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Abstract

Lately, as our research group also previously showed, there is increased awareness in
understanding if actually exercise performing could be somehow protective against most
of the neuropsychiatric disorders such as dementia, Parkinson’s disease, anxiety,
depression, autism, schizophrenia or substance abuse disorder. Moreover, unlike cardio
respiratory fitness, the effects of muscular strength training or resistive-type exercise on
physiological and psychological outcomes have been largely overlooked in the research
community. Thus, the main purpose of this article is to summarize what is currently
known about the influence of strength training performed by adults on general mental
health manifestations, as those encountered on the aforementioned disorders, by focusing
this time on the specific physical movement aspects such as dose response, intensity,
frequency and volume when performing these strength training exercises.
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Introduction

Strength training is defined as the repeated muscle action against a resistance
greater than those typically encountered during activities of daily living [1].
Muscle strengthening exercises are regularly performed as part of a progressive
strength training program conducted with free weights, resistance training
equipment, or elastic bands. Other examples of physical activities besides those
listed above that may require a high resistance, depending on individual
particularities such as a person’s age, body size, strength, and fitness level, include
gardening, carrying loads [2], water-based exercises [3], and activities that use the
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body weight for resistance, for example pull-ups, chin-ups and push-ups or body
weight squats.

However lately, as our research group previously showed [4-8], there is
increased awareness in understanding if actually exercise performing could be
somehow protective against most of the neuropsychiatric disorders such as
dementia, Parkinson’s disease, anxiety, depression, autism, schizophrenia or
substance abuse disorder.

In this way, for example it was previously demonstrated that an inverse
relationship between cognitive impairment and cardiovascular fitness does seems
to exist. Moreover, strength training was shown to be particularly effective for
improving postural and motor functioning and reducing the risk of falling in
demented subjects. In addition, the prevalence of obesity in children with autism
was found to be 30.4% compared with 23.6% in age matched children without
autism. The found data suggests that cardiovascular exercise interventions led to
an improvement in overall symptomatology of autism, with significant results in
behavioural and academic improvements, while also it was found to reduce the
frequency of stereotypical behaviours, aggressive or self-injurious behaviours, and
hyperactivity. Regarding Parkinson's disease, latest studies found that the risk of
developing this disease appeared to be inversely associated with the amount of
physical activity practiced throughout life. Also, strength training was found to
have a positive effect on disease progression in people with Parkinson disease. In
addition, studies on schizophrenia patients found a reduction in the severity of
total symptoms of up to 9%. Moreover, other results suggested that patients with
schizophrenia should use resistance training to improve their muscle strength and
their physical, functional, and mental health [4-8].

Aerobic exercise is a necessary part of the treatment for patients suffering
from these conditions, but aerobic exercise alone is probably not the best activity.
Strength/power training, balance/coordination, and other types of physical
exercises also contribute to reconditioning, maintaining, and improving the
cognitive and motor functions these subjects.

As suggested above, unlike cardio respiratory fitness, the effects of muscular
strength training or resistive-type exercise on physiological and psychological
outcomes have been largely overlooked in the research community [9].

Typically, individuals commonly view strength training as a method to increase
power and muscular size for athletic competition. But for the non-competitive
athlete, resistance training, accomplished through a variety of equipment such as
free weights or resistive machines, is an effective method for developing muscular-
skeletal strength and has many prescriptive uses such as fitness, health, and
prevention and rehabilitation of orthopedic injuries [10]. In addition, resistance
training increases bone mineral density, promotes enhanced glucose metabolism,
and increases basal metabolism that assists in weight management [11]. More so, a
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cohort study of 8,762 men aged 20 to 80 years showed that maximum force is
independently and inversely associated with all-cause mortality [12].

In this way, some demonstrated mental health benefits of resistance training
could include a decrease in depression, an increase in self-esteem and physical
self-concept, and it has been shown that strength training improves cognitive
ability related to other neuropsychiatric disorders. Also, resistance training has
been proven to reverse aging factors in skeletal muscle.

In addition, it is considered that a well-designed strength training program is
context dependent and should take into consideration individual differences in a
number of factors such as age, gender, the fitness goals or health outcomes,
current fitness level, health status, any previous injuries or conditions, access to
equipment, and the level experience with weight lifting of any kind.

For example, as a common guideline for general health, the US Department of
Health and Human Services recommends that adults should strength train at least
2 times a week, should perform at least 1 set of 8 to 12 repetitions of muscle-
strengthening activities of the major muscle groups (legs, back, chest, shoulders,
arms, abdominals) [1]. It has been suggested that such a program, which can only
take less than 30 minutes per week, will produce most of the health benefits of
strength training [13].

However, a more rigorous program for healthy adults has been suggested by
the American College of Sports Medicine for improving muscle strength and size
[5]. The program should involve the use of both free weights and machines to
perform preferably multiple-joint exercises (such as squats, bench press, leg press,
shoulder press), but also single-joint exercises (such as leg extension, calf raise,
arm curl). The program should involve 2 to 3 sets per exercise at an intensity
that starts low (when individuals are learning the right technique) and then the
intensity should increase to 60% to 80% of 1-repetition maximum (1-RM) for
8 to 12 repetitions, after the individuals have learned the correct motor pattern
of the movement. It is recommended that the program should include 1 to 3
minutes of rest between sets and should be performed at a frequency of
preferably 3 days per week. Each session in a program of this nature could be
completed in approximately 40 to 80 minutes. This type of strength training
program, performed for 8 to 52 weeks, which is considered typical strength
training, is used in many studies.

Thus, the main purpose of this article is to summarize what is known about
the influence of strength training performed by adults on general mental health
manifestations, as those encountered on the aforementioned disorders, by
focusing this time on the specific physical movement aspects such as dose
response, intensity, frequency and volume when performing these strength
training exercises.
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General health benefits of strength training

Resistance training in general confers several health benefits, perhaps most
notably for older adults, who often are characterized by reduced muscle mass,
strength, and physical functional abilities [14]. As expected, evidence supports
strength training effects on increased muscular strength [15], and power [16],
bone density [17], and physical functional abilities such as improved balance and
a reduction in the number of injurious falls among older adults [18,19]. Strength
training can prevent sarcopenia (the degenerative loss of skeletal muscle mass
quality, and strength associated with aging) and increase the ability to maintain
muscle mass during a weight loss program [20]. Strength training also positively
influences risk factors for diabetes and heart disease by improving insulin
resistance and glycaemic control [21], as well as by lowering blood pressure [22].
The most important, muscular strength is inversely associated with all-cause
mortality in men, independently of cardio respiratory fitness and other important
confounders [23]. The mental health consequences of strength training are often
disregarded, and are less frequently studied and consequently less well understood
than, for example, the psychological effects of aerobic training.

Numerous studies have examined the beneficial effects of regular exercise

across a variety of mental health measures. Thereby, as before mentioned, a big
part of attention has been directed to the role of aerobic exercise, less is known
about the role of resistance exercise in mental health outcomes.
Recent studies have documented the beneficial effects of resistance exercise on
strength and performance-related outcomes, including increases in muscle mass,
bone density and endurance [24, 25]. However, this research also indicates that
the benefits of resistance exercise extend beyond muscle and tissue growth and
include alterations in neurobiological systems relevant to mental health and
anxiety-related outcomes [25]. These studies are helping in the understanding for
the role of resistance exercise in mental health by showing that resistance exercise
produces important alterations in the biological mediators of anxiety with
potentially major implications for other important mental health outcomes.

In addition, strength training has become an essential integral component of
the physical preparation for the enhancement of sports performance [26].
Moreover, while strength is defined as the integrated result of several force-
producing muscles performing maximally, either isometrically or dynamically
during a single voluntary effort of a defined task (e.g. power is the product of
force and the inverse of time or such the ability to produce as much force as
possible in the shortest possible time), although strength and power are not
considered distinct entities, as power potential is directly influenced by training
methods that maximizes strength [27, 28]. Therefore, the ability of a muscle to
produce force and power is determined by the interplay of biomechanical and
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physiological factors, such as muscle mechanics (type of muscle action) and
neural (motor unit recruitment) factors and morphological (muscle fiber type), and
by the muscle environment itself (e.g. its biochemical composition) [29].

The mechanisms underlying strength/power adaptations are largely associated
with an increase in muscle mass (hypertrophy) [30]. However, in some cases,
muscular strength increase can be observed without noticeable hypertrophy and
this is significant evidence for the importance of the neural involvement in the
acquisition of muscular strength [30]. Also, despite the notion that hypertrophy
and neural adaptations are the basis of muscle strength development [31], their
respective mechanisms of adaptation in the neuromuscular system are distinct
[32]. For that matter, to a certain extent, more strength does not necessarily mean
an increase in muscle mass, because several distinct adaptations can lead to the
same effect [31]. Thus, the effects of explosive and/or heavy-resistance strength
training causing enhanced force and power production have been primarily
attributed to neural adaptations, neural adaptations such as motor unit recruitment,
synchronization and inter-muscular coordination [33,34].

The dose response for optimal health benefits

Despite the widespread acceptance among experts that strength training is
necessary, even at an older age, many of the aspects of the dose-response relation
have not been examined conclusively [35-37]. For example, activities of daily life
are not sufficient as a training stimulus for the muscles. Elderly men and women
which do not undergo additional training will lose body strength and the strength
of the arms to a disproportionate extent [38].

Also, common training programs usually vary in terms of their intensity, the
number of repetitions and sets, the progression of the weights, as well as the
duration and frequency of the training days. Progressive muscle training requires
precise instructions about the external load (the weight used as the resistance) and
is mainly directed according to intensity. The external load is defined by
traditional training equipment, free weights, resistance bands or the own body
weight of the participant.

“In addition, depending on the intensity, physiological adaptation processes
are being initiated either an increase in the cross-sectional muscle diameter or a
higher acquisition of motor units, or most probably both.

Moreover, the correct execution of a strength training movement is very
important because the way in which the exercises are performed contributes to
transferring muscle force to activities of everyday life (e.g. getting up from a
sitting position, holding one’s posture or carrying a heavy shopping bag).
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Intensity

It is widespread the view that at an advanced age, load bearing intensity
should be reduced in order to avoid injuries and chronic overuse. However, this
idea is not supported by current evidence, and several studies have pointed out the
need for higher intensities for elderly as well as young people.

Thus, n a meta-analysis of 29 randomized controlled studies including a total
of 1313 subjects older than 65 years, Steib et al. showed a notable dependence of
the improved strength capacity on the intensity of the weight training [39]. High-
intensity strength training, performed at a higher than 75% of the maximal
strength capacity, triggers higher increases in strength and hypertrophy than
training at a medium or a low intensity.

Also, finding the right intensity and progression in a strength-training
program may be the biggest challenge for a safe and effective exercise
prescription for older adults, yet maybe the most important one. In a laboratory or
highly supervised environment, it is relatively safe to have older adults exercising
with a heavy weight (e.g. most often 70% to 80% of the one-repetition
maximum). However, the vast majority of older adults will not be exercising in
such a safe, supervised setting.

In this way, two methods for ensuring proper progression and intensity that
are currently used when performing 1RMs are an option. These methods include
the exercise intensity scale and repetition-based progression. Moreover, in some
laboratories is has been successfully used a modified 10-point, Borg exercise-
intensity scale for verbally assessing the intensity used [40, 41].

In addition, a verbal target of 7 to 8 out of 10 (hard) is considered to be ideal
for ensuring a proper progression. This intensity is considered thus sufficiently
challenging yet not too overwhelming or potentially injurious for older adults.

Another possible advantage of this method is the fact that it is a fairly simple
concept in terms of application and explanation for older adults. For example, if
the prescription is two sets of 10 repetitions, the load (or amount of weight being
lifted) should be increased when more than 12 repetitions can be completed with
proper form and speed [40].

Future studies should also examine the options for recommendations
regarding intensity as part of a strength-training program. In the end, what is
most important is that the individual progresses up to heavier weights over
time, process known as progressive overload, always performing the exercises
in good form and with good speed.

In addition, in a study by Ciolac et al. on women aged around 29 and 65,
which lasted 13 week, with two groups, high intensity and low intensity strength
training recorded an increase in strength in both groups, without any differences
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between groups. However, more importantly no adverse effects occurred in the
high intensity training group [42].

In a follow-up study by the same authors, men (aged around 25, 65, and 72)
also underwent 13 weeks of strength (resistance) training. They were also found
to have relevant increases in strength as an adaptation to the training with heavy
weights [43]. In elderly people, high-intensity progressive strength (resistance)
training is therefore effective, and substantial adverse effects are not to be
expected is the training is made with proper form.

In conclusion, the recommendation regarding a strength training program should
not differ from that for young people, but a lower one-repetition-maximum can be
assumed for elderly.

Typically, a strength training program aiming for hypertrophy is done at least
3 times a week for 8 to 12 weeks, while a longer training period increases a more
sustained effect [44]. We should mentioned that a classic training program
consists of 3 to 4 sets with about 10 repetitions per muscle group, at an intensity
of about 80% of the one-repetition-maximum.

In addition, in order to maintain an adequate training stimulus, the intensity of
the exercise will have to be ramped to the improved muscle force after some 6 to
8 weeks for muscle strength to increase progressively.

Besides the goal of muscular hypertrophy, strength training aims to increase
muscle force by improving the acquisition, frequency and synchronization of
motor units [36]. Such training of intramuscular coordination should be done in
elderly people with higher (to maximum) weights with fewer repetitions per set,
as a rule of thumb.

Current data clearly shows that training with fast movement speeds while
using heavy weights is an effective and useful way to train for maximum benefits
in everyday activities and general health [39].

Frequency

Studies have shown that there must be a careful balance between the
progression of intensity and the utmost concern for safety and avoidance of
injury when working with older adults. It could be argued that more than three
sessions per week is burdensome and, as a result, some people would likely
quit without supervision.

On the other hand, one session per week, while more prone to compliance
goals, may not confer the maximum health benefits over time. As before
mentioned, the current American College of Sports Medicine guidelines
recommends at least 2 to preferably 3 days per week of strength training [45,46].

At the present time, this appears to be the perfect recommendation found
in literature for strength-training recommendation for older adults, as it is
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manageable from a time perspective, allows certain flexibility in scheduling,
and will deliver the desired physiologic and psychological benefits described
in the literature.

Still, further research is needed to determine if 1 day per week of strength
training can provide improvements in health outcomes over time in older adults.
Volume (Sets and repetitions)

Another important aspect of exercise programming that is still open for debate
is the optimal number of repetitions and sets, as well as the total number of
exercises, also known as the total volume of strength-training.

The studies are describing a range from two different exercises using three
sets of eight repetitions to numerous exercises using one set of up to 20
repetitions. There are reasons to prescribe fewer exercises with multiple sets
versus eight to ten exercises with only one or two sets depending on the study
population. The main reason would be a faster learning of the correct motor
pattern of the movement resulting in an easier and faster progression. Based on
the majority of the evidence, it seems safe to use the following
recommendations: when fewer than four exercises are used, prescribe two to
three sets; when four to eight different exercises are used, prescribe one to two
sets; when greater than eight exercises are used, prescribe one set. The general
guidelines of 8 to 15 repetitions recommended by ACSM seem to be prudent
advice when working with older adults [45,46].

Finally, future studies should examine the optimal design of the exercise
program for maximum results in terms of the variation of intensity and volume
(known as periodization) for older adults in studies lasting 12 weeks, as it was
used in the studies made by Castaneda et al. [47] and Fielding et al. [48].
Equipment

In literature, there is also the question of what equipment is best suited to
the needs and abilities of older adults. The primary options are single or
multistation machines, body weight, free weights (barbells and dumbbells),
exercise bands or a combination of all of the above. Probably the most
important factor in this instance is access and availability. Where machines are
available as is often true in a clinical or health and fitness centers the machines
should be used. In general, achieving the desired intensity level, often times
70% to 80% 1RM, is easier using machines because the mechanics of the
equipment allow a larger absolute load to be lifted. However, the machines are
known to limit the natural range of motion, in which case one may argue that
free weights are a better choice.

As a result, another important aspect, particularly in elderly population, is
proper body positioning and range of motion for the prescribed exercises. In
comparison to free weights, there is less room for misalignment of body
positioning when using machines. Having said this, body weight, free weights
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and elastic bands have unique advantages for this population, especially in
home-based or community settings. They are relatively inexpensive,
transportable and take up minimal space. They may also confer additional
benefits in terms of helping older adults maintain or increase kinaesthetic
awareness, as well as dynamic movement and balance [49,50].

In addition, a study on 30 untrained subjects, with a mean age of 49, found
a statistically significant difference for strength production in the group that
trained only with free weights over the group that trained with fixed machines.
The exercise groups were asked to exercise over a 16-week period, increasing
resistance based on a standardized 8-12 repetition protocol. The same muscles
were targeted in both exercise groups, all groups were instructed not to change
their dietary habits. Major differences between the groups were found. Balance
improved 49% in the fixed weights versus 245% in the free weights groups.
The control group did not show significant improvement in either strength or
balance. Results of this study indicate a greater improvement in free weight
group over fixed machines group in strength (58%), and balance (196%). Most
important, the subjects in the machines group reported increased pain levels
while the free weights group reported lowered overall pain levels [51].

It should be noted that current research indicates that body weight
exercises and free weights (barbells and dumbbells) elicit greater
improvements in physiologic capacity (muscle strength and physical function)
than elastic bands. Elastic bands are now being tested in larger-scale studies
and may be a viable option when free weights are not available [52, 53].

Training environment

The concept of the training environment is an important one, and it should
be assets on an individual differences. The literature indicates that important
health improvements can be realized from both clinical and home-based
strength-training programs. For some older adults, exercising at home is the
most realistic and desirable option. No travel is required, and the older adult
may feel most at ease. It can also be advantageous in terms of time and
scheduling; individuals can exercise whenever they desire, without the
constraints of a class schedule, and they can adapt their program as necessary
to match daily schedule. However, for many older adults, the social network
and social support of the exercise group increases program compliance, as well
as their motivation and enjoyment of strength training.
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Conclusions

There is a need for effective behaviour change interventions targeted at
increasing the prevalence of resistance exercise behaviours. Health care
practitioners are very important in assisting people in making the decision to
adopt and maintain strength training as part of a healthy lifestyle, but these
professionals often lack knowledge about strength training. Strength training
should also be included when designing exercise programs for older adults (with
the addition of balance training when indicated for frailer elders). Physical and
psychological benefits have been clearly demonstrated using strength-training
prescriptions that have varied in terms of frequency, intensity, duration and
specific exercises. One area that research must now investigate is whether the
addition of strength training to exercise prescriptions for older adults will actually
delay the onset of disability in terms of occupation, socialization and the ability to
remain living independently.
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