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Abstract

The Physical Activity Guidelines recommend performing 150 minutes of moderate-to-vigorous
intensity aerobic physical activity (MVPA) per week. These guidelines also recommend muscle-
strengthening physical activity (MSPA) on =2 days per week for additional benefits including
muscular fitness and bone health. The majority of the scientific evidence supporting the PA
recommendations for health comes from studies of MVVPA while the possible contributions of
MSPA in these findings have been overlooked historically. Emerging evidence suggests that
MSPA can independently protect against major cardiometabolic risk factors, chronic diseases,

and mortality. Additional data from clinical trials indicate that many of the well-known health
benefits of exercise, like improvements in cardiovascular disease risk factors, are more robust with
combined MVPA and MSPA. This review will clarify the relative benefits of MSPA versus MVPA
on health-related outcomes to determine the best type of PA for health.

Summary Statement

Combined aerobic and muscle-strengthening physical activity provides superior and more
complete health benefits than either activity alone.
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Introduction

Individuals who meet the physical activity (PA) guidelines live 3—4 years longer on
average than their inactive counterparts (1). While impressive, these longevity estimates
are generated from studies that assessed mortality outcomes among people who actually
met only half the PA guidelines—the aerobic half. The United States (US) PA guidelines
recommend that adults perform 150 minutes per week of moderate-intensity (e.g.,
3.0-5.9 metabolic equivalents); 75 minutes per week of vigorous-intensity (e.g., 26.0
metabolic equivalents); or an equivalent combination of moderate-to-vigorous intensity
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aerobic PA (MVPA, e.g. brisk walking, running, cycling) for substantial health benefits

(2). However, there is another “muscle-strengthening half” of the guidelines that states,
“muscle-strengthening activities provide additional benefits not found with aerobic activity
[including] increased bone strength and muscular fitness” (2). While the musculoskeletal
health benefits of muscle-strengthening PA (MSPA; weight or resistance exercise training)
are undisputed, particularly for functional outcomes in older adults (3), emerging evidence
suggests that meeting the MSPA guidelines of =2 days per week contributes to similar
cardiometabolic health benefits as MVPA (4). Despite the new developments in MSPA
research, several questions remain unanswered, particularly because MVPA and MSPA

are usually studied in isolation. What are the health benefits of meeting just the “other
MSPA half” of the guidelines? Can people who only perform MSPA still experience the
well-known health benefits of MVPA? Is either type of PA sufficient on its own or do they
act synergistically for maximal health benefits? This review will summarize the evidence
from studies that have directly compared the associations of MVPA, MSPA, or combined
MVPA and MSPA with major health outcomes to determine the best type of PA for optimal
health.

MVPA versus MSPA on Mortality

Five prospective studies conducted in nationally representative samples have compared the
associations between MVPA and MSPA and the risk of all-cause mortality. These studies
found a comparable 15%-35% reduced risk of all-cause mortality among participants who
met the MVPA guidelines only (5-9). These same studies indicate that there is a 10%—
25% reduced risk of all-cause mortality among participants who met the MSPA guidelines
only compared to those who met neither guideline (6-9). However, one study found no
association between participation in MSPA only and mortality. This finding is possibly
because the group who reported MSPA only at baseline was also more likely to report =1
chronic health condition (e.g., diabetes, hypertension) at baseline than the MVPA only or
combined groups (5). Importantly, these studies show a 30-45% reduced risk of mortality
among participants who met both guidelines compared to those who met neither guideline
(5-10), suggesting the largest health benefits are observed with combined MSPA and
MVPA.

Cardiovascular disease (CVD) and cancer are the two leading non-communicable causes of
death in the US (11). A 20-35% reduced risk of CVVD mortality has been found among
groups who met the MVPA guidelines only compared to those who met neither guideline
(6-9). Two studies have also reported a 20%-30% reduced risk of CVD mortality among
groups who met only the MSPA guidelines (6,7). In contrast, two other studies reported
non-significant associations between individuals who met only the MSPA guidelines and
CVD mortality (8,9). However, one of these studies categorized their MSPA into groups that
performed “any” or “no” MSPA as opposed to meeting the MSPA guidelines of =2 days

per week, making it difficult to draw conclusions on meeting the MSPA guidelines with
CVD mortality (8). Consistent with studies on all-cause mortality, the strongest relationships
between PA patterns and CVVD mortality were observed among those who met both PA
guidelines, with risk reductions for CVD mortality ranging from 45-60% compared to those
who met neither guideline (6-8,10).
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The comparative associations between PA patterns and total cancer mortality in a general
adult population are less consistent. A 20%-25% reduced risk of cancer mortality has been
found among groups who met the MVPA guidelines only (6,7); although other studies have
found trivial, non-significant associations between meeting MVPA guidelines and cancer
mortality (8,9). Similarly, there was a 15%—-35% reduced risk of cancer mortality among
those who met the MSPA guidelines only compared to those who met neither guideline
(6,7,9). Finally, among those who met both guidelines, there was a 30%—40% reduced risk
of cancer mortality compared to those who met neither guideline (6,7,9). Kamada et al.
found non-significant risk reductions of 3%—9% between any type of PA participation and
cancer mortality (8). However, we urge caution when interpreting this finding, as it is likely
that their relatively smaller sample size (N=28,879) created lower statistical power for rarer
outcomes such as cancer, particularly as the other studies with significant findings had much
larger samples (N= 80,306-479,856) (6,7,9).

In summary, the prospective associations between MVPA and MSPA and mortality
outcomes have been largely consistent among the handful of studies conducted to date.
Meeting either guideline has been associated with 10%-35% reduced risks of all-cause,
CVD, and cancer mortality, although some studies have also found non-significant
associations for either MVVPA or MSPA alone for various mortality outcomes. However,
as shown in Figure 1, meeting both guidelines has been associated consistently with the
largest risk reductions for mortality.

MVPA versus MSPA on Chronic Diseases

Beyond mortality outcomes, cross-sectional studies have found that both MSPA and MVVPA
have similar, yet independent, associations with a variety of cardiometabolic risk factors.
For example, there has been a lower prevalence of obesity reported among participants

who met only the MSPA guidelines (11-14) or MVPA guidelines (12,14), while combined
MVPA and MSPA has been dose-dependently associated with the lowest prevalence rates
of obesity (15). There was also a lower prevalence of dyslipidemia (i.e., high low-density
lipoprotein [LDL] cholesterol or low high-density lipoprotein [HDL] cholesterol), high
blood pressure, or high triglycerides found among groups who met the MVPA only or

both guidelines, but not among those who met only the MSPA guidelines (13,14,16). The
prevalence of metabolic syndrome, which is a chronic condition that is defined by a cluster
of cardiometabolic risk factors, was also lower among groups who met the MVPA only

or both guidelines, but not MSPA only, compared to those who met neither guidelines
(13,14). Although a causal relationship has yet to be established, these initial cross-sectional
studies provide evidence that MVVPA or combined MVPA and MSPA may be linked to more
favorable cardiometabolic health than MSPA only.

Findings from prospective studies provide additional evidence that combined MVPA and
MSPA may be superior for reducing the risk of chronic diseases. Obesity is a chronic
condition that often precedes other chronic conditions including hypercholesterolemia,
metabolic syndrome, and type 2 diabetes (17). Our recent longitudinal study showed that
meeting either the MVPA only or MSPA only guidelines was associated with a 20-30%
reduced risk of obesity defined by body mass index, waist circumference, or percent body

Curr Sports Med Rep. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brellenthin et al.

Page 4

fat (18). However, meeting both guidelines was associated with a 35-50% reduced risk

of obesity (18). Interestingly, when comparing the group who met both guidelines with
the group who met only the MVPA guidelines, there was a further 30% reduced risk of
obesity defined by waist circumference or percent body fat, suggesting that among those
who did MVPA, the addition of MSPA may help maintain a favorable body composition
(18). Regarding other chronic disease risk factors, two longitudinal studies by Bakker et
al. found that compared to the group that met neither guideline, only the group that met
both guidelines, but not the MVPA only or MSPA only groups, had a 25% reduced risk of
metabolic syndrome and a 21% reduced risk of hypercholesterolemia (19,20).

Type 2 diabetes is one of the fastest-growing chronic health conditions globally (21).
Prospective studies with exposures based on meeting the different components of the PA
guidelines have found a 40-67% reduced risk of type 2 diabetes among those who perform
both MVPA and MSPA compared to inactivity in both types of PA (22—-24). Similar risk
reductions ranging from 40-60% have been reported in these studies among individuals
who performed only MVPA (22-24). The associations among those who met only the
MSPA guidelines of =2 days per week with type 2 diabetes were difficult to determine
since the PA questionnaire items used in these studies did not capture the frequency of
MSPA. When examining time spent in MSPA, there was a 50-60% reduced risk of diabetes
among men who performed =150 minutes of MSPA per week, and this risk reduction

was similar in men who did and did not meet MVPA guidelines (22). They also found

a similar 50% risk reduction for diabetes among women who performed =60 minutes per
week of MSPA (23). Conversely, a later study by Shiroma et al. found no significant
associations for diabetes risk among a cohort of women who performed only MSPA (hazard
ratio [95% confidence interval] = 0.21 [0.03-1.50]) (24). However, there was only one

case of diabetes in this group during the follow-up period, thus making it difficult to
perform any meaningful statistical analyses in this group (24). In summary, prospective
studies indicate that participating in both MVVPA and MSPA reduces the risk of obesity,
hypercholesterolemia, metabolic syndrome, and type 2 diabetes, with slightly weaker and
sometimes non-significant associations observed when either activity is performed alone.

MVPA versus MSPA in Clinical Exercise Trials

While observational studies suggest that combined MVPA and MSPA are associated with
the most favorable health outcomes, there are several inherent limitations in these studies.
First, reliance on self-reported PA, often collected at baseline only, continues to be a
challenge, particularly due to the complete lack of assessment or crude level of detail
captured for MSPA in many large cohorts. Second, the rapid incorporation of sophisticated
aerobic PA monitors (e.g., Actigraph accelerometers) into large cohorts further widens this
divide between the assessment of MVPA versus MSPA and limits the future development of
more nuanced MSPA guidelines since there is no equivalent device to objectively measure
MSPA. Finally, a large confounder not easily addressed in most observational research is
that the groups meeting both guidelines are likely performing a greater total volume of
exercise, which could explain the consistently stronger associations observed with combined
PA. Total exercise volume may be a critical confounder when examining the associations
between MSPA and MVPA with health outcomes that are related to energy balance such as
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obesity or diabetes, but it may be relatively less important to consider for other outcomes
(e.g., blood pressure) (25). Beyond total exercise volume, it is also likely that individuals
who meet both guidelines are more health-conscious in other areas (e.g., better diet quality,
non-smoker) or may have better access to resources (e.g., financial means for a gym
membership) that allow them to follow the guidelines fully (26), but these factors also
greatly confound the relationship between PA and health. Because of these limitations

in observational research, large clinical exercise trials generally provide the most reliable
evidence to determine the comparative and combined effects of MVPA and MSPA on health.

The formative exercise trials described below all followed a similar design in that
participants were randomly assigned to resistance exercise only (i.e., MSPA), aerobic
exercise only (i.e., MVPA), combined aerobic and resistance exercise (i.e., MSPA and
MVPA), or a no-exercise control group for =6 months. Exercise prescriptions were also
comparable across these trials. In general, the resistance exercise groups attended 3 sessions
per week and performed 2-3 sets of 8-12 repetitions on 7-9 machines targeting the upper
and lower body with prescribed weights increasing when the participant could complete

all repetitions with good form. The aerobic groups also attended 3 sessions per week and
performed 45-60 minutes of aerobic exercise at a moderate-to-vigorous intensity (i.e., 65—
80% of VOppeak OF 75-85% of maximum heart rate). In 251 adults with type 2 diabetes,
Sigal et al. found significant reductions in glycated hemoglobin (HbAlc; an indicator of
long-term blood glucose levels) in all three exercise groups, with the greatest reductions
observed in the combination group (27). Similar results were reported by Waters et al. in 160
older adults (28). Compared to a control group, insulin sensitivity improved significantly

in all three exercise groups, yet there were significantly greater improvements in insulin
sensitivity in the combined exercise group compared to either exercise group alone (28).

A major limitation in both the Sigal et al. and Waters et al. studies is that the combined
exercise group did the full aerobic exercise program plus the full resistance exercise program
(i.e., double the exercise time), which may explain the superior results in the combined
group. Addressing this limitation, Church et al. randomly assigned 262 adults with type 2
diabetes to time-matched aerobic, resistance, or combined exercise interventions (29). They
found a significant reduction in HbALc only in the combined exercise group but not in the
aerobic only or resistance only groups (29). It is important to note that the Church et al.
participants had a poorer health profile with a longer duration of diabetes and greater insulin
use than the participants in the Sigal et al. or Waters et al. trials. Church et al. also permitted
changes in hypoglycemic medications during the trial. Hence, these methodological and
sample differences in Church et al. may explain why HbAlc reductions were smaller in
response to either type of exercise alone. Thus, the results of three large trials indicate that
combined exercise causes improvements in glucose regulation and insulin sensitivity, but
that aerobic exercise only or resistance exercise only may be less effective, especially after
considering total exercise time.

The aforementioned trials focused on a single clinical outcome; however, changes in a
single outcome may not fully explain the comprehensive health effects of different types

of exercise that are depicted in Figure 2. Furthermore, the risks for chronic diseases like
CVD are typically determined not by one individual risk factor, but by the interactions
among several major risk factors such as hypertension, hyperglycemia, hyperlipidemia, and
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excess adipose tissue (30). A few large studies have found beneficial effects of combined
exercise, compared to aerobic exercise only or resistance exercise only, on body composition
including reductions in fat mass and/or increases in lean mass (3,29,31). Yet surprisingly,
most of the large and long-duration (i.e., =6 months) exercise trials that have compared

the effects of aerobic, resistance, and combined exercise on various risk factors have

found non-significant changes in individual CVD risk factors compared to a control group
(27,29,32,33). More consistent effects of different types of exercise may emerge, however,
when the outcome reflects a composite of changes in several CVD risk factors. Batemen
and colleagues investigated the effects of 8 months of resistance, aerobic, or combined
aerobic and resistance exercise on metabolic syndrome in 86 participants (33). Like with
previous trials, there were no significant changes in most individual risk factors including
HDL cholesterol, glucose, or systolic blood pressure among the exercise groups. However,
the aerobic and combination exercise groups, but not the resistance exercise group, showed
significant improvements in the metabolic syndrome z-score, a composite measure that
included fasting glucose, waist circumference, mean arterial pressure, HDL cholesterol,

and triglycerides (33). However, there were some limitations with this study. First, of the
196 participants initially randomized, only 86 were analyzed due to participant dropout or
missing data in =1 metabolic syndrome z-score component. Thus, it was not an intention-to-
treat analysis, and the final analytic sample included only 44% of the original participants.
Second, there was no control group, so it is impossible to conclude that the improvements in
the aerobic or combined groups, or even the lack of improvements in the resistance group,
were significantly better or worse than no exercise for 8 months. Last, the groups were

not time-matched, and the combination group did the full aerobic and resistance exercise
interventions. Thus, while it appeared that combined exercise and possibly aerobic exercise
were superior to resistance exercise only for comprehensive cardiometabolic health benefits,
it is difficult to draw clear conclusions from this study. To address these methodological
issues, we are currently conducting a large clinical trial in 406 adults who were randomly
assigned to time-matched resistance only, aerobic only, combined aerobic and resistance
exercise, or a no-exercise control group for 12 months (30). The primary outcome is

a composite CVD risk score (including systolic blood pressure, fasting glucose, LDL
cholesterol, and percent body fat), and the secondary outcomes are changes in each of

the individual risk factors. The results from this large study may provide further clarity
regarding the comprehensive health benefits of meeting different components of the PA
guidelines while standardizing the amount of exercise time across groups. Overall, results
from large RCTSs suggest that combined exercise may provide slightly larger benefits for a
wide variety of health outcomes compared to a control group than either type of exercise
alone compared to a control group. However, the effects of combined exercise on health
outcomes, while generally larger, are not statistically different from the effects of aerobic
only or resistance only exercise in most studies especially when exercise durations are
matched. Thus, it remains unclear whether the health benefits discussed are simply due to an
increase in exercise volume or the physiological gestalt of combined MVPA and MSPA.
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Other Considerations and Future Directions

The epidemiological and clinical data clearly indicate that engaging in both MSPA and
MVPA offers health benefits compared to no exercise. However, the truly effective PA is
the PA that people actually do. Population-level estimates based on self-report consistently
show that individuals are much more likely to participate in MVPA (~50% of adults) than
they are in MSPA (~30% of adults) (34,35). The estimates shift when they are subdivided
into those who meet only certain components of the guidelines. For example, the prevalence
of US adults reporting meeting on/y the MVPA guidelines increased from 26% to 30%
from 2008 to 2018 (35). Conversely, the prevalence of US adults reporting meeting only
the MSPA guidelines remained stagnant at around 3.5% over the same period (35). The
prevalence of those meeting botf1 guidelines grew the most, from 14% to 24% (35). While
it is encouraging to see the greatest growth among those who meet both guidelines, the
large gap between participation in either MVVPA or MSPA only and the stagnation in MSPA
participation suggests that MSPA is still seen as a secondary, rather than as an essential

and synergistic, component to MVPA (36). Lower participation in MSPA may also indicate
that there are more barriers to MSPA (e.g., unfamiliar terminology like “sets” and “reps”;
lack of gym membership) compared to MVPA (e.g., a brisk walk outside) (26,37). Another
advantage of aerobic PA is the ability to measure objectively the associations of even slight
increases in aerobic PA (i.e., light intensity PA or reductions in sedentary time) and health
(38). Therefore, it has become increasingly easier from a health promotion perspective to
promote all types and intensities of aerobic PA. Without such nuanced data especially at the
lower end of the MSPA spectrum, it remains challenging to construct MSPA guidelines that
are highly achievable and accessible (i.e., less technical) for the majority of adults. However,
the observational data consistently indicate that unlike with MVPA, there is less evidence
of a dose-response relationship between MSPA and several health outcomes (39). The
strongest associations are often observed at around one hour per week of MSPA, meaning
that individuals may not need to perform as much MSPA as they do MVPA to get similar
and substantial health benefits, although the apparent absence of additional health benefits
beyond one hour per week of MSPA warrants further investigation (39). Nonetheless,
compared to MVPA, it is possible that the time commitment for health-enhancing MSPA

is lower, which may improve public health efforts to increase MSPA at the population level.
Another limitation is that most of the observational studies and clinical trials discussed in
this review did not account for sedentary time. Unmeasured sedentary time may confound
the associations between MVPA and health outcomes, although it is still controversial
whether sedentary time represents an independent health risk factor or merely reflects the
low end of the MVVPA spectrum (40). Furthermore, there is limited research on the possible
interaction between sedentary time and MSPA.

In an opposite pattern to prevalence estimates, there are typically higher adherence and
fewer dropouts in clinical trials in the resistance exercise only or combined exercise groups
than in aerobic exercise groups (27,29,33). While more studies are needed, this may suggest
that MSPA, once initiated, may be more sustainable long term. Partly explaining this may be
the fact that, unlike aerobic exercise, resistance exercise contributes to rapid improvements
in strength or muscle hypertrophy that can be appreciated directly by the participant and
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provide an immediate source of positive feedback. In contrast, improvements in aerobic
fitness may be less noticeable since the prescribed heart rate range often stays the same
throughout an intervention, even though participants may be performing the exercise at a
higher incline or speed. Resistance exercise may also offer more opportunities for social
interaction in a clinical trial setting, since participants often receive a higher degree of

staff supervision to monitor safety and form. Resistance exercise participants also have the
opportunity to interact with staff and other participants during the rest time between sets
and equipment. This differs from aerobic exercise, where participants often use media (e.g.,
music, television) during their workouts and have a more difficult time interacting with
staff due to the continuous nature of the exercise stimulus and stationary equipment (e.g.,
treadmill, bike). Finally, resistance exercise and certainly combined exercise may simply
provide more variety and be more interesting than continuous aerobic exercise, especially in
trials where total exercise time is matched between groups. However, we acknowledge the
clear need for well-designed studies of different types of exercise on adherence to provide
definitive data that will help get more people active.

This review focused specifically on comparisons of health benefits between different types
of exercise behaviors. Critically, it did not address the health benefits of increases in
cardiorespiratory fitness or muscular strength, which are the intended fitness outcomes

of the behaviors. A large body of evidence suggests that cardiorespiratory fitness and
muscular strength are more strongly associated with health-related outcomes than MVPA or
MSPA, suggesting that improvements in these fitness indicators may underlie the observed
associations between PA and health (41,42). Cardiorespiratory fitness and muscular strength
reflect the physiological contributions of genetics, age, sex, diet, medications, and many
other factors, but exercise is the most modifiable contributor (41). Individuals expect

to become fitter and stronger when they start an exercise program, although this is not
always the case. Clinical trial data suggest that 35-60% of adults who begin a supervised
moderate-to-vigorous intensity aerobic exercise program do not significantly improve

their cardiorespiratory fitness (i.e., “non-responders”) (43-45). It is still debated whether
improvements in cardiorespiratory fitness are essential for improvements in other major risk
factors or mortality (46,47). This debate is especially salient given the recent evidence from
observational studies indicating that light-intensity PA or sedentary time is associated with
health outcomes, although light-intensity PA and sedentary time arguably have negligible
effects on improving cardiorespiratory fitness (38,46,48). It is possible that some health
benefits (e.g., glucose regulation) could occur without significant improvements in fitness or
strength (47-49). However, this is a moot point regarding resistance exercise since nearly
100% of novice participants who begin a resistance exercise program will improve their
strength (50,51). Therefore, if the overall health benefits of exercise are partially dependent
on improvements in physical fitness, then a combined exercise program should be prescribed
to guarantee improvements in muscular strength and possibly cardiorespiratory fitness, too.
Some studies have found equal or even greater improvements in cardiorespiratory fitness
and muscular strength in combined exercise groups than in aerobic only or resistance only
groups, which further suggests a synergistic (additive) rather than a competitive or detractive
relationship between the two types of exercise (3,27,29). It is also possible to achieve
significant gains in cardiorespiratory fitness and muscular strength without doubling exercise
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times. For example, a few small studies have reported significant improvements in VOgpeak
and muscular endurance have been found with very short-duration (4 minutes), hybrid
exercise modalities such as bodyweight interval training where aerobic and strengthening
exercises occur simultaneously (52,53). However, it remains unknown whether this type of
training, despite its notable effects on cardiorespiratory fitness and muscular strength, is
broadly applicable or sustainable in the long term to reduce the risk of chronic disease or
mortality at the population level.

Finally, this review was limited to physical health, rather than mental health, in a general
adult population. PA is also strongly recommended for mental health benefits, yet there

have been only a few cross-sectional studies, and almost no prospective studies, that

have examined the associations between MVPA and MSPA and mental health outcomes.
Participation in MSPA only or MVVPA only has been associated with a significantly lower
prevalence of poor sleep, mild-to-severe depression symptoms, and even lower levels of
clinical depression in a dose-dependent pattern (54-56). Similarly, levels of subclinical
psychological distress (i.e., general symptoms of depression or anxiety) appear to be
significantly lower among groups who participate in MVPA only or both MVVPA and MSPA,
but not MSPA only (57). Like with physical health outcomes, though, the strongest and most
consistent associations between PA patterns and mental health outcomes have been observed
among groups who meet both the MSPA and MVPA guidelines (54-57).

Clinical trial data comparing resistance and aerobic exercise on general mental health are
also limited at this time. Three studies have found that combined exercise is generally better
than either aerobic or resistance exercise alone for improving overall mental health and
vitality in a nonclinical adult population (58-60). Regarding clinical mental health concerns
like mood disorders, cognitive function, and chronic pain, recent meta-analyses that
compiled data largely from aerobic exercise-only or resistance exercise-only interventions,
concluded that both aerobic and resistance exercise led to improvements in symptoms of
depression and anxiety, pain ratings, and cognitive outcomes compared to control groups,
with no significant differences between aerobic and resistance exercise in the magnitude

of the effects (61-65). Combined exercise has not been routinely investigated regarding
depression or anxiety, but it has been studied extensively and appears to be particularly
effective for cognitive function in older adults (64).

Conclusions

This paper provides an overview of the observational and clinical evidence on the health
benefits of MVPA and MSPA. Overall, data from large prospective cohort studies suggest
that engaging in either MVVPA or MSPA alone significantly reduces the risk of all-cause,
CVD, and cancer mortality, as well as many chronic diseases like type 2 diabetes. However,
the largest health benefits, including an approximate 40% reduced risk of all-cause mortality
and 50% reduced risk of CVD mortality, are observed among individuals who perform
sufficient amounts of both MVVPA and MSPA. An overview of clinical trial data further
supports that the most comprehensive physical and mental health benefits occur through a
combination of aerobic and resistance exercise. However, of note is the fact that combination
groups in these studies have typically exercised for a greater amount of time. Importantly,
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both MVPA and MSPA also offer distinct and critical health benefits like improvements

in cardiorespiratory fitness and muscular strength, respectively, which are associated more
strongly with health outcomes than PA behaviors. Furthermore, the combination of MVVPA
and MSPA appears to have synergistic effects on health, elucidating additional benefits of
exercise that were not always apparent with either type of exercise alone. Thus, we argue
that there should be relatively less emphasis on promoting one type of exercise over the
other and more emphasis on researching and promoting feasible, time-efficient ways to meet
both guidelines.
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Figure 1:

Associations of meeting different components of the physical activity guidelines with
various health outcomes from prospective studies
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Mechanistic pathway between resistance, aerobic, or combined exercise training, major
cardiometabolic risk factors, and mortality.
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