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Abstract

The effects of short-term resistance training on performance and health variables associated with 

prolonged sedentary lifestyle and metabolic syndrome were investigated. Resistance training may 

alter a number of health-related, physiological and performance variables. As a result, resistance 

training can be used as a valuable tool in ameliorating the effects of a sedentary lifestyle including 

those associated with metabolic syndrome. Nineteen previously sedentary subjects (10 metabolic 

syndrome, 9 non-metabolic syndrome) underwent 8 weeks of supervised resistance training. 

Maximum strength was measured using an isometric mid-thigh pull and resulting force-time 

curve. Vertical jump height and power were measured using a force plate. Muscle cross-sectional 

area (CSA) and type were examined using muscle biopsy and standard analysis techniques. 

Aerobic power was measured on a cycle ergometer using a ParvoMedics 2400 Metabolic system. 

Endurance was measured as time to exhaustion on a cycle ergometer. After training, maximum 

isometric strength, jump height, jump power and V̇O2 peak increased by approximately 10% (or 

more) in both the metabolic and non-metabolic syndrome groups (both male and female subjects). 

Over 8 weeks of training, body mass did not change statistically, but percent body fat decreased in 

subjects with the metabolic syndrome and in females, and lean body mass increased in all groups 

(p<0.05). Few alterations were noted in fiber type. Males had larger CSA’s compared to females 

and there was a fiber-specific trend toward hypertrophy over time. In summary eight weeks of 
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semi-block free-weight resistance training improved several performance variables and some 

cardiovascular factors associated with metabolic syndrome.
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INTRODUCTION

Long-term lack of physical activity is a risk factor for developing a number of diseases 

including metabolic syndrome, diabetes, and coronary heart disease (58). Additionally, a 

prolonged sedentary lifestyle reduces the ability to perform daily tasks and can reduce 

quality of life (51) . Recently resistance training has been studied as to its impact on factors 

associated with prolonged physical inactivity (2). Resistance training may be important for 

reducing disease risk factors given the inverse relationship between maximum strength and 

mortality (35, 46) and between maximum strength and the development of metabolic 

syndrome (6). Indeed, among adults resistance training has been associated with alterations 

in physiological and performance variables including body composition, increased max 

V̇O2, stabilized or lower resting and exercise recovery blood pressures, improved insulin 

sensitivity and glucose tolerance, improved blood lipid profiles (10, 32), improved strength 

capabilities, and improved endurance (10, 24, 51). These factors make resistance training an 

attractive mode of physical training to improve health for many adults.

Normal human skeletal muscle contains a mixture of type I, IIa, and IIx muscle fibers. Each 

fiber type is suited for different types of physical activity. Type I fibers generally contain 

more mitochondria and are well suited for oxidative energy production and sustained 

activity. While type I fibers can provide energy for long periods of time, their relatively slow 

contraction speed and low force production make them best suited for long-term, low 

intensity activity (53). Conversely, type IIx fibers typically have larger cross sectional areas 

(CSA) and are better suited for energy production via phosphogens and fast glycolysis. 

Although aerobic capabilities are relatively low, type IIx fibers have the greatest velocity of 

contraction and the higher force and power production capabilities, making them well suited 

for short term, high intensity activity such as sprints or weight training. Type IIa fibers are 

an intermediate fiber type with some properties of both type I and type IIx fibers. Training, 

particularly with higher volume, can result in a shift from type IIx muscle fibers toward type 

IIa fibers, reflecting the altered energy need of the trained muscles (53). Decreases in 

training volume or a sufficient taper can produce a shift back toward type IIx with a 

reduction in type IIa (3, 4, 53). Long term training has not always resulted in alteration of 

the baseline proportion of type I and type II fibers in humans (15). As a result of divergent 

physiological and performance characteristics of skeletal muscle fiber types, it is not 

surprising that many of the adaptations to training are fiber type dependent (57). These fiber 

type adaptations may be related to separate and somewhat independent cell signaling 

pathways that predominate in each of the two principal fiber types (7). It is likely that fiber 

type and cell signaling pathways can be influenced in different manners or to different 

degrees depending on several factors including age, trained sate, the type of training 
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program, exercise selection, volume, and intensity considerations (3,4,7,11). Indeed, 

substantial motor unit and muscle mass loss accompanies aging. However recent evidence 

indicates that long-term training among master athletes' appears to protect motor neurons 

from age related deterioration (20). Importantly, strength-power training appeared to have a 

substantial positive effect on muscle mass and could therefore be an effective method of 

training to prevent sarcopenia (20). Power training is easily incorporated into resistance 

training protocols, particularly those using free-weights (50).

Resistance training variables such as volume, intensity, and exercise selection can be 

manipulated to emphasize performance characteristics (e.g. strength-endurance, strength, 

power) or to alter physiology and metabolism through the use of large muscle mass exercises 

(39) and increased training volume (50). Most studies using previously sedentary and 

metabolic syndrome adults have used machine based training as the primary mode (22). 

However, while a few machine exercises may be advantageous for muscle isolation or use 

with severely disabled individuals, Stone and colleagues (50) argue that training exercises 

for sedentary populations should be primarily carried out with free weights for the same 

reasons that athletic populations should use them. Free weights may offer advantages 

particularly concerning athletic or daily activity task specificity. There is no reason to 

believe that the superior “transfer of training effect” that can often be realized from free 

weights using similar exercises to that of strength-power athletes would not be effective in 

improving strength, rate of force development, and power among sedentary populations 

provided appropriate training methodologies are incorporated (50).

Additionally evidence indicates block periodization schemes, particularly among athletes 

(17, 18, 43), can provide superior adaptive efficacy and training efficiency. Briefly: 

Periodization entails time-lines and fitness phases. Periodization schemes typically move 

from targeting more general fitness characteristics to more specific characteristics. 

Programming (sets, reps, exercises etc.) is the method by which the fitness phases are given 

structure and targeted fitness characteristics attained. Block periodization typically entails 

using a periodization “stage” containing three fitness phases (17, 18), Accumulation, 

Transmutation, and Realization. Programming for these three phases is different for different 

sports but would typically entail: Accumulation, generally corresponding to an emphasis on 

higher volume, less specific training that results in alterations in aspects such as work 

capacity, body composition, basic strength etc.; Transmutation entails somewhat more 

specific exercises, lower volume and somewhat higher intensities of training and can entail 

increases in maximum strength for specific exercises; Realization typically deals with very 

specific exercises and involves a taper. For strength-power sports the emphasis would 

generally be: accumulation, emphasis on strength endurance, work capacity and body 

composition alterations, particularly total muscle CSA and the muscle fiber type II/I CSA; 

Transmutation would be constructed to emphasize exercise specific strength gains and 

further target the II/CSA area; Realization would entail an emphasis on increasing power 

output in performance specific activities as well as a taper in order to dissipate fatigue and 

possibly alter MHC type from IIa to IIx (17, 18).

The purpose of this study was to explore the potential performance and physiological effects 

of free-weight training using exercises, modified-block periodization (Accumulation and 
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Transmutation) concepts, and a programmed training routine more typical of that used by 

strength-power athletic populations during the accumulation and transmutation training 

phases. Additionally, by using blocks targeting work capacity and body composition 

parameters it may be possible that additional health related variables can be positively 

affected. Variables chosen for study were those typically showing substantial decay with 

prolonged inactivity. These variables include performance aspects (endurance, strength, 

explosiveness, and power) and physical and physiological factors (body mass and 

composition, aerobic power, blood pressure, muscle fiber type and CSA, and blood lipids). 

Additionally, comparisons were made between subjects with and without “metabolic 

syndrome” and between men and women. Our long-term plans are to optimize resistance 

training programs for clinical populations. Our first step here is to show feasibility and 

efficacy among a cohort of metabolic syndrome adults and those with significant risk of 

developing metabolic syndrome. Our next steps will be to compare block periodization to 

more traditional linear training protocols, and to compare free-weight training to machine 

based training.

METHODS

Experimental Approach to the Problem

Due to the unconventional methods of training and testing used with this sample, the study 

was considered to be exploratory in nature. Nineteen previously sedentary subjects (9 male, 

10 female) were divided into metabolic syndrome (MS) and non-metabolic syndrome groups 

(NMS). All had been relatively sedentary for at least six months prior to the study. Subjects 

were encouraged throughout the study to eat their normal diet and not to lose body mass as 

the intent of the study was to examine the effects of resistance exercise independent of body 

mass loss. All subjects were familiarized with the exercises during the week prior to study 

initiation. Testing was performed pre and post 8 weeks of training. Tests consisted of a 

variety of physical characteristics, performance, and physiological measurements including 

muscle fiber type and size, body composition, maximum strength and power, blood pressure, 

and blood lipids. Statistical comparisons were made between males and females and 

between metabolic syndrome (MS) and non-metabolic syndrome (NMS) subjects.

Subjects

Subjects consisted of 19 men and women between 18 and 55 years of age. Average age for 

each comparison group was: MS 45±8.6 yrs; NMS 36±12.2 yrs; M 40±10.8 yrs; F 42±11.8 

yrs. Separation into the two experimental groups was based upon the criteria as defined by 

the International Diabetes Federation (1, 21). The initial subject characteristics are shown in 

Table 1. Metabolic syndrome subjects were older, not statistically heavier, and had higher 

resting glucose concentrations.

Subject Selection—Nineteen subjects (9 males and 10 females) age 18–55. Subjects were 

split between 2 groups, consisting of 10 subjects at-risk for Type II diabetes (5m & 5f) and 9 

non-metabolic syndrome subjects (4m & 5f). At-risk subjects were required to meet at least 

three of the five metabolic syndrome risk factors as defined by the International Diabetes 

Federation (1, 21). Subjects were recruited through printed ads and news releases in local 

South et al. Page 4

J Strength Cond Res. Author manuscript; available in PMC 2018 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



news outlets. The research and consent documents were approved by the East Tennessee 

State University Institutional Review Board. Each subject gave signed informed consent. 

The exercise program was supervised by faculty and graduate students from the ETSU 

Department of Exercise and Sport Science. All training was performed in the ETSU 

Exercise and Sport Sciences Laboratory.

Procedures

Training Protocol—The study protocol consisted of 1 week of pre-intervention low 

volume and very low intensity (≤ 20 kg) exercise that served as an orientation and 

familiarization with the exercises chosen for the study. Additionally pre-intervention testing 

was also performed at the end of this week. Eight weeks of closely monitored resistance 

training followed (Table 2). The training consisted of two phases: Phase 1: weeks 1–4 used 

relatively light loads, high repetitions and emphasized strength-endurance and basic fitness; 

and Phase 2: Weeks 5–8 used heavier loading and fewer repetitions and emphasized 

maximum strength and power training. Loads were increased in weeks 1 through 4 by 

approximately 5–10% each week. Weeks 5 through 8 consisted of increased loading and 

increased training intensity. Similarly, loads were increased each week during weeks 5 

through 7 by approximately 5–10% and decreased during the 8th week to allow for 

dissipation of fatigue (17, 18, 54). Post-testing was performed during the 9th week, 2–3 days 

after the last workout session. Exercises emphasized large muscle group, multi-joint 

movements. During weeks 2–8, in order to reduce the overreaching – overtraining potential, 

Fridays’ loads were always reduced by 15 – 20 % (compared to Monday) and during weeks 

5–8 Tuesdays’ loads were reduce by 15–20% compared to Thursday. Higher velocity whole 

body power training was emphasized during the mid-thigh pulls, squat press, and vertical 

jumps. Additionally, higher velocity higher power was emphasized during the light days (17, 

18). Subjects exercised 6 days per week with 3 to 4 of those days being dedicated to 

resistance exercises and 1 to 2 days dedicated to mid-section (abdominal) work or stretching. 

Rest between sets was self-selected, during spot checks by the investigators, and were 

typically just over 3 min during the first block and just under 3 min during the 2nd block.

Subjects were weighed prior to each supervised training session and were encouraged to 

maintain the same weight throughout the study. Each training session, except Saturday, was 

closely monitored by investigators and any injury was noted. Subjects were questioned as to 

compliance with Saturday’s training session. Days missed were recorded; days missed were 

made up when possible. Only 3 subjects missed a day of training (2 MS and 1 NMS); 3 days 

were missed in total. No subject missed more than 1 day. No days were missed due to injury. 

All sets and repetitions and loads were recorded in order to calculate an estimate of work, 

volume load (sets x repetitions x load).

Apparatus and Test Protocol

Body Composition: Body mass was measured on a calibrated and certified digital scale to 

the nearest 0.1 kg and height was measured to the nearest 0.5 cm using a stadiometer. Body 

composition was measured using air displacement plethysmography (BodPod, Concord, 

CA) Also, a seven-site skinfold measurement was performed on each subject by an 

experienced technician (Lange Skinfold Caliper, Beta Technology Inc, Cambridge, MD). 
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Waist circumference was measured just above the iliac crest to the nearest 0.1cm. As a 

precaution, on testing days, urinary specific gravity (USG) was measured for all subjects as 

an estimate of hydration status. If the USG was ≥1.020 the subjects were asked to drink 3–4 

glasses of water before testing; USG was re-measured after 30 min, if USG was ≤ 1.020 

testing proceeded. If the USG was still ≥ 1.020 more water was ingested and the subject re-

tested every 30 min until a USG of < 1.020 was obtained. Although this procedure may not 

ensure complete hydration, the re-hydration process was started. Testing then proceeded as 

follows:

Jumps—Prior to testing each subject performed a standardized warm-up procedure 

consisting of 25 jumping jacks followed by one set of five mid-thigh pulls with a 20kg bar 

(Werksan Inc, Turkey). The subjects then performed three sets of five mid-thigh pulls with 

either 40kg for women or 60kg for men (34).

Jump height was used to determine power development and explosiveness using previously 

described methods (34). Following the warm-up, two types of jumps were performed (static 

[SJ] and countermovement [CMJ]). Briefly, the SJ condition was performed on a 91.4 x 91.4 

cm force plate (Rice Lake Weighing Systems, Rice Lake, WI, USA) sampling at 1000 Hz. 

Subjects held a bar on their back just below the seventh cervical vertebrae to control for arm 

swing and to facilitate uniform technique. Subjects were instructed to squat to a knee angle 

of 90° as previously measured with a goniometer; a 3-second countdown was given followed 

by the “Jump” command. Two unloaded practice jumps were performed followed by two 

full effort trials. Subjects performed the jumps using two different external loads (0kg PVC 

pipe and 20kg barbell) with each subject performing two trials for each load. One minute of 

rest was given after the first trial and after each subsequent trial. Jump height and power 

output were recorded and averaged for the two trials under each respective loading 

condition.

CMJ condition trials were performed with the same loading procedures and same test 

equipment as mentioned above. However, during the CMJ trials the subjects started from a 

standing position. Subjects were given a 3-second countdown followed by the “Jump” 

command. CMJ trials were performed without a pause to a self-selected depth of knee and 

hip flexion. Subjects were allowed two trials for each load (0kg and 20kg), with 1 minute of 

rest given between trials. If any SJ or CMJ was perceived to be less than a maximal effort, 

the jump was repeated. Two maximum effort SJs and CMJs were recorded. Henry (25) and 

Stone and Sands (53) note that using the mean of two trials instead of the best effort can help 

give a clearer picture of an athlete’s typical performance and obviate some intra-subject 

variance problems. Jump height (JH), peak force (PF), rate of force development (RFD), 

peak velocity (PV), peak power (PP), and impulse (IM) were calculated for each jump using 

customized Labview software (National Instruments Co., Austin, TX).

Jump height was derived from flight time using the formula: Jump height = (g x flight time x 

flight time)/8. Previously established test-retest reliability for JH in our lab using athletes 

was ICCα = 0.98 (n = 128, CMJ) and ICCα = 0.96 (n = 128, SJ). Intraclass correlations for 

PF, RFD, PV, PP, and IM were ICCα > 0.9 for both types of jumps (n = 128).
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Maximum Isometric Strength—Maximum strength was measured with an isometric 

mid-thigh pull (IMTP) using previously established testing protocols (23). Briefly, all 

isometric tests were performed on a custom built isometric rack that allows the bar to be 

fixed at any height above the floor using a combination of pins and hydraulic jacks. The 

isometric rack is anchored to the floor and placed over a 91.4 x 91.4 cm force plate (Rice 

Lake Weighing Systems, Rice Lake, WI, USA) sampling at 1000 Hz. A nonflexible steel bar 

was fixed in a static position above the force plate at a height which allowed each subject to 

attain an initial mid-thigh pull position similar to the one used for mid-thigh pulls in training 

(knee angle between 120°–135° and hip angle between 170°–175°). Knee and hand 

placement were similar to that used in clean pulls during training. The subjects’ hands were 

taped to the bar to control for grip strength. Each subject was allowed two warm up pulls 

(one at 50% and one at 75% of their perceived maximal effort) followed by two maximal 

effort pulls. A third maximal effort pull was performed by subjects who either performed a 

countermovement prior to the isometric pull or if a difference ≥250 N existed between the 

first two pulls. The two best trials were average and used for further analysis. Isometric Peak 

force (IPF) and isometric rate of force development (IRFD) were derived from force-time 

curves. For additional comparisons of strength across groups, allometric scaling (IPFa) was 

used, (IPF x body mass −0.67). Previously established reliability for this system showed 

excellent results (n = 200). Intra class correlations (ICCα) were, IPF, r > 0.99, IRFD r > 

0.90.

Measures of Aerobic Fitness—Peak V̇O2 was assessed using a Monark Ergomedic 

874E cycle ergometer (Monark Exercise AB, Vansbro, Sweden). All endurance testing was 

performed 20–24 h after all measures of explosiveness and maximum strength. After a brief 

warm-up with no resistance, a graded exercise test was performed using a progressive 

loading protocol until exhaustion. Each stage was 2 minutes in duration. Resistance began 

with 0.5kg and progressed by 0.5kg every 2 minutes until a resistance load of 1.5kg was 

reached. Thereafter, resistance was increased in increments of 0.2kg every 2 minutes until 

exhaustion. Expired gases were collected and analyzed using a ParvoMedics 2400 Metabolic 

system (ParvoMedics, Sandy, Utah, USA). Heart rate, V ̇O2 peak (ml/kg/min), respiratory 

exchange ratio (RER), and time to exhaustion were recorded.

V̇O2 peak was considered to be achieved by meeting two of three requirements: a 

respiratory exchange ratio ≥ 1.05, a plateau in oxygen consumption, or achievement 

of estimated maximum heart rate (45).

Blood Pressure—Blood pressure was determined by a trained technician using a 

sphygmomanometer (Trimline, Somerville, NJ) and manual auscultation. All blood 

pressures were measured from the left arm at heart level after 5 minutes of quiet sitting 

before any warm-up, exercise, or other testing were performed.

Blood Lipids, Fasting Insulin, and Glucose—Measures of lipids, glucose, and insulin 

were performed after a minimum of 8 hours fasting. Lipids measured were total cholesterol 

(TC), high-density lipoprotein cholesterol (HDL), low density lipoprotein cholesterol (LDL), 

and triglycerides. These variables were measured at the ETSU Clinical Reference 

Laboratory.
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Muscle Biopsy and Analyses—Biopsies were performed pre and post training. 

Percutaneous needle biopsies of right side vastus lateralis were performed after an overnight 

fast and 2 hours of quiet recumbency using a Bergstrom-Stille 5 mm muscle biopsy needle 

with suction (55). The second biopsy (post training) was performed 24–48 hours after the 

last training session. The muscle sample was mounted on cork and quickly frozen in an 

isopentane slurry cooled in liquid nitrogen. The cork-mounted piece was stored at −80°C 

and later sectioned on a cryostat (Leica, Wetzlet, Germany) for evaluation of fiber type 

composition.

Fiber composition was determined using methods described by Behan et al. (8). Muscle 

sections were stained for light microscopy in a 2-step method using commercial monoclonal 

antibodies to fast and slow isoforms of myosin heavy chain. After acetone fixation and 

incubation with 20% normal rabbit serum, the slow myosin antibody (Sigma clone 

NOQ7.5.4D, Sigma-Aldrich, St. Louis, MO) was applied, followed by a peroxidase-

conjugated rabbit anti-mouse IgG antibody. The fast myosin antibody (Sigma clone MY-32 

alkaline phosphatase conjugate) was then applied (8). Slides were alcohol dehydrated, 

cleared with xylene, and preserved in synthetic medium. This technique allows 

discrimination of type I, type IIa, and type IIx muscle fibers. All sections were coded and 

then quantified independently by 3 observers who were unaware of which subject or 

treatment the image represented. The observers’ data was averaged for statistical analyses.

Statistical Analysis—As this study was considered exploratory in nature and was 

atypical in that a unique approach to training was used, a somewhat less stringent statistical 

approach was used (28). Statistical analyses were performed using SPSS statistical analysis 

software (V.17). A 2x2x2 (group x sex x trial) repeated measures ANOVA was performed; 

follow-ups were performed using paired t-test (p ≤ 0.05). Effect sizes were calculated using 

Cohen’s d. Data are displayed as mean ± standard deviation, except where indicated 

otherwise.

RESULTS

Group Effects

As a combined group (n = 19) statistically significant effects were noted over time (T1–T2) 

for several body composition variables (Table 1) such as body mass, lean body mass, percent 

fat, and waist circumference. These positive alterations in body composition occurred 

despite an increase in body mass. Performance variables such as isometric peak force (IPF), 

allometrically scaled isometric peak force (IPFa), rate of force development (RFD) (Table 

3), and volume load (Figure 1); and all static and countermovement variables showed 

statistical improvement (Table 4). In addition, both V ̇O2 peak and time to exhaustion showed 

statistically significant increases over time (Table 3). Blood pressure, total cholesterol, 

resting glucose, and insulin generally showed trends toward positive alterations over time 

but did not achieve statistical significance (Tables 1 and 5).
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Group Skeletal Muscle Fiber Composition

Muscle biopsies of the vastus lateralis were performed at baseline and after training. Fiber 

CSA alterations resulting from training did not reach statistical significance for any 

grouping, (MS Vs NMS or male versus female). However there was a small-moderate effect 

size (d = 0.40) for Type IIx fibers over time for the whole group (n = 19) suggesting a small 

gain in IIx CSA. Training tended to cause a shift in fiber composition from type IIx to type 

IIa in some subjects; however, the effect sizes (n = 19) were trivial.

Metabolic Syndrome Versus Non-metabolic Syndrome

As shown in Figures 2a and 2b and 3a and 3b, compared to NMS, the MS subjects (n =10) 

tended to have a larger mean muscle fiber CSA (73.6 ±17.5 vs 66.5± 14.3 μM; p = 0.18; d = 

0.42) and had a lower percentage of type I muscle fibers than NMS (n = 9) at baseline (36.3 

± 10.2% vs. 50.0 ± 17.7%, p = 0.03; d= 7.9). Although not statistically significant, data 

suggests that the MS group tended to possess a greater percentage of type II fibers (65.9 

± 10.2% vs 52.9 ± 12.5%; p = 0.22; d = 1.2), particularly type IIx fibers

The metabolic syndrome (MS) group (n=10) and the non-metabolic syndrome (NMS) group 

(n = 9) showed an initial statistical difference for several body composition variables (Table 

1). The metabolic syndrome group had higher values for body mass, lean body mass, percent 

fat, skinfold sum, and waist circumference. MS subjects also tended to have higher values 

for several performance variables such as IPF, RFD (Table 3), and static jump peak power at 

0 and 20kg (Table 4) while having statistically significant lower values for V̇O2 peak (Table 

3). Additionally, the MS subjects had higher values for several physiological variables 

including systolic and diastolic blood pressure and total cholesterol to HDL ratio (Table 5), 

and insulin (Table 1). These data generally indicate that: 1) the MS subjects had higher 

levels of body fat and less favorable body composition values compared to sedentary 

controls, 2) MS subjects had higher levels of lean body mass with concurrently higher levels 

of absolute strength and some measures of power when compared to NMS subjects, 3) MS 

subjects were less aerobically fit when compared to their NMS counterparts and 4) MS 

subjects had substantially higher values for several physiologically related metabolic 

syndrome risk factors.

Neither the MS nor the NMS group reached statistical significance for change in body mass, 

but showed improvements over time for body composition variables (Table 1) maximum 

strength (Table 3) jump variables (Table 4), V ̇O2 peak and time to exhaustion (TTE) (Table 

3). Further, variables relating to health parameters, blood lipids, glucose, and insulin, 

showed no statistically significant alterations. However, in the NMS group both HDL and 

insulin showed a statistically significant decrease (Tables 1 and 5). Interestingly, there was a 

trend toward increased blood glucose in the NMS (d = 0.84).

Alterations over time resulted in few statistical differences between MS and NMS subjects. 

These differences included fasting glucose (Table 1) and static jump peak power at 0kg and 

20kg external load (Table 4). These data suggest that short-term resistance training can lead 

to improvements in body composition, strength and explosiveness levels, jump heights, 
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power outputs, and measures of aerobic fitness regardless of metabolic risk factors in 

previously sedentary middle-aged adults.

Males Versus Females—Statistically significant differences were observed between 

males (n = 9) and females (n = 10) for several measures in this study. As expected, mean 

fiber CSA (and the CSA of the individual fibers types) were larger in the males (Mean CSA: 

79.2 ± 14.3 vs 61.8 vs 13.8 μM, p = 0.002, d = 1.3). No other statistically significant 

differences in fiber type were noted.

Males had higher body mass and higher lean body mass when compared to females (Table 

1). Males also displayed higher levels of strength, both absolutely and scaled, and higher 

levels of explosiveness (RFD) when compared to females (Table 3). Accordingly, males also 

displayed greater jumping ability, power output for both static and countermovement jumps 

at both 0 and 20 kg external load, smaller differences in jump height between loading 

conditions (Table 4), and used a greater volume load in training (Figure 1). Further, while 

not statistically significant, males tended to have higher values for measures of aerobic 

fitness and TTE (Table 3). HDL values were higher in female subjects and LDL values were 

lower when compared to males (Table 5). These data indicate that sedentary male subjects 

were larger, stronger (absolutely and scaled), more explosive, and more aerobically fit when 

compared to sedentary females.

Over time, statistically significant differences between males and females were evident for 

two factors measured in this study. Males increased peak power output over time for the 

CMJ 20kg loading condition. Also, statistically different increases in volume load were 

observed between males and females. Females increased volume load at a faster rate than 

did male subjects (Figure 1). Higher training volumes may have led to the larger effect sizes 

compared to males suggesting beneficial alterations in females for factors such as HDL, 

triglycerides, and insulin (Tables 1 and 5).

DISCUSSION

This exploratory study suggests that a unique approach to resistance training among a 

sedentary adult population can affect beneficial alterations in health-related parameters, and 

particularly, performance variables over a relatively short training period (8 weeks). 

Furthermore, this training program resulted in no injuries and a 99% adherence rate. 

Anecdotally, all subjects reported that their daily living activities were easier to perform and 

they generally had feelings of greater energy levels. Further, the subjects reported that the 

training sessions were enjoyable and that they looked forward to the sessions.

In the present study, alterations in body mass and body composition were similar to those 

noted in other short-term training programs using untrained adults (10, 32). Obesity (excess 

fat content) often accompanies the sedentary lifestyle. As is the case with other physical 

fitness characteristics, obesity typically begins in childhood and is related to a variety of 

environmental and genetic factors. Obese children often become obese adults. In the 

development of child to adult, if obesity is not obviated, there is a strong potential for the 

development of obesity-related inflammation, metabolic syndrome, Type II Diabetes, 
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cardiovascular disease, certain types of cancer, and arthritis (12, 31). Interestingly, the gain 

in LBM encompassed all groups but loss of percent fat was most prominent among the 

females, which could be related to their faster gain in training volume load, which may 

reflect greater relative increase in energy expenditure.

Sarcopenia, particularly for type II fibers is a hallmark of inactivity and aging (14, 44, 58). 

Indeed the development of comorbidities such as kidney disease, atherosclerosis, and 

diabetes, which may contribute to accelerated sarcopenia, are not uncommon as the 

population ages (14, 44). Sarcopenia is related to a decrease in life quality and can lead to 

substantial loss of strength and power and eventually frailty (14). Thus developing superior 

methods of obviating the typical age related development of sarcopenia would be beneficial. 

While strength training can result in substantial muscle hypertrophy and increases in lean 

body mass, muscle fiber CSA alterations can be difficult to detect in only a few weeks (16). 

The 8 week training program did tend to cause a small increase in fiber CSA particularly in 

type IIx fibers. Although, the MS subjects had a higher initial proportion of type II fibers, 

which might have potentiated adaptations to strength training, this study did not find a 

distinct training advantage for this group.

The training induced alteration in body composition may be explained by several factors. 

First, activation of hypertrophic mechanisms such as the mTOR intracellular signaling 

system can stimulate protein synthesis and produce increases in LBM (11, 36). Second, 

resistance training may produce a substantial total (exercise + recovery) energy consumption 

and an increased lipid oxidation post-exercise (40) that could lead to reductions in body fat. 

Additionally, from a theoretical standpoint, an increase of 1 kg of muscle can result in an 

increased resting metabolic rate of about 21 kcal x kg−1 of new muscle (59). The average 

gain in LBM among the subjects (n = 19) was 1.3 kg; assuming this represents about 0.5 – 1 

kg of muscle gain, the additional increase in resting metabolic rate that may have occurred 

could eventually lead to alterations in body composition including fat loss. Additionally, 

excess fat and obesity can reduce mechanical and metabolic efficiency (31). For obese 

people it is more difficult to move about and also, for any given amount of external work, 

there is typically a greater energy requirement. Indeed people with larger amounts of adipose 

tissue have to expend more energy due to their mechanically inefficient movement patterns 

and extra body mass (31, 51). Reduction in body fat and an increase in lean tissue may have 

contributed to the alterations noted in strength and power production.

Increased strength and power, as noted in the present study, have a strong potential to carry 

over into athletic as well as daily activities (51, 52). Substantial gains in peak force 

(maximum strength) and trends toward increased rate of force development (RFD) were 

noted in all groups. Increased strength is associated with greater explosiveness (RFD) and 

power and endurance capabilities (5, 48). Increases in maximum strength and related 

capabilities may explain the increased jump performance and high power outputs noted 

among the groups, particularly for the loaded jumps (34). Among athletes, Kraska et al. (34) 

noted that the decrease in jump height and power between unloaded and loaded jumps was 

smaller among stronger athletes. Kraska et al. (34) also noted that a smaller drop off was 

potentially related to superior performance in a variety of athletic activities including speed 

and agility. In the present study an increase in strength over time was also associated with 
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smaller drop offs in unloaded versus loaded jump performance. It should be noted that the 

training program used in this study elicited gains in a wide variety of performance variables 

including, maximum strength (IPF and IPFa), explosive strength (RFD) and power output. 

These data suggest that long-term training of this nature might prevent the loss of LBM and 

Type II fiber CSA, loss of strength, RFD, and particularly power output that accompanies 

aging. It is also possible that alterations in these strength related variables represent an 

adaptation(s) that would relate to superior performance in daily activities that require 

exertion of force against increased resistance such as rapid stair climbing, recovery of 

balance, or recreational activities such as playing with children or pets.

Among sedentary adults the ability to use oxygen during work (as measured by V̇O2 peak 

testing) has been shown to decline by approximately 1% per year after age 30 (27). 

Furthermore, sedentary lifestyle and factors directly associated with metabolic syndrome 

such as obesity may further impair oxygen dependent substrate use (60). Therefore, methods 

of improving V ̇O2 peak should be an integral part of any exercise program.

In the past, resistance training was generally considered to have relatively little or no impact 

on measures of aerobic efficiency (V̇O2 Peak) compared to aerobic training (30). However, 

based on both descriptive and longitudinal data, reviews of the literature indicate that 

resistance training can have substantial effects in previously sedentary populations (51). For 

example, competitive weightlifters and highly trained strength-power athletes have been 

shown to have average (37) or statistically greater V̇O2 peak compared to sedentary controls 

(47), suggesting an aerobic training effect.

Several resistance training studies have shown small (< 5%) V̇O2 peak increases over short-

term (8–16 weeks) periods among relatively young or middle-aged subjects (26, 49). Among 

sedentary middle-aged and older subjects in resistance training studies lasting short periods 

(8–16 weeks) V̇O2 peak has shown increases as much as 6%–12% (24). Generally, these 

studies indicate that frequency (2 vs. 3 or 4 d/wk) and volume of training play a significant 

role in V̇O2 peak alterations over time. Circuit weight training using short rest periods and 

high repetitions is a method of raising metabolism. Typically, somewhat larger increases 

have been found (V̇O2 peak) when comparing circuit training to traditional methods of 

resistance training; conversely strength and power gains for circuit training were not as large 

as those of traditional resistance training (13). Among patients with cardiovascular disease 

(CVD), circuit weight-training as well as traditional methods of resistance training have 

shown even larger improvements in V̇O2 peak of as much as 10%–19% (56). Interestingly, 

resistance training has been shown to be safe and can produce fewer CV abnormalities 

during training than aerobic training (9). Additionally, resistance training has been shown to 

produce marked improvements in long-term endurance that are to an extent disassociated 

from alterations in V̇O2 peak (26, 38, 49). For example, Marcinik and colleagues (38) found 

increases in endurance on a cycle ergometer (time to failure) of 33% despite no statistically 

significant alterations in V̇O2 peak. These observations indicate that factors (such as 

maximum strength) other than the cardiovascular (CV) system are involved in endurance 

(38, 48).
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In the present study V̇O2 peak and TTE on the cycle ergometer showed substantial increases, 

particularly among the MS group. However, the exact mechanism(s) underlying the 

alterations in V̇O2 peak and TTE are not clear. The data from this study indicate that short-

term resistance training can have a small to moderate effect on V̇O2 peak. The underlying 

mechanism(s) for improvement, as a result of resistance exercise, are not completely clear 

but is likely a combination of central and peripheral effects. It is possible that among very 

sedentary populations, resistance training activates the aerobic system enough to cause 

adaptation. Of particular interest are the potential effects of intra-cellular signals on 

“aerobic” adaptations resulting from resistance training. Stimulation of mTOR as a result of 

hormonal or autocrine and paracrine mechanisms affect increased protein synthesis, tissue 

remodeling, and hypertrophy (11, 36). AMPK is stimulated by a decreased energy supply (7) 

and results in mitochondrial biogenesis and a shift of myosin heavy chains from MHC IIx 

toward MHC I (7, 42). Some studies indicate that AMPK activation can partially deactivate 

mTOR redirecting energy toward the AMPK pathway (7, 11, 42). Conversely, mTOR may 

indirectly inhibit AMPK activation through S6K1(36). Although endurance exercise has 

been associated with AMPK activation and resistance training with activation of mTOR, it is 

more likely that these pathways are activated within a continuum of energy requirements 

(36). If the volume of training increases, AMPK is more activated; if the volume decreases 

and intensity of exercise increases, mTOR’s activation level tends to increase. These 

observations may partially explain why more dynamic, higher volume resistance training 

appears to have a greater effect on V̇O2 peak and other endurance-related parameters (51). It 

is also possible that strength level is a limiting factor among sedentary adults and increases 

in the ability to produce force allows a “truer” V̇O2 peak to be expressed (51).

Although previous research has demonstrated that resistance training can beneficially alter 

health-related variables (51), no statistically significant alterations were noted in the present 

study among blood pressure and blood lipids. However, HDL cholesterol showed a 3.5% 

decrease in the NMS and females dropped by 5.3 %. Indeed most of the drop in the NMS 

was due to alterations in the female group. This drop in HDL among the females may be 

partially explained by a 7.4 % decrease in total cholesterol among the females. Females also 

showed the largest drop in triglycerides (22%). Interestingly, evidence suggests that 

lipoprotein-lipid alterations resulting from resistance training are genotype dependent (29). 

In the present study subjects in all groups, particularly females, tended to show some 

positive alterations in blood lipids and it is possible that these group changes reflected 

alterations among individuals with the appropriate genotype. Further study linking genotype 

to specific lipid alterations is obviously necessary. However, resting glucose and insulin did 

show alterations over time. Resistance training can affect alterations in insulin sensitivity 

and GLUT protein concentrations potentially enhancing glucose disposal (36). However, in 

the present study resting glucose was largely unaltered (n=19) but increased in the non-

metabolic syndrome (NMS) group, and among the females a substantial increase in resting 

glucose was observed. Paradoxically a decrease in insulin was observed in the same groups. 

While the decreased insulin may represent a beneficial adaptation to the training program 

(40), there is no clear explanation for this observation. However, it is known that 

catecholamines antagonize insulin release; it is possible that anxiety related elevations in 
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catecholamines prior to blood collection may have altered glucose and insulin 

concentrations (40).

It should be noted that the training program lasted only 8 weeks. The amount of work, 

intensity, and training effort are factors that affect alterations in health-related parameters 

during resistance training (51). Although the subjects were familiarized with the exercises, 

the short training period and the initial sedentary nature of the subjects did not allow 

substantial increases in the volume of work (Figure 1) which may be necessary in creating 

significant alterations in health related variables. Volume loads of 20,000–40,000 kg/week 

are not uncommon among strength-power athletes using a similar training protocol (43). By 

dividing the volume load (VL) by maximum whole body strength values (IPF) an estimate 

of the relative training load can be made. Among athletes, a ratio of VL/IPF ranging from 

3.5–6.0 per week is typical. In the present study the ratio ranged from an initial value of 2.7 

to a final value (week 7) of 4.6 for the males and from 2.1 to 4.7 for females. Therefore, it is 

possible that the subjects in the present study reached loading values, intensities, and 

reasonable efforts that potentially could affect health-related physiological alterations only 

during the last few weeks of the study. A longer training period may be necessary to achieve 

full benefit.

In summary, the results of this study indicate that a short-term unique training protocol using 

free-weights and large muscle mass exercises and a form of block periodization, can 

improve several physical, physiological, and performance variables that indicate partial 

amelioration of a sedentary lifestyle and metabolic syndrome. These improvements include 

maximum strength, power, V̇O2 peak, and time to exhaustion. Although there were 

indications of trends toward improvement of physiological variables related to health (e.g. 

blood lipids) and muscle CSA, it is probable that longer training periods and greater levels 

of work are necessary (12, 51).

PRACTICAL APPLICATIONS

These data indicate that short-term resistance training, using free weights and semi-block 

periodization, can markedly alter several variables associated with increased risk for 

cardiovascular disease in both sedentary normal and especially among those with metabolic 

syndrome. Thus training in a manner more similar to athletes is a viable alternative to the 

more traditional methods of training middle-aged adults including those with metabolic 

syndrome. Although metabolic syndrome is not normally associated with athletes, recent 

research indicates that some athletes, particularly large strength-power athletes, for example, 

American Football linemen, may be at risk upon retirement (33, 41) or perhaps even during 

their athletic career (19). Re-training these athletes upon retirement, along with weight 

reduction can reduce the risk of development of metabolic syndrome among these athletes 

(33). Higher volume resistance training, along with exercises typically used by athletes, as 

used in this study, may be beneficial to athletes susceptible to metabolic syndrome upon 

retirement.
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Figure 1. 
Volume Load by week. kg = average volume load (repetitions x load); * females increased 

loading at a faster rate than males (p ≤ 0.05)
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Figure 2. 
A) Pre-post training muscle fiber CSA of NMS (control). B) muscle fiber CSA of MS.
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Figure 3. 
A) Pre-post training muscle fiber type of NMS (control). B) muscle fiber type of MS.
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Table 1

Physical and Physiological Characteristics Over time (Mean ± SD)

All ( n = 19) Pre Post d p value

Body Mass (kg) 83.9 ± 20.9 85.1 ± 21.3 −0.06 0.031

Lean Body Mass (kg) 52.8 ± 10.4 54.1 ± 10.6 0.12 0.000

Percent Fat 35.6 ± 10.2 34.9 ± 9.9 0.07 0.037

Skinfold Sum (mm) 255.4 ± 82.7 246.4 ± 73.6 0.12 0.124

Waist Circumference (cm) 105.1 ± 14.4 102.1 ± 15.5 0.20 0.019

Glucose (mg/dL) 96 ± 14 100 ± 11 −0.29 0.238

Insulin (mg/dL) 11 ± 8 10 ± 8 0.14 0.101

MS ( n = 9) Pre Post d p value

Body Mass (kg) 98.1 ± 13.4 99.3 ± 14.3 −0.09 0.194

Lean Body Mass (kg) 56.8 ± 9.5 58.0 ± 10.1 0.12 0.047

Percent Fat 42.2 ± 5.4 41.7 ± 5.3 0.09 0.011

Skinfold Sum (mm) 299.7 ± 64.0 291.2 ± 52.8 0.14 0.347

Waist Circumference (cm) 115.9 ± 5.5 113.3 ± 7.9 0.39 0.102

Glucose (mg/dL) 103 ± 12 102 ± 12 0.12 0.769

Insulin (mg/dL) 15 ± 10 14 ± 8 0.09 0.543

NMS (n = 10) Pre Post d p value

Body Mass (kg) 68.1 ± 15.7 69.3 ± 16.1 −0.08 0.079

Lean Body Mass (kg) 48.3 ± 10.0 49.7 ± 9.9 0.14 0.003

Percent Fat 28.3 ± 9.4 27.5 ± 8.4 0.09 0.221

Skinfold Sum (mm) 206.2 ± 74.8 196.5 ± 61.1 0.14 0.297

Waist Circumference (cm) 93.1 ± 11.0 89.7 ± 11.7 0.30 0.143

Glucose (mg/dL) 89 ± 13 98 ± 9 −0.84 0.014

Insulin (mg/dL) 8 ± 4 6 ± 4 0.43 0.014

Male ( n = 9) Pre Post d p value

Body Mass (kg) 94.1 ± 18.1 95.7 ± 18.5 −0.09 0.087

Lean Body Mass (kg) 61.3 ± 6.6 62.7 ± 6.9 0.21 0.050

Percent Fat 33.3 ± 10.5 33.0 ± 10.0 0.03 0.403

Skinfold Sum (mm) 228.9 ± 72.7 221.7 ± 65.5 0.10 0.283

Waist Circumference (cm) 106.9 ± 12.1 103.8 ± 12.0 0.26 0.007

Glucose (mg/dL) 99 ± 16 99 ± 13 0.03 0.940

Insulin (mg/dL) 13 ± 11 13 ± 8 0.02 0.870

Female ( n = 10) Pre Post d p value

Body Mass (kg) 74.7 ± 19.7 75.5 ± 19.8 −0.04 0.232

Lean Body Mass (kg) 45.1 ± 6.3 46.3 ± 6.3 0.19 0.000

Percent Fat 37.6 ± 10.1 36.7 ± 10.0 0.09 0.055

Skinfold Sum (mm) 279.3 ± 87.4 268.6 ± 76.6 0.13 0.305

Waist Circumference (cm) 103.5 ± 16.6 100.7 ± 18.6 0.16 0.227
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Glucose (mg/dL) 94 ± 12 101 ± 9 −0.70 0.009

Insulin (mg/dL) 10 ± 5 8 ± 7 0.32 0.007
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Table 3

Strength and Endurance Performance Characteristics Over time (Mean ± SD)

All ( n = 19) Pre Post d p value

Isometric Peak Force (N) 2601 ± 963 2968 ± 1079 0.36 0.000

IPFa (N/kg0.67) 135 ± 37 152 ± 43 0.42 0.001

Rate of Force Development (N/s) 3665 ± 3132 4274 ± 3151 0.19 0.044

VO2 peak (mL/kg/min) 27.0 ± 5.4 29.5 ± 5.7 0.45 0.001

Time to Exhaustion (min:sec) 6:30 ± 2:04 8:48 ± 3:04 0.88 0.000

MS ( n = 9) Pre Post d p value

Isometric Peak Force (N) 2910 ± 1037 3317 ± 1025 0.39 0.000

IPFa (N/kg0.67) 135 ± 40 153 ± 36 0.47 0.001

Rate of Force Development (N/s) 4098 ± 4198 4800 ± 4027 0.17 0.069

VO2 peak (mL/kg/min) 23.3 ± 3.1 26.0 ± 3.9 0.77 0.006

Time to Exhaustion (min:sec) 6:37 ± 1:11 9:02 ± 2:23 1.28 0.003

NMS (n = 10) Pre Post d p value

Isometric Peak Force (N) 2257 ± 790 2581 ± 1058 0.35 0.033

IPFa (N/kg0.67) 134 ± 37 151 ± 51 0.38 0.074

Rate of Force Development (N/s) 3184 ± 1321 3689 ± 1832 0.32 0.322

VO2 peak (mL/kg/min) 31.0 ± 4.5 33.4 ± 4.9 0.51 0.059

Time to Exhaustion (min:sec) 6:21 ± 2:49 8:33 ± 3:49 0.66 0.021

Male ( n = 9) Pre Post d p value

Isometric Peak Force (N) 3335 ± 776 3774 ± 817 0.55 0.001

IPFa (N/kg0.67) 161 ± 24 180 ± 23 0.81 0.001

Rate of Force Development (N/s) 5395 ± 3864 6234 ± 3536 0.23 0.104

VO2 peak (mL/kg/min) 29.1 ± 4.8 31.9 ± 4.0 0.63 0.013

Time to Exhaustion (min:sec) 7:22 ± 2:11 10:23 ± 3:25 1.05 0.000

Female ( n = 10) Pre Post d p value

Isometric Peak Force (N) 1940 ± 544 2243 ± 709 0.48 0.013

IPFa (N/kg0.67) 111 ± 30 127 ± 40 0.45 0.003

Rate of Force Development (N/s) 2108 ± 809 2509 ± 1199 0.39 0.281

VO2 peak (mL/kg/min) 25.1 ± 5.5 27.3 ± 6.3 0.37 0.034

Time to Exhaustion (min:sec) 5:42 ± 1:41 7:23 ± 1:54 0.94 0.048
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Table 4

Jump Performance Characteristics Over time (Mean ± SD)

All ( n = 19) Pre Post d p value

SJ Height 0kg (cm) 16.6 ± 6.1 19.8 ± 5.4 0.56 0.000

SJ Height 20kg (cm) 10.1 ± 5.4 13.9 ± 4.8 0.74 0.000

SJ Height Percent Difference −36.7 ± 13.4 −30.6 ± 7.7 0.56 0.012

SJ Peak Power 0kg (W) 2585 ± 1083 3303 ± 1079 0.66 0.000

SJ Peak Power 20kg (W) 2143 ± 726 2975 ± 1072 0.91 0.000

CMJ Height 0kg (cm) 19.7 ± 6.1 21.6 ± 5.6 0.32 0.007

CMJ Height 20kg (cm) 12.6 ± 5.6 15.2 ± 5.7 0.46 0.000

CMJ Height Percent Difference −37.3 ± 15.3 −30.7 ± 14.0 0.45 0.003

CMJ Peak Power 0kg (W) 3445 ± 1264 3986 ± 1302 0.42 0.012

CMJ Peak Power 20kg (W) 2865 ± 941 3714 ± 1335 0.74 0.000

MS ( n = 9) Pre Post d p value

SJ Height 0kg (cm) 16.1 ± 6.4 19.2 ± 5.6 0.52 0.000

SJ Height 20kg (cm) 10.9 ± 5.6 14.3 ± 5.0 0.64 0.000

SJ Height Percent Difference −34.8 ± 12.6 −26.5 ± 5.6 0.85 0.022

SJ Peak Power 0kg (W) 2640 ± 1255 3485 ± 1162 0.70 0.001

SJ Peak Power 20kg (W) 2055 ± 649 3192 ± 1154 1.21 0.001

CMJ Height 0kg (cm) 19.2 ± 6.1 21.0 ± 5.0 0.32 0.065

CMJ Height 20kg (cm) 12.9 ± 5.6 15.9 ± 5.1 0.56 0.002

CMJ Height Percent Difference −34.3 ± 13.7 −25.4 ± 8.8 0.77 0.016

CMJ Peak Power 0kg (W) 3636 ± 975 4408 ± 1109 0.74 0.007

CMJ Peak Power 20kg (W) 3068 ± 903 4135 ± 1117 1.05 0.000

NMS (n = 10) Pre Post d p value

SJ Height 0kg (cm) 17.2 ± 6.0 20.4 ± 5.5 0.56 0.003

SJ Height 20kg (cm) 10.9 ± 5.4 13.5 ± 4.8 0.51 0.004

SJ Height Percent Difference −38.8 ± 14.6 −35.1 ± 7.3 0.32 0.276

SJ Peak Power 0kg (W) 2344 ± 863 2814 ± 768 0.58 0.007

SJ Peak Power 20kg (W) 2102 ± 841 2474 ± 743 0.47 0.013

CMJ Height 0kg (cm) 20.3 ± 6.4 22.3 ± 6.5 0.31 0.075

CMJ Height 20kg (cm) 12.3 ± 6.0 14.4 ± 6.5 0.34 0.006

CMJ Height Percent Difference −40.6 ± 17.0 −36.7 ± 16.7 0.23 0.010

CMJ Peak Power 0kg (W) 3234 ± 1559 3518 ± 1401 0.19 0.393

CMJ Peak Power 20kg (W) 2639 ± 982 3248 ± 1463 0.49 0.026

Male ( n = 9) Pre Post d p value

SJ Height 0kg (cm) 21.1 ± 4.4 23.8 ± 3.8 0.67 0.009

SJ Height 20kg (cm) 15.2 ± 3.9 17.7 ± 3.6 0.67 0.003

SJ Height Percent Difference −29.0 ± 5.4 −26.1 ± 6.6 0.48 0.086

SJ Peak Power 0kg (W) 3409 ± 979 4169 ± 815 0.84 0.013

SJ Peak Power 20kg (W) 2728 ± 493 3817 ± 875 1.53 0.013
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CMJ Height 0kg (cm) 23.9 ± 3.6 25.8 ± 4.8 0.45 0.111

CMJ Height 20kg (cm) 17.3 ± 3.3 19.7 ± 4.2 0.64 0.003

CMJ Height Percent Difference −28.1 ± 8.5 −23.6 ± 6.3 0.60 0.057

CMJ Peak Power 0kg (W) 4375 ± 1104 4993 ± 889 0.62 0.142

CMJ Peak Power 20kg (W) 3592 ± 615 4765 ± 833 1.60 0.001

Female ( n = 10) Pre Post d p value

SJ Height 0kg (cm) 12.6 ± 4.2 16.1 ± 3.8 0.87 0.000

SJ Height 20kg (cm) 7.1 ± 3.1 10.5 ± 2.5 1.21 0.000

SJ Height Percent Difference −43.6 ± 14.8 −34.6 ± 6.4 0.79 0.042

SJ Peak Power 0kg (W) 1843 ± 453 2524 ± 563 1.33 0.000

SJ Peak Power 20kg (W) 1617 ± 432 2216 ± 519 1.25 0.000

CMJ Height 0kg (cm) 15.9 ± 5.3 17.9 ± 3.1 0.46 0.041

CMJ Height 20kg (cm) 8.5 ± 3.5 11.0 ± 3.1 0.76 0.003

CMJ Height Percent Difference −45.6 ± 15.5 −37.2 ± 16.1 0.53 0.025

CMJ Peak Power 0kg (W) 2609 ± 688 3080 ± 873 0.60 0.015

CMJ Peak Power 20kg (W) 2210 ± 655 2769 ± 922 0.70 0.009
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Table 5

Resting Physiological Characteristics Over time (Mean ± SD)

All ( n = 19) Pre Post d p value

Systolic Blood Pressure (mmHg) 123 ± 18 121 ± 12 0.13 0.642

Diastolic Blood Pressure (mmHg) 80 ± 9 79 ± 8 0.12 0.669

Total Cholesterol (mg/dL) 178 ± 41 170 ± 35 0.15 0.244

HDL (mg/dL) 44 ± 11 42 ± 11 0.13 0.093

LDL (mg/dL) 101 ± 34 99 ± 33 0.04 0.733

Triglycerides (mg/dL) 159 ± 135 142 ± 86 0.14 0.387

TC:HDL 4.3 ± 1.5 4.3 ± 1.7 0.00 0.700

MS ( n = 9) Pre Post d p value

Systolic Blood Pressure (mmHg) 131 ± 20 129 ± 6 0.14 0.618

Diastolic Blood Pressure (mmHg) 82 ± 9 84 ± 6 −0.26 0.686

Total Cholesterol (mg/dL) 192 ± 49 183 ± 38 0.19 0.298

HDL (mg/dL) 40 ± 9 39 ± 9 0.13 0.434

LDL (mg/dL) 112 ± 41 109 ± 38 0.08 0.600

Triglycerides (mg/dL) 198 ± 173 175 ± 101 0.16 0.519

TC:HDL 5.0 ± 1.5 5.1 ± 1.8 0.06 0.846

NMS (n = 10) Pre Post d p value

Systolic Blood Pressure (mmHg) 113 ± 10 113 ± 11 0.00 0.900

Diastolic Blood Pressure (mmHg) 77 ± 10 74 ± 7 0.35 0.161

Total Cholesterol (mg/dL) 158 ± 19 155 ± 27 0.12 0.643

HDL (mg/dL) 48 ± 11 46 ± 11 0.15 0.010

LDL (mg/dL) 87 ± 16 88 ± 23 −0.03 0.921

Triglycerides (mg/dL) 114 ± 52 106 ± 51 0.16 0.383

TC:HDL 3.5 ± 1.1 3.6 ± 1.1 0.09 0.698

Male ( n = 9) Pre Post d p value

Systolic Blood Pressure (mmHg) 123 ± 8 124 ± 9 −0.12 0.583

Diastolic Blood Pressure (mmHg) 81 ± 6 80 ± 5 0.18 0.587

Total Cholesterol (mg/dL) 174 ± 31 176 ± 37 −0.07 0.715

HDL (mg/dL) 38 ± 11 38 ± 12 0.01 0.976

LDL (mg/dL) 110 ± 31 110 ± 39 0.00 1.000

Triglycerides (mg/dL) 127 ± 50 139 ± 78 −0.18 0.583

TC:HDL 4.8 ± 1.4 5.1 ± 1.9 0.18 0.366

Female ( n = 10) Pre Post d p value

Systolic Blood Pressure (mmHg) 123 ± 25 119 ± 13 0.20 0.484

Diastolic Blood Pressure (mmHg) 79 ± 12 78 ± 10 0.09 0.901

Total Cholesterol (mg/dL) 177 ± 49 164 ± 34 0.31 0.085

HDL (mg/dL) 49 ± 8 46 ± 8 0.32 0.003

LDL (mg/dL) 92 ± 35 89 ± 24 0.08 0.645
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Triglycerides (mg/dL) 187 ± 179 145 ± 97 0.29 0.178

TC:HDL 3.8 ± 1.5 3.7 ± 1.1 −0.08 0.446
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