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(2RT, 1 AT) and 11 (1 AT, 10 WL) were lost because they did not complete the 

final assessment. The flow of subjects during the study is presented in Figure 2. 

Therefore, the final sample was comprised of 50 community-dwelling older 

adults (68.0 ± 5.5 years), mainly women (n = 39, 78%). Fifty-six percent were 

controlled hypertensive, 42% had dislipidemia, and 18% had controlled 

diabetes. According to BMI, 21% were classified as overweight (25 < BMI < 30) 

and 28% as obese (BMI > 30). None of the participants were currently smokers. 

Finally, four (10.3%) out of 39 women were on hormone replacement therapy 

(HRT). 

At baseline, no differences between groups were observed for age, body 

composition parameters, BP, HRV, biomarkers of inflammation, glycemia, 

lipoproteic profile, or habitual physical activity. However, WL demonstrated a 

higher HR than RT (P = 0.02), and RT showed better performance on the 

6MWD than WL (P < 0.01). Finally, WL had a higher energy intake than AT (P = 

0.01). Table 1 presents the main characteristics of the participants for each 

group at baseline.  

After training, a significant decrease in both total (RT, P = 0.02; AT, P <0.01) 

and central body fat (RT, P = 0.04; AT, P < 0.01) was observed in RT and AT 

groups. In contrast, after the eight months, WL had a higher %BF (P = 0.02) 

and trunk fat (P < 0.01). Lean mass remained constant in the three groups 

across the eight months.  
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Figure 2. Flowchart describing retention of participants. 

 

 

Excepting a decrease in HDL cholesterol for AT (P < 0.01) and WL (P < 

0.01), no differences were observed in either the lipoproteic profile or glycemia 

of the older adults. Nevertheless, AT demonstrated lower levels of hs-CRP (P = 

0.02) after training and WL increased TNF-α levels (P = 0.02) after the 

observation period. At baseline, 36% and 35% of the subjects in RT and AT, 

respectively, were in the high-risk category for hs-CRP levels (above 3.0mg/dL). 

Following training, there was a 50% and 85.7% reduction in the number of 

subjects in the high-risk category for RT and AT respectively. A sub-analysis of 

the individuals classified in the high-risk category for hs-CRP at baseline 

demonstrated that when compared with those individuals in the lower-risk 

category, the high-risk individuals also had higher levels of IL-6 (P < 0.01). 

Interestingly, the high-risk individuals in AT, beyond the reduction in hs-CRP, 
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also significantly decreased IL-6 levels (-43.5 ± 32.0%; P = 0.04) after training 

(see Table 2). 

 

 

Table 1. Baseline characteristics of the participants 
 Resistance Training Aerobic Training Waiting List 

 n=11 n=20 n=19 

Gender 4 men, 7 women 3 men, 17 women 4 men, 15 women 

Age (years) 67.3±4.9 69.9±5.7 67.8±5.5 

BMI (kg/m2) 29.5 ± 5.0 28.1 ± 4.1 27.2 ± 3.5 

Controlled hypertension, n (%) 6 (54%) 9 (45%) 13 (68%) 

Controlled dislipidemia, n (%) 4 (36%) 10 (50%) 7 (37%) 

Controlled diabetes, n (%) 1 (9%) 2 (10%) 6 (32%) 

Individuals with hs-CRP>3.0 

mg/L, n (%) 
4 (36%) 7 (35%) 8 (42%) 

Smoking status    

Never, n (%) 9 (82%) 18 (90%) 17 (89%) 

Former, n (%) 2 (18%) 2 (10%) 2 (11%) 

Smoker, n (%) 0 0 0 

HRT, n (%) 1 (9%) 3 (15%) 0 
BMI, body mass index; hs-CRP, high sensitive C-reactive protein; HRT, hormone replacement therapy. 

 

 

The greatest improvements in resting BP were observed in the AT group, 

which, after intervention, demonstrated significant decreases in SBP (P < 0.01) 

and DBP (P < 0.01). Additionally, decreases in HRrest were verified in this group 

(P < 0.01), and interestingly in WL as well (P < 0.05). Despite the fact that no 

significant differences were found in RT, it is important to refer to the reduction 

in about eight and four mmHg in the SBP and DBP means of this group, 

respectively, which was almost two-fold the reduction observed in WL. 
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different parameters for each group. The RT presented a higher total variability, 

translating into a greater SDRR (P = 0.04), and AT presented a higher vagal 

tonus represented by an increased HF (P = 0.03). As expected, AT 

demonstrated better performance in 6MWD (P < 0.01) after training. No 

differences were observed in the habitual daily living physical activity levels or 

energy intake of older adults across the interventions/observation (see Table 3). 

General linear models (see table 4) demonstrated significant differences in 

relative changes between groups for BMI, %BF, trunk fat, and 6MWD. Post-hoc 

multiple comparisons demonstrated that relative changes in BMI were more 

pronounced in RT than in WL (P = 0.03). Greater differences were also 

identified in RT and AT than in WL for %BF (P < 0.01) and trunk fat (P ≤ 0.01). 

Finally, older adults in AT demonstrated greater improvements in 6MWD (P < 

0.01) than those in WL. Further adjustments for %BF, energy intake, gender 

and medication use did not significantly change the overall results (not 

presented). 

When individuals who completed all tests were compared with individuals 

who had missing data and who belonged to the same group, minimal 

differences were observed. In RT, the dropout group had lower 6MWD than the 

group that had completed the intervention and tests (P = 0.04). The opposite 

was observed in the AT: the remaining individuals had a worse performance at 

baseline on 6MWD than the individuals who dropped out (P = 0.03) as well a 

greater lean mass (P = 0.03) and higher serum level of IL-6 (P = 0.04). 

Volunteers who attended all tests in WL had higher serum levels of IL-10 than 

volunteers who gave up along the study period (P < 0.01). These analyses 

demonstrated that despite the high withdrawal rate, individuals who gave up 

presented, for the majority of outcomes, similar characteristics to those of 

remaining participants. Thus, it seems that the elevated dropout rate did not 

bias the final results. 
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Table 3. Changes in blood pressure, heart rate variability and aerobic fitness before and after training. Values are represented by 
means with standard deviations. 
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Discussion 

The present study showed: (i) that regular training decreases total and 

central body fat; (ii) RT is able to increase overall HRV; (iii) AT is able to 

decrease resting blood pressure and resting HR, increase efferent vagal 

activity, decrease low-grade systemic inflammation, and improve aerobic fitness 

in community-dwelling older adults; (iv) the magnitudes of changes to all 

variables investigated were similar for aerobic and strength training. Altogether, 

these results support current recommendations that both AT and RT are 

effective interventions for health promotion and disease prevention in 

community-dwelling old-aged populations with no serious medical conditions. 

Studies addressing the impact of training on body composition have provided 

conflicting results. Reinforcing our observations previous researchers have 

demonstrated RT17 and AT18 as valuable to reduce body fat. Nevertheless, 

others failed to report any significant change in body composition after 

interventions5, 19-20. These discrepancies can be partly reconciled by differences 

in the duration5, 19-20 and intensity20 of the training programs, by the different age 

of subjects5 as well as by different methodologies used to assess body 

composition. 

Although some research indicates that AT and RT may induce positive 

alterations in the lipoprotein profiles of young21, middle-aged18, 22 and older 

adults7, 23 the present study failed to observe positive effects of training on the 

lipid-lipoprotein profile. Concerning the specific case of HDL cholesterol, it is 

possible that our subjects had such high baseline HDL levels that little room 

was left for improvement. 

A significant mean decrease in hs-CRP, the best overall marker of underlying 

chronic inflammation, was observed in subjects who underwent AT. This finding 

is of paramount importance because, more than a biomarker of inflammation, 

high levels of hs-CRP are closer associated with increased risk for coronary 

heart disease, stroke and myocardial infarction24. In this sense the 85.7% and 

50% decrease in the number of subjects classified as having high risk to 
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develop CVD after AT and RT, respectively, might be considered clinically 

relevant. Finally, the findings from the subanalysis of the subjects with hs-CRP 

levels above 3.0mg/dL demonstrated that AT also reduced IL-6 levels in this 

subgroup. This suggests that those high-risk individuals benefit more from AT 

than those with lower risk. 

It is estimated that adipose tissue contributes up to one-third of circulating IL-

6 at rest25. Increased level of IL-6, in its turn, leads to the secretion of acute 

phase proteins like CRP by the liver24-25. In addition, fat free acids released by 

adipocytes promote the production of TNF-α. Therefore, it is suggested that the 

exercise-induced loss of body fat may lead to a reduced serum IL-6, TNF-α, 

and, as consequence, reduced CRP4. Interestingly, in our study, both total and 

central body fat loss induced by AT were followed by decreased hs-CRP levels 

and IL-6 (only for individuals previously classified as high-risk) while the similar 

total and central body fat decreases induced by RT were not followed by a 

similar reduction in any of the biomarkers under investigation. These findings 

suggest that other training-induced mechanisms beyond body fat decrease are 

necessary to decrease inflammation. It is possible that changes induced by 

aerobic training in anti-oxidant status26 or endothelial function27 are related with 

the benefits observed in the inflammatory status of AT.  

It was also surprising that despite the reduction in body fat, no changes in 

TNF-α were observed after both training protocols. Individuals in WL, on the 

opposite, demonstrated increased levels of TNF-α after the 8-month 

observation period. Therefore, it is possible to suggest that if exercise training is 

not able to decrease TNF-α levels in older adults with no serious medical 

conditions, it is at least able to avoid its increase. 

Despite its important anti-inflammatory role in a number of inflammatory 

conditions, the effect of training on IL-10 serum levels it is not frequently 
assessed24. Petersen and Pedersen11 in their review suggested that the 

process of muscular contraction during exercise could stimulate the 

transcription of IL-6 mRNA, with consequent activation of the cascade of anti-
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inflammtory cytokines such as IL-10. Evidence supporting this hypothesis 

comes mainly from animal models28, acute effects of exercise29 or diseased 

populations30-31. Nunes et al.28 showed that regular physical training improves 

the anti-inflammatory response by increasing plasmatic levels of IL-10 in a rat 

model of chronic heart failure. In humans, single bouts of exercise have 

demonstrated both significant increases in intracellular anti-inflammatory 

markers such as IL-4, IL-10 and growth hormone29 and that acute moderate-

intensity exercise has neither an anti- or pro-inflammatory effect over seven 

days following exercise32. The chronic effect of exercise in IL-10 is limited to 

patients with chronic conditions like diabetes 31 and coronary artery disease30. 

In these subjects aerobic training induced increase in circulating IL-10, 

however, it is important to take into account that individuals diagnosed with 

such diseases generally present high levels of pro-inflammatory and low levels 

of anti-inflammatory biomarkers, which theoretically permit greater exercise-

induced improvements when compared to apparently healthy individuals. 

Additional work is clearly needed to better understand the impact of training on 

IL-10 in older adults free of clinical conditions. 

It has been recently suggested that exercise training-related improvements in 

HRV may also play a role mediating the inhibition of inflammatory response 

observed in trained individuals33. The latest findings showed increased vagal 

activity to be associated with decreased peripheral inflammatory responses, 

measured by TNF-α, IL-6 and hs-CRP, which may reduce the risk of 

inflammatory diseases5. This immune-modulatory function of the vagus nerve, 

whereby activation of efferent arm results in regulation of cytokine production, 

was termed the ´Cholinergic anti-inflammatory pathway´8. The improvement in 

parasympathetic activity followed by reduced hs-CRP levels that were observed 

after AT seems to reinforce the idea of a cholinergic anti-inflammatory pathway, 

and at the same time give insight into the role of regular AT in prevention of 

diseases linked with low-grade inflammation. Although increased vagal activity 

was not observed following resistance training, this group showed an increase 

in overall HRV, which is an important finding once decreased HRV has been 
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shown to be a major predictor for subsequent cardiac events in individuals free 

of clinical heart disease34. 

 Concerning BP, although others35-36 have reported decreases in BP 

following RT, in the current study only the AT group demonstrated lower levels 

of SBP and DBP after intervention. Once hypertension is closely related with 

autonomic dysfunction4, it is possible that the increased parasympathetic 

activity observed in AT can, at least, partially explain the BP reduction in AT. 

Likewise, AT was a unique intervention to improve the aerobic fitness of older 

adults. The aerobic exercise-induced improvements in BP and aerobic fitness 

have been systematically verified by other investigators17-18, 25, 37-38.  

Although the AT group demonstrated a greater number of positive changes 

to the CVD risk profile than the RT group, the comparison of relative changes 

between groups suggest that the relative mean changes observed over the 

eight months were not significantly different between these groups. Therefore, 

we might assume that both training protocols induce changes of similar 

magnitude in the variables under investigation. 

The current study has some limitations. Breathing frequency was not 

controlled when analyzing HRV; however, it was demonstrated that measures 

of HRV using a metronome had a similar consistency with time39 and a similar 

reproducibility40 to free breathing conditions. The high dropout rate observed in 

the resistance-training group might be considered a limitation. Nevertheless, 

previous studies22 with long-duration exercise programs like that in the present 

study have reported a similar withdrawal rate. 

In spite of these limitations, this study has important strengths. A key strength 

is that to our knowledge, this is the first study aimed at assessing training 

effects on both autonomic function and inflammation in community-dwelling 

older adults free of clinical heart disease. Additionally, the study is based on 

well-validated methods for assessing body composition, as well for controlling 

physical activity and energy intake. Thus it is our belief that the methodology 

used in the present study may offer more reliable information and provide 



115 

insight beyond any possible confounders. Lastly, the assessment of several 

inflammatory biomarkers led us to a broader and deeper evaluation of the 

effects of exercise in the studied groups. 

In conclusion, the present findings provide further evidence for the benefits, 

by different mechanisms, of AT and RT on reducing body fat, improving 

autonomic function and decreasing low-grade inflammation in community-

dwelling older adults. Although there are a limited number of investigations 

aimed at assessing the effects of training beyond AT on inflammation and 

autonomic function of older adults, our results emphasize the need to promote 

and prescribe RT as a therapeutic strategy against increased body fat and 

reduced HRV as well as their related increase in CVD risk. 
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Abstract 

This study aimed to investigate the effects of exercise training on body 

composition, functional fitness, and health-related quality of life (HRQoL) of 

community-dwelling older adults. Subjects (n=50, 68.0±5.5 years) were 

randomized into aerobic training (AT), resistance training (RT) or waiting list 

(WL). Data on body composition, physical function, and HRQoL were assessed. 

After eight months of training, AT (p≤0.01) and RT (p=0.02) reduced body fat, 

increased performance on the sit-to-stand five times (p≤0.01), stair ascent 

(p≤0.01) and 8-foot up-and-go (RT, p=0.02; AT, p≤0.01) tests. AT improved 6-

minute walk distance (p≤0.01), scored higher on physical functioning, (p=0.04), 

general health (GH, p≤0.01), and mental health (MH, p=0.03). RT improved 

hand-grip strength (p≤0.01) and scored higher on GH (p=0.04). WL increased 

body fat (p=0.02) and scored less on GH (p=0.04) and MH (p=0.04). AT and RT 

were effective interventions for decreasing body fat, and improving physical 

function and HRQoL in older adults. 

Key Words: older people; physical performance; quality of life, exercise 

training. 
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Introduction 

     Advancing age is generally accompanied by several metabolic and 

physical alterations that increase susceptibility to many chronic conditions, 

disability, and reduced quality of life (QoL). In the specific case of xxxxx, The 

National Institute of Statistics (INE) recently observed that 41.4% and 19.5% of 

individuals over 65 years of age self-reported their health and QoL respectively, 

as bad or very bad (INE, 2009). In addition, it was also reported that older 

adults accounted for 46.9% of the national prevalence of disability (INE, 2009). 

On the basis of this data, it appears important to develop health policy 

strategies to prevent disability and reduced QoL in old age. 

One of the barriers to advancing knowledge in the field of QoL is the lack of 

precision in its definition. Despite the lack of agreement regarding the definition 

of QoL, it is widely accepted that it refers to a multidimensional construct 

(Halvorsrud & Kalfoss, 2007) that includes physical, emotional, and social 

domains. Each of these domains can also be influenced by several factors. 

Although each factor impacts individuals differently it is assumed that there are 

group-specific characteristics in QoL (Netuveli & Blane, 2008). For older adults, 

family relationships, social contacts and activities, functional ability, health 

status, and general health seem to be important factors when assessing QoL 

(Farquhar, 1995). 

Health does not uniquely influencing QoL in older adults, but it is generally 

considered an important aspect. In this regard, health-related quality of life 

(HRQoL) includes several aspects of life such as illness, chronic conditions, 

disability, and socioeconomic status (SES) that affect perceived physical and 

mental health (Brown, 2004; Halvorsrud & Kalfoss, 2007). This construct is 

widely used in clinical practice and in research. It is positively associated with 

objective health outcomes (e.g. body mass index [BMI] and the number of 

chronic conditions) and mortality (Kroenke, Kubzansky, Adler, & Kawachi, 2008; 

Mossey & Shapiro 1982; Wannamethee & Shaper 1991). 
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An earlier disability model (Jette, 2006) suggested that diseases and chronic 

conditions lead to impairment, which leads to functional limitation, and then, 

finally, to disability. Rikli & Jones (1999) proposed that physical inactivity could 

be as responsible for the decline in functionality as diseases. Furthermore, the 

interactions between physical inactivity and disease increase disability, thereby, 

influencing perceptions of HRQoL of older adults.   

Conversely, several studies demonstrated health benefits related to 

increased habitual physical activity. Among such benefits are  reduced risk of 

developing cardiovascular diseases (Barengo, et al., 2004) and type II Diabetes 

(Krause, et al., 2007), reduced body fat (Bouchard, Beliaeff, Dionne, & Brochu, 

2007), maintenance of autonomy (Balzi, et al., 2010), and reduced risk of falling 

(Chang, et al., 2004).  

     Beyond the observed associations between physical activity and fitness with 

objective measures of health outcomes, cross-sectional studies have also 

demonstrated a positive relationship between physical activity and measures of 

subjective HRQoL (Brown, 2004; Kruger, Bowles, Jones, Ainsworth, & Kohl, 

2007). Therefore, it is likely that physical activity has an impact on both 

objective health outcomes and subjective HRQoL (Leinonen, Heikkinen, & 

Jylha, 2001). 

The accumulating evidence regarding the benefits of physical activity has 

motivated prominent organizations like the American College of Sports 

Medicine and the American Heart Association to recommend physical activity in 

order to improve functionality and prevent disability in older adults (ACSM/AHA, 

2007). However, it is still a matter of discussion to whether changes in physical 

function due to exercise training positively influence perceptions of HRQoL in 

older adults. 

Despite the fact that many cross-sectional and epidemiological studies (Brown, 

et al., 2004; Leinonen, Heikkinen, & Jylha, 2001; Lorraine, Hammock, & 

Blanton, 2005) have found a positive association between physical activity and 

HRQoL, the available data from randomized controlled intervention trials in 
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independent community-dwelling older adults fails to consistently find a strong 

effect of exercise training on subjective HRQoL (Martins, Assis, Nahas, 

Gauche, & Moura, 2009). Moreover, the impact of the type of exercise on 

training-induced improvements in the self-reporting of HRQoL has not been well 

studied. Therefore, this study aimed (i) to investigate the effects of two types of 

exercise training based on the recommendations of current guidelines for 

physical activity in older adults on subjective HRQoL, functional fitness, and 

body composition and (ii) to determine the relationship between the changes in 

functionality and body composition and the changes in HRQoL of independent 

community-dwelling older adults with no serious medical conditions.  

 

Design and Method 

Subjects and Study Design 

     In this randomized, controlled study, one hundred and eight community-

dwelling and independent older adults were recruited from the xxxxx area 

(xxxxx) by means of advertisements placed in newspapers. The study design is 

presented in Figure 1. 

     Subjects were asked to come to the Faculty of Sport on four different days. 

On the first day, 105 volunteers (78 women and 27 men) completed a health 

history questionnaire to record past and present conditions and medications. 

The nature, benefits, and risks of the study were explained to the volunteers, 

and their written informed consent was obtained. Subjects older than 60 years 

of age who were community-dwelling and physically independent, i.e., those 

able to perform the basic and instrumental activities of daily living were 

included. The exclusion criteria included: (i) acute or terminal illness; (ii) severe 

or uncontrolled hypertension; (iii) severe or uncontrolled diabetes; (iv) 

cardiovascular and/or respiratory disorders; (v) any neurological, skeletal-

muscle or joint disorder or disturbance that precluded the participation in 

exercise and testing; (vi) being under the influence of pharmacological therapies 
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that could reduce safety during exercise; and (vii) being involved in regular, 

supervised exercise training (performing moderate to vigorous exercise for 20 

minutes or more at least twice a week) in the previous six months.  

      

 

 

Figure 1. Flowchart depicting the study design. 

 

A second visit was scheduled with each participant to administer the Medical 

Outcomes Study 36-Item Short-Form Health Study questionnaire (SF-36), and 

to measure aerobic fitness, stair ascent, and hand-grip strength. On the third 
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day, subjects underwent anthropometric body composition, dual energy X-ray 

absorptiometry (DXA), and measurements in the 8-foot up-and-go (8FUG) test 

and, the sit-to-stand five times test. At this time they were also instructed on 

how to use accelerometers and how to record the 4-day food diary for 

assessment of habitual physical activity and dietary intake. Finally, on the fourth 

visit (at least seven days after the third visit) subjects were asked to return the 

completed 4-day food diary and the accelerometer recordings. 

     After screening, three individuals were excluded due to cardiovascular 

diseases (two had had strokes and one had had a cerebrovascular event) and 

another 17 subjects had given-up and without completing the baseline 

assessments. Thus, only 85 older adults were randomly allocated, according to 

computer generated block randomization, into the AT, RT, or Waiting List (WL) 

groups for eight months. Completion of the training program was defined by an 

attendance rate of at least 80% of the scheduled sessions. Additionally, older 

adults who were absent for more than seven consecutive sessions were 

excluded from the analysis. All subjects were instructed not to change their 

usual physical activity routines or dietary patterns during the course of the 

study. Subjects were also asked to inform researchers whenever it was 

necessary to change medication (type and/or dosage). All methods and 

procedures were approved by the Institutional Review Board. 

Training Protocol 

     For both exercise training types (AT and RT), older adults trained three times 

per week (non-consecutive days) for eight months, and each exercise session 

lasted approximately 50 minutes. Training sessions were generally conducted in 

indoor facilities. 

     Aerobic training.Training workouts consisted of a 10-minute warm-up that 

included stretching and callisthenics, thirty minutes of aerobic exercise that 

mainly consisted of walking, and a 10-minute cool-down. In the first month, the 

intensity of the AT was gradually increased from 50-60% to 70-80% of the 

HRReserve (HRReserve = HRmax – HR at rest), where a subject´s maximum heart 
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rate was calculated as suggested by Tanaka, Monahan, & Seals (2001) 

(HRmax= 208 x 0.7 [age]) or from a rating of perceived exertion (RPE) of 4-6 to 

7-8. In order to make sure that the subjects were exercising at the targeted 

intensity, Polar Heart Rate Monitors (Polar Team System, Finland) was used as 

primary criteria. All subjects had their RPE registered, but it was only used as 

primary criteria for five individuals who were on medication known to interfere 

with HR control (beta-blockers, calcium channel blockers, and vasodilators).  

     Resistance training.The RT protocol consisted of a 10-minute warm-up that 

included stretching and callisthenics, nine exercises (leg press, chest press, leg 

extension, seated row, seated leg curl, abdominal flexion, biceps curl, low-back 

extension, and triceps extension) for different muscle groups, and a 10-minute 

cool-down. During the first week of RT, the subjects were familiarized with the 

devices by performing one set of 12-15 repetitions (reps) with no load. Subjects 

were taught proper lifting techniques and safety precautions. To minimize 

excessive blood pressure responses, individuals were told to avoid extended 

breath-holding (Valsalva manoeuvre), during their reps.Then, a baseline one 

repetition maximum (1RM) for each exercise was undertaken. Afterwards, older 

adults performed two sets of 12-15 reps at 50-60% 1RM, or a RPE 4-6, for the 

first month. At the end of the first month, the 1RM was measured again and the 

load was increased to 80% 1RM or RPE 7-8. At this intensity, older adults 

performed two sets of 8-12 reps. Every two months, the 1RM was measured in 

order to keep the training stimulus consistently at 80% 1RM, or a RPE of 7-8. 

When an individual RPE was under the rating of 7 for two consecutive sessions, 

the subject was instructed to increase the load so that he/she could perform two 

sets of 8-12 reps at an appropriate RPE. Concentric and eccentric movements 

were performed at a rate of three seconds. A 2-minute rest between each set 

was provided.  

     Waiting list. During the study period, individuals randomized to this group 

were contacted by phone in 4-month intervals to attest they were still interested 

in participating in the program. At these moments, they were reminded to try to 

not change their lifestyle (physical activity, diet, or medication). After the 8-
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month observation period, they were invited to participate in specific exercise 

programs (their choice of resistance or gymnastics) designed for seniors. 

Measures 

     Throughout all the assessments, the test administrator and the time of day 

used for testing remained constant. 

     Anthropometrics and body composition. Body weight was measured to the 

nearest 0.1kg with an electronic weight scale (SECA 708). Subjects were 

weighed barefoot wearing light clothing. Height was measured to the nearest 

1mm with a standard stadiometer. Body Mass Index (BMI) was determined. 

Whole body lean mass (LM) and percent of total body fat (%BF) were 

determined using a DXA (Hologic QDR-4500, software for windows XP, version 

12.4) with subjects in the supine position.   

Functional fitness assessment. All tests were chosen because they are 

valid and reliable instruments that can be used to obtain measurements in a 

variety of settings, with minimal equipment costs and without special set-up to 

obtain the measurements (VanSwearingen & Brach, 2001). Test-retest reliability 

using the intra-class correlation coefficient (ICC) two-way mixed model for the 

selected physical fitness tests was determined on a randomly selected subset 

of 15 subjects (which represents approximately 20% of the sample), five 

subjects from each group. Subjects completed two sessions of tests separated 

by 12 days.  The ICC values for the 6-minute walk test (6MWT), hand-grip, sit-

to-stand five times, stair ascent and 8FUG tests were 0.91 (p≤0.01), 0.98 

(p≤0.01), 0.93 (p≤0.01), 0.95 (p≤0.01), and 0.95 (p≤0.01), respectively. In all 

timed tests, the individual’s performance was registered with a standard 

stopwatch to the nearest tenth of a second. 

     Aerobic fitness. Aerobic fitness was assessed using the 6MWT, which is a 

commonly test used to assess physical performance in older people (Lord & 

Menz, 2002), particularly to obtain valid measures of submaximal aerobic 

capacity and exercise endurance (American Thoracic Society [ATS] 2002; 
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Kervio, Carre, & Ville, 2003; Rikli & Jones, 1998). This test measured the 

distance in meters covered when subjects were instructed to walk as quickly as 

they could for six minutes. Walks were conducted on a flat fifty meter 

rectangular course, marked off in five meter segments. If necessary, subjects 

were allowed to stop and rest. 

     Hand-grip strength. Hand-grip strength has been widely used as a surrogate 

measure of total body strength (Herman, et al., 2005). Amongst older adults, it 

has been shown to correlate with a decline in the activities of daily living and 

cognition (Taekema, Gussekloo, Maier, Westendorp, & de Craen, 2010), 

markers of frailty (Syddall, Cooper, Martin, Briggs, & Aihie Sayer, 2003), and 

disability (Al Snih, Markides, Ottenbacher, & Raji, 2004). Moreover it was 

demonstrated to be a predictor of all-cause mortality in the older population 

(Ling, et al., 2010; Syddall, et al., 2003). In the present study, hand-grip strength 

was isometrically measured using an electronic hand-grip dynamometer (Takei, 

TKK 5101 Grip-D). The subject held the dynamometer in the dominant hand 

with his or her arm by his or her side and had to squeeze using maximum force. 

The best score obtained in three trials, with an approximate two-minute rest 

between trials, was recorded.  

     Sit-to-stand five times. One of the most common activities of daily living is 

rising from a seated to a standing position. The ability to perform this movement 

is important to maintaining physical independence (McCarthy, Horvat, 

Holtsberg, & Wisenbaker, 2004). In community-dwelling older adults, the sit-to-

stand five times test influenced by multiple sensorimotor, balance, and 

psychological processes; this test represents a particular transfer skill (Lord, 

Murray, Chapman, Munro, & Tiedemann, 2002) and is a proxy measure of 

muscle strength (VanSwearingen & Brach, 2001) and power (Bean, et al., 

2002). The tests were conducted as suggested by Whitney et al. (2005) and 

consisted of timing an individual stood five times from an armless standard chair 

(45cm high). 
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     Stair ascent. Difficulty in stair negotiation (ascent and descent) has been 

shown to be an indicator of disability closely related with lower limb strength 

(Tiedemann, Sherrington, & Lord, 2007). Therefore, the time required to ascend 

a ten-stair (17cm high, 30cm deep) prop was recorded to evaluate older adults’ 

stair negotiation skills.  

     8-foot up-and-go (8FUG). The 8FUG is a modified version of the 3m timed 

up-and-go test. Both tests have been widely used to monitor functional mobility 

and have been found to be good predictors of recurrent falling (Whitney, Lord, & 

Close, 2005). The test consisted of timing an individual as he or she stood from 

a standard chair, walked eight feet (2.44m), turned around a cone, returned to 

the chair, and sat down. 

     Health-related quality of life (HRQoL). Older adults’ perceptions of their 

HRQoL were subjectively assessed using the SF-36 (Ware & Sherbourne, 

1992), which was adapted and validated for the population under investigation 

(Ferreira, 1998). The SF-36 is a relatively simple and brief questionnaire that 

was originally developed to assess generic health status (Ware & Sherbourne, 

1992). However, it has become a  widely used indirect measurement of HRQoL 

(Hopman, et al., 2000) since important correlations were reported between its 

scales and several specific dimensions of HRQoL, including living 

arrangements, financial situation, disability, and family life (Anderson, 

Laubscher, & Burns, 1996; Ware, Snow, Kosinski, & Gandek, 1993). Moreover, 

the SF-36 was validated in a variety of countries (Ferreira, 1998; Hopman et al., 

2000) and sub-population groups, including stroke patients (Anderson, 

Laubscher, & Burns, 1996) and relatively healthy older adults (Lyons, Perry, & 

Littlepage, 1994; Parker, Peet, Jagger, Farhan, & Castleden, 1998).  The SF-36 

is comprised of eight health concepts: physical functioning (PF; 10 items), role-

physical (RP; 4 items), bodily pain (BP; 2 items), general health (GH; 5 items), 

vitality (VT; 4 items), social functioning (SF; 2 items), role-emotional (RE; 3 

items), and mental health (MH; 5 items) (Anderson, Laubscher, & Burns, 1996). 

These eight scales can be aggregated into two components, the SF-36 Physical 

Component Summary (PCS) and Mental Component Summary (MCS). There is 



134 

also a single separate item that is used to assess any change in health from 

one year before. 

     The instrument was administered through personal interview, and norm-

based scores for the SF-36 were calculated using the methods set out by Ware, 

Snow, Kosinski, & Gandek (1993) and Ware & Kosinski (2001). In the norm-

based scales and components, a score of 50 represented the mean. Therefore, 

all scores above or below 50 can be interpreted as above or below the general 

population (US population) norm.  

     Habitual physical activity. Physical activity levels were assessed using 

accelerometers (Actigraph GT1M, Actigraph LLC, Pensacola, FL) as an 

objective measure of daily physical activity. The Actigraph accelerometer is an 

uniaxial monitor that measures the intensity of movement averaged over 1-

minute sampling intervals called ‘epochs’ (Mark & Janssen, 2008). Monitors 

were programmed to start recording at midday of the second meeting and 

recorded activity for the following seven days. Subjects were instructed to wear 

the accelerometer over their right hip (Freedson, Melanson, & Sirard, 1998) for 

a seven-day period (five week days and two weekend days). Exceptions 

included time spent sleeping, showering, and during water-based activities. 

Subjects were asked to maintain their usual activities and record them in a 

diary. Data from each monitor were downloaded by the investigators and 

compared with data from a diary before the average counts/min had been 

calculated. This unit of measurement (counts/min) was generated based on 

magnitude and frequency of movement (Mark & Janssen, 2008). To the best of 

our knowledge, there are no appropriate counts/min cut-points that represent 

meaningful intensity categories (sedentary, moderate and vigorous) in older 

adults. Therefore, in the current study, physical activity levels were expressed 

as the average counts per minute (obtained from the Actigraph monitor) over 

the 7 days. 

     Dietary intake. Dietary intake was measured by a four-day dietary record 

(DR) (three weekdays and one weekend day), before and after the intervention. 
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Subjects were asked to record all food and drink consumed on each recording 

day, trying to not change their eating habits. To ensure standardization in the 

recording, a nutritionist individually instructed the subjects on how to fill out the 

DR correctly. After receiving the completed DRs, nutritionists checked them for 

missing information, and when necessary, the subjects were asked to add extra 

information (generally quantities and food preparation issues) for the following 

visit. Dietary records were analyzed using an adapted national version of the 

software Food Processor Plus® (ESHA Research Inc, Salem, Oregon, USA), a 

nutritional analysis software that converts food intake into total energy and 

nutrients, based on food composition tables available from the USDA (United 

States Department of Agriculture) and national data from typical national foods.  

Statistical Analysis 

     The characteristics of the subjects were initially described using tabulations 

of frequency and percentage distributions. The results were shown as means 

and standard deviations (M±SD). A one-way analysis of variance (ANOVA) was 

used to identify between group differences in baseline values. When a 

significant main effect was detected at a significance level of p<0.05, a 

Bonferonni correction was used for post-hoc comparison. To detect changes 

within groups (pre-test vs. post-test), a paired t-test was employed. The pre-to-

post changes (∆) for each subject were related to the individual baseline level to 

define the relative change (%∆). In order to identify differences in pre-to-post 

changes between groups, General Linear Models were used, with the relative 

change as the dependent variable and the group as the fixed factor. Afterwards, 

baseline values, age, gender, %BF and medication were inserted into the 

models as covariates. Pearson (r) correlation coefficients were used to 

investigate correlations between relative changes in body composition 

variables, physical function tests and HRQoL domains. A Mann-Whitney U test 

was used to identify, in each group, differences between dropouts and 

compliant subjects.  Statistical significance was set at a p value equal to or less 

than 0.05, and all analyses were performed with SPSS (version 17.0). 
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Results 

Drop-out and Characteristics of the Subjects 

     After randomization, 11 individuals (8 RT, 3 AT) out of the 85 left the study 

due to incompatibility with the training timetable. Therefore, only 74 older adults 

began the protocol. During the eight months, another 24 (32.4%) subjects 

dropped out of the study (8 RT, 4 AT, 12 WL) for different reasons: low back 

pain and arthrosis (3 RT);  knee surgery (1 RT, 1 WL); cerebral stroke (1 AT, 1 

WL); medical advice (2 RT, 1 AT); loss of motivation and  moved out of the city 

(2RT, 1 AT) and 11 (1 AT, 10 WL) were lost because they did not complete the 

final assessment.  

     Thus, the total dropout rate was 41.2%, and the final sample was comprised 

of fifty community-dwelling older adults (68.0±5.5 years), mainly women (n=39, 

78.0%); 56.0% had controlled hypertension, 42.0% suffered from dislipidemia, 

and 18.0% had controlled diabetes. According to BMI criteria, 21.0% were 

classified as overweight (25-29) and 28.0% as obese (>30). None of the 

subjects were currently smokers. Finally, four (10.3%) out of thirty-nine women 

were on hormone replacement therapy (HRT). Table 1 presents the main 

characteristics of the subjects for each group at baseline and the flow of 

subjects during the study is presented in Figure 2. 

Differences Between Groups at Baseline 

     Before the protocol, the RT group had better performance than the WL group 

in the 6MWT (p≤0.01), 8FUG (p=0.01), and sit-to-stand five times (p<≤0.01). On 

the contrary, the WL group had better GH perceptions than the RT group 

(p≤0.01). When compared with the WL group, the AT group had higher 

perceptions of their RP (Pp≤0.01). The AT group also demonstrated better 

performance in the sit-to-stand five times than the WL group (p=0.01). The WL 

group had a higher dietary intake when compared with the AT group (p=0.01). 

No significant differences were observed at baseline in either body composition 

outcomes or in physical activity levels. 
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Table 1. Baseline characteristics of the sample. 

 Resistance Aerobic Waiting List 

 n=11 n=20 n=19 

Gender 4 men, 7 women 3 men, 17 women 4 men, 15 women 

Age (years) 67.3±4.9 69.9±5.7 67.8±5.5 

BMI (kg/m2) 29.5 ± 5.0 28.1 ± 4.1 27.2 ± 3.5 

Controlled hypertension, n (%) 6 (54.5%) 9 (45.0%) 13 (68.4%) 

Controlled dislipidemia, n (%) 4 (36.4%) 10 (50.0%) 7 (36.8%) 

Controlled diabetes, n (%) 1 (9.1%) 2 (10.0%) 6 (31.6%) 

Smoking status    

Never, n (%) 9 (81.8%) 18 (90.0%) 17 (89.5%) 

Former, n (%) 2 (18.2%) 2 (10.0%) 2 (10.5%) 

Smoker, n (%) 0 0 0 

HRT, n (%) 1 (9.1%) 3 (15.0%) 0 

BMI – body mass index; HRT – hormone replacement therapy. 

 

 

 

Figure 2. Flowchart describing retention of participants. 
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Differences Within Groups after the Protocol 

     After the protocol, the RT and AT groups demonstrated a lower %BF (RT, 

p=0.02; AT, p≤0.01), while the WL group had greater %BF (p=0.02). No 

changes were observed in older adults’ BMI or lean mass across the eight 

months. As expected, the RT and AT groups also increased their fitness 

through the training. The AT group had a better performance in the 6MWT 

(p≤0.01), and the RT group had higher hand-grip strength (p≤0.01). Additionally, 

both training groups decreased the time needed to perform the sit-to-stand five-

times (RT, p≤0.01; AT, p≤0.01), stair ascent (RT, p≤0.01; AT, p≤0.01) and the 

8FUG (RT, p≤0.01; AT, p≤0.01) tests. Interestingly, the WL group also 

decreased the time needed to perform the sit-to-stand five times test (p=0.02). 

Besides improvements in body composition and fitness, the older adults in the 

AT group scored higher on PF (p=0.04), GH (p≤0.01) and MH (p=0.03), and 

older adults in the RT group also scored higher on GH (p=0.04). On the 

contrary, worse scores on GH (p=0.04) and MH (p=0.04) were observed in the 

WL group after the protocol (Table 2). At baseline, in the single separate item of 

SF-36 that was used to assess any change in health from one year before, the 

majority of the subjects (70.0%), independent of group, reported no changes in 

their health status during the last year. On the other hand, after intervention, 

72.7% and 65.0% of the RT and AT groups, respectively, evaluated their health 

as somewhat better or much better than one year ago, while 47.4% of the WL 

group self-reported their actual health status as somewhat worse now than one 

year ago. Moreover, none of the subjects in this group reported his or her health 

as somewhat better or much better than one year ago (Table 3).  

     Subjects did not change their physical activity levels (p=0.39) or their dietary 

patterns (p=0.95) across the eight-month study period. 

Differences in Relative Changes Between Groups 

     General linear models demonstrated significant differences in relative 

changes between groups for BMI, %BF, 6MWT, 8FUG, stair ascent, sit-to-

stand, GH, MH, and PCS. Post-hoc comparisons demonstrated that relative 
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changes in BMI were more pronounced in the RT group than in the WL group 

(p=0.03). Greater differences were also identified in the RT and AT groups than 

in the WL group regarding %BF (p≤0.01). Concerning changes in functional 

fitness, individuals in the AT group demonstrated a greater improvement in 

6MWT (p≤0.01) and in stair ascent (p≤0.01) than those in the WL group. 

Relative changes in 8FUG and sit-to-stand five times were more pronounced in 

both training groups than in the WL group (p≤0.03). Finally, the relative 

differences for GH (p=0.01) and MH (p≤0.01) were greater in the AT group than 

in the WL group, and the PCS relative difference was greater in the RT group 

than in the WL group (p=0.02). No significant differences in relative changes 

were observed between the AT and RT groups.  
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Table 2. Outcomes at baseline (before) and after protocol. 

 

† Outcomes that presented differences between groups at baseline. *Differences within groups (before and after interventions/observation). p<0.05. 
BMI – body mass index; %BF – percentage of body fat; 6MWD – six-minute walk distance; 8FUG – eight-foot up-and- go; PF – physical functioning; RP – role-physical; BP – bodily  pain; GH -  

general health; VT – vitality; SF – social functioning; RE – role-emotional; MH - mental health; PCS – Physical Component Summary; MCS – Mental Component Summary. 
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Table 3. Frequencies and percentages for each self-rating option in the item 

“changes in general health”, before and after protocol. 

 Resistance Aerobic Waiting List 
 Before After Before After Before After 

1. Much better now than one 

year ago, n (%) 

- 1 (9.1) 2 (10.0) 6 (30.0) 1 (5.2) - 

2. Somewhat better now than 

one year ago, n (%) 

- 7 (63.6) 3 (15.0) 7 (35.0) 3 (15.8) 1 (5.2) 

3. About the same, n (%) 9 (81.8) 3 (27.3) 14 (70) 7 (35.0) 12 (63.2) 9 (47.4) 

4. Somewhat worse now than 

one year ago, n (%) 

2 (18.2) - 1 (5.0) - 3 (15.8) 9 (47.4) 

5. Much worse now than one 

year ago, n (%) 

- - - - - - 

 

 

 

     Further adjustments for baseline values, age, gender, %BF and medication 

use slightly changed results. In the adjusted models, the factor group did not 

explain the relative changes in BMI. In addition, the relative changes between 

the RT and the WL groups in the sit-to-stand five times test and in the PCS lose 

significance. On the contrary, in the adjusted models, relative changes in the 

stair ascent were greater in both the AT and RT groups than in the WL group. 

Finally, the mean differences of the RE and MCS were greater in the AT group 

than in the WL group (see Table 4). 
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Table 4. General Linear Models: between group comparisons of mean relative 

changes (%∆). 

 Unadjusted Model  Adjusted Model† 

Dependent Variable F p Partial 

Eta2 (%) 

F p 

Model 

p 

Factor 

Partial Eta2 

(%) 

Body composition        

%∆ BMI 4.0 0.03 14.5 4.0 <0.01 0.06 50.0 

%∆ %BF 17.7 <0.01 42.9 6.4 <0.01 <0.01 59.0 

%∆ Lean mass 0.2 0.81 0.9 1.0 0.44 0.56 45.0 

Functional fitness        

%∆ 6MWT 6.9 <0.01 23.8 2.9 <0.01 <0.01 44.2 

%∆ Stair ascent 9.4 <0.01 29.0 5.4 <0.01 <0.01 58.7 

%∆ 8FUG 6.9 <0.01 23.1 3.6 <0.01 <0.01 47.8 

%∆ Sit-to-stand five times 7.1 <0.01 23.9 2.0 0.06 0.04 34.5 

%∆ Hand-grip strength/Body 

weight 

2.1 0.13 8.3 5.9 <0.01 0.08 60.0 

Health-related quality of  life 
       

%∆ PF 0.5 0.58 2.3 5.2 <0.01 0.84 57.2 

%∆ RP 1.9 0.17 7.5 2.6 0.02 0.13 40.1 

%∆ BP 1.9 0.16 7.7 4.8 <0.01 0.12 55.9 

%∆ GH 4.6 0.02 16.6 4.7 <0.01 0.03 54.4 

%∆ VT 0.8 0.46 3.2 0.9 0.57 0.19 18.1 

%∆ SF 0.4 0.70 1.5 4.7 <0.01 0.81 55.4 

%∆ RE 1.4 0.27 5.4 4.9 <0.01 0.02 59.0 

%∆ MH 5.9 <0.01 20.2 2.8 0.01 0.03 41.5 

%∆ PCS 4.2 0.02 15.4 2.7 0.01 0.04 41.2 

%∆ MCS 2.7 0.08 10.6 8.2 0.01 0.02 68.4 

Independent variable – mean change (%∆) in outcomes; Factor – Group. 

†Adjusted for baseline values, age, gender, %BF, and medication use.BMI – body mass index; %BF – percentage of body fat; 

6MWD – six-minute walk distance; 8FUG – eight-foot up-and- go; PF – physical functioning; RP – role-physical; BP – bodily  pain; 

GH -  general health; VT – vitality; SF – social functioning; RE – role-emotional MH - mental health; PCS – Physical Component 

Summary; MCS – Mental Component Summary. 
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   Correlation Between Relative Changes 

All changes in functional fitness tests were significantly correlated with changes 

in %BF. The observed correlations between a change in %BF and changes in 

6MWT and handgrip strength (-0.32 ≤r≤ -0.40; p≤0.02) were negative, while the 

correlations between the change in %BF and a change in time to perform each 

of stair ascent, 8FUG, and sit-to-stand five times were positive (0.28 ≤r≤ 0.41; 

p≤0.05). A change in one´s performance in the stair ascent test negatively 

correlated with changes in BP (r=-0.41; p≤0.01) and MH (r=-0.39; p≤0.01). 

There was a trend that a change in 6MWT would positively correlate with 

changes in BP (r=0.27; p=0.06) and MH (r=0.29; p=0.05). Finally, changes in 

body composition did not correlate with changes in HRQoL domains. 

  Baseline Differences Between Individuals With and Without Missing Data 

     When compliant individuals were compared with individuals who had 

dropped out, minimal differences were observed. In the RT group, the dropout 

subjects had lower aerobic fitness than the compliant subjects (p=0.04). The 

opposite was observed in the AT group: the compliant subjects had a worse 

performance at baseline on the aerobic fitness test than the subjects who 

dropped out (p=0.03). Compliant subjects in the WL group had a better 

performance on the stair ascent (p=0.04) and a better perception of their RP  

(p=0.02) and PCS (p=0.03) than volunteers who gave up along the study 

period.  

Discussion 

     The decline in HRQoL generally observed during aging is multi-factorial, 

including among other factors, biological aging, disease, fat mass increase and 

redistribution, sarcopenia, death of relatives and friends, and certain lifestyle 

patterns (Halvorsrud & Kalfoss, 2007). Therefore, any intervention designed to 

improve the HRQoL of older adults also has to combat multiple factors. In the 

present study it was demonstrated that after exercise training, older adults 



                                                       

144 
 

decreased their total body fat percentage and improved their overall functional 

fitness. Additionally, the AT group was able to increase their self-reported PF, 

GH, and MH, while the RT group increased self-reported GH. Finally, the 

magnitude of relative changes for all variables was not different among training 

groups, suggesting that they have similar benefits for body fat control, 

functionality, and self-reported HRQoL of community-dwelling older adults. 

     In this study, body composition was investigated because the common 

decrease in skeletal muscle mass (Visser, et al., 2005) and the increase in body 

fat put older adults at a higher risk of chronic conditions and disability 

(Bouchard, et al., 2007). Moreover, it has been demonstrated that increased 

body fat was associated with decreased PF and RP domains for SF-36 

(Villareal, Banks, Siener, Sinacore, & Klein, 2004). Studies addressing the 

impact of exercise training on body composition have provided conflicting 

results. In accordance with the present observations, others have demonstrated 

resistance (Sillanpaa, et al., 2008) and aerobic training (Okita, et al., 2004) as 

valuable for reducing body fat. Nevertheless, the contrary was also observed 

(Heffernan, et al., 2009; Timmerman, Flynn, Coen, Markofski, & Pence, 2008; 

Wanderley, Oliveira, Mota, & Carvalho, 2010). It is likely that differences in 

results are due methodological bias, like lower intensity and the duration of 

interventions, as well as the use of different methods for assessing body 

composition. Another explanation may be the lack of control of diet intake. None 

of the studies previously mentioned have controlled for this possible 

confounding factor. In the present study, the energy intake of subjects was 

assessed at baseline and at the end of the protocol, and no significant change 

within groups was observed. Moreover, subjects did not report any illness or 

medication that could interfere in their weight or body fat. In this regard, it is 

likely that the observed changes in body composition were probably mostly 

related to the exercise training. 

     Taking into account that social contacts (Farquhar, 1995), the number of 

chronic conditions (Leinonen, et al., 2001), functionality (Leinonen, et al., 2001; 

Netuveli & Blane, 2008), disability (Lebrun, et al., 2006), and independence 
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(Netuveli & Blane, 2008) are relevant aspects when older adults assess their 

HRQoL, it was hypothesized that if AT and RT increased physical function and 

fitness of subjects to levels that permitted them to carry out an array of activities 

relevant to effective community living, such as walking, climbing, lifting, standing 

from a seated position, and handling everyday objects without fatigue, it would 

ameliorate HRQoL. Confirming the hypothesis, and in accordance with previous 

findings (Henwood, Riek, & Taaffe, 2008; Hung, et al., 2004; Levinger, 

Goodman, Hare, Jerums, & Selig, 2007; Tsai, et al., 2002), the observed 

improvements in body composition and in functional fitness after training were 

followed by better perceptions of HRQoL in both the AT and RT groups.  

Indeed, the AT group obtained higher scores in three out of eight SF-36 

domains (PF, GH and MH) while the RT group scored higher on the GH domain 

only. It is also important to mention that before intervention, the AT and RT 

groups had, on average, five and four out of eight domains that scored lower 

than normative values, respectively. But, at the end of the protocol, the AT 

group scored above the norm in all SF-36 domains and the RT group in six out 

eight. In addition, more than 60% of the individuals in the training groups rated 

their general status as better after the protocol, while almost 50% of individuals 

in the WL group rated their health as worse after the 8-month study period. 

Despite the AT group demonstrated within-group changes in a greater number 

of HRQoL domains than the RT group, the mean relative changes between the 

training groups for HRQoL domains were not different. Hence, these results are 

consistent with previous research (Kimura, et al., 2010; Martins, Assis, Nahas, 

Gauche, & Moura, 2009; Tsai, et al., 2002) suggesting that HRQoL improves 

with exercise, whatever the training type performed. 

 Despite relationships between body composition and HRQoL that were 

demonstrated in observational studies (Lebrun, et al., 2006; Lorraine, 

Hammock, & Blanton, 2005), in the present study the changes observed in body 

composition were not related with the changes in the domains of HRQoL. On 

the contrary, changes in performance in all the functional fitness tests correlated 

with changes in %BF, suggesting that maybe the relationship between body 
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composition and HRQoL is, to a certain degree, mediated by functional fitness. 

The observed change in the stair ascent performance also related with changes 

in the BP and MH domains. It is not surprising that a surrogate measure of 

lower limb strength and mobility related with one’s subjective HRQoL. Several 

studies have reported that a loss of strength and power in older adults seems to 

be more pronounced in the lower limbs than in the upper limbs (Landers, 

Hunter, Wetzstein, Bamman, & Weinsier, 2001) and that this lower limb muscle 

impairment is associated with disability and the loss of one’s mobility and 

independence. Therefore, it is possible that increases in functional fitness, 

namely in  lower limb strength and mobility, may provide a global indicator of 

health and functioning through which the improvements in health and functional 

performance can be perceived and reflected in everyday life (Rejeski & Mihalko, 

2001) and, for that reason, in training-induced improvements in the self-reported 

HRQoL of  the subjects.  

Other possible mechanisms include the effects of exercise on an array of 

positive health outcomes in older adults, including mitigating cardiovascular 

disease risk factors and reducing one’s risk of falling (King, et al., 2000). The 

psychological benefits of social interaction and support were also suggested to 

be possible mediating factors of the exercise training effects on subjective 

HRQoL (Liu-Ambrose, et al., 2005). Finally, it has been suggested that exercise 

training might improve serotonin and endorphin levels, which can lead to 

beneficial effects on one’s mood and feelings of well-being (Kritz-Silverstein, 

Barrett-Connor, & Corbeau, 2001). However, these variables were not 

controlled for in the present study. 

     Some caution is warranted when interpreting the results of this study. Firstly, 

the sample was comprised of independent, community-dwelling older 

volunteers with no serious medical conditions, and thus, does not represent a 

true randomized sample. In addition, a higher withdrawal rate was observed 

particularly in the RT group. This increased rate of dropouts may undercut the 

benefits of randomization. In order to explore possible bias in the results, the 

baseline values of compliant individuals and dropouts were compared in each 
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group. In the RT group, the dropouts had a worse performance in 6MWT than 

compliant subjects, while the opposite was observed in the AT group. In 

general, lower fitness levels at baseline are related to greater improvements 

after training, which suggests that, most likely, if the dropouts in the RT group 

had followed the protocol, the mean increase in the 6MWT of this group would 

be higher than the observed increase. The contrary it would probably happened 

with the AT group. In the WL group, compliant subjects had a better 

performance on the stair ascent test and a better perception of their RP and 

PCS than dropouts, suggesting that if all subjects had adhered to the protocol, 

the mean change differences between the WL group and the training groups 

would be higher than the observed differences. Nevertheless, previous studies 

(Ring-Dimitriou, et al., 2007) with long-duration exercise programs like that 

seem in the present study have reported a similar withdrawal rate.  

     Despite these limitations, this study has several strengths. Potential 

confounding variables were controlled for, such as habitual physical activity 

levels objectively measured by accelerometers, dietary intake, number of 

chronic conditions, and medication.Considering the study’s limitations and 

strengths, the results led us to conclude that eight months of moderate to 

vigorous exercise training – independent of the exercise type (aerobic or 

resistance) – is an effective intervention for decreasing body fat mass 

percentage, improving overall physical function, and improving several domains 

of self-reported HRQoL in community-dwelling older adults. With the number of 

older adults constantly increasing, a public health approach based on the 

dissemination of aerobic and/or resistance exercise programs seems to be of 

paramount importance to avoid an increased number of disabled older 

individuals living with a poor HRQoL. However, additional studies with larger 

samples are needed to clarify this issue. 
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8. FINAL REMARKS 

This section aims to answer the three major questions of this thesis based on 

the main findings of the descriptive, correlational and RCT studies. 

Are simple physical/functional fitness field tests capable of identifying, in a 

group of community-dwelling older adults, those who are at an increased risk of 

CVD and those with a lower HRQoL? 

The findings from Study II demonstrated that the performance of community-

dwelling older adults on the 6MWT was associated with cardiovascular function 

at rest and with several CVDs risk factors. These findings reinforce results from 

previous studies which demonstrated that lower levels of aerobic fitness are 

related with an increased CVD risk. Moreover, this study adds to the body of 

literature providing evidence that a simple field-test is able to identify older 

individuals with high %BF, SBP, and RPPrest, independent of age and sex. 

Results from previous observational studies have demonstrated that lower 

levels of aerobic fitness and muscular strength were related with decreased 

functionality and increased disability and dependence in older adults. 

Considering that older adults generally report disability and the loss of 

autonomy as contributing factors to a poor QoL/HRQoL, this study aimed to 

observe if aerobic fitness and muscular strength, as surrogate measures of 

functional limitation, and assessed by simple field tests were capable of 

identifying older adults with a low self-reported HRQoL. 

The results confirmed that, at least in this group of community-dwelling older 

adults, the way they reported some aspects of HRQoL were related to general 

physical fitness as assessed by 6MWT and hand-grip strength. The fit older 

adults were twice as likely to score higher in the PF, RP and VT domains, as 

compared to their less-fit peers. Moreover, the observed positive associations 

between 6MWT and hand-grip strength with PF, RP and VT seemed to be 

independent of BMI, the number of chronic conditions and education. 
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Altogether, the findings from descriptive studies suggested that (i) simple 

fitness tests like 6MWT are able to identify older adults with an increased CVD 

risk and (ii) that physical fitness is positively related with self-reported physical 

health domains. 

However, the findings from the descriptive correlational studies do not prove 

causality. Thus, to observe the direct effects of increasing physical fitness on 

CVD risk factors, cardiovascular function, functional fitness and HRQoL of 

community-dwelling older adults, a RCT was designed. Although fitness is 

greatly influenced by genetics, exercise training seems to be the better way to 

improve individuals´ fitness. Therefore, two different exercise training typesAT 

and RT were chosen in order to achieve this goal. 

Does exercise training improve the CVD risk profile, cardiovascular function, 

functional fitness, and HRQoL of community-dwelling older adults? 

After the eight months of exercise training, subjects in both AT and RT 

groups improved their overall performance in physical and functional fitness 

tests as well as decreased total %BF and trunk fat. Additionally, RT was able to 

increase overall HRV whereas AT was able to decrease resting BP and resting 

HR, increase efferent vagal activity, and decrease low-grade systemic 

inflammation, in community-dwelling older adults. Finally, AT was able to 

increase self-reported PF, GH, and MH, while RT increased self-reported GH, 

and independent of training type, 67.7% of trained subjects reported their health 

as much better or somewhat better now than one year ago. 

Are there differences in the effects of aerobic versus resistance training on 

the CVD risk profile, cardiovascular function, functional fitness, and HRQoL of 

community-dwelling older adults? 

The magnitude of relative changes for body composition, autonomic function 

(HR, BP, and HRV), lipidic profile, fasting glycemia, inflammation markers, 

performance on functional fitness tests, and HRQoL domains were not different 

among exercise training types, suggesting that they have similar benefits for 
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cardiovascular function, CVD risk factors, functionality, and self-reported 

HRQoL of community-dwelling older adults. 

Altogether, the findings from the RCT studies suggested that aerobic or 

resistance exercise training is an effective intervention for: (i) improving overall 

physical function; (ii) decreasing body fat mass percentage; (iii) improving 

autonomic function; (iv) decreasing low-grade chronic inflammation, as 

assessed by hs-CRP; and (v) improving several domains of self-reported 

HRQoL. The last finding from the RCT studies is that AT and RT seem to 

induce changes of similar magnitude on the variables investigated in this thesis. 

Briefly, it seems that in physically independent, community-dwelling older 

adults, with no serious medical conditions, the type of exercise training does not 

matter for increasing functionality, reducing CVD risk or increasing HRQoL; the 

most important is that they exercise.  

Based on the present results and those from previous disability models, we 

suggested a new amended model, in Figure 1, in order to explain the 

interactions between CVD risk factors, inactive lifestyle, functional fitness, 

impairment-disability evolution, and HRQoL in older adults, as well as the role of 

physical activity and exercise training on these interactions. 

It is now proposed that changing an inactive lifestyle by increasing the 

quantity and intensity of PA, which can be done through formal and structured 

PA like the exercise program presented in this thesis, will lead to an increase in 

physical and functional fitness. Both were demonstrated to be negatively related 

with CVD risk. A decreased risk for CVD added to an increased fitness and 

functionality will decrease the one’s susceptibility to impairment, functional 

limitation, and disability. Finally, reducing older adults’ CVD risk and disability 

and increasing their functionality will favor a higher subjective HRQoL. 

 

 



                                                       

164 
 

 

 

Figure 1. The first model was suggested by Rikli & Jones (1999). The 
second model was amended based on the results obtained in this thesis and 
aims to explain the interactions between CVD risk factors, an inactive 
lifestyle, functional fitness, impairment-disability evolution, and HRQoL in 
physically independent, community-dwelling older adults with no serious 
medical conditions. 
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9. CONCLUSION 

Based on the analysis of the results drawn from the different studies 

presented in this thesis, it is possible to conclude that, in physically 

independent, community-dwelling, older adults with no serious clinical 

conditions: 

A worse cardiovascular profile (higher %BF, trunk fat, SBP) is related with 

lower aerobic fitness as assessed by 6MWT.  

An elevated aerobic fitness level, as assessed by 6MWT, is correlated with 

favorable cardiovascular function at rest.  

Higher levels of physical fitness, as assessed by hand-grip strength and 

6MWT, are associated with higher self-reports in several domains of HRQoL, 

especially those included in the physical health component. 

Eight months of moderate to vigorous aerobic or resistance exercise training: 

(i) improves physical and functional fitness, (ii) decreases CVD risk profile, (iii) 

increases cardiovascular function, and (iv) improves subjective HRQoL 

Aerobic and resistance training seem to induce changes of similar magnitude 

on physical and functional fitness, CVD risk profile, and subjective HRQoL. 

For future research, it is recommend a larger sample and the use of different 

exercise types as well as different training intensities and duration. An 

investigation into the effects of exercise training on different indexes of 

autonomic dysfunction and other biochemical and inflammatory markers related 

to CVD is also recommended.  
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APPENDIX 1  

Written Informed Consent 
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APPENDIX 2 

Medical Outcomes Study 36-Item Short-Form Health Study 
questionnaire, adapted and validated for the Portuguese population 
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(por exemplo foi preciso mais esforço) 
 
 
5. Durante as últimas 4 semanas teve, no seu trabalho ou actividades diárias, 

algum dos problemas apresentados a seguir devido a quaisquer problemas 
emocionais (tal como sentir-se deprimido/a ou ansioso/a)? 

 Sim Não 
a) Diminuiu o tempo gasto a trabalhar, ou noutras actividades 1 2 
b) Fez menos do que queria 1 2 
c) Não executou o trabalho ou outras actividades tão cuidadosamente como era 
costume 

1 2 

 
 
6. Durante as últimas 4 semanas, em que medida é que a sua saúde física ou 

problemas emocionais interferiram no seu relacionamento social normal com 
a família, amigos, vizinhos ou outras pessoas? 

Absolutamente Nada Pouco Moderadamente Bastante Imenso 
1 2 3 4 5 

 
7. Durante as últimas 4 semanas teve dores? 

Nenhumas  Muito fracas Ligeiras Moderadas Fortes Muito Fortes 
1 2 3 4 5 6 

 
 
8. Durante as últimas 4 semanas, em que medida é que a dor interferiu com o seu 

trabalho normal (tanto o trabalho de casa como o trabalho doméstico)? 
Absolutamente nada Pouco Moderadamente Bastante Imenso 

1 2 3 4 5 
 
 
9. As perguntas que se seguem pretendem avaliar a forma como se sentiu e 

como lhe correram as coisas nas últimas quatro semanas. 
       Por cada pergunta, coloque por favor, uma cruz na resposta que melhor descreve a forma como se sentiu 
 
Quanto tempo, nas últimas quatro 
semanas 

Sempre A maior 
parte do 
tempo 

Bastante 
tempo 

Algum 
tempo 

Pouco 
tempo 

Nunca 

a) Se sentiu cheio/a de vitalidade? 1 2 3 4 5 6 
b) Se sentiu muito nervoso/a? 1 2 3 4 5 6 
c) Se sentiu tão deprimido/a que 
nada o/a animava? 

1 2 3 4 5 6 

d) Se sentiu calmo/a e tranquilo/a? 1 2 3 4 5 6 
e) Se sentiu com muita energia? 1 2 3 4 5 6 
f) Se sentiu triste e em baixo? 1 2 3 4 5 6 
g) Se sentiu estafado/a? 1 2 3 4 5 6 
h) Se sentiu feliz? 1 2 3 4 5 6 
i) Se sentiu cansado/a? 1 2 3 4 5 6 
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10. Durante as últimas 4 semanas teve, até que ponto é que a sua saúde física ou 

problemas emocionais limitaram a sua actividade social (tal como visitar 
amigos ou familiares próximos)? 

Sempre A maior parte do tempo Algum tempo Pouco tempo Nunca 
1 2 3 4 5 

 
11. Por favor, diga em que medida são verdadeiras ou falsas as seguintes 

afirmações: 
Ponha uma cruz em cada linha Absolutamente 

verdade 
Verdade Não 

sei 
Falso Absolutamente 

Falso 
a) Parece que adoeço mais facilmente 
do que os outros 

1 2 3 4 5 

b) Sou tão saudável como qualquer 
outra pessoa 

1 2 3 4 5 

c) Estou convecido/a que a minha 
saúde vai piorar 

1 2 3 4 5 

d) A minha saúde é óptima 1 2 3 4 5 
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APPENDIX 3 

Physical Activity Diary 
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APPENDIX 4 

Dietary Record 
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 Se forem cozidas, indique o número de batatas do tamanho de um ovo; em puré, diga o 
número de colheres de sopa. Se forem fritas, indique a que parte do prato corresponde (meio 
prato, um quarto de prato); em pacote, diga se é pequeno, médio ou grande. 
 
 Óleos, manteiga e margarina 
 Use colheres de sopa ou de chá 
 
 Açúcar, cacau, chocolate, mel 
 Use pacotes de açúcar ou colheres de chá 
 
 Pão, pastelaria e doces 
 Use o número de pães ou fatias e mencione o tipo de pão se não for corrente (de trigo). 
 Bolos: 1 unidade ou 1 fatia 
 
 Fruta 
 Refira o nome da fruta e indique o número de porções médias; se forem uvas, a 
unidade é 1 cacho. 
 
 
NOTA: Se tiver balança ou conhecer o peso do alimento pode referi-lo 
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Dia da semana:      Data:_____/_____/_____ 
 
Hora 

 
Local Alimento Quantidade 
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APPENDIX 5 

Individual Physical Fitness Report 
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Nota: O símbolo – significa que piorou e o + que melhorou 
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ÍNDICE DE MASSA CORPORAL – IMC 
Os Meus Resultados  Encontro-me: Alteração 
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PERÍMETRO DO ABDÓMEN 
Os Meus Resultados  Encontro-me: Alteração 
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RELAÇÃO CINTURA QUADRIL – RCQ 

Os Meus Resultados 
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Nota: O símbolo – significa que piorou e o + que melhorou 
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Nota: O símbolo – significa que piorou e o + que melhorou 
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