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In recent years, interest in exercise training for both 
healthy and unhealthy individuals has grown rapidly. 
Large cohort studies (4) and randomized clinical 
trials have created widespread recognition that 
regular physical exercise has health benefits for both 
men and women of all age-groups (15). Nowadays, it 
is well-known that a healthy lifestyle includes regular 
physical exercise, with some variation in type, 
frequency, intensity and duration, according to age 
and individual goals (11). As a rule, almost all the 
benefits of exercise seem to follow a quasi-linear 
dose-response pattern (6), with the most favorable 
results obtained by changing from a sedentary habitus 
to a somewhat active lifestyle. Notwithstanding, 
some additional benefits can be obtained by 
exercising longer, harder and more often, with 
vigorous exercise being better than light or 
moderately intense exercise (2). In reality, recent 
European and American institutional guidelines (11, 
14) have suggested that, per week, 75 minutes of 
vigorous exercise are equivalent to 150 minutes of 
light to moderate exercise. 
The relevance of regular physical exercise to health 
has resulted in more academic research on the 
relationship between these two, and, consequently, 
more articles on this topic. Searching Medline, the 
most famous medical literature database, with over 
20 million citations for biomedical literature, reveals 
that about 4% of these papers include the expressions 
physical activity OR physical exercise OR sports in 
their titles or abstracts. This increase in the rate of 
annual publications on exercise seems to be higher 
than the same rate for other areas of biomedical 
knowledge. To address this hypothesis, we have 
compared the number of citations, within different 
time limits, for physical activity OR physical exercise 
OR sports versus hepatitis, an old and classical 
disease. Using this approach, it is possible to 
differentiate any real increase from the increase that 
might be caused by covering a larger number of 
journals. With no time limit imposed, there is less 
than a 20% difference between the number of 

citations for both conditions – exercise (197,800) versus 
hepatitis (167,000). However, in recent years, the 
number of exercise citations has increased more quickly 
than the number of hepatitis citations, bringing the 
difference between the two to over 50%. While exercise 
citations grew significantly, from a mean of 750/year 
during the 2001-2005 period, to over 1,100/year in the 
last two-year period, for published papers in Medline-
indexed journals, the equivalent figures for hepatitis are 
more or less stable along the last 10 years, ranging from 
620 to 720/year (see figure 1).  
Another reliable source of high-level research activities 
is the Clinical Trials Registry (www.clinicaltrials.gov). 
Formal registration in this international body has been 
endorsed by the International Council of Medical 
Journal Editors and made mandatory by a growing 
number of clinical journals for all original papers 
submitted for publication. In this registry, there are 
currently (March 2011) more than 100,000 trials (the 
large majority of them randomized) from researchers 
located in 174 countries. Navigating this website, it is 
possible to observe the clinical research trends in a 
given area, since the site incorporates not only 
finalized, but also ongoing and even many just-
proposed and about-to-start, randomized clinical trials. 
Searching exercise training and limiting for 
interventional studies and those considering only adults 
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Figure 1:  1991-2010 trends in number of papers indexed in 
Medline with exercise and hepatitis expressions (values are 
normalized as 100% of 1991 data). 
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Figure 2: Trainability potential. 
 
 

or senior individuals, a total of 947 trials were 
identified. Following the order presented by the 
search engine, a sample of 5% (47 trials) was further 
revised for more detailed examination.  
The 47 randomized trials selected involve a variety of 
clinical conditions, most often but not only 
cardiovascular diseases, and were conducted in 15 
different countries. The median intervention training 
duration was 3 months, ranging from just a few 
sessions (about one week) to 3 years. Interestingly, 
only about 10% lasted one year (4 studies) or more 
(one 3-year study), with the majority reporting 3-
month or 12-week periods. Having collected all this 
reliable and relevant data about the status of scientific 
knowledge on exercise-related topics, we could try to 
contextualize it to serve our purpose of encouraging 
as many people as possible to be physically active.  
It has long been well-known that adaptation or 
trainability is related to both initial level and duration 
of stimulus exposure. In other words, an individual 
who performs at a low level for a given variable or 
attribute will tend to obtain faster and larger 
improvement with training than another individual 
who, when beginning training, already performs at a 
higher level. In the same way, most benefits or gain 
in performance tend to occur during the very first 
stages of training, with very modest or even no 
improvement if stimulus is kept constant forever 
(figure 2 for a typical trainability response curve). 
While it is very reasonable to consider logistics and 
economics when pursuing longer interventions in 
research settings, it is, at least, intriguing to consider 
 
Table 1: A proposal of classification of 
interventional studies by duration. 
 

Classification Duration 

Very short-term < 4 weeks 

Short-term 4 to 12 weeks 

Medium-term 3 to 6 months 

Long-term 6 to 60 months 

Very long-term 5 to 30 years 

 

how this information can be used with patients in real 
life. Let us suppose that an exercise specialist is 
required to advise a 40-year old sedentary man on how 
to start and incorporate a strength training program into 
his personal routine. Searching the literature, the 
specialist finds a well-designed randomized trial in 
which a sample of healthy, sedentary adults volunteered 
for two regimens of an 8-week strength training 
program, named Y and Z. 
Hypothetically, at the end of the intervention, the 
results showed a significantly larger gain – 18% vs 
13%, respectively – in 1-RM (one maximum repetition) 
of a biceps curl movement. At first sight, the Y training 
regimen is better and should be recommended. 
However, this study, as carried out, does not tell us 
what would happen if the same individuals, rather than 
performing Y and Z for eight weeks, incorporated these 
regimens into their daily routines and continued to train 
for life. If both training regimens are continued for 
years and years, will program Y start to generate more 
injuries or show less subject adherence? Will program 
Y continue to show larger strength gains? 
Unfortunately, we do not have any scientific evidence 
to answer these very relevant questions and others 
similar to them, but considering the concept of 
trainability, similar results could be expected in the 
long-term, since the possibility of improvement is 
inversely related to initial level of improvement (those 
who experienced more benefits after week 8 would 
perform at a higher level after the next 8 weeks and so 
forth). Returning to our hypothetical case, and hoping 
that the trainer’s client continues to perform strength 
training for the rest of his life, maybe 40 years, are the 
small differences seen between programs Y and Z 
during an 8-week period (less than 1% of a 40-year 
period) relevant when prescribing strength training for 
life? Most likely, no! 
In other words, the vast majority of exercise training 
studies are too short, compared to human life 
expectancy (close to 80 years) or years of adult life (40 
to 50 years), and too few studies are conducted after 10- 
to 40-year follow-up periods (3, 5, 9, 12, 13), to be able 
to generate precise or relevant information that answers 
long-term questions. In fact, the 8 or 12-week periods 
over which interventional exercise training studies are 
conducted correspond to about 0.1% of the potentially 
active lifespan of a human being! So, if we really want 
to encourage people to incorporate comprehensive 
exercise – aerobic, muscular strength/power, flexibility, 
coordination and balance – for health purposes into 
their daily lives, as has been recommended (2, 6, 11, 
14), and decrease the chance of presenting exercise-
related injuries, long-term interventional exercise 
training studies are urgently needed, even if it is less 
feasible to control variables in such studies and 
randomized trials are unviable. For practical reasons, in 
table 1, a list of expressions related to intervention 
duration is proposed.   
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It is also important to consider the aging process 
when thinking about exercise performance and 
training. While it is widely recognized that, even for 
the oldest individuals, some trainability is preserved, 
it is also clear that aging per se tends to impair 
maximal performance of physical fitness activities (1, 
16, 17). However, when previously sedentary middle-
aged individuals start regular and vigorous physical 
exercise training regimens, quite often, their 
performance not only improves, but also becomes 
better than or superior to that of young, sedentary 
adults (3). On the other hand, several studies of 
master athletes have shown that the maximal 
performance of those physically active throughout 
their lives is inferior to that achieved by young 
athletes (7, 8). Nevertheless, it is quite frustrating to 
recognize that there are no long-term intervention 
exercise training studies available that have identified 
the best protocols for maintain high levels of physical 
fitness throughout life. As a matter of fact, from a 
lifelong perspective, the most desirable scenario is to 
maintain physical fitness as much as possible – 
aerobicism, flexibility, strength/power and body 
composition – in order to diminish the effects of 
aging (3, 10), but, again, we do not yet know which 
exercise stimuli most effectively achieve this goal.  
In summary, while appropriate randomized clinical 
trials are certainly needed to carefully control most or 
all of the intervening or confounding variables, it is 
likely time to consider the potential of less-controlled 
long-term intervention studies on exercise training, 
especially when more practical information is surely 
demanded by health professionals and society. 
Adding to and balancing the information derived 
from these two approaches will yield the best advice 
on how to make more people physically active. 
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