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Abstract  

Objectives: Despite growing popularity of high intensity interval training (HIIT) for improving health and 

fitness, limited data exist identifying the effects of HIIT on muscle characteristics.  The purpose of the 

current study was to investigate the effects of a 3-week HIIT intervention on muscle size and quality in 

overweight and obese men and women.  
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Design: Randomized Controlled Trial  

Methods: Forty-four overweight and obese men and women (mean  SD; Age: 35.4  12.3yrs; Height: 

174.9  9.7 cm; Weight: 94.6  17.0 kg; %Fat: 32.7  6.5%) completed the current study. During baseline 

and post testing, muscle cross sectional area (mCSA) and echo intensity (EI) were determined from a 

panoramic scan of the vastus lateralis obtained by B-mode ultrasonography. Body composition variables 

were measured using dual energy x-ray absorptiometry. Participants were randomized into either a 1:1 

work-to-rest ratio HIIT group (SIT; n=16), a 2:1 work-to-rest ratio HIIT group (LIT; n=19), or control 

(CON; n=9). HIIT participants performed five, 2-minute bouts (LIT) or 10, 1-minute bouts (SIT) at 85-

100% VO2peak for 9 sessions over three weeks.  

Results: Analysis of covariance demonstrated a significant increase in mCSA for SIT (p=0.038; change 

(∆)=3.17  3.36 cm2) compared to CON (∆= -0.34  2.36 cm2).  There was no significant difference in EI 

across groups (p=0.672). 

Conclusions:  HIIT may be an effective exercise modality to influence muscle size in overweight and 

obese individuals. Future studies should investigate muscle characteristics and remodeling in an 

overweight population following interventions of longer duration and varying work-to-rest protocols.  

 

Keywords: intermittent exercise, muscle tissue, intramuscular fat  

 

Introduction 

The high prevalence of overweight and obesity continues to be a public health concern in the United 

States 1. Overweight and obesity has been shown to increase the likelihood of developing metabolic 

syndrome, which is associated with cardiovascular disease, diabetes, and cancer 2. High intensity interval 

training (HIIT) has gained popularity as a safe and efficient exercise method with the potential to 

influence several health parameters 3. In various populations, HIIT has been shown to increase maximal 
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oxygen consumption 4, decrease fat mass, and increase insulin sensitivity 5,6. Intracellularly, investigations 

have observed increases in skeletal muscle oxidative and buffering capacity 7, muscle protein synthesis, 

and mitochondrial biogenesis 8 as a result of HIIT. Despite the aforementioned data suggesting a potential 

impact of HIIT on muscle remodeling and growth, there is limited data available, and none, to our 

knowledge, in an overweight and obese population.  

Muscle characteristics, specifically muscle size and quality, have been shown to be related to muscle 

strength 9,10, muscle power, and cardiovascular performance 11. Ultrasonography is becoming a popular 

tool to determine muscle cross sectional area (mCSA) 12 and muscle quality as measured by echo intensity 

(EI) 9,10. Echo intensity, determined by the grayscale analysis of a B-mode ultrasound (US) image, 

estimates the amount of contractile versus non-contractile tissue, such as adipose and connective tissue, 

within a muscle 13,14. Increased intramuscular fat content may lead to changes in lipid metabolism and has 

been shown to be related to insulin resistance and the development of type II diabetes15. B-mode US has 

reliably measured mCSA and EI in young, normal weight 16 and overweight and obese adults 17. Previous 

studies have investigated the influence of resistance training interventions on muscle size 12,18 and quality 

9,18, but to our knowledge no studies have evaluated the effects of HIIT on US mCSA and EI of the VL in 

an overweight population. Traditional body composition variables such as body fat percentage, lean mass 

and fat mass are commonly used to observe effects of an intervention, however, many of the devices used 

to assess the aforementioned measures such as dual-energy x-ray absorptiometry are expensive and 

immobile. In comparison, the US is an accessible and portable device, therefore determining the 

relationship of US measures and various body composition variables may increase the application of the 

US in clinical settings. 

Previous studies have utilized HIIT interventions of varying duration (2-24 weeks), interval lengths (8 

seconds to 4 minutes), and work-to-rest ratios (1:1 to 2:1); many of which have been shown to be 

effective in overweight and obese populations 5,19. During the initial stages of training, it is expected that 

muscular adaptations are predominantly oxidative 4; therefore previous studies investigating the influence 

of HIIT interventions have primarily focused on fat mass loss, percent fat, and weight loss as opposed to 
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lean mass changes 3,4,20. However, the increase in muscle protein synthesis reported by Scalzo et al.8 

following nine cycling HIIT sessions, warrants further investigation of muscular remodeling as a result of 

HIIT. The purpose of the current study was to investigate the effects of a 3-week HIIT intervention on 

muscle size and quality in overweight and obese men and women. Exploratory analyses evaluated the 

relationship between leg fat mass and EI and leg lean mass and mCSA.  

 

Methods 

Fifty-six overweight men and women volunteered to participate in this study. Physiological outcomes 

(maximal oxygen consumption, body composition, blood work) have been previously published19,21 for 

this sample of participants of ‘low’ fitness level (10-20th percentile as defined by the American College of 

Sports Medicine22). 

Of the 56 participants, 54 individuals were scanned pre and post intervention (n=2 did not return for post 

testing for reasons unknown). Additionally, n=10 scans did not show the entire fascial border due to 

insufficient depth of images, therefore, 44 participants were used for analysis in the current study. 

Descriptive characteristics are presented in Table 1. Inclusion criteria for participation included: BMI 

between 25-45 kg∙m-2, 18-50 years of age, a normal resting 12-lead ECG, willing to maintain their current 

level of physical activity and physician clearance. Participants were excluded if they were currently 

participating in HIIT, had untreated hypertension, hyperlipidemia, or a history of cardiopulmonary 

diseases. Prior to testing, all participants signed an informed consent approved by the University’s 

Institutional Review Board for the protection of human subjects. The content of this study is solely the 

responsibility of the authors; funding sources had no involvement in data collection, analysis or writing of 

this report. 

The current study evaluated body composition and US assessments before and after a nine-session HIIT 

intervention. For baseline and post testing, participants arrived to the laboratory at least eight hours fasted. 

Upon arrival, height was measured using a portable stadiometer (Perspective Enterprises, Portage, MI, 

USA) and weight was measured using a mechanical scale (Detecto, Webb City, MO, USA). A panoramic 
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ultrasound (US) scan of the vastus lateralis (VL) was performed and then assessed using ImageJ software 

to quantify echo intensity (EI), muscle cross sectional area (mCSA) and thigh fat thickness (THfat). 

Additionally, dual-energy x-ray absorptiometry (DXA) was used to determine the combined lean mass of 

the right and left legs (LegLM) and the combined fat mass of the right and left legs (LegFM).  After 

baseline testing, participants performed a continuous graded exercise test (GXT) on a cycle ergometer to 

determine peak power output (PPO) for training intensity. Participants were then randomly assigned to 

one of three groups: control, short interval training (SIT) or long interval training (LIT). Baseline body 

composition and US testing procedures were repeated following the nine-session intervention. 

A panoramic scan of the right vastus lateralis (VL) was performed using a B-mode US (Logiq-e, GE 

Healthcare, Wisconsin, USA). The ultrasound settings (Frequency: 13 Hz, Gain: 56) were kept constant to 

standardize mCSA and EI measures. The depth was set between 4 cm and 5 cm; in the instance an 

individual had greater subcutaneous fat and the entire VL was not visible at a depth of 5 cm, subject scans 

were removed from analysis. The depth setting remained consistent within each subject’s pre and post 

testing scans. Prior to each scan, participants were instructed to lay supine with the right leg extended and 

relaxed on the examination table with a high-density foam pad strapped to the thigh at the midpoint 

between the femur greater trochanter and femur lateral epicondyle. A wide-band linear array ultrasound 

transducer probe (GE: 12L-RS) was held perpendicular to the tissue and swept across the skin at equal 

pressure from the lateral VL border to medial fascia separation. The same technician performed all scans, 

and then reviewed the initial quality of images on the US monitor.  

Muscle cross sectional area and EI were determined from the panoramic scan of the VL using Image-J 

software (National Institute of Health, USA, Version 1.37). When analyzing images, scans with evident 

overlay of successive images that resulted in either detectable shadows on the image or the inability to 

visualize the full muscle border were removed from mCSA analyses (n=1) and EI analyses (n=7). Echo 

intensity was determined in the standard histogram function, which uses grayscale analysis of pixels 

ranging from 0 to 255. Prior to measuring mCSA and EI, each image was calibrated by measuring the 

number of pixels within a known distance of 1 cm. To measure mCSA and EI, the same technician traced 
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the outline of the VL for each participants’ scan along the fascia border as close as possible to capture 

only the muscle. Test-retest reliability for EI and mCSA measurements taken from a previous study in 

this laboratory for individuals of similar stature demonstrated an intraclass correlation coefficient (ICC) 

of 0.74 and 0.87, standard error of the mean (SEM) of 4.58 a.u and 2.12 cm2, and minimal difference 

(MD) of 12.69 a.u. and 5.89 cm2, respectively. Subcutaneous THfat was determined by a linear measure 

from the epidermal layer to the fascial border of the VL. A correction factor for subcutaneous thigh fat 

thickness, previously described by Young et al.23, was used to account for the influence THfat has on EI 

measures. Therefore, the following equation was used to determine EI: y2 = y1 + (t × cf), where y1 = raw 

EI, t =THfat, cf = 40.5278, and y2 = corrected EI. 

In order to account for the influence body fluid/hydration may have on mCSA and EI, total body water 

(TBW) was measured via bioelectrical impedance spectroscopy (SFB7, ImpediMed, Queensland, 

Australia). Measures of TBW were assessed while the participant lay supine on a table with legs and arms 

separated by a minimum of 30º. Two electrodes were placed 5 cm apart on the right wrist and hand and 

two electrodes were placed on the right ankle and foot. Weight, height, age, and sex were entered in the 

device prior to testing. The average of two trials was recorded as the TBW measurement.  

Each subject completed a full body DXA scan (Hologic Inc., Bedford, MA, USA; Apex Software Version 

3.3) to determine LegLM and LegFM. Prior to each use, the device was calibrated according to the 

manufacturer’s instructions to ensure valid results. For each scan, birthdate, height, weight, and ethnicity 

were entered into the software. Participants were asked to remove all metal, thick clothing and heavy 

plastic to reduce interference. Each subject was placed supine in the center of the scanning table. If 

subject shoulders were too wide to fit within the scanning area, thumbs were placed under the legs to 

capture the full width of each subject. Participants were instructed to breathe normally and remain still for 

the duration of the scan.  The same technician performed and analyzed all scans by manually setting the 

regions of interest. Test-retest reliability for LegLM and LegFM demonstrated ICC of 0.98 and 0.99, 

SEM of 0.57 kg and 0.32 kg and MD of 1.58 kg and 0.89 kg, respectively.  

Participants were randomly assigned to a training group or control group in a 2:2:1 allotment: SIT, LIT, 
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or CON. All training was performed on an electronically braked cycle ergometer (Corival Lode, 

Gronigen, The Netherlands) under the supervision of trained research staff. Participants trained three 

times a week for three weeks for a total of nine training sessions; subjects did not have more than two 

training sessions on consecutive days each week. Training intensity was established from a graded 

exercise test as previously described 19; the SIT group performed ten repetitions of 1-minute bouts at 90% 

PPO, and the LIT group performed five repetitions of 2-minute bouts at intensities varying between 80-

100% PPO; all 9 sessions were matched between groups for work and intensity. Both groups were given 

1-minute rest periods between each work interval. The HIIT participants reported no adverse events and 

were 100% compliant.  

A univariate analysis of covariance (ANCOVA) was performed to evaluate the change in mCSA between 

intervention groups (SIT vs. LIT vs. CON) using pre-mCSA as the covariate. A second univariate 

ANCOVA was performed to evaluate the change in EI between intervention groups using pre-EI as the 

covariate. Two separate univariate ANCOVAs were performed to evaluate the change in LegLM and 

LegFM using pre-LegLM and pre-LegFM, respectively as covariate. A Bonferroni adjustment was used 

to correct p values for pairwise post hoc comparisons. A paired samples t-test was used to evaluate the 

change in TBW across all groups. Exploratory Pearson Product-Moment correlation analyses were 

performed to investigate the relationship between LegLM, LegFM, mCSA and EI. An alpha level of 0.05 

was set a priori. All analyses were performed using SPSS (Version 21.0 Armonk, NY, USA).   

 

 

Results  

For change in mCSA, there was a significant difference between intervention groups (p=0.038). Pairwise 

comparisons determined there was a significant difference between CON and SIT groups (p=0.034). 

There was no significant difference between LIT and CON (p=0.202) or SIT (p>0.999). For change in EI, 

there was no significant difference between intervention groups (p=0.672). There was no significant 

difference between intervention groups for LegLM (p=0.064) and LegFM (p=0.500). There was no 



8 
 

significant difference between pre and post TBW (∆: 0.084 ± 2.95, p=0.850). Pre and post measures for 

mCSA, EI, LegLM and LegFM are displayed in Table 2. Raw data and adjusted values for individual 

responses for mCSA for CON, SIT and LIT are presented in Figure 1. 

Pre-intervention LegLM was significantly positively correlated to pre-mCSA (p=0.001, r=0.477); and 

post-LegLM was significantly positively correlated to post-mCSA (p<0.001, r=0.580). Pre-LegFM was 

significantly positively correlated to pre-EI (p<0.001, r=0.718); and post-LegFM was significantly 

positively correlated to post-EI (p<0.001, r=0.734).    

 

Discussion  

The current study aimed to evaluate the effects of a short duration HIIT intervention on muscle size and 

composition in overweight individuals. The results indicate that HIIT has the potential to improve mCSA 

as measured by B-mode US in overweight men and women. Intervals in a one-to-one work to rest ratio 

(SIT) demonstrated a significant increase in mCSA compared to control, indicating that protocol selection 

may influence the adaptations and benefits observed from HIIT. In contrast, training had no effect on 

muscle quality. Additionally, US variables were correlated with both leg fat and lean mass. This provides 

support that the US may have utility as a portable tool to track changes in a single muscle and predict 

overall leg composition changes to an exercise intervention. 

High intensity interval training has previously been shown to promote a number of metabolic adaptations 

4,7. While much is known about aerobic adaptations to HIIT, complete characterization of skeletal muscle 

remodeling, as a result of this type of training is unclear. The majority of HIIT protocols, including the 

present study, have utilized the cycling exercise modality which primarily loads the leg musculature. The 

present study demonstrated a 14% increase in mCSA of the VL after 3 weeks of training in the SIT group. 

One previous study evaluating men with type 2 diabetes observed a significant 24% increase in mid-thigh 

mCSA following 8 weeks of high intensity continuous (2 sessions/week; 45 minutes at 75%VO2peak) and 

interval training (1 session/week; 5, 2-minute bouts at 85% VO2peak) on a cycle ergometer 5. The longer 

duration of the training program or the protocol selection of cycling effort may explain the larger 
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increase. Contrary to the current study, Joanisse et al.24 performed muscle biopsies of the VL following 18 

and 23 sessions of sprint interval training, and did not observe an increase in fiber CSA in overweight or 

healthy individuals, respectively. However, varying HIIT protocols lasting between 3-15 weeks have 

resulted in modest increases in total body and trunk lean mass6,19,25. Muscle hypertrophy is dependent 

upon an increase in the ratio of myofibrillar protein synthesis and breakdown26. Although the present 

study did not directly measure muscle protein synthesis, a previous study by Scalzo et al. 8 demonstrated 

an increase in mitochondrial biogenesis and muscle protein synthesis in the VL after nine cycling sessions 

of interval training at a resistance equivalent to 7.5% of body mass for 4-8 bouts of 30 seconds. Similarly, 

Di Donato et al.27  demonstrated a significant increase in mitochondrial and myofibrillar protein synthesis 

24-28 post-exercise following a higher intensity continuous exercise bout (60% Wattmax) compared to a 

lower intensity bout (30% Wattmax). Damas et al.28 observed a significant correlation between myofibrillar 

protein synthesis and hypertrophy in the early stages of resistance training; at 3 weeks, following 5 

resistance training bouts, muscle hypertrophy was no longer correlated with muscle damage, but to 

protein synthesis. The present study, along with data from the aforementioned studies, supports the need 

for future investigations to evaluate other cellular mechanistic contributions to increased muscle size with 

HIIT including both hypertrophic and oxidative changes such as the combination of glycogen content and 

fluid shifts 29. 

In the current study, there was no change in EI, which suggests a 3-week high intensity intervention is not 

sufficient to elicit changes in muscle quality in overweight men and women. It also supports that the 

changes in mCSA were not a result of muscle damage or inflammation. Muscle swelling as result of 

exercise-induced edema has previously been shown to simultaneously increase mCSA and EI 72 hours 

following exercise 30 to as long as three weeks following resistance training protocols 28. The lack of 

change in EI observed in the current study suggests that there was limited acute muscle swelling and 

inflammation at the time of the measurement. Although to our knowledge, EI responses to HIIT training 

have not been previously reported, an improvement in muscle quality, as measured by EI, has been shown 

following resistance training protocols. Specifically, Cadore et al. 9 found an increase in muscle quality in 
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healthy, college-age individuals following six weeks of resistance training, and Radaelli et al. 18 reported 

a significant increase in muscle quality following both low- and high-volume resistance training 

interventions at 6, 13, and 20 weeks of training in older women. Studies investigating the influence of 

aerobic exercise on intramuscular fat content in lean and obese insulin-resistant individuals have reported 

inconsistent results15. A variety of factors including the HIIT protocol, the 3-week duration of  the present 

study, ad libitum diet, and the greater infiltration of adipose and connective tissue within the muscle in 

overweight and obese individuals 31 may have attenuated changes in muscle quality. Additionally, TBW 

measured in the current study does not directly measure hydration status; the hydration status and 

glycogen content of skeletal muscle tissue have the potential to influence EI measures, and therefore 

further evaluation is warranted. Future studies should investigate whether muscle quality is influenced in 

overweight individuals following longer duration HIIT interventions.  

The significant positive relationship observed between LegFM and EI may support the use of US as a 

technique for clinicians to detect intramuscular adipose tissue in an overweight population to provide a 

better understanding of body composition. The significant moderate relationship observed between 

mCSA and LegLM in the present study, provides initial evidence that US mCSA could be a useful 

technique to track changes in leg lean mass following an exercise intervention. However, additional 

research should investigate whether thigh lean mass from DXA has a stronger correlation with mCSA. 

Additionally, there are limitations of the US that often remain unaddressed. Specifically, it is imperative 

that the settings of depth and brightness remain consistent, especially if tracking changes. However, high 

subcutaneous fat thickness and muscle thickness may require changes in depth to gain access to capture 

the full muscle belly within the image. In the present study, the US depth setting was not sufficient for all 

participants to observe the entire muscle, and therefore, varied across participants. Adjustments in the 

depth setting reduces the capability of generating normative values to compare across samples, 

particularly for EI measures. Data also suggests that training type may influence at what point of the 

muscle (proximal, medial, distal), and which muscle adapts most favorably, thus influencing at what point 

of the muscle mCSA should be measured as well as which muscle 32. Furthermore, although EI measures 
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have demonstrated positive correlations to intramuscular adipose tissue14, future investigations are needed 

to continue to describe other components of non-contractile tissue that contribute to changes in EI such as 

inflammation, skeletal muscle hydration and glycogen content. Additionally, pressure of the probe on the 

skin may impact tissue deformation and ultimately alter the image.  Due to the large amount of 

subcutaneous fat in the overweight and obese participants, there was increased frequency of the probe 

losing contact with the skin as the fat undulated with the swiping movement of the probe. The reduced 

density of the tissue and the curvature of the VL resulted in a shadow in the image or an overlay of 

images in some cases, similarly described by Noorkoiv et al.33. Diligently maintaining the US settings, 

technique, and technician will help attenuate limitations of the US.  

 

Conclusions 

High intensity interval training may be an effective exercise modality to influence muscle size in 

overweight and obese individuals. In the current study, a one-to-one work to rest ratio on a cycle 

ergometer was a safe and well-tolerated HIIT protocol for this population that elicited an increase in 

mCSA. The importance of protocol selection in health and body composition benefits should be further 

evaluated in overweight and obese individuals. The present study found no training or group effect for 

muscle quality measures. Future studies should investigate muscle size and quality in an overweight 

population in longer duration HIIT interventions and in protocols varying the work to rest ratio. 

Additionally, the US is an accessible and portable clinical device, therefore, the correlation of US 

measures to LegFM and LegLM suggests that future studies should investigate the validity and feasibility 

of integrating the US into clinical settings to track body composition changes to exercise interventions as 

well as conditional changes such as aging, weight loss and gain, and injury or illness.  

Practical implications 

 High intensity interval training may be a time efficient and effective method to stimulate muscle 

size adaptations in overweight individuals.  

 A HIIT program utilizing a 1:1 work-to-rest ratio may be the most beneficial for overweight 
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individuals.   

 The correlation of US measures to body composition variables may encourage clinicians to 

integrate the US into clinical practice to track body composition changes due to exercise and diet 

recommendations, aging, injury or illness.  
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Figure 1. A) Individual responses of raw data for muscle cross sectional area (mCSA) for short interval 
training (SIT), control (CON), and long interval training (LIT) groups; B) Pre and post-mCSA covaried 
for pre-mCSA (19.88894 cm2) for SIT, CON, and LIT groups 
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Table 1. Descriptive characteristics for long interval training (LIT), short interval training (SIT), and 

control (CON) groups at baseline.  

 
 N Age (yrs) Ht (cm) Wt (kg) BMI (kg/m2) %Fat 
LIT 19 38.0  12.2 176.5  9.3 89.7  12.3 28.8  2.8 32.5  6.9 
SIT 16 31.4  12.0 174.9  9.2 97.4  14.1 31.8  3.9 32.6  6.5 
CON 9 37.0  12.4 171.6  11.4 99.7  27.2 33.6  7.2 33.4  6.4 
 44 35.4  12.3 174.9  9.7 94.6  17.0 30.9  4.7 32.7  6.5 

 

Mean ± SD. No significant baseline differences. 
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Table 2. Pre and post measures of muscle cross sectional area (mCSA), echo intensity (EI), leg fat mass 
(LegFM) and leg lean mass (LegLM) for long interval training (LIT) groups, short interval training (SIT), 
and control (CON).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Raw data presented as Mean  SD, and adjusted change scores (∆). P-values are based on adjusted 
baseline scores from the ANCOVA, covaried for pre-mCSA (cm2; 19.88894 cm2), pre-EI (a.u.; 84.57609 
a.u.), pre-LegLM (kg; 19.6732 kg), and pre-LegFM (kg; 10.37975 kg).   
*indicates significant difference from control from the ANCOVA. 

 

 

 

 

 

 

mCSA (cm2) N Pre Post ∆  
LIT 18 16.92  3.97 19.39  4.53 2.46  3.26 
SIT 16 21.93  7.04 25.10  7.87 3.17  3.36* 
CON 9 22.18  8.58 21.84  8.37 -0.34  2.36 
     
EI (a.u)     
LIT 

 

16 84.71  21.71 81.85  22.35 -2.86  7.34 
SIT 13 78.70  21.45 76.41  22.20 -2.28  7.20 
CON 8 93.85  15.84 93.90  18.67 0.05  10.26 
     LegLM (kg)     
LIT 

 

19 19.06  4.55 19.28  4.53 0.22 0.56 
SIT 16 20.35  3.99 20.53  4.11 0.18 1.02 
CON 9 19.77 5.71 19.27  5.65 -0.49  0.55 
     
LegFM (kg)     
LIT 

 

19 10.04  3.06 9.94  2.93 -0.10  0.57 
SIT 16 10.61  2.75 10.66  2.54 0.06  0.59 
CON 9 10.69  2.72 10.71  2.40    0.02  0.63 


