commitment is a commonly cited problem to the lack of exercise adherence 

(Bateman et al., 2011), which makes SIT and HIIT protocols attractive given that it takes a 
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fraction of the time to complete compared to long-slow distance cardiovascular exercise. 

Previous literature has reported similar physiological benefits in SIT, HIIT and MICT (Hazell et 

al., 2014; Tjonna et al., 2008). Research has shown that SIT provides similar health benefits as 

MICT and HIIT at a fraction of the time needed to commit per week. Although identified as 

HIIT, Stensvold et al. (2010) is the closest example of the effects of a SIT and RT combined 

study on risk factors for MetS. Stensvold et al. (2010) had participants do AT (four intervals of 4 

min at 90–95% of HRpeak) once per week, and RT (three sets of low row, bench press, and hack 

lift for 8–12 repetitions) twice per week for 12 weeks. To the best of the authors knowledge, 

there is only one known study to specifically observe the effects of a SIT and resistance 

(SIT+RT) protocol on sedentary women, however, MetS criteria were not examined. Huffman et 

al. (2019) conducted a 10-week SIT and RT intervention on 53 (52.7 ± 7.1 years) sedentary 

women. Results showed significant (p < 0.05) improvements in VO2max after 10 weeks of 

training. Results from the study did not evaluate risk factors for MetS, however this study does 

show opportunity for future research utilizing this intervention in a wider age group of sedentary 

women focusing on MetS risk factors.  

 In summary, women ≥30 years old, engage in the greatest amount of sedentary behavior 

and have a significantly higher prevalence (Women 35.6% vs Men 30.3%, p < .001) of MetS 

compared to men (Aguilar et al., 2015). Previous literature suggests that utilizing an exercise 

intervention consisting of both interval and RT would optimize health benefits and decrease risk 

factors associated with MetS (Bateman et al., 2011; Stensvold et al., 2010; Tjonna et al., 2008). 

As physical activity is the most effective way of managing risk factors associated with MetS 

(Alberti et al., 2009) women ≥25 years old, diagnosed with Mets and/or having at least one MetS 

risk factor, may benefit from an exercise intervention. With previous research contending that 
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AT+RT elicit the greatest response and benefits to patients with MetS risk factors, the purpose of 

this study was to examine the physiological effects of a SIT and RT intervention on sedentary 

women with at least one metabolic syndrome risk factor. 
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II. METHODOLOGY 

 

Human Subjects Approval 

To begin recruiting participants for this exercise intervention, a full-board research protocol 

document was submitted to the Auburn University Institutional Review Board for Research 

Involving Human Subjects (IRB). Following the regulations set forth by Auburn University IRB, 

this study protocol was approved for use from 09/24/2018 to 08/14/2019 under the following 

protocol number 18-323 AR 1809 (Appendix A). 

Participants  

Female participants were recruited by health fairs, word of mouth, e-mail, flyers, and social 

networks from the Auburn/Opelika community (Appendices B and C). Participants were 

included in the study if they met the following qualifications:  

1. Between the age of 25-55  

2. Met at least one of the criteria for clinical metabolic syndrome based on the 2009 Joint 

Interim Statement of the International Diabetes Federation Task Force on Epidemiology 

and Prevention (Alberti et al., 2009; Table 1; Table 2). 

3. Aside from risk factors for metabolic syndrome, healthy as determined by the Physical 

Activity Readiness Questionnaire plus (PAR-Q+; Jamnik, Warburton, Makarski, 

McKenzie, Shephard, Stone and Gledhill 2011) (Appendix D),  

4. Not pregnant 

5. Agreed and able to complete a 10-week combined SIT and RT program, 

6. Not currently engaged in any structured physical activity program.  
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  Participants were grouped based on time preference/availability and were assigned based on 

participant preference to either morning, afternoon or evening sessions with a 1:1 

researcher/participant ratio.  

Study Protocol 

This intervention consisted of one experimental group, a SIT and RT combined group attending 

10 weeks of exercise training for 30 sessions. Prior to baseline testing, participants arrived at the 

lab and completed the informed consent and PAR-Q+. Baseline measures included a finger prick 

blood draw to measure fasting plasma glucose (FPG), triglycerides (TG), high-density 

lipoproteins (HDL), in addition to blood pressure (BP) and waist circumference (WC) (Table 1; 

Table 2). Participants that qualified for the study continued baseline testing which included 

height, weight, body composition, physical activity, sedentary behavior, dietary recall (Appendix 

E) aerobic fitness and 3-RM for the squat and bench press (Appendix F). Baseline measures were 

done over the period of one week. Post-testing occurred at week 11 (1 week of baseline, 

followed by 10 weeks of training) and consisted of baseline testing variables. Body composition 

was assessed with the iDXA. Physical activity and sedentary behavior were evaluated with a 

waist worn accelerometer at baseline, and week 11 for seven days. Appendix G contains the 

accelerometer log participants were asked to complete. In addition, a MetS z score was 

calculated at baseline and week 11 using the results from baseline and week 11 measurements of 

WC, BP, FPG, TG, and HDL. MetS z score was calculated pre- and post- exercise intervention 

based on the metabolic syndrome z score for women: {[(50-HDL)/11.8] + [(TG-150)/66.2] + 

[(FBG-100)/10.4] +[(WC-88)/9.2] + [(MAP-100)/8.7]/100} (Tibana et al., 2014). An outline of 

the study protocol is shown in Figure 1. 
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Figure 1: Study Protocol 

 

Table 1 summarizes the criteria for Clinical Metabolic Syndrome.  

 

 

Pre-screening for criteria n=44 

Week 0 = Baseline Measurements (FPG, TG, HDL, BP, anthropometrics, 

body composition, MetS z score, physical activity and sedentary 

behavior, dietary recall, aerobic fitness, and 3-RM), n=40 

 

 

 

Week 1-5  

SIT + Resistance  

(3x/week) 

 

Week 6-10  

Sit + Resistance 

 (3x/week) 

 

Week 11 = post-intervention measurements (FPG, triglycerides, HDL, BP, WC, 

body composition, MetS z score; n=38), (physical activity and sedentary behavior; 

n=26), (dietary recall; n=33), (aerobic fitness; n=31), and (3-RM; n=28)  

Week 6 = Mid-study measurements (WC, n=38; 3-RM, n=37) 
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Table 1. Criteria for Clinical Metabolic Syndrome  

Measure (any 3 of 5 constitute diagnosis 

of metabolic syndrome) 

Variable Cutoffs 

Elevated WC Population and country specific 

Elevated TG ≥150 mg/dL (1.7 mmol/L) or 

On drug treatment for elevated triglycerides 

Reduced HDL-C ≤ 50 mg/dL (1.3 mmol/L) in women or 

On drug treatment for reduced HDL-C 

Elevated BP ≥ 130 mm Hg systolic blood pressure or 

≥ 85 mm Hg diastolic blood pressure or 

On antihypertensive drug treatment in 

a patient with a history of hypertension 

Elevated FPG ≥ 100 mg/dL or 

On drug treatment for elevated glucose 
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Table 2. Current Recommended Waist Circumference Thresholds for Abdominal Obesity in 

Women 

Population Waist Circumference 

Asians ≥80 cm 

Canada   ≥88 cm 

Caucasians ≥80 cm 

Ethnic Central and South American  ≥80 cm 

European ≥88 cm 

Middle East, Mediterranean ≥80 cm 

Sub-Saharan African ≥80 cm 

United States ≥88 cm 

 

Measurements 

Blood Collection 

Fasting capillary blood was drawn after an 8-hour fast and was assayed for FPG, HDL, LDL, and 

TG at baseline and week 11 by a trained phlebotomist. Participants were asked to sit comfortably 

in the blood collection chair for blood to be drawn (5 microliters (μL)) from a fingerstick using a 

28-gauge lancet (Unistick 3 comfort, Owen Mumford, Marietta, GA) which was collected in a 

lithium heparin-coated capillary tube. This capillary tube transported blood to a cassette loaded 

into the Alere Cholestech LDX (Alere San Diego, inc. San Diego, CA) for analysis. Specifically, 
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the tester stated, “You will feel a slight prick on the fourth finger of your non-dominant hand. The 

needle and supplies used are sterile and similar to what is used by your physician’s office to 

draw blood.” The tester then drew blood using standard phlebotomy techniques.  

Blood Pressure 

To measure BP participants were instructed to wear loose clothing, sit quietly, and keep both feet 

flat on the floor. Systolic BP and diastolic BP were measured at baseline and week 11 with a 

sphygmomanometer and blood pressure cuff (Welch Allyn Inc, Skaneateles, NY, USA). Mean 

arterial Pressure (MAP) was calculated for use in the MetS z score with the following formula: 

Calculation for MAP = Systolic BP + 2(Diastolic BP)/3. Cuff size was adapted to the arm 

circumference of the participant. To standardize the process, the cuff was attached to the left 

arm, two fingers’ width above the bend in the elbow, and in line with the brachial artery 

(Thompson et al., 2013). Participants already on BP medication were noted as meeting criteria 

for MetS but were measured at baseline and week 11 without BP medicine taken on 

measurement day to determine a true resting BP.  

Metabolic Syndrome Z Score 

MetS z score is a continuous risk score that is calculated from the individuals MetS risk factor 

results. MetS z score was calculated using the results from baseline and week 11 measurements 

of WC, BP, FPG, TG, and HDL. MetS z score was calculated pre- and post- exercise 

intervention based on the metabolic syndrome z score for women: {[(50-HDL)/11.8] + [(TG-

150)/66.2] + [(FBG-100)/10.4] +[(WC-88)/9.2] + [(MAP-100)/8.7]/100} (Tibana et al., 2014). 
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Anthropometrics   

Height was measured to the nearest 0.25 cm, and weight was assessed using a using a 

stadiometer (SECA Model 769, Seca gmbh & Co.kg., Hamburg, Germany) to the nearest 0.1 kg. 

Waist circumference was measured at the top of the right iliac crest and placing a Gulick tension 

rod measuring tape in a horizontal plane around the abdomen and level of the iliac crest. Before 

reading the tape measure we ensured that the tape was snug but did not compress the skin and 

was parallel to the floor. Measurements were made at the end of a normal expiration (Grundy et 

al., 2005).  

Body Composition 

Body composition was assessed by dual-energy X-ray absorptiometry (iDXA) (GE Healthcare 

Lunar, Madison, WI), which provides accurate data related to body composition in terms of 

BMI, fat mass (FM), lean body mass (LBM), bone mineral density, and exact data from sections 

of the body if necessary. iDXA body composition analysis provides precise high-resolution 

images on measuring fat mass, lean mass, and bone mineral density of each segment of the body. 

It measures the diffusion of X-rays through the body at high and low energies. The X-ray beam 

energy is diminished with the passage through the three human body components that are 

distinguishable by their X-ray attenuation properties: bone mineral, fat tissue, and lean soft tissue 

(Toombs, Ducher, Shepherd, & De Souza, 2012). This measurement takes between 7 to 14 

minutes depending on the thickness of a person’s body mass. According to previous studies the 

precision error for total body mass 0.9%, total body lean mass 0.4 to 0.5%, total bone mineral 

content 0.6%, fat mass 0.7 to 0.8%, and percent body fat 0.6 to 0.9% (Hind, Oldroyd, & 

Truscott, 2011; Rezzi, Ginty, Beaumont, & Ergun, 2009; Rothney et al., 2012). Percent body fat 
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(%Fat) lean body mass (LBM), fat mass (FM), and body weight (BW) were measured in 

kilograms by iDXA. All iDXA measurements were carried out by certified personnel.  

Physical Activity and Sedentary Behavior 

To measure physical activity and sedentary behavior outside of the 30 sessions a waist worn 

Actigraph wGT3X-BT was attached on the waist of each participant to assess changes regarding 

sedentary, light, moderate, and vigorous physical activity. Each participant wore the 

accelerometer for 7 days at baseline and week 11. Based on previous studies (Cain & Geremia, 

2012; Ward, Evenson, Vaughn, Rodgers, & Troiano, 2005), an epoch length of 60 seconds was 

chosen as the standard for the current study with a sampling rate of 30 Hz. Additional criteria for 

analysis include a minimum of 10-hour daily wear time and 3-5 days of monitoring. A minimum 

of 10 hours per day of wear time was needed for sampling wake-time behavior with 3-5 days of 

monitoring required to achieve 80% reliability for total and moderate-to-vigorous intensity 

physical activity (Hart, Swartz, Cashin, & Strath, 2011; Matthews et al., 2008; Trost, McIver, & 

Pate, 2005). Non-wear time was identified based on the algorithm from Choi et al. (2011) and 

removed from the analysis (Choi et al., 2011). After each assessment, accelerometers were 

collected, and the data was downloaded to the Actigraph Actilife software. Previously validated 

cut points classified accelerometer data as sedentary (<100 counts/minute), light (100-2019 

counts/minute), moderate (2020-5998 counts/minute), and vigorous (≥5999 counts/minute) 

(Freedson, 1998). Based on these accelerometer cut points, data was divided into four activity 

categories: sedentary, light, moderate, and vigorous. Participants were asked not to change 

physical activity outside of the study over the course of the study. 
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Aerobic Fitness 

Aerobic fitness was measured with a Bruce Protocol that exercised the participants to volitional 

fatigue. Participants’ heart rates were recorded at the end of each stage and heart rate and time 

were recorded at volitional fatigue. This exercise stress test is commonly used to estimate 

aerobic (cardiovascular) fitness with a reported standard error of estimates (SEEs) range from 

±2.7 to ±4.7 ml/kg/min (ACSM, 2017). In this test, VO2max is estimated by asking the 

participant to walk- jog, and/or run on a treadmill at stages of three minutes each one, beginning 

at: 

1. 10% of incline and 1.7 miles per hour (MPH) 

2. 12% incline and 2.5 MPH 

3. 14% incline and 3.4 MPH 

4. 16% incline and 4.2 MPH 

5. 18% incline and 5.0 MPH 

Once the participant reached volitional fatigue the test was stopped and VO2max was estimated 

by using a standardized and validated formula (Bruce, Kusumi, & Hosmer, 1973). Formula to 

predict VO2max: 

VO2 (ml/kg/min) = 6.7 - 2.82(2) + .056 (time in seconds) 

VO2 (ml/kg/min) = 1.06 + .056 (time in seconds) (WOMEN) 

Even though, submaximal exercise testing is not as precise as indirect calorimetry, it provides an 

estimate of a person’s aerobic fitness. The advantages to the Bruce Protocol are that it is easily 

administered, low cost, reduces risk of negative events, needs less time and effort on the part of 
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the subject, and assumptions related to submaximal tests are easily met (Fletcher et al., 2001). 

According to ACSM (ACSM, 2017) when a repeated submaximal GXTs are applied over a 

period of weeks or months and with a HR response decreasing over time with a fixed workload, 

it is likely that the cardiorespiratory fitness of that person can be improved.  Thus, we chose to 

validate our submaximal test by having randomly selected participants (n=5) repeat the test 

within 2 days of the initial test to ensure reliability for the GXT protocol. All tests were 

performed under the supervision of appropriately trained personnel. 

Muscular Strength 

Lower extremity muscular strength was assessed with the back squat using a 3-RM, while upper 

extremities strength was gauged through the bench press. Study participants were instructed on 

and practiced proper lifting techniques and were spotted during all resistance lifting tasks. Initial 

back squat 3-RM assessment began with 10 repetitions of a body weight squat followed by 5 

back squats using a 45 lb. barbell. Foam barbell covers were available for the convenience of 

participants. After a 2-minute break, 5 additional repetitions were completed at 50% of the 

participant’s estimated 1-RM for the back squat. After an additional 2-minute rest period, 3 

repetitions were completed at an estimated 70% of 1-RM. Subsequent sets of progressively 

heavier weight were completed until three repetitions were performed with proper form at near 

maximal weight. Each of these sets was separated by a recovery period of 3 minutes. A similar 

protocol was utilized for the bench press. Three RM values were utilized to estimate 1-RM 

values through the Wathen equation (McNair et al., 2011). Three RM were assessed at baseline, 

week 6, and week 11 after the program. Resistance training was performed under the supervision 

of appropriately trained personnel. 
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Dietary Recall 

To determine that the effects of the study were not due to dietary changes, participants were 

asked to complete a 3-day diet recall (two weekdays and one weekend day) during baseline of 

the intervention and at week 11 (one week after the intervention). Energy intake and diet 

components were analyzed by using open-sourced software (www.nutritiondata.com). Average 

kcals over the three days is reported at baseline and at week 11. 

Intervention  

The 10-week intervention consisted of 30 sessions, 3 times a week (Monday, Wednesday, and 

Friday). Each session all participants completed a SIT and RT protocol. Prior to each exercise 

session the participants completed five minutes of dynamic warm-up exercises and after each 

exercise sessions participants completed five to ten minutes of static stretching and range of 

motion activities.  

SIT Protocol 

The SIT running protocol consisted of two (first 5 weeks) -to- three (last 5 weeks) sets of three 

40-second sprints with 20 seconds of passive recovery between each sprint and one additional 

minute of recovery after each set. For example, at the beginning of minute 3, 4, and 5 the 

participant would sprint for 40 seconds, followed by 20 seconds of passive rest by straddling the 

treadmill belt. The participant would then rest for a full minute (minute 6), followed by one to 

two more sets of sprints. Sprint sets were preceded by a warming up phase of three minutes at 

3.0 mph. At the end of the sprint participants walked on the treadmill at 3.0 mph for 3 minutes to 

cool down. The SIT program was set to induce cardiovascular responses ͠   95% of maximal heart 
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rate achieved during the VO2max test, therefore speed and grade was adjusted throughout the 

program to maintain this intensity.  

Resistance Protocol 

For all participants, two different resistance training protocols were utilized and alternated every 

day throughout the study. These were denoted as protocol A and protocol B. Both protocols 

began with a dynamic warm-up. Protocol A consisted of back squat, bench press, and bent-over 

row. Protocol B consisted of squat jumps, walking lunges, standing shoulder press, and back 

extensions. Both protocols ended with abdominal exercises, followed by cool down stretches. 

The resistance exercise training program, based on undulating periodization, was set to impose 

fluctuating stimuli and in turn, neuromuscular overload. Undulating training model targets 

volume based on two principles, accumulation which meets high volume training: higher 

repetitions, more sets, more exercises, and so on; and intensification, the opposite, based on 

heavier weights, lower repetitions, and emphasis on adding more weight to the workout. Prior to 

beginning the training program, one week of orientation was used to familiarize participants with 

the SIT protocol and lifting techniques. The order of the training model utilized in this study 

was: two week of conditioning, two weeks of hypertrophy, two weeks of muscular strength, two 

weeks of hypertrophy, and two weeks of muscular strength. The conditioning phase 

encompassed three sets of 10 repetitions at 55%, 65% and 70% of each participant’s 3-RM for 

the back squat and bench press with the emphasis on proper form. For example, if the 

participants form failed at rep seven, then the participant would stop that set at rep seven, rest 

and pick up at the next set. The hypertrophy phase encompassed three sets of 10 repetitions at 

65%, 70% and 75% of each participant’s 3-RM for the back squat, bench press, bent over row, 



 46 

and overhead press, while the muscular strength phase was composed of three sets of six 

repetitions at 75%, 80%, and 85% of participant’s 3-RM for each of the lifts.  

Statistical Analyses 

Descriptive statistics were used to present participants’ physical characteristics. Normal 

distribution was checked using a Shapiro-Wilk normality test. A Power analysis was conducted 

to determine sample size. A minimum of 34 participants was necessary to achieve a power of 

0.80 (effect size set to 0.5; significance level set to 0.05). A correlation was utilized to validate 

the reliability of using a GXT to measure VO2max. The pre- and post- intervention variables 

were analyzed using paired samples t-tests to determine whether changes within each risk factor 

were significant. In addition, MetS z score for women was measured pre and post to assess if 

overall MetS changes occurred. Statistical significance was set at p ≤ 0.05. A Bonferroni 

correction (0.010 = 1 - ( 1 - .05 ) 1/5) of  p ≤ 0.01 was utilized to account for multiple 

comparisons. A Cohen’s ds was used to measure the effect size of any variables that were 

between p 0.01 and 0.05. A repeated measures ANOVA was used to individually analyze waist 

circumference, 3-RM squat, and 3-RM bench press. Bonferroni post hoc tests were used to 

determine which points were significantly different. A logistical regression assessed the 

probability of a decrease in MetS z score following the intervention based on the number of 

sessions attended out of 30. To analyze data, the IBM Statistical Package for the Social Sciences 

(SPSS) System (version 24.0) for Windows® was used. Intention to treat analysis was used 

therefore, any participants who completed testing regardless of the number of sessions attended 

were included in the analysis.   
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IV. RESULTS 

The purpose of this study was to examine the physiological effects of a SIT and RT 

intervention on sedentary women with at least one metabolic syndrome risk factor. Initially, 44 

women from the local community volunteered to participate. Prior to beginning of the exercise 

intervention one participant withdrew due to becoming pregnant, two withdrew due to time 

constraints, and one withdrew due to a heart arrhythmia identified during baseline testing. A total 

of 40 participants met the criteria and completed baseline measures. During the intervention one 

participant voluntarily dropped from the study during the exercise intervention due to time 

constraints, and a second participant dropped due to the loss of family members from a natural 

disaster. These individuals were returned their materials and excluded from the study. A total of 

38 females (Age = 38 ± 8 years old, BMI= 33 ± 8 kg/m2) completed pre- and post- MetS 

measures. Not all 38 participants made every training session and all testing measures. Four 

participants became sick with pneumonia/flu and had to discontinue training in the second half of 

the study. Two participants noted pain from previously undisclosed injuries and were asked to 

discontinue the study for safety and ethical concerns. Two participants developed knee pain that 

made them unable to complete part of the protocol and were required to discontinue the study. 

Due to the fact that we were also examining a dose-response relationship, participants that 

missed sessions were included in analysis. However, participants that were unable to complete 

all three measurements for the GXT (31 completed) and/or maximal strength testing (28 

completed) were excluded from that analysis. One participant moved away, and several 

participants had scheduling conflicts that made them unable to make the post- GXT and/or 

maximal strength testing. Participant flow and dropout is displayed in figure 2. 
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Figure 2. Participant Flow and Dropout by Week.  

Descriptive statistics for the remaining 38 participants are presented in Table 3.  

Table 3. Descriptive Characteristics 

  

Variable 
Mean ± SD 

Age (Y) 
40 ± 9 

Caucasian 
23 

Black 
14 

Asian 
1 

Height (cm) 
164 ± 7 

Weight (kg) 
90 ± 44 

BMI (kg/m2) 
33 ± 8 
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Table 4. Changes in the Number of Participants Qualifying Risk Factors for MetS 

Variable Pre- Post- Change 

Waist Circumference  38 35 -3 

Triglycerides  11 8 -3 

High-density Lipoprotein  21 21 0 

Fasting Plasma Glucose  2 4 +2 

Blood Pressure  20 9 -11 

 

Metabolic Syndrome Risk Factors 

  All data was found to have a normal distribution for the MetS criteria. All 38 women 

completed all MetS measurements. A repeated-measures ANOVA assessed changes in waist 

circumference at three different times: pre-, mid-, and post- exercise intervention and a paired t-

test assessed changes at pre and post for all other measures. A Bonferroni correction (p < 0.01) 

was used to account for multiple comparisons when analyzing the paired samples t-test.  

Metabolic Syndrome Risk Factors, Mean Arterial Pressure, and Metabolic Z-score results are 

presented in Table 5.  
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Table 5. Metabolic Syndrome Risk Factors, Mean Arterial Pressure, and MetS Z-score,  Mean ± 

SD (N=38) 

Variable Pre- Mid- Post- Sig. 

Waist Circumference (cm) 111 ± 18 108 ± 16 107 ± 16 0.005 

Triglycerides (mg/dl) 155 ± 92 N/A 118 ± 69 0.033 

High-density Lipoprotein (mg/dl) 52 ± 17 N/A 51 ± 15 0.669 

Fasting Plasma Glucose (mg/dl) 90 ± 8 N/A 88 ± 8 0.369 

Systolic Blood Pressure (mm/Hg) 129 ± 18 N/A 125 ± 12 0.007 

Mean Arterial Pressure (mm/Hg) 97 ± 7 N/A 94 ± 7 < 0.001 

Diastolic Blood Pressure (mm/Hg) 81 ± 7 N/A 79 ± 6 0.005 

Metabolic Z-score 1.127 ± 3.696 N/A -.236 ± 3.216 0.001 

 

A significant effect of time was found for WC (F (1.628,60.230) = 3.872, p < 0.034). 

Follow-up post-hoc testing revealed no significant changes for WC from (p = 0.180) pre (111 ± 

18 cm) to mid (108 ± 16 cm), and (p = 1.000) mid to post- (107 ± 16 cm) testing. However, there 

was a significant decrease (p = 0.005) in WC from pre (111 ± 18 cm) to post (107 ± 16 cm) 

testing. Waist circumference changes are presented in Figure 3. 
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Figure 3. Waist Circumference Measurements. * Significantly different from pre- to post- 

(p<0.01) 

 

A paired-samples t-test was used to compare pre- and post- intervention means of TG, 

HDL, FPG, and BP.  

Serum triglycerides showed a non-significant decrease (t (37) = 2.214 p = 0.033) from 

pre (155 ± 92 mg/dl) to post (118 ± 69 mg/dl) intervention. A Cohen’s ds showed a large (0.72) 

effect size. Triglyceride changes are presented in Figure 4. 
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Figure 4. Serum Triglycerides Measurements.  

There were no significant (t (37) = .431, p >0.05) changes in HDL from pre (52 ± 17 

mg/dl) to post (51 ± 15 mg/dl) intervention. Changes for HDL are presented in Figure 5. 

 

Figure 5. High-Density Lipoprotein Measurements. 

FPG did not significantly (t (37) = .909, p > 0.05) change from pre (90 ± 8 mg/dl) to post 

(88 ± 8 mg/dl) intervention. Change in FPG are presented in Figure 6. 
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Figure 6. Fasting Plasma Glucose Measurements. 

Blood pressure showed a significant (p < 0.05) decreases in systolic, diastolic, and mean 

arterial pressure. Systolic BP decreased significantly (t (37) = 2.877, p = 0.007) from pre (129 ± 

18 mm/Hg) to post (125 ± 12 mm/Hg), MAP decreased significantly (t (37) = 4.197, p < 0.001) 

from pre (97 ± 7 mm/Hg) to post (94 ± 7 mm/Hg), and diastolic BP decreased significantly (t 

(37) = 2.999, p = 0.005) from pre (81 ± 7 mm/Hg) to post (79 ± 6 mm/Hg) intervention. Blood 

Pressure changes are presented in Figure 7. 
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Figure 7. Blood Pressure Measurements. * Significantly different from pre- to post- 

(p<0.01) 

A paired-samples t-test compared pre and post intervention changes in calculated MetS z-

score. Overall MetS z-score calculated for women significantly (t (37) = 3.641, p = 0.001) 

decreased from pre (1.127 ± 3.696) to post (-.236 ± 3.216) intervention. A decrease represents a 

decrease in risk of all-cause mortality. This includes going below zero and continuing with a 

more negative z-score. Therefore, we can interpret that the change in participants MetS z-score 

from pre to post in this study have significantly lowered their risk for cardiovascular diseases, 

and premature death. The changes in overall metabolic syndrome z score are shown in Figure 8. 
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Figure 8. Metabolic Syndrome Z-Score. * Significantly different from pre- to post- 

(p<0.01) 

Body Composition 

A paired-samples t-test was conducted to compare the means of pre and post intervention 

body weight, FM, and LBM.  

Although no significant difference was found in pre to post body weight (t (37) = -.256, p 

= 0.799, both FM (t (37) = 3.103, p = 0.004) and LBM (t (37) = -4.877, p < 0.001) showed 

significant changes. FM decreased significantly from pre (41.6 ± 14.7 kg) to post (40.7 ± 15.1 

kg), and LBM significantly increased from pre (46.4 ± 14.9) to post (47.6 ± 7.1 kg). Body 

composition measurements are reported in Figure 9. BMI changes by ethnicity are reported in 

Table 6. 
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Figure 9. Body Composition Measured by iDXA. * Significantly different from pre- to 

post- (p<0.01) 

 

Table 6. Changes in BMI Status by Ethnicity (n=38) 

Variables (n) Total  Normal  Overweight  Obese Extremely Obese 

Pre-Caucasian 23 4 6 11 2 

Post Caucasian 23 4 6 11 2 

Pre-Black 14 1 2 4 7 

Post-Black 14 1 2 4 7 

Pre-Asian 1   1  

Post-Asian 1   1  

 

Aerobic Fitness 

 Five participants (randomly chosen) volunteered to do a second  graded exercise test 
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GXTs for these five participants showed a strong correlation of .705, indicating the GXT to be a 

consistent measure for this sample. Mean estimated VO2max for initial baseline testing (pre-1) 

was 25.9 ± 2.6 ml/kg/min and 26.4 ± 2.7 ml/kg/min for the second test completed at baseline 

(pre-2).   

A total of 31 participants completed pre- and post- measures for aerobic fitness. Only 

participants that completed both measures were included in the analyses. A paired-samples t-test 

was conducted to compare the means of pre and post estimated VO2max scores. A significant 

increase (t (30) = -5.659, p < 0.001) in VO2max was observed from pre (23.7 ± 5.0 ml/kg/min) to 

post (28.1 ± 6.5 ml/kg/min) exercise intervention. In regard to VO2max, according to the ACSM 

Guidelines for Exercise Testing and Prescription, the participants on average remained in the 

“fair” category at post-testing. Reliability and VO2max testing measures are presented in Figure 

10. 

 

 

 

 



 58 

 

 

Figure 10. Reliability and VO2max Measured by GXT. * Significantly different from pre- 

to post- (p<0.01) 

Muscular Strength 

A total of 28 participants completed pre, mid, and post measures for muscular strength. 

Only participants that completed all three measures were included in the analyses. A repeated-

measures ANOVA was used to evaluate changes in muscular strength.  
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A significant effect of time in muscular strength was found for both the back squat (F 

(2,54) = 122.401, p < 0.001) and the bench press (F (2,54) = 102.972, p < 0.001). Back squat 

showed significant (p < 0.001) increases from pre (27 ± 10 kg) to mid (47 ± 12 kg), pre to post 

(60 ± 13 kg), and mid to post exercise intervention. Bench press showed significant (p < 0.001) 

increases from pre (22 ± 8 kg) to mid (36 ± 8 kg), pre to post (42 ± 8 kg), and mid to post 

exercise intervention. Muscular strength measures are presented in Figure 11. 

 

Figure 11. Back Squat and Bench Press Strength. Symbols denote significantly different: 

* pre- to mid-; ¥ pre- to post- and mid- to post-, (p<0.01) 

Accelerometer 

 Paired-samples t-tests were used to compare percentage of daily time spent in sedentary, 

light, moderate, and vigorous physical activity at pre and post. A minimum of 10 hours per day 

of wear time was needed for sampling wake-time behavior with 3-5 days of monitoring required 

to achieve 80% reliability for total and moderate-to-vigorous intensity physical activity (Hart, 

Swartz, Cashin, & Strath, 2011; Matthews et al., 2008; Trost, McIver, & Pate, 2005). Of the 38 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

Pre_BS Mid_BS Post_BS Pre_BP Mid_ BP Post_BP

W
ei

gh
t 

(k
g)

Back Squat and Bench Press One Repetition Max 

*

¥

*

¥



 60 

participants that completed the intervention, 26 of the participants at both pre and post met the 

wear time criteria set in the methods to be analyzed. 

 Sedentary activity (t (25) = 0.333, p = 0.742) did not significantly change from pre (68.5 

± 8.6 %) to post (67.7 ± 9.1 %) intervention. Light activity (t (25) = -0.398, p = 0.694) did not 

significantly change from pre (29.7 ± 8.1 %) to post (30.1 ± 8.5 %) intervention. Moderate 

activity (t (25) = 0.390, p = 0.700) did not significantly change from pre (2.3 ± 1.1 %) to post 

(2.1 ± 1.1 %) intervention. Vigorous activity (t (25) = -1.274, p = 0.215) did not significantly 

change from pre (0.12 ± 0.02 %) to post (0.05 ± 0.03 %) intervention. This data suggests that 

participant activity patterns outside of the intervention did not change over the course of the 

study. Physical activity measures are presented in Figure 12.  

 

Figure 12. Physical Activity Behavior Measured by Accelerometer 
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3-day dietary recall 

 To determine that the effects of the study were not due to dietary changes, participants 

were asked to complete a three-day diet recall (two weekdays and one weekend day) during 

baseline and post testing. Of the 38 participants, only 33 returned pre and post completed dietary 

logs. A paired t-test showed that there were no changes in overall caloric intake from pre (1938 ± 

483) to post (1932 ± 479; t (32) = .159, p = 0.875).  

Dose Response Relationship 

 A logistic regression determined the relationship between number of exercise sessions 

participants attended out of the 30 sessions and changes in overall MetS z-score. Participants 

who decreased their MetS z-score and participants who maintained or increased their MetS z-

score served as the dependent variable and number of exercise sessions served as the 

independent variable. The omnibus test of model coefficients showed a significant (p = 0.006) 

model. The Hosmer and Lemeshow test had a significance of p = 0.610, indicating that the 

model fits the data and supports further interpretation. This model was observed to be accurate 

68.4% of the time. The logistic regression concluded that a minimum of 24 sessions was needed 

to see decreases in MetS z-score. The odds of showing a decrease in MetS z-score at post 

intervention increased by .788 for every additional training session. A flow chart of the number 

of sessions attended by participants is displayed in Figure 13.  
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Figure 13. Number of Sessions Attended by Participants 
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V. DISCUSSION 

 

The purpose of this study was to examine the effect of a 10-week SIT and RT exercise 

intervention on metabolic syndrome (MetS) risk factors in sedentary women. Huffman et al. 

(2019) examined the effects of SIT + RT on sedentary women over 40, however criteria for 

MetS were not examined. To the best of this authors knowledge no studies have specifically 

examined a SIT and RT combined exercise intervention for sedentary women aimed at reducing 

MetS risk factors. In addition, there is limited research on exercise interventions in the 10-week 

range for this population.  

It is important to point out that this study looked beyond clinical MetS, which requires at 

least three of the five mentioned criteria (Aguilar et al., 2015; Grundy et al., 2005; Table 1; Table 

2). Our approach was to target individuals with at least one criteria for MetS to offer a preventive 

behavioral lifestyle approach to targeting those at risk for developing MetS. Aguilar et al. (2015) 

concluded that women ≥30 years old have a significantly higher prevalence (Women 35.6% vs 

Men 30.3%, p < .001) of MetS compared to men. Therefore, the age for the study was lowered to 

women ≥25 years old, with at least one MetS risk factor. As physical activity is the most 

effective way of managing risk factors associated with MetS (Alberti et al., 2009), an exercise 

intervention was utilized in this population for the purpose of examining applied homeopathic 

preventative measures. Previous literature suggests that utilizing an exercise intervention 

consisting of both interval and RT would optimize health benefits and decrease risk factors 

associated with MetS (Bateman et al., 2011; Stensvold et al., 2010; Tjonna et al., 2008). This 

data adds to the limited literature on suggested exercise modalities for sedentary women with 

MetS. In addition, the wide age range (25-55) of participants involved shows that this exercise 

intervention produces similar MetS benefits across multiple generations of women.  
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According to the International Diabetes Federation, of the five MetS risk factors, WC is 

considered the central risk factor for determining MetS. The present study observed a significant 

decrease in WC which has also been noted in previous studies examining combined exercise 

intervention in participants with MetS risk factors (Bateman et al., 2011; Mello et al., 2011; 

Stensvold et al., 2010; Wewege et al., 2018). This suggests that the mode of exercise chosen in 

the present study is effective in reducing WC, which is a central risk factor in MetS. It is 

important to note that although the current study went with the updated WC guidelines (Alberti 

et al., 2009; Table 2), that none of the participants ethnicities went outside of the United States 

which includes the previous criteria of 88 cm (Grundy et al., 2005). Therefore, this study could 

not add to the literature of international and Asian ethnic individuals with MetS risk factors.  

According to the new ACSM guidelines the threshold criteria for hypertension has 

recently changed from 140/90 mm/Hg to 130/80 mm/Hg. This increases those qualifying for 

hypertension in the US from 32% to 46% according to ACSM (Piercy et al., 2018). As MetS 

criteria has not yet changed to the new hypertension guidelines, the current study used the 

threshold of 130/85 mm/Hg (Alberti et al. 2009), which is the MetS criteria. Observed BP 

decreased significantly for the current study in systolic (~4 mm/Hg), diastolic (~2 mm/Hg), and 

mean arterial pressure (~2 mm/Hg). This type of exercise modality seems promising as previous 

literature has cited 5-10 mm/Hg decreases in systolic and diastolic BP to lower risk of heart 

disease (Piercy et al., 2018). It is suggested that future research using combined exercise 

interventions should evaluate both the current MetS and ACSM hypertension thresholds to 

observe differences in MetS outcomes (Alberti et al. 2009; Piercy et al., 2018). 

As there are a limited number of studies on combined exercise interventions on MetS risk 

factors, it is difficult to make comparisons (Bateman et al., 2011; Mello et al., 2011; Stensvold et 
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al., 2010; Wewege et al., 2018). Literature does point to conflicted outcomes for MetS variables. 

Bateman et al. (2011) found significant decreases in TG, and non-significant changes in HDL 

and FPG. This closely parallels the current studies results as a trend in decreasing TG was 

observed, along with no significant changes in HDL and FPG. Stensvold et al. (2010) found no 

significant changes in TG, HDL, and FPG. O’Neill and O’Driscoll (2015) have discussed the 

important contribution that TG, HDL, and FPG, play on obesity. These results are comparable to 

previous studies utilizing MICT and HIIT training for eight weeks to four months (Bateman et 

al., 2011; Mello et al., 2011; Stensvold et al., 2010). It could be possible that a longer 

intervention with a higher dose of SIT might prove advantageous for these variables. It is 

important to note that overall TG (pre 155 ± 92 mg/dl to post 118 ± 69 mg/dl) decreased below 

the risk factor threshold into an acceptable range. In addition, for the current study overall means 

for HDL (pre 52 ± 17 mg/dl to post 51 ± 15 mg/dl) and FPG (pre 90 ± 8 mg/dl to post 88 ± 8 

mg/dl) began and ended in an acceptable range for MetS risk factors. This may have been a 

contributing factor to why these variables did not significantly change. While these studies did 

not find any significant negative changes to these variables, future research into increasing 

positive changes is a point of interest (Bateman et al., 2011; Mello et al., 2011; Stensvold et al., 

2010; Wewege et al., 2018). 

The current study found significant decreases in MetS z score. This is an important 

observed change because as the overall MetS z score decreases, so does the risk of comorbidities 

and premature death. To clarify, even as the MetS z score becomes negative, the further below 

zero the score goes, the lower your risk becomes (Wewege et al., 2018). Bateman et al. (2011) 

compared RT, AT, and AT+RT combined training for four months on MetS risk factors and z 

score. Of the three different types of exercise intervention, only AT+RT showed a significant 
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(p=.004) decrease in MetS z score. It is important to point out that while there were significant 

decreases, the MetS z-score for Bateman et al. (2011) AT+RT stayed in a healthier range the 

entire study (baseline -1.07 ± 3.06; Change -1.10 ± 1.70). This is curious as the current 10-week 

study began in an unhealthy range at pre- (1.127 ± 3.696) and decreased to a healthier range at 

post (-.236 ± 3.216). Although starting at different MetS health points, the change for the current 

study was similar to Bateman et al. (2011). In addition, Bateman et al. (2011) found that RT only 

and AT only interventions increased or maintained MetS z score. The current study supports 

AT+RT as the optimal mode of exercise to lower overall MetS z score and decrease health risks 

associated with MetS. In addition to AT+RT as optimal in general, these results show that the 

current study’s intervention is able to replicate MetS z-score changes in approximately half the 

time that previous study have reported.  

In the current study there was not a significant change in body weight. While total weight 

was maintained, there was a change in body composition. Both fat mass (FM) and lean body 

mass (LBM) changed significantly with FM decreasing (~1.99 kg) and LBM increasing (~2.62 

kg). Stensvold et al. (2010) reported significant increases in LBM (1.4 kg) but no significant 

differences in FM (0.8 kg). In comparing the two studies, the current study observed double the 

FM decreases and LBM increases than Stensvold et al. (2010). This is curious as Stensvold et al. 

(2010) did combine exercise for 3 times/week for 12 weeks, which was two weeks longer than 

the current study. However, the training program was different with HIIT AT done two 

days/week and RT done once/week (Stensvold et al., 2010). The current study utilized a specific 

exercise modality of combined SIT and RT for all three sessions. The increase in repetitive 

cardiovascular and RT may have contributed to the increase in fat loss that resulted in significant 

decreases in FM. This is an important observation as finding an optimal modality of exercise is 
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important towards improving body composition. Changes in FM and LBM may have contributed 

to changes in WC in this study.   

Previous literature on combined exercise interventions reports an increase in 

cardiovascular fitness measures (Stensvold et al., 2010). In addition, there are limited combined 

(SIT+RT) exercise interventions to compare data for this population which makes this study 

novel. The closest protocol to the current study is from Stensvold et al. (2010). Stensvold et al. 

(2010) reported ~10-11% increases in VO2peak from pre to post exercise intervention after 12 

weeks of training. In the current study, cardiovascular fitness increased ~15-16% from pre- (23.7 

± 5.0 ml/kg/min) to post (28.1 ± 6.5 ml/kg/min) intervention after only 10 weeks. When looking 

closer at the protocol differences, the current study showed greater increases in cardiovascular 

fitness in two weeks less training, and shorter bouts of cardiovascular training. While Stensvold 

et al. (2010) utilized HIIT (~43 minutes per session), the current study utilized SIT (~15 minutes 

per session). In addition, another difference in protocol is the set-up of training. While the 

participants from Stensvold et al. (2010) performed AT two times/week and RT once/week, the 

current study combined SIT and RT for all three exercise sessions each week. These results show 

the possibility of the current study’s mode of exercise capable of obtaining significant increases 

in cardiovascular health with less time commitment.  

Muscular strength does play a role in MetS (Volaklis et al., 2015). Of the 23 studies 

reviewed by Volaklis et al. (2015), only four utilized maximal leg strength and maximal bench 

press as their measure of strength (Artero et al., 2011; Fitzgerald et al., 2004; Ruiz et al., 2008; 

Ruiz et al., 2009). Volaklis et al. (2015) concluded that in addition to combating sarcopenia, that 

increased muscular strength provides a combination of factors (i.e. improved BP and body fat, 

decreased risk of fall, prevention of bone loss) that positively affect mortality. The current study 
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showed significant increases in both upper and lower body maximal strength. For upper body 

maximal strength, the bench press increased by ~ 38-39% from week one to week five. At the 

conclusion of the study (week 10) the bench press had increased an additional 12-13%. For lower 

body maximal strength, the back-squat increased by ~40-41% from week one to week five. By 

week 10 the back squat had increased an additional 22-23%. These results provide supporting 

evidence that SIT+ RT is effective in increasing muscular strength in as little as five weeks, with 

added increases in strength seen through 10 weeks of training. Muscular strength training is 

important for decreasing the risk of injury due to weak muscles, increasing/maintaining optimal 

levels of bone mineral density, and maintaining a healthy body composition.  

Physical activity outside of the intervention did not change from pre to post testing. It is 

important to note that we asked participants to not change activity outside of the study 

throughout the intervention. This lack of change demonstrates that our protocol may be the only 

change in physical activity. Without continued monitoring, we are unable to determine adherence 

to the study. This is an area of future study we are following up with. Linke et al. (2011) noted 

physical activity as being a modifiable lifestyle choice for prevention of disease and premature 

death. Of the 14 studies examined, Linke et al. (2011) concluded that there is a large gap in the 

literature on research examining adherence to exercise in previously sedentary individuals. Of 

the research that has been conducted, an unfortunate low to moderate adherence rate (mean 

~66%) has been reported. One study suggests that ~50% of participants are shown to dropout 

within six months of discontinuing an exercise study (Linke et al., 2011). Of the 40 participants 

that began the exercise intervention, 32 participants continuously attended sessions for the whole 

10 weeks of intervention. This translates to a dropout rate for the current study of ~20%. 
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Continuing to engage in physical activity post intervention is important to maintain the 

physiological changes obtained in the present study.  

Although diet is listed as a lifestyle factor that can be modified to improve an individual’s 

health, the researchers from the present study wanted to focus on the effects of the specific type 

of exercise intervention used (SIT + RT) on MetS risk factors and human performance variables. 

To control for diet participants were asked to complete a three-day diet recall (two weekdays and 

one weekend day) during pre and post testing. Based on the non-significant changes in overall 

caloric intake from pre (1938 ± 483 kcals) to post (1932 ± 479 kcals), we posit that changes in 

dietary intake did not play a role in the changes of MetS risk factors, MetS z-score, body 

composition, VO2max, and muscular strength. However, it is notable that dietary intakes were 

assessed using recalls and this presents a limitation to these findings given that substantial 

reporting error has been previously reported (Grandjean, 2012).  

Previous literature has suggested that long-term (>12 weeks) exercise benefits individuals 

with MetS risk factors (Wewege et al., 2018). There is a gap in the literature examining a dose 

response relationship in short-term (<12 weeks) exercise interventions on MetS risk factors. 

Results from the current study concluded that a minimum of 24 sessions over 10 weeks was 

needed to observe significant changes in MetS z score. At three days/week, the current study 

provides support towards significant improvements in MetS risk factors when exercising at three 

days/week for a minimum of eight weeks. Specifically, in a 10-week intervention, significant 

improvements can be seen in WC, BP and MetS z score. In addition, there were moderate 

improvements in TG, and overall HDL (>50 mg/dL) and FPG (<100 mg/dL) remained in a 

healthy range with regards to MetS. The current study provides novel data that counters the 
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implications that a minimum of 12 weeks of continuous exercise (at 3-4 days per week) is 

necessary to observe beneficial changes in MetS risk factors (Wewege et al., 2018).   

In addition to the dose-response at 24 sessions, these results clarified limitations from 

previous research on examining physiological changes in individuals with MetS participating in 

a combined exercise intervention (Bateman et al., 2011; Cauza et al., 2005; Dalzill et al., 2014; 

Stensvold et al., 2010; Tjonna et al., 2008). Specifically, Bateman et al. (2011) discussed the 

robust improvements made in their combined exercise intervention. However, the AT utilized in 

the Bateman et al. (2011) utilized moderate intensity continuous training and stated that a 

limitation to their study was the unanswered question as to whether or not the significant benefits 

for the combined AT/RT group were due to the longer exercise duration (128 ± 27 AT and 56 ± 

11 RT min/week; ~185 min/week). Participants from the current study exercised for 12-15 AT 

minutes and 30 RT minutes per session (~126-135 total min/week) and showed similar 

significant improvements in MetS risk factors and MetS z score. This may indicate that the 

combined AT/RT modality and not specifically exercise time were responsible for the significant 

changes in MetS risk factors and MetS z score. Overall, the observed changes challenge current 

literature on the suggested timeframe and optimal modality of exercise to benefit from 

improvements in MetS risk factors (Bateman et al., 2011; Cauza et al., 2005; Dalzill et al., 2014; 

Stensvold et al., 2010; Tjonna et al., 2008; Wewege et al., 2018). 

The practical application of this exercise program for a clinician could include an 

exercise prescription in lieu of medication and costly invasive procedures. Currently, the 

American College of Sports Medicine has taken the stance that exercise is medicine (Gibson et 

al., 2018). The current study provides data that supports the use of an exercise program to lower 

risk factors associated with MetS. Risk factors, that if left untreated, can lead to increased risk of 
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premature death and developing comorbidities including cardiovascular disease, Type II 

Diabetes, and obesity (Alberti et al., 2009; O’Neill and O’Driscoll, 2015).  

 In conclusion, this study showed that participating in a combined SIT and RT exercise 

program can show improvements in metabolic health in as little as 10-weeks, for sedentary 

women. Our findings suggest that SIT and RT is a time-efficient alternative to utilize with 

comparable benefits to other forms of combined training. Finally, this study has shown the 

practical application that a wide age range of sedentary women can successfully engage in this 

type of exercise program and see improvements in metabolic health. 
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