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Abstract
Background: The age-related loss of neuromuscular strength 
is now called dynapenia. Because strength training lies at the 
cornerstone of all efforts aimed at the prevention and treatment 
of dynapenia, the present review focuses on critically assessing 
strength training recommendations, systematic reviews, and  
meta-analyses for older adults. To provide additional rationale, the 
review also examines the demographics of aging and the health 
consequences of dynapenia.

Findings: Our domestic and global populations are rapidly growing 
older. By the turn of the century, one-third of the population of 
the USA is projected to be aged 60 or more years. Dynapenia 
is associated with mobility impairments, physical disabilities,  
cognitive declines, loss of independence, and higher risks for 
chronic disease morbidity and mortality. Most contemporary  
preventive and therapeutic strength training recommendations 
advise training 2-3 days per week on non-consecutive days  
completing 5-10 exercises involving the major muscle groups and 
initially starting with 1 set of 10-15 repetitions for each exercise. 
However, systematic reviews and meta-analyses report that greater 
strength gains in older adults require moderate to high training 
intensities ranging from 60-80% of a 1-Repetition Maximum (RM) 
and longer training durations of at least one year.

Conclusion: Moderate-to-high intensity strength training done 
two or more times per week with adequate progression and  
periodization is a lifelong lifestyle that is needed to sustain adequate 
neuromuscular strength to slow dynapenia, and quite possibly, to 
extend the health span of human life.
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Rationale
In 2008, Clark and Manini introduced the term dynapenia to refer 

to the decline in strength that accompanies aging [1]. As they 
explain, dynapenia is a Greek word that translates as “poverty 
of strength.” Strength is defined as the maximal force or torque 
developed voluntarily [2]. Contrary to common belief, strength 
is a neuromuscular rather than a purely muscular variable. For 
instance, developing maximal voluntary force or torque involves 
the coordinated activation of the brain, the spinal cord, the motor 
neurons, and the skeletal muscle fibers. In 2008, Clark and Manini 
made an important distinction between dynapenia and sarcopenia. 
Sarcopenia is the age-related loss of skeletal muscle mass [1]. 
Sarcopenia is another Greek word that translates as “poverty 
of flesh”. Because strength has neuromuscular determinants,  
dynapenia cannot solely result from or be caused by sarcopenia [1].

In fact, dynapenia occurs at a faster rate than sarcopenia [3-5]. For 
instance, the age-related loss of strength may be 2-5 times faster 
than the age-related loss of skeletal muscle mass [6]. Moreover, 
low strength is more strongly and consistently associated with 
poor physical performance, functional limitation, mobility  
impairment, and disability than low skeletal muscle mass in older 
adults [7-9]. Because strength training is an essential treatment 
for the prevention and treatment of dynapenia, the present review 
focuses on critically assessing strength training recommendations, 
systematic reviews, and meta-analyses for older adults. Because 
the age distributions of our domestic and global populations are 
shifting, the review also examines the demographics of aging and 
the health consequences of dynapenia.

Demographics of Aging
The popular press in the United States of America (USA) has 
recently addressed the demographic projections that point to an 
aging domestic population [10,11]. However, this “greying” of 
America is also a global phenomenon. For instance, the most recent 
estimates from the United Nations (UN) report that 13% of the 
world population is 60 or more years of age in 2017 (Figure 1). 
The UN projections estimate that individuals aged 60+ years will 
grow to 21% of the world population in 2050 and to 28% of the 
world population in 2100 (Figure 1). To an even greater degree, 
individuals aged 60+ years comprise 22% of the USA population 
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in 2017 (Figure 1). They will grow to 28% of the USA population 
in 2050 and to 33% of the USA population in 2100 (Figure 1). The 
biggest factors affecting the aging global and domestic populations 
are declining birth rates and higher life expectancies [12].  

Globally, life expectancy at birth is expected to rise from 70.8 years 
in 2015-2020 to 82.6 years in 2095-2100 (Figure 2). By comparison, 
in the USA, life expectancy at birth is expected to rise from 
78.9 years in 2015-2020 to 89.6 years in 2095-2100 (Figure 2). 

Figure 1: Projections of global and domestic population aging [12].

Figure 2: Projections of global and domestic life expectancy [12].

The domestic population aging will have enormous social and 
economic impacts in the USA. As a work force ages, it becomes 
less productive, as a larger proportion of the population will be 
retired [10,11]. In the USA, Medicare and Social Security depend 
on taxed income from a large and necessarily younger work 
force [10,11]. If American birth rates do not rise above current  
projections, the need for younger workers will be increasingly 
dependent on immigration to fill employment needs and to support 
greater numbers of retired Americans drawing on Medicare and 
Social Security benefits [10,11]. Thus, the future work force will 
necessarily become increasingly diverse and multicultural due to its 
increasing dependence on immigration [10,11]. In brief, domestic 
population aging will usher in greater social changes in American 
society as a work force necessity and economic imperative [10,11]. 

Furthermore, the work force needs are shifting to serve the  
burgeoning aging population, as the fastest growing occupations 
are in a health care industry that is rapidly expanding its geriatric 
services [10,11]. It is not yet known how America will handle its 
current and future health care crisis of increasing health insurance 
demands, spiraling health care costs, and population aging.

Due to the economic impact of our aging population, public 
health efforts must focus on strategies that extend the “health 
span” of human life [13]. Health span extension aims to prolong 
the healthy period of life and to shorten the unhealthy period 
of life marked by disabilities and chronic diseases to a brief 
period at the end of life [13]. Although medical advances help 
to explain the previously discussed increases in life expectancy,  
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individuals today are more likely surviving longer with disabilities 
and chronic diseases rather than enjoying a longer health span 
[13]. Health span extension is beyond the focus of this review 
because it seeks to slow the biological processes of aging [13]. 
For instance, the Google company, Calico, was launched to find 
viable treatments for the biological challenges of aging itself [14]. 
In brief, health span extension will likely involve a combination 
of exercise, diet, pharmaceutical, and nutraceutical strategies 
aimed at optimizing physiological function. Selection of various 
combinations of intervention strategies may occur, in part, by 
better understanding how sex, ethnic, and genetic differences 
moderate the individual responses to the combined intervention 
strategies [13]. Nevertheless, regular physical activity along with 
ideal dietary intakes represent first line approaches for preserving 
function as individuals grow older [13,15]. In fact, exercise is the 
only intervention, to date, that has consistently reduced functional 
declines in older adults [15]. However, exercise is not a panacea, 
especially without the other intervention strategies, for preserving 
physical function and preventing disability [15]. With regard 
to aging, we need to refine which type, intensity and volume of 
exercise helps to prevent and treat each specific physiological 
decline like neuromuscular strength [13].

Health Consequences of Dynapenia 
There are many health consequences of dynapenia. For instance, 
low strength is associated with mobility impairments, poor  
physical performance in activities of daily living, physical disability 
and worsening physical disability [7-9,16,17]. In brief, dynapenia 
leads to poor neuromuscular function, which may increase the risk 
for losing independence in older adults by up to 6-fold [18]. In 
addition, age-related reductions in handgrip strength are associated 
with age-related cognitive declines in older adults [19]. Cognitive 
declines represent another common way that older adults lose 
independence and become dependent on caregivers.

Low strength is also associated with a greater risk for skeletal 
and cardiometabolic disease morbidity. For instance, low strength  
increases the risk for osteopenia or osteoporosis [20], myocardial 
infarction [21], stroke [21], and type 2 diabetes [22]. Importantly, 
the associations of low strength with higher myocardial infarction 
and stroke risks were independent of a host of potential confounding 
factors including dietary intake and physical activity [21].  
However, the association between low strength and a higher risk 
for type 2 diabetes involves an interaction between dynapenia and 
obesity [22]. Individuals with dynapenic obesity, who had a low 
handgrip strength and a high body mass index, were 4.9 times as 
likely to develop type 2 diabetes as non-obese individuals with 
high handgrip strength after adjusting for age, sex, smoking, 
alcohol intake, physical activity, symptoms of depression, and 
prevalent cardiovascular disease [22].

Furthermore, low strength is also associated with a greater 
risk for all-cause [7,21,23-25], cancer [25], and cardiovascular 
[21,24] mortality. In fact, Leong et al., reported that low grip 
strength was a stronger predictor of all-cause and cardiovascular  
mortality than systolic blood pressure [21]. The exact physiological 

mechanisms that may link dynapenia with the above morbidity 
and mortality risks are not entirely known. Nevertheless, Ruiz et 
al., [25] reported that the associations of low strength with higher 
risks for all-cause and cancer mortality were independent of age, 
physical activity, smoking, alcohol intake, body mass index, 
baseline medical conditions, family history of cardiovascular 
disease, and even cardiorespiratory fitness [25]. Thus, it is likely 
that neuromuscular strength may affect all-cause and cancer 
mortality risks, at least in part, through different mechanisms than 
cardiorespiratory fitness [25].

In brief, dynapenia is associated with deteriorating neuromuscular 
function, mobility impairments, physical disabilities, advancing 
cognitive declines, loss of independence, and higher risks for chronic 
disease morbidity and mortality. Learning and understanding 
the physiological mechanisms by which dynapenia may contribute 
to such a wide and devastating range of health consequences 
would help immensely in selecting complementary prevention 
and treatment strategies for specific individuals. To date, most of 
the speculative mechanisms narrowly focus on sarcopenia. For 
instance, skeletal muscle is a vital metabolic reserve that enhances 
survival from chronic wasting diseases like cancer or heart failure. 
Skeletal muscle is also the largest organ in the body for glucose 
metabolism and storage, so it plays an important role in preserving 
insulin sensitivity. Moreover, skeletal muscle’s tensile force is a 
potent stimulus for building, remodeling, and strengthening bone 
tissue. However, dynapenia is a much stronger predictor of mobility 
impairment, disability, and mortality than sarcopenia [7-9]. The 
mechanisms of dynapenia include problems with neural activation, 
reductions in the intrinsic force-generating capacity of skeletal 
muscle, and skeletal muscle wasting [8]. Thus, future studies need 
to more broadly investigate the physiological explanations for the 
multitude of health consequences of dynapenia. More importantly, 
progressive resistance exercise training, or strength training, must 
now be viewed as a necessary lifestyle behavior for preventing 
and treating dynapenia in our increasingly aging population.

Strength Training Recommendations
The current preventive physical activity recommendations for 
healthy adults and older adults advise engaging in strength training 
on two or more days per week [26,27]. In a longitudinal  
cohort of US older adults followed from 1997 to 2011, those who  
already met the 2007 strength training frequency recommendation 
in 1997-1999 were slightly younger, more likely to be married, 
white, male, more highly educated, have a normal body weight, 
engage in aerobic exercise, and abstain from alcohol and tobacco 
than those who did not meet the recommendation [28]. In  
addition, those who met the future recommendation were less 
likely to have diabetes and hypertension than those who did not 
meet the recommendation [28]. Even after adjusting for all of the  
demographic, health behavior, and medical history differences, 
those who met the strength training frequency recommendation 
still had a 19% lower odds of all-cause mortality than those who 
did not meet the recommendation [28]. Therefore, older adults 
who were already following the recommendations in the late 
1990s before they were released had better health behaviors, 
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fewer comorbid conditions, and lower mortality risk than those 
who did not follow the recommendations [28]. Unfortunately, 
the less educated and more ethnically diverse segments of the 
older adult population with poorer medical histories and health 
behaviors are not engaging in regular strength training. However, 
the most physically inactive individuals with the lowest levels of 
strength and the highest mortality risks have the greatest capacity 
to improve their strength and to reduce their health risks with 
regular training.

In another study, only 16.1% of 6,763 adults aged 65 or older 
self-reported that they met the strength training frequency  
recommendation in 2011, which was four years after the  
recommendation was released [29]. Therefore, despite the “Exercise 
is Medicine” initiative that encourages physicians to recommend 
physical activity to their patients [30], the recommendations were 
potentially reaching or convincing only 16% of the Americans 
sampled. In brief, more effective and creative ways are desperately 
needed to identify and to overcome the barriers to regular  
participation in strength training for older adults.

Some of the basic principles of strength training that are needed 
to understand the recommendations include progressive overload, 
specificity of training, periodization of training, and choice of 
exercises [2]. To become stronger, the exercise demands must 
be continually increased, so that the neuromuscular system is 
progressively overloaded. One of the simplest ways to ensure 
progressive overload is to train with a Repetition Maximum 
(RM). For instance, if an individual can bench press a maximum 
of 50 kg eight times without rest, then this is her or his 8-RM 
for that exercise. After strength gains occur over several weeks 
of training, the 8-RM for the bench press may increase from 50 
to 55 kg [2]. Another principle of strength training is specificity, 
which means that the upper body motor units recruited in the 
bench press will not train the lower body motor units. This is 
why training programs are designed with specific exercises for 
each of the major skeletal muscle groups [2]. The downsides 
to pursuing the progressive overload principle with a constant  
repetition range for several weeks while the weight or resistance 
is increased only as strength is gained include protracted strength 
plateaus, boredom, and overtraining [2]. The remedy for constant 
strength training progressions is periodization of training, which 
allows for optimal variation of training. In brief, periodization 
is a systematic manipulation of training exercises, intensity, and 
volume (numbers of sets and repetitions) to provide the body 
with the requisite recovery periods and alterations in training 
stimuli needed to optimize strength gains [2]. Finally, the choice 
of strength training exercises optimally incorporates a combination 
of multiple- and single-joint exercises that are performed bilaterally 
and unilaterally [2]. A bench press is a multiple-joint exercise that 
moves both the shoulder and the elbow joints, and it is typically 
performed bilaterally with a barbell. By contrast, a biceps curl is 
a single-joint exercise that only moves the elbow joint. A biceps 
curl can be performed bilaterally with a barbell or unilaterally with 
a dumbbell. However, its unilateral performance with a dumbbell 
can be helpful for correcting bilateral strength deficits (a weaker 
non-dominant vs. dominant arm) because it prevents the stronger 

arm from assisting the weaker arm with the movement [2].

The various preventive, therapeutic, and optimal strength training 
recommendations are summarized below (Table 1). There are many 
similarities among the strength training recommendations. In fact, 
the preventive recommendations for older adults, the therapeutic 
recommendations for individuals with type 2 diabetes, and the 
therapeutic recommendations for Cardiovascular Disease (CVD) 
patients are nearly identical (Table 1). This is important because 
many older adults have cardiometabolic disease and need to be 
able to integrate preventive and therapeutic recommendations. 
Taken together, the preventive recommendation for older adults 
[27], the therapeutic recommendation for type 2 diabetics [31], 
and the therapeutic recommendation for CVD patients [32] advise 
strength training 2-3 days per week on non-consecutive days 
completing 5-10 exercises involving the major muscle groups and 
initially starting with 1 set of 10-15 repetitions for each exercise.

The ACSM optimal training recommendations for healthy adults 
[33] singularly incorporates all of the basic principles of strength 
training and its progression (Table 1). For instance, the optimal 
recommendations are designed to progress a novice at strength 
training through the intermediate and advanced stages of strength 
training [33]. Fortunately, Law et al., have recently applied many 
of the progression principles from the optimal recommendations 
to the senior resistance exerciser [35]. In fact, Law et al., provide 
two-phase sample resistance training programs for the prevention 
and treatment of dynapenia for a beginner, an intermediate, and 
an advanced senior resistance exerciser [35]. While the ACSM 
optimal recommendations [33] may be more appealing for athletes 
or other highly devoted exercisers, these recommendations might 
not be reasonably prescribed to senior exercisers who are unable 
to devote the requisite time for more prolonged and frequent 
bouts of strength training. Nevertheless, ACSM’s recommended 
periodization principles for unilateral and bilateral training [33] 
can be beneficial if incorporated into a resistance training program 
for senior exercisers. A periodized resistance training program 
helps to overcome strength plateaus while ensuring long-term 
strength gains, whereas unilateral movements with a dumbbell 
rather than bilateral movements with a barbell may be needed to 
correct lifelong bilateral strength deficits [2].

When reviewing the preventive and therapeutic recommendations 
for strength training (Table 1), it is important to remember that they 
are designed to be simple yet effective at transitioning sedentary 
individuals into regular exercisers. In addition, all of the preventive 
and therapeutic strength training recommendations form only one 
part of an overall physical activity program that includes aerobic 
activity and may also include flexibility and balance training. 
Thus, the strength training recommendation needs to be simple, 
concise, and easily communicated for widespread dissemination 
(e.g., at a physician visit). Furthermore, the recommendation cannot 
overwhelm or intimidate a physically inactive individual from 
beginning an exercise program. Moreover, attempts to increase 
training intensity too soon can lead to excessive delayed-onset 
muscle soreness and discontinuation of training. Nevertheless, if the 
goal is to prevent and treat dynapenia, then the current preventive 
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and therapeutic strength training recommendations may be too 
general and lack all of the requisite training principles to sufficiently 

improve strength, particularly for long-term adopters, who have 
successfully incorporated strength training into their lifestyles. 

TrainingStrengthPopulation
Recommendation

Load and VolumeExercisesFrequencyOrganization(s)
Healthy Adults

8-12 reps resulting in volitional

fatigue

8-10 exercises

involving the major

muscle group

≥ 2 d•wk-1
Physical Activity

ACSM/AHA [26]

Older Adults

10-15 reps at 5-8 on 10-point scale for 
intensity of effort

8-10 exercises

involving the major

muscle groups

≥ 2 d•wk-1
Physical Activity

ACSM/AHA [27]

Healthy Adults
1-3 Sets x 8-12 RM

Mult Sets x 1-12 RM periodized

Mult Sets x 1-12 RM periodized

Bilateral and unilateral single-and mul-
tiple-joint exercises for all

Novice:2-3 d•wk-1

Inter:3-4 d•wk-1

Adv:4-5 d•wk-1

Optimal Training [33]

ACSM

Type 2 Diabetics
1-4 Sets x 10-15 reps initially to 1-4 
Sets x 8-10 reps eventually at 50-80% 

of 1-RM load

5-10 machine and free weight exercises

involving the major muscle groups
2-3 d•wk-1

Physical Activity

ADA/ACSM [31]

Patients with OA

10-15 reps at 40% 1-RM; 8-10 reps at 
40-60% 1-RM; 6-8 reps at >60% 1-RM

Exercises involving

the major muscle

groups and stable

joints

2-3 d•wk-1
Exercise

AGS [34]

CVD Patients

1 Set x 10-15 reps

8-10 exercises

involving the major

muscle groups

2-3 d•wk-1
Resistance Exercise

AHA [32]

Table 1: Preventive, optimal, and therapeutic strength training recommendations.

ACSM=American College of Sports Medicine; ADA=American Diabetes Association; Adv=Advanced; AGS=American Geriatrics So-
ciety; AHA=American Heart Association; CVD=Cardiovascular disease Inter=Intermediate; Mult=Multiple; OA=Osteoarthritis; reps= 
Repetitions; RM=Repetition Maximum.

Strength Training Research
When gathering medical evidence that is used to inform clinical 
practice recommendations, it is helpful to consider a “hierarchy 
of evidence” that can be conceptualized as a pyramid [36]. At 
the base of the pyramid are ideas, which may include anecdotal 
data and expert opinion. At the apex of the pyramid are published 
synthesis research articles, which include systematic reviews and 
meta-analyses that ideally synthesize and analyze randomized 
controlled trials in a selected area of clinical practice [36]. Notable 

systematic reviews and meta-analyses of the effects of resistance 
training on strength in older adults are summarized below (Table 2).

The most consistent finding from the systematic reviews and 
meta-analyses is that resistance training-related strength gains in 
older adults are affected by intensity (Table 2). Higher intensity 
training programs yielded larger strength gains in 4 out of 5 of 
the systematic reviews and meta-analyses (Table 2). Furthermore, 
the one analysis that did not find an effect of intensity on strength 
gains included only 3 of 15 studies that trained at lower intensities 
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Main Finding(s)Included StudiesReference
The largest Resistance Training (RT) effects on Upper Body (UB) and Lower 
Body (LB) strength were observed for durations of 50-53 wks., intensities 

of 70-79% of 1-RM, and total time under tension of 6 s.

N=25 Randomized Controlled Trials 
(RCT) with 819 participants aged ≥ 60 yrs.[37]

The largest RT effects on LB strength were observed when higher vs. lower 
intensities, when healthy vs. unhealthy participants, and when non-blinded 

vs. blinded assessors were used.

N=73 RCT with 3,059 participants with 
mean or ≥ 60 yrs.[38]

For each incremental increase in RT intensity from <60% of 1-RM to 60-
69% of 1-RM to 70-79% of 1-RM to ≥80% of 1-RM, the mean UB and LB 

strength increased by 5.3%.

N=47 studies with 1,079 participants aged 
≥ 50 yrs.[39]

RT yielded larger LB strength gains over longer (24-52 wks.) vs. shorter 
(8-18 wks.) durations. LB strength gains were not affected by RT differences 

in the number of sets, weekly frequency, or intensity.

N=15 RCT with 528 participants aged 
≥ 55 yrs.[40]

The largest RT effects on LB strength were observed for intensities of 60-
80% of 1-RM.

N=29 RCT with 1,313 participants aged 
≥ 60 yrs.[41]

Table 2: The effects of resistance training on strength in older adults.

(< 60% 1-RM), so it may have selected studies with inadequate 
variability in training intensities to detect an effect of intensity on 
strength gains [40]. The common finding regarding the efficacy of 
higher intensity training ranging from 60-80% of a 1-RM (Table 
2) is an important consideration because many of the preventive 
and therapeutic strength training recommendations advise older 
adults to begin training at 10-15 repetitions per exercise with little 
to no specific guidance for intensity or progression (Table 1). 
Because higher repetition numbers necessitate lower resistance 
loads and intensities, many of the preventive and therapeutic 
recommendations aimed at older and/or diseased adults may 
need to consider providing more explicit and detailed advice 
about gradually reducing the repetition number and increasing 
the intensity over time to ensure adequate strength gains. Among 
the preventive and therapeutic recommendations, the therapeutic 
strength training recommendations for type 2 diabetics provide 
the most explicit and detailed advice about how to progress within 
an intensity range that is closest to the effective intensity range of 
the meta-analyses (Table 1) [31].

Of all of the selected meta-analyses (Table 2), Borde et al., come 
closest to providing a complete exercise prescription [37]. For 
instance, their analysis revealed that training at 70-79% of 1-RM 
with each repetition lasting 6 seconds over a training period of 
50-53 weeks was most effective for strength gains in adults aged 
60 or more years. Because the repetition duration or time under 
tension affects metabolic changes, motor unit recruitment, and 
motor unit firing rates during strength training, it is an important 
variable to consider not only for implementing strength training 
programs but also for researchers to report in their studies [37]. 
Furthermore, the efficacy of long duration training was corroborated 
by another meta-analysis [40]. Long duration training for strength 
gains not only reinforces the necessity of adequate progression in 
a training program [33,35], but it also reinforces the notion that 
lifelong strength training should be adopted to adequately slow 
dynapenia [42,43]. Although the other training variables identified 
by Borde et al., were of insufficient statistical power, they suggest 
that 60 seconds of rest between sets, a training frequency of 2 

sessions per week, 2-3 sets per exercise, 7-9 repetitions per set 
and 4 seconds between repetitions may be best for strength gains 
in older adults [37]. However, future trials and meta-analyses are 
required to confirm or refute these training suggestions.

Future trials and meta-analyses are also needed to address the 
findings and conclusion from the Liu and Latham report [38]. 
Most notably, resistance training yielded greater strength gains 
in healthy than in unhealthy older adults. However, there was a 
relative paucity of studies that included older adults with specific 
health problems, so they could not examine the effects of resistance 
training in older adults in distinct clinical populations. Moreover, 
resistance training-related strength gains were greater in studies 
using non-blinded vs blinded assessors. This is an important yet 
common problem that compromises the internal validity of strength 
training trials. Future trials need to use less biased technicians to 
assess strength changes, who neither deliver the strength training 
intervention nor know which study participants are in the strength 
training or the control group. Finally, Liu and Latham caution 
that there was insufficient evidence to comment on the risks of 
strength training [38]. Thus, investigators need to consistently 
report the adverse events and injuries that occurred in their trials 
even if there weren’t any. Compelling safety data will be needed 
to consider all of the implications of adding greater details about 
training progressions to the present preventive and therapeutic 
strength training recommendations (Table 1). For instance, the 
optimal recommendations advocate training progressions with 
a greater variety of exercises and periodized phases of increases 
and decreases in training intensities and volumes to overcome 
the inevitable plateaus in strength gains [33]. We need to change 
the vernacular and practice of strength training away from exer-
cise “routines” to exercise “plans,” which are more mutable and 
evolving. Neuromuscular strength gains are built on responses to 
a succession of new training challenges and stimuli.

Future Directions
Mobile and wearable devices, especially wearable activity  
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monitors like many popular fitness trackers, have the potential to 
improve physical activity assessment, advance physical activity 
counseling, improve motivation and adherence, and streamline 
referral to community resources for chronic disease risk reduction 
interventions [44,45]. Many commercially available fitness trackers 
count steps, measure distance covered or climbed, and track the 
frequency, intensity, and duration of such continuous endurance 
activities as walking, hiking, and running. However, these fitness 
trackers do not adequately quantify strength training, which is a 
highly intermittent activity where steps taken, distance covered, 
exercise duration, and exercise heart rates are not meaningful ways 
to assess strength training intensity or volume (sets x repetitions). 
Fitness trackers designed specifically for strength training have 
only recently been assessed for reliability and validity. For instance, 
one notable fitness tracker is capable of counting strength training 
repetitions as well as measuring movement velocities during the 
concentric phase of strength training exercises [46]. The ability 
to measure movement velocities during strength training with 
a wearable device may be an important advance in assessing 
strength training intensity. For instance, strength training movement  
velocities are capable of estimating the 1-repetition maximum in 
a less demanding way without performing a maximal lift [46]. 
Furthermore, lower percentages of movement velocity loss during 
each set of strength training are associated with greater strength 
gains [46]. In brief, the potential is high for wearable activity 
monitors, but they require additional research and development, 
particularly for tracking and quantifying strength training exercise.

Physical activity recommendations may soon be expanded from 
quantifying how much endurance and strengthening exercise to do 
each week to include how much sitting or sedentary time to avoid as 
well as how much fitness to attain [47]. There is a well-documented 
and disturbing global reduction in metabolic equivalents of 
physical activity that is accompanied by simultaneous increases 
in sedentary time from the 1960s to the middle to late 2000s, 
which threaten global health [48]. Thus, providing the public with  
minimal weekly physical activity recommendations is not enough 
to combat otherwise sedentary lifestyles due to societal dependence 
on automobiles for transportation, sedentary occupations at computer 
workstations, and televised entertainment. Moreover, fitness 
improvements are a stronger predictor of reductions in chronic 
disease morbidity and mortality than physical activity increases 
[47]. More research is needed before we’re able to better refine 
the weekly dose of strength training needed to prevent and treat 
dynapenia, prescribe how much weekly sitting and sedentary 
time to avoid, and establish strength goals to attain for specific 
exercises. Nevertheless, the next iteration of the preventive health 
recommendations for exercise will likely include a more unified 
and comprehensive message for how the public can better avoid 
three vital and independent risk factors of insufficient physical 
activity, too much time spent sitting, and low physical fitness [47].

Summary and Conclusion
Our domestic and global populations are rapidly growing older. 
To prevent the economic consequences of our greying popula-
tions, we need to more effectively use strength training exercise 

to slow the age-related loss of neuromuscular strength, which 
is now called dynapenia. Dynapenia, in turn, is associated with  
deteriorating neuromuscular function, physical disabilities, advancing  
cognitive declines, loss of independence, and higher risks for 
chronic disease morbidity and mortality. Contemporary preventive 
and therapeutic strength training recommendations are aimed 
at getting the overwhelming majority of sedentary older adults 
to adopt a regular exercise habit to become stronger. However,  
research suggests that many of the training recommendations may 
lack the intensity and the progression needed to ensure sufficient 
strength gains over time. Moderate-to-high intensity strength training 
done two or more times per week with adequate progression 
and periodization is a lifelong lifestyle that is needed to sustain 
adequate neuromuscular strength to slow dynapenia, and quite 
possibly, to extend the health span of human life.
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