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Abstract 

The aim of this pilot study was to determine (a) the effects of high intensity strength training in the 
workplace on blood pressure, fat percentage and physical fitness in overweight adults, and (b) the 
influence of this intervention on the blood pressure in a subsample of hypertensive subjects. 
Overweight adults (n=15) aged 42.8 years underwent anthropometric assessment (weight, fat 
percentage, waist circumference, and triceps skinfold), physical fitness assessment (leg extensor 
power, upper body endurance, hand grip strength and Vo2max) and blood pressure assessment 
before and after 8 weeks of high intensity resistance training in the workplace. Each training session 
consisted of 16 sets of 45 repetitions performed at 1 repetition per second, decreasing load at the 
point of muscular failure starting at 60% of repetition maximum (RM). The effects of the intervention 
were analyzed by paired sample t-tests. For exploratory purposes, a non-parametric test was also 
performed (Wilcoxon matched-pair signed-rank) to examine if this decision could affect the results. 
Weight, body fat percentage, and triceps skinfold decreased significantly with the high intensity 
resistance training protocol in the workplace (all P<0.05). Performance in physical fitness tests 
increased significantly with training (all P<0.05), except for handgrip strength. Both systolic and 
diastolic blood pressure decreased significantly with R-HIRT in the workplace (all P <0.05) in 
hypertensive subjects (n=10).  This protocol performed in the workplace in this pilot study produces 
health and fitness benefits in overweight and hypertensive people. 
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Introduction 

The problems of weight increase and obesity are 

linked to raised risk of morbidity from 

hypertension, dyslipidemia, type 2 diabetes, 

coronary heart disease, stroke, gallbladder 

disease, osteoarthritis, sleep apnea and 

respiratory problems, and endometrial, 

postmenopausal breast, prostate, and other 

cancers (1, 29). In addition, obesity is associated 

with increased overall mortality (10). 

Benefits of increased muscle mass and 

muscle strength have been reported recently 

(36). Higher levels of muscular strength, 

independent of aerobic fitness level, are 

associated with a general lower level of mortality 

rates in men and women (28, 31).  Muscular 

strength has been shown to be inversely related 

to excessive body fat and abdominal fat (18), 

both of which are associated with increased risk 

for chronic diseases and adverse events that 

include heart disease (37), type 2 diabetes (7), 

cancer (30), and stroke (34). Muscle strength 

becomes especially important for preventing falls 

(12).   

High intensity progressive resistance 

training (HI PRT) is associated with substantial 

gains in appendicular lean mass and losses of 

total and special trunk fat mass (22). Heavy 

resistance strength training can cause decreases 

in metabolic risk factors related to body 

composition, blood pressure and glucose and 

insulin metabolism (32, 33). However, the 

optimal type and intensity of resistance training 

that should be used to maximize health weight 

loss and other health benefits in overweight 

people is unclear (20).  

Exercise intensity is important for increasing 

metabolic rate; high intensity exercise increases 

metabolic rate higher than low intensity exercise, 

and vigorous intensity and high duration 

programs have shown greater benefits in 
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overweight sections of the population (19). This 

type of intensity helps spare lean mass, maintain 

nitrogen balance and compensates blood 

glucose concentration with fatty acids and 

ketones at rest (5). 

Obesity and weight increase affects the 

lives of many adults of working age. Action is 

therefore imperative to provide preventive 

strategies to reduce the trend. Activity habits of 

overweight people must change at home and in 

the work place (13, 16). Feasible ways of 

introducing exercise in the workplace are through 

strength training, which can be implemented in a 

small place, over a short period of time (2),  and 

with a diverse group of people working at a time, 

with great benefits for health and fitness and 

even reducing work absenteeism (38). 

The primary purpose of this study was to 

examine the effects of a high intensity resistance 

training program in the workplace, on body fat 

percentage, blood pressure, and physical fitness 

in overweight adults. By combining previously 

established evidence in Regressive High 

Intensity Resistance Training (R-HIRT) effects, 

we tested the following primary hypothesis:  R-

HIRT reduces BMI, Blood pressure, Fat 

percentage and increases performance in tests 

of physical fitness. Furthermore we hypothesize 

that R-HIRT is a determinate dose of high 

intensity exercise that can affect blood pressure 

in our hypertensive subjects. 

MATERIALS AND METHODS 

Experimental Approach to the Problem 

The present study was developed as a pilot 

study to test the possible effectiveness of R-

HIRT program in overweight and obese adults. It 

was performed at the University of Balearic 

Islands (Majorca, Spain) from March to June of 

2010. The target group was overweight 

university employees. 

The study outcomes were body 

measurements (anthropometry) and physical 

fitness. Data on anthropometric characteristics 

included: weight, BMI, body fat, waist 

circumference, hip circumference, mid-upper arm 

circumference and triceps skinfold thickness.  

Anthropometry was assessed using an 

Omrom body composition monitor BF500 and a 

measuring tape for body circumferences.  

Physical fitness was assessed by Alpha-Fit 

an battery test for adults (35) and Queen College 

Step Test (24). Data on physical fitness included: 

lower extremity strength, upper body endurance 

and hand grip strength. 

The R-HIRT program consisted in 16 

sessions (two per week), in which participants 

were evaluated twice: before the intervention 

(baseline, Week 0) and after the intervention 

(post-test, Week 8). The sessions were provided 

early in the morning at the university sport 

facilities before the start of the working day and 

supervised by a specialist. An informative 

session was held with the participants in order to 

explain in detail the procedures, aims and 

characteristics of the intervention program. 

Written information was also delivered to the 

participants.  

The R-HIRT program was based on current 

scientific literature (8, 11, 14, 17, 19, 20, 23, 27, 

32) and the amount of exercise carried out was 

strength training involving 18 sets of 45 

repetitions, starting at 60% (1 RM) and 

decreasing the intensity at the point of muscular 

failure or inability to follow the 1 second 

repetition rhythm. This dose (>9 MET) allows the 

patient to expend calories on average at about 

400 kcal. per session. The R-HIRT intends to 

consume as many High-energy phosphates as 

possible in every set. 

Subjects 

Fifteen obese adult university employees 

participated in the study. A total of 19 

participants completed the baseline assessment 

and 15 participants (10 men and 5 women) 

completed the assessment at post-test (dropout 

rate=21.05%).  

Participants were 42.83 years old (SD 5.81) 

and had 81.64 kg (SD 13.73), 163.93 cm (SD 

7.09), 30.27 kg/m2 (SD 4.12) and 34.51 % of 

weight, height, body mass index (BMI) and 

percentage of body fat respectively. 

Procedure 

This study was a non-randomized controlled trial. 

The University of the Balearic Islands has a 

medical service available to employees. The 

study used accidental sampling methods to draw 

a voluntary population, from which the medical 

service selected participants according toy the 

following inclusion criteria: (i) age between 18 
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and 65 years; (ii) BMI equal to or greater than 25 

kg/m2; (iii) do not have any medical 

contraindications to performing high-intensity 

exercise; (iiii) not participating in any weight 

reduction program. Study flow is depicted in 

Figure 1.  

 

Figure 1. Study flow. 

 

Anthropometric assessment. Participants 

removed shoes, heavy clothing and contents of 

pockets. Body weight (recorded in kilograms) 

and body fat (percentage) were measured with a 

composition monitor (Omrom BF500). Height 

was measured with a tape measure affixed to the 

wall. Subjects stood barefoot with heels together 

and back as straight as possible. The 

participants’ height was judged to be the location 

at which the top of his or her head intersected 

the tape and was recorded in inches. Height and 

weight were used to calculate BMI. Waist 

circumference, hip circumference and mid-upper 

arm circumference were assessed using 

anatomic marks on the participant’s skin and 

recorded in centimeters using a tape measure. 

Result was the mean of the 3 measurements 

rounded off to the nearest 0.5 cm. If these 3 

measurements differed more than 1 cm from 

each other, 2 additional measurements were 

performed. Skinfold measurement of the 

nondominant arm triceps was taken with a 

Holtain skinfold caliper (Holtain Ltd., Dyfed, UK). 

The triceps skinfold was taken on the back of the 

upper arm midway between the shoulder and 

elbow. Two measurements were not performed 

consecutively and the mean was used in 

analyses. 

Physical fitness assessment. Lower 

extremity strength (leg extensor power) was 

measured with the jump-and-reach test, the aim 

of which is to jump as high as possible. The 

participant stands beside the jump-board facing 

forward. Dominant upper extremity is raised up 

straight against the jumping board, and marked 

with a magnesium powdered middle finger. The 

vertical difference between the “standing height” 

and the “jumping height” was measured in 

centimeters with a tape measure.  

Upper body endurance was tested with 

modified push-ups to measure short-term 

endurance capacity of the upper extremity 

extensor muscles and the ability to stabilize the 

trunk. The participant lies prone on the mat, and 

begins the push-up cycle by clapping hands 

behind the back once; this is followed by a 

normal straight-leg push-up with elbows 

completely straight in the up-position, so that the 

participant can touch one hand with the other 

hand. The participant ends the cycle in prone 
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position. The number of correctly performed 

push-ups completed in 40 seconds was counted. 

Hand grip strength was measured with a 

hand dynamometer (TKK-5001). The participant 

stands in an upright position with the 

dynamometer in the preferred hand. The arm is 

straight and slightly away from the body, the 

scale facing the tester. The better result of two 

attempts was the score recorded in kilograms. 

Queen’s College Step Test was conducted 

for indirectly estimating maximum oxygen intake 

(24) (Vo2max). The participant steps up and 

down on a platform (16.25 inches) at a rate of 22 

steps per minute for females and at 24 steps per 

minute for males. Participants are to step using a 

four-step cadence, “up-up-down-down” for 3 

minutes. Heart beats are counted from 5-20 

second of recovery. 

Blood pressure assessment. Blood 

pressure was measured with a blood pressure 

computer (Omron MIT Elite Plus).  

Statistical Analyses 

The analyses were performed of those 

participants that had complete data at the two 

measurement points (baseline and post-test) 

using PASW (Predictive Analytics SoftWare, 

formerly SPSS), version 19.0 SPSS Inc., 

Chicago, IL, USA. The level of significance was 

set at <0.05 for all the analyses.  

The effects of the intervention were 

analyzed by paired sample t-tests. For 

exploratory purposes, a non-parametric test was 

also performed (Wilcoxon matched-pair signed-

rank) to examine if this decision could affect the 

results. 

Ethics 

Written permission of participants was 

required for participation in the study. All 

participants had been previously informed about 

the protocol and purposes of the research. The 

study protocol was approved by the local Ethical 

Committee of the University of Balearic Islands 

and performed in accordance with the ethical 

standards of the Helsinki Declaration. 

RESULTS 

Anthropometric parameters 

Weight (-1.46 ±2.14), BMI (-0.54 ±0.83), body fat 

(-1.68 ±0.93) and triceps skinfold thickness  

(-7.71 ±2.59) decreased after intervention 

(p<0.05). Waist circumference (-1.77 ±7.16) and 

hip circumference (-1.41 ±6.55) decreased 

slightly (p>0.05), and mid-upper arm 

circumference (+0.93 ±0.92) increased (p>0.05) 

(Table 1). 

Physical fitness parameters 

Lower extremity strength (+2.85 ±2.61), upper 

body endurance (+4.86 ±3.21) and Vo2max 

(+2.81 ±4.06) increased after intervention 

(p<0.05), and hand grip strength (+0.25 ±3.97) 

increased slightly (p> 0.05) (Table 1). 

Table 1. Characteristics of the study sample at pretest and posttest 

 

 Pretest Posttest Relative 

changes 

Absolute 

changes 

 

 Mean ± SD Mean ± SD Mean ± SD Mean P= 

Weight (kg) 81.64 ± 13.73 80.18 ± 13.83 -1.46 ± 2.14 -0.02 ± 0.02 0.019 

Body mass index (kg/m2) 30.27 ± 4.12 29.73 ± 1.02 -0.54 ± 0.83 -0.02 ± 0.02 0.026 

Body fat (%) 34.51 ± 6.02 32.83 ± 1.59 -1.68 ± 0.93 -0.05 ± 0.03 0.000 

Waist circumference 93.47 ± 12.21 91.69 ± 11.12 -1.77 ± 7.16 -0.01 ± 0.08 0.354 

Hip circumference 108.4 ± 10.29 107.0 ± 10.73 -1.41 ± 6.55 -0.01 ± 0.07 0.419 

0.01 ± 0.03 32.67 ± 3.17 32.76 ± 2.68 0.09 ± 0.92  0.701 

-0.28 ± 0.09 28.55 ± 7.91 20.83 ± 7.18 -7.71 ± 2.59  0.000 

Vertical jump 21.85 ± 6.85 24.69 ± 8.15 2.85 ± 2.61 0.13 ± 0.14 0.002 

Modified push-ups 10.93 ± 6.07 15.79 ± 4.85 4.86 ± 3.21 0.49 ± 0.39 0.000 

Hand grip strength 34.82 ± 9.23 35.07 ± 10.50 0.25 ± 3.97 0.01 ± 0.12 0.818 

VO2 max 22.15 ± 4.73 24.96 ± 6.49 0.12 ± 0.19 2.81 ± 4.06 0.036 

Systolic blood pressure 131.93 ± 16.45 124.07 ± 11.87 -0.04 ± 0.07 -5.79 ± 9.72 0.044 

Diastolic blood pressure 89.67 ± 10.35 81.93 ± 9.74 -0.09 ± 0.08 -8.21 ± 8.20 0.002 
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Blood pressure parameters 

Systolic pressure (-5.79 ±9.72) and diastolic 

pressure (-8.21 ±8.20) decreased after 

intervention (p< 0.05) (Table 1).  

A subsample of subjects with high blood 

pressure was extracted from total sample to 

determine the effects of the intervention in this 

sample concretely. Systolic pressure (-8.50 

±10.84) decreased slightly (p=0.062), and 

diastolic pressure (-11.62 ±9.27) decreased after 

intervention (p=0.009) (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Intervention effects on sub-sample of 

subjects with high blood pressure. 

 

DISCUSSION AND CONCLUSION 

The findings of this study support the hypothesis 

that high intensity resistance training with a 

regressive intensity modulation, (R-HIRT) 

reduces BMI, Blood pressure, fat percentage and 

increases performance in tests of physical 

fitness, and this dose of exercise reduces Blood 

pressure in the sub-sample of hypertension 

subjects. 

These results suggest that the efficacy of 

high intensity resistance training in the workplace 

to reduce weight, fat percentage, blood pressure 

and increase fitness performance as shown in 

this pilot study can lead to a larger scale study.  

Our Regressive High Intensity Resistance 

Training protocol produced findings that are 

supported by some investigations, meaning that 

high energy expenditure dose of exercise leads 

to a decrease in body weight (23), body fat, 

triceps skinfold, waist circumference and hip 

circumference (22,25). None of the investigations 

we know of to date have tested the effects of this 

kind of exercise dosage. The innovation of this 

high intensity resistance training rests in the 

administration of the work load (9); starting the 

set at 60%RM, the subject is able to complete 

about 15 repetitions at one repetition per second; 

to complete the rest of the set, the subject must 

decrease the intensity until he or she is able to 

complete a 45 set. This regressive protocol 

creates a pre-exhaustion effect and the intensity 

of the set is very high (>9 MET). This can explain 

the results, but we cannot generalize our findings 

due to the limitation of the sample size. 

The improvements in physical fitness 

through strength training are well documented, 

the increase in upper body endurance and 

handgrip strength in our subjects with this pre-

exhaustion training are not new (3). We can 

explain these results by the effect of the first 15 

repetitions in every set at 60% (RM), when the 

balance of nitrogen is bigger and the 

enlargement of muscle fibers is greater (5, 26). 

Few studies have addressed the 

importance of vo2max adaptations that occur 

with strength training, which may make an 

important contribution towards improving 

physical fitness. Our findings suggest that this 

dosage of exercise increases endurance 

performance, supporting the findings of other 

studies (15, 21).   

The effects of our protocol with regard to 

blood pressure in people with hypertension are 

similar to the findings of Sillanpää et al. (32) with 

the main difference that their study was 

conducted on healthy people, and the protocol 

included endurance training. The effect on high 

blood pressure of high intensity training amongst 

people with hypertension may lead to confusion, 

due to the different utilization of the concept 

intensity; the maximum load we have used in the 

study is 60% RM, but the intensity in MET’s is 

>9, considered a high intensity work load. This 

intensity may cause a large increase in 

mitochondria, oxidative enzymes, and the 

number of capillaries per muscle fiber. 

The prescription of the training required to 

achieve a specific goal (weight loss, reduction of 

blood pressure or increase Vo2max) has been 

largely instinctive, resulting from years of 

personal experience. The 45 set training load in 
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our protocol of regressive high intensity strength 

training corresponds to the direct observation on 

speed performance during the complete 

abduction and adduction phases (4). One 

repetition per second aims at the consumption of 

maximum ATP molecules in every set.  

The workplace has been considered a 

valuable intervention site for a number of 

reasons, including the amount of time people 

spend at work, access to populations that may 

be difficult to engage in different settings, and the 

opportunity to utilize peer networks and employer 

incentives (16). For workers, an unhealthy 

lifestyle and being overweight not only affect risk 

of cardiovascular disease, but may also have 

major disadvantages related to work (6,13). 

Thus, changing body weight and physical fitness, 

and reducing blood pressure amongst 

hypertensive workers has many benefits, 

including work absenteeism rates (38). Our 

findings suggest that the high intensity 

intervention amongst these workers improved 

different aspects of health and fitness in 

overweight men and women, thereby potentially 

providing other work-related benefits. These 

findings are supported by other investigations in 

the workplace using resistance training. 

Zavanela et al. (38), for example, used 

progressive resistance training; however, the 

main difference is that in our study we developed 

a protocol based on high energy expenditure, 

due to the overweight nature of the subjects. Our 

protocol suggests that was effective when 

performed in the workplace; at least in our study 

group. The strengths of the present study include 

the originality of the protocol (45 repetition sets 

decreasing at the point of muscular failure from 

60%RM at a 1 second repetition), and the 

supervised training period in the workplace, that 

allows a difficult to engage population to achieve 

health and fitness goals. 

The limitations of the study are those 

characteristic of design or methodology that set 

parameters on the application or interpretation of 

results; that is, the constraints on generalizability 

and utility of findings that are the result of the 

devices of design or method that establish 

internal and external validity. There are two 

limitations related to the ability to draw 

descriptive or inferential conclusions from 

sample data. One of those is the study design a 

without control group, and consequently the data 

results should be interpreted with caution. The 

other limitation is the relatively small sample 

participating in this study. 

On the other hand, this is a pilot study and 

the aim was to test a new research hypothesis 

initially among a small number of subjects. This 

avoids spending too many resources on finding 

an association between a factor and a disorder 

when there really is no effect. However, clear 

associations were found in the pilot study and it 

encourages the implementation of a larger 

confirmatory study.  

Our results suggest that exercise 

prescription has health benefits in overweight 

adults. The training protocol used in this study is 

of high intensity and allows the participant to 

consume as many phosphates as possible in 

every set; that means sets of around 45 seconds 

of a very high intensity. 

Workplace is a great opportunity to engage 

this traditionally hard to reach population. This 

intervention can be performed in a short period 

of time (approx. 20 minutes), the time invested is 

not a barrier and the motivation of the 

participants increases with the training 

supervised. Workplace regressive high intensity 

resistance training intervention is a facilitator for 

the fulfilment of health and fitness goals for an 

overweight population. Clearly, additional 

investigation is warranted to confirm or contradict 

our findings. 

CONFLICT OF INTEREST 
DECLARATION 

All the authors have substantially contributed to 

this work. They are all fully aware that the 

manuscript is to be submitted to the Journal and 

none of them has any conflict of interest. The 

experiment reported has been undertaken in 

compliance with the current laws of Spain, where 

the experiment was performed. 

No grant or external financial forms of 

support were received for this research. 

 

 



HIGH INTENSITY STRENGTH TRAINING IN OVERWEIGHT ADULTS IN THE WORKPLACE:  
A PILOT STUDY 

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

41 

 

 

BIBLIOGRAPHY  

1. A clinical guideline on the identification, evaluation, and treatment of overweight and obesity in adults: 
executive summary. Expert Panel on the Identification, Evaluation, and Treatment of Overweight in Adults. 
Am J Clin Nutr. 1998;68(4):899-917.. 

2. Barr-Anderson DJ, AuYoung M, Whitt-Glover MC, Glenn BA, Yancey AK. Integration of short bouts of 
physical activity into organizational routine a systematic review of the literature. Am J Prev Med. 
2011;40(1):76-93. 

3. Beniamini Y, Rubenstein JJ, Faigenbaum AD, Lichtenstein AH, Crim MC. High-intensity strength training of 
patients enrolled in an outpatient cardiac rehabilitation program. J Cardiopulm Rehabil. 1999;19(1):8-17. 

4. Borresen J, Lambert MI. The quantification of training load, the training response and the effect on 
performance. Sports Med. 2009;39(9):779-795. 

5. Brooks GA, Fahey TD, Baldwin KM. Exercise physiology : human bioenergetics and its applications. 4th 
ed. Boston: McGraw-Hill; 2005. 

6. Buchberger B, Heymann R, Huppertz H, Frieportner K, Pomorin N, Wasem J. The effectiveness of 
interventions in workplace health promotion as to maintain the working capacity of health care personal. 
GMS Health Technol Assess. 2011;7:Doc06. 

7. Carey VJ, Walters EE, Colditz GA, et al. Body fat distribution and risk of non-insulin-dependent diabetes 
mellitus in women. The Nurses' Health Study. Am J Epidemiol. 1997;145(7):614-619. 

8. Daly RM, Dunstan DW, Owen N, Jolley D, Shaw JE, Zimmet PZ. Does high-intensity resistance training 
maintain bone mass during moderate weight loss in older overweight adults with type 2 diabetes? 
Osteoporos Int. 2005;16(12):1703-1712. 

9. de Souza TP, Jr., Fleck SJ, Simao R, et al. Comparison between constant and decreasing rest intervals: 
influence on maximal strength and hypertrophy. J Strength Cond Res. 2010;24(7):1843-1850. 

10. Flegal KM, Graubard BI, Williamson DF, Gail MH. Cause-specific excess deaths associated with 
underweight, overweight, and obesity. JAMA. 2007;298(17):2028-2037. 

11. Geisler S, Brinkmann C, Schiffer T, Kreutz T, Bloch W, Brixius K. The influence of resistance training on 
patients with metabolic syndrome--significance of changes in muscle fiber size and muscle fiber 
distribution. J Strength Cond Res. 2011;25(9):2598-2604. 

12. Gillespie LD, Gillespie WJ, Robertson MC, Lamb SE, Cumming RG, Rowe BH. WITHDRAWN: 
Interventions for preventing falls in elderly people. Cochrane Database Syst Rev. 2009(2):CD000340. 

13. Groeneveld IF, Proper KI, van der Beek AJ, Hildebrandt VH, van Mechelen W. Lifestyle-focused 
interventions at the workplace to reduce the risk of cardiovascular disease--a systematic review. Scand J 
Work Environ Health. 2010;36(3):202-215. 

14. Hanson ED, Srivatsan SR, Agrawal S, et al. Effects of strength training on physical function: influence of 
power, strength, and body composition. J Strength Cond Res. 2009;23(9):2627-2637. 

15. Hurley BF, Seals DR, Ehsani AA, et al. Effects of high-intensity strength training on cardiovascular 
function. Med Sci Sports Exerc. 1984;16(5):483-488. 

16. Hutchinson AD, Wilson C. Improving nutrition and physical activity in the workplace: a meta-analysis of 
intervention studies. Health Promot Int. 2011. 

17. Irving BA, Davis CK, Brock DW, et al. Effect of exercise training intensity on abdominal visceral fat and 
body composition. Med Sci Sports. 2008;40(11):1863-1872. 

18. Jackson AW, Lee DC, Sui X, et al. Muscular strength is inversely related to prevalence and incidence of 
obesity in adult men. Obesity. 2010;18(10):1988-1995. 

19. Jakicic JM, Marcus BH, Gallagher KI, Napolitano M, Lang W. Effect of exercise duration and intensity on 
weight loss in overweight, sedentary women: a randomized trial. JAMA. 2003;290(10):1323-1330. 

20. Johnson JL, Slentz CA, Houmard JA, et al. Exercise training amount and intensity effects on metabolic 
syndrome (from Studies of a Targeted Risk Reduction Intervention through Defined Exercise). Am J 
Cardiol. 2007;100(12):1759-1766. 

21. Kraemer WJ, Patton JF, Gordon SE, et al. Compatibility of high-intensity strength and endurance training 
on hormonal and skeletal muscle adaptations. J Appl Physiol. 1995;78(3):976-989. 

22. Lemmey AB, Marcora SM, Chester K, Wilson S, Casanova F, Maddison PJ. Effects of high-intensity 
resistance training in patients with rheumatoid arthritis: a randomized controlled trial. Arthritis Rheum. 
2009;61(12):1726-1734. 

23. Lemmey AB, Williams SL, Marcora SM, Jones J, Maddison PJ. Are the benefits of a high-intensity 
progressive resistance training program sustained in rheumatoid arthritis patients? A 3-year followup 
study. Arthritis Care Res. Jan 2012;64(1):71-75. 

24. McArdle WD, Katch FI, Pechar GS, Jacobson L, Ruck S. Reliability and interrelationships between 
maximal oxygen intake, physical work capacity and step-test scores in college women. Med Sci Sports. 
1972;4(4):182-186. 



Pere Antoni Borràs, Josep Vidal-Conti, Pere Palou 
 

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

42 

25. Mougios V, Kazaki M, Christoulas K, Ziogas G, Petridou A. Does the intensity of an exercise programme 
modulate body composition changes? Int J Sports Med. 2006;27(3):178-181. 

26. Pescatello LS, Kelsey BK, Price TB, et al. The muscle strength and size response to upper arm, unilateral 
resistance training among adults who are overweight and obese. J Strength Cond Res. 2007;21(2):307-
313. 

27. Quinn TJ, Klooster JR, Kenefick RW. Two short, daily activity bouts vs. one long bout: are health and 
fitness improvements similar over twelve and twenty-four weeks? J Strength Cond Res. 2006;20(1):130-
135. 

28. Rantanen T, Masaki K, He Q, Ross GW, Willcox BJ, White L. Midlife muscle strength and human longevity 
up to age 100 years: a 44-year prospective study among a decedent cohort. Age. 2012;34(3):563-570. 

29. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence of cancer: 
a systematic review and meta-analysis of prospective observational studies. Lancet.  2008;371(9612):569-
578. 

30. Ruiz JR, Sui X, Lobelo F, et al. Muscular strength and adiposity as predictors of adulthood cancer mortality 
in men. Cancer Epidemiol, Biomarkers Prev. 2009;18(5):1468-1476. 

31. Ruiz JR, Sui X, Lobelo F, et al. Association between muscular strength and mortality in men: prospective 
cohort study. Bmj. 2008;337:a439. 

32. Sillanpaa E, Hakkinen A, Punnonen K, Hakkinen K, Laaksonen DE. Effects of strength and endurance 
training on metabolic risk factors in healthy 40-65-year-old men. Scand J Med Sci Sports. 2009;19(6):885-
895. 

33. Sillanpaa E, Laaksonen DE, Hakkinen A, et al. Body composition, fitness, and metabolic health during 
strength and endurance training and their combination in middle-aged and older women. Eur J Appl 
Physiol. 2009;106(2):285-296. 

34. Suk SH, Sacco RL, Boden-Albala B, et al. Abdominal obesity and risk of ischemic stroke: the Northern 
Manhattan Stroke Study. Stroke. 2003;34(7):1586-1592. 

35. Suni JH, Oja P, Miilunpalo SI, Pasanen ME, Vuori IM, Bos K. Health-related fitness test battery for middle-
aged adults: associations with physical activity patterns. Int J Sports Med. 1999;20(3):183-191. 

36. Williams MA, Haskell WL, Ades PA, et al. Resistance exercise in individuals with and without 
cardiovascular disease: 2007 update: a scientific statement from the American Heart Association Council 
on Clinical Cardiology and Council on Nutrition, Physical Activity, and Metabolism. Circulation. 
2007;116(5):572-584. 

37. Yusuf S, Hawken S, Ounpuu S, et al. Obesity and the risk of myocardial infarction in 27,000 participants 
from 52 countries: a case-control study. Lancet. 2005;366(9497):1640-1649. 

38. Zavanela PM, Crewther BT, Lodo L, Florindo AA, Miyabara EH, Aoki MS. Health and fitness benefits of 
a resistance training intervention performed in the workplace. J Strength Cond Res. 2012;26(3):811-817. 

 

 

Received:   April 2016 

Accepted:   June 2016 

Published:  August 2016 

 

 

Correspondence  

 

Josep Vidal-Conti 

Exercise and Sports Science Research Group. University of Balearic Islands  

Ctra. Valldemossa km. 7’5  

Edifici Guillem Cifre de Colonya  

Palma of Majorca. E-07122. Spain  

Tel. +34 971172095. Fax: +34 971173190  

E-mail: josep.vidal@uib.es 

 

 

 

mailto:josep.vidal@uib.es

