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Abstract

PHILLIPS, S.M. and R.A. WINETT. Uncomplicated Resistance Training and Health-Related

Outcomes: Evidence for a Public Health Mandate. Curr. Sports Med. Rep., Vol. 9, No. 4, pp. 208–

213, 2010. Compared to aerobic training (AT), resistance training (RT) has received far less

attention as a prescription for general health. However, RT is as effective as AT in lowering risk

for cardiovascular disease, diabetes, and other diseases. There is a clear ability of RT, in contrast

to AT, to promote gains, maintenance, or slow loss of skeletal muscle mass/strength. Thus, as an

antisarcopenic exercise treatment, RT is of greater benefit than AT; given the aging of our

population, this is of primary importance. In our view, a substantial barrier to greater adoption of

RT is the incorrectly perceived importance of variables such as external load, intensity, and

volume, leading to complex, difficult-to-follow regimes. We propose a more feasible and easier-

to-adhere-to paradigm for RT that could affect how RT is viewed and adopted as a prescription for

public health.

INTRODUCTION

In this review, we define resistance training (RT) as a form of periodic exercise whereby

external weights provide progressive overload to skeletal muscles in order to make them

stronger and often result in hypertrophy. The external load lifted classically is expressed as a

percentage of the individual’s one “repetition” maximum (1 RM, the maximum load that can

be lifted once through a complete range of motion). However, we propose that for the

general public the use of external load may not be the best way to define RT. The volume

(dose) of resistance training is described by the load lifted, the number of repetitions, and the

number of sets of repetitions. There are numerous other variables that can be manipulated

within the design of RT programs, such as inter-set rest intervals, time under tension,

number of sets/repetitions, and order of exercises. In our view, these variables largely are

redundant in achieving a phenotype of improved strength and even more so in gaining

favorable health benefits.
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CURRENT DOGMA

It is typically believed that at least three sets using high loads (mostly ≥80% 1 RM) and low

repetitions (5–9) per set are best to increase muscle strength (32,48), whereas lower loads

(50%–70%) and higher repetitions (9–19) are best to increase muscular endurance. On close

scrutiny, evidence to support these contentions largely is lacking (9–11). Some of the

earliest reports of what is the basis of formal RT are from De Lorme (19). These reports

showed that heavy RT restored muscular strength and power in war veterans with physical

disabilities. Regrettably, De Lorme’s conclusions still guide the canonized belief of the

previously mentioned strength-endurance continuum. At the other end of the exercise

continuum, books such as Kenneth Cooper’s 1968 Aerobics (14) denigrated muscle building

as essentially useless for health benefits. This led to a revolution in cardio-centric research

and a large volume of publications on the health and fitness benefits of activities such as

running. Conversely, RT received little attention for its value in disease-risk reduction until

more recently. In 2010, few would argue that some form of RT should not be part of a

complete exercise program; however, the bulk of literature on the cardio-protective effects

of aerobic exercise has continued to make this form of exercise preeminent and the central

focus of many physical activity guidelines in Canada, the United States, and many other

countries.

AIMS OF THE REVIEW

A central tenet of this review is that the dogmatic dichotomy of RT as being muscle and

strength building with little or no value in promoting cardiometabolic health and aerobic

training (AT) as endurance promoting and cardioprotective, respectively, largely is

incorrect. In fact, RT has been shown to be equal, and in some cases superior, to AT in

reducing cardiometabolic health risk. The separation that does exist, however, is that RT

fundamentally is anabolic for skeletal muscle and thus is able to stimulate new muscle

growth or to slow muscle loss; by contrast AT only is mildly, if at all, anabolic. Viewed in

the context of North America’s burgeoning aged population and the prevalence and

associated cost (30) in that population of sarcopenia (29), we view RT as a form of exercise

that should be promoted for overall public health. As a decidedly potent countermeasure to

muscle and strength loss, ultimately, we hypothesize that prescription and practice of RT

would lead to improved physical function (36), lower risks for physical disability (28,29),

falls (7), and potentially reduced risk for mortality (49,50). If these hypotheses are correct,

then it would be compelling that RT assume a position of primary or at least equal

importance to AT in public health guidelines. Beyond disease prevention, however, there

also is a wealth of other positive health effects of RT for elderly individuals (43).

Given the relative lack of promotion of RT compared with AT as a mainstream form of

exercise for health and fitness and as a viable means for reducing the incidence and/or

burden of chronic illnesses, it is not surprising that only 10%–15% of middle-aged to older

adults practice RT (25). This is much lower than the percentage (approximately 35%)

engaging in AT (59) or physical activity to meet minimal guidelines (25). Our assertion is

that one of the biggest barriers to greater adoption of RT as a bona fide exercise intervention

for health is the purported complexity of RT as certainly suggested by the complicated
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current guidelines for resistance exercise (32,48). In contrast to published guidelines that

emphasize complex, time-consuming protocols (32,48), we propose RT protocols that are

brief, simple, and feasible. Such protocols may be more likely to be adopted in the long run

and are effective in promoting strength gains and health benefits. In addition, these RT

programs can be performed twice weekly and still can induce marked positive changes in

health and quality of life. From a public health perspective, our thesis is critical because it

suggests that translational research can focus on strategies for wide adoption of RT in

various settings by different population segments. The subsequent goal then would be the

maintenance of RT training for disease prevention or management (58). The simple

protocols and research findings are in stark contrast, as noted, to the perception that RT is

complicated, time-consuming, and difficult and also are dissimilar to current RT

recommendations (48).

RT AND CARDIOVASCULAR HEALTH

The constellation of factors that defines cardiovascular health usually includes body

composition, blood lipids, blood pressure (BP), and vascular variables such as vascular

reactivity and compliance. There are a multitude of studies showing the benefit of AT on

these variables. However, it has been assumed that given the lower energy cost/energy

expenditure, lower cardiovascular effort, and possibly shorter duration of the exercise itself,

RT would not bring about comparable benefits. However, there is now convincing evidence

showing the benefits of RT for cardiovascular health.

Lowering blood lipid concentrations via exercise is thought to be mediated through the

oxidation of lipid as a fuel both during and after the exercise bout that subsequently depletes

the body’s pools of triglycerides (TG). Indirectly, the impact is to also lower low-density

lipoprotein-cholesterol (LDL-c) and raise high-density lipoprotein-cholesterol (HDL-c). A

review conducted by Tambalis et al. (53) showed that RT had a positive effect on lowering

LDL-c and a tendency to raise HDL-c. Because of the heterogeneity of the trials, the

changes observed with RT could not be shown to be different from those induced by AT but

were of a comparable magnitude. The combination of RT and AT has been proposed to be

more effective in lowering lipids than either exercise alone (45); however, this conclusion

requires further trials.

The effects of AT on resting BP easily are summarized by the general findings that BP, both

systolic BP (SBP) and diastolic BP (DBP), generally are lower in fitter individuals and that

longitudinal findings show that AT lowers resting BP and does so more in those with initial

hypertension (16). From the few studies in this area, it does appear that, with RT, reductions

in SBP are comparable with AT (SBP = −6 mm Hg and DBP = −4.7 mm Hg) (15). Thus the

available data on RT show comparable changes to AT, and importantly, changes that are

about the same magnitude as those induced pharmacologically.

Related to BP are the changes in vascular reactivity and compliance. An initial cross-

sectional comparison of aged control and RT persons showed a greater age-related reduction

in arterial compliance (40). Subsequent longitudinal studies appear to have corroborated the

cross-sectional data (17,41). However, other studies report no changes in arterial compliance
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following RT (46,47). In addition, one report documents no changes in central artery

compliance (and increased nitric oxide bioavailability) in older men following RT (38). In

another study, it was reported that basal femoral blood flow and vascular conductance

increased by 55%–60% after RT (1). It also appears that a blend of RT and AT appears to

prevent any training-induced reduction in compliance or increase in arterial stiffness (13).

Clearly, more work is required to ascertain the relevance of any arterial stiffening or reduced

compliance brought about by RT.

CHANGES IN BODY COMPOSITION

Collectively viewed, changes (or maintenance) of skeletal muscle favoring the retention of

an important source of metabolically active tissue would be beneficial (3). This is the largest

site of postprandial glucose disposal and storage (26). At the same time, loss (or

maintenance) of fat mass, which is now recognized to be a source of inflammatory cytokines

(42), also would be a substantial health benefit. While AT may be beneficial for aiding in fat

mass loss or the prevention of addition fat mass gain, it is, at least as practiced by most

people in its current form (i.e., walking), of limited benefit in preventing sarcopenia. In

comparison, a noted benefit of RT is the natural tendency to promote gains in muscle mass

or at least a better retention or slowed loss of muscle. An increase in muscle mass is the

most conspicuous change in body composition that one would predict to occur with RT, and

this is an outcome achievable in young (44) and the elderly (31), even into the 10th decade

of life (21). However, an often underappreciated observation is a reduction in body fat mass

(54), particularly visceral fat mass (54), that can occur with RT. The loss of fat, particularly

visceral fat, tends to be greater in those who initially have greater visceral fat. Thus, RT

presents, as discussed later in this article, an attractive primary or adjunct therapy for those

who are obese or overweight or have type 2 diabetes (T2D) (54). In addition, RT acts to

preserve muscle mass during weight loss and in doing so may eliminate or at least may

attenuate the weight loss-induced decline in resting metabolic rate due to the effect of RT in

promoting lean mass retention, which is a primary determinant of resting metabolic rate.

RT AND T2D

Several years ago, a seminal review by Eves and Plotnicoff (20) summarized evidence

suggesting that RT should be an important treatment component for T2D (39). Brief RT two

to three times weekly currently is recommended by the American Diabetes Association

(ADA).

Substantial improvements in blood glucose and insulin homeostasis with RT have been

reported among individuals with diabetes (20,39). RT-induced improvements in glucose and

insulin homeostasis are attributed to several factors, including increases in muscle cross-

sectional area, increases in lean body mass, and qualitative improvements in muscle

metabolic properties (i.e., increases in GLUT-4 transporter density, glycogen synthase

content/activity, and insulin-mediated glucose clearance). Importantly, these beneficial

effects of RT have been noted without changes in body weight, fat mass, or

cardiorespiratory fitness (20), and RT even may be superior to AT for improving insulin

sensitivity (6,20). Since reductions in lean body mass and worsening of glucose tolerance

Phillips and Winett Page 4

Curr Sports Med Rep. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



both are observed commonly with advancing age, RT regimens that maintain or increase

lean body mass may prevent declines in functional ability and prevent/delay the

development of impairments in glucose homeostasis (20).

Eves and Plotnicoff (20) noted that the optimal intensity, frequency, and volume of RT that

produces improvements in blood glucose and insulin homeostasis were unknown. While

ACSM and the ADA recommend protocols using one set per exercise in whole body

routines using 8–10 exercises, recent studies with RT and T2D have not followed these

guidelines. While these more recent studies have been ambitious and show promising

results, their potential for advancing the field may be reduced because the RT protocols that

have been used can be described as “idiosyncratic.” RT protocols have included a whole

body protocol, with heavier resistance and apparently training to fatigue (51), whole body

training with moderate non-fatiguing resistance (39) or to fatigue (37,60), and heavier

resistance to fatigue with some sets using moderate resistance but with explosive repetitions

(27). RT was performed two to three times weekly with different degrees of supervision. All

RT protocols used multiple sets, with some protocols using as many as 4–5 sets per exercise.

It is not clear why the briefer one-set protocols recommended by the ACSM and ADA were

not used as a starting point to assess what may be a minimal dose requirement that may be

more readily feasible for the large population segments with T2D.

One important step for finding an optimal dose of RT for positively affecting insulin

sensitivity was taken in a study by Black and colleagues (2). They investigated the acute

effects of a single bout of whole body RT with a small sample of male and female identified

as prediabetic (impaired fasting glucose, 100–125 mg·dL−1 [5.5–6.9 mM]). The study used

four protocols, all with the same exercises: a single set at 65% of 1 RM, 4 sets at 65% of 1

RM, a single set at 85% of 1 RM, and 4 sets at 85% of 1 RM. While all protocols resulted in

significant and positive changes in insulin sensitivity, it was shown that multiple sets were

superior to single-set RT, and that the multiple set RT at 85% of 1 RM produced the largest

effect size for change in insulin sensitivity. From the protocol description by Black et al. (2),

it was not indicated whether there was a difference in the degree of effort required with any

of the 4 sets between training with 65% or 85% of 1 RM, that is, training to fatigue or

concentric failure. Given the comparison between one and four sets, it also is not clear if just

2 or 3 sets would produce comparable effects to 4 sets; this study clearly needs to be

replicated given the small sample size (i.e., potential for a type 1 error).

There also are studies assessing RT, AT, and combined RT-AT. In these studies, AT was

performed on the same or alternate day, most often for 30–45 min at a mean of about 75%–

80% of HRmax. These studies have demonstrated the efficacy of these protocols, and

preliminary data suggest that RT may be superior to AT for lowering HbA1c (6). However,

consistent with our prior and central point, the required time commitment, especially for

combining RT and AT, may limit potential public health impacts (3). More attention needs

to be focused, as is true of other areas of RT and risk reduction, on translational research that

uses time-efficient but efficacious protocols combined with theory-based behavioral

strategies to increase long-term maintenance of RT in minimally supervised settings (58).
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WHAT MORE CAN RT DO?

Beyond the effects of RT on chronic health conditions as discussed previously, there are

multitudinous other pathological conditions that are affected beneficially by RT.

Randomized trials of RT in rheumatoid arthritis have shown the capacity to induce strength

gains and hypertrophy, as well as reversing the cachexic phenotype associated with this

condition (34). A recent meta-analysis of high-quality trials of women with osteopenia and

osteoporosis also concluded that RT resulted in significant improvements in the domains of

physical function, pain, and vitality (35). Recent analyses of RT interventions in knee (22)

and hip osteoarthritis (24) also reached similar conclusions regarding the use of RT as an

effective intervention for lessening pain and often improving health-related quality of life.

There is a small but growing body of literature that is showing highly beneficial effects of

RT in cancer rehabilitation for a variety of cancer types (12,18,23,52). Of relevance to the

points made in this review, some of the salient changes seen in these patients include

improvements in estimates of aerobic capacity, fatigue, and body composition (12,23).

Namely, patients see gains in lean mass while still on treatments with drugs that would

normally result in marked reductions in muscle mass and increased fat mass. For example,

this has been the case for men receiving androgen suppression therapy for prostate cancer

treatment (23). Given that cancer appears poised to overtake cardiovascular disease as a

leading killer in many developed countries, these observations are of great importance. A

critical observation is that despite oncologists’ often-heard plea that cancer patients are

unable to withstand an exercise intervention because of their disease- or treatment-induced

fatigue, this is not the case. In fact, contrary to this suggestion, there are data indicating that

cancer patients have a greater resistance to fatigue even when performing intense RT

protocols and report enhanced quality of life (12,23).

A PARADIGM SHIFT TO AN INTRINSIC MODEL OF RT

One impetus for compiling this review is to urge much greater focus in subsequent position

stands and clinical trials on compelling public health concerns addressed with relatively

simple, feasible, and efficacious RT protocols (4,55,56). Moving towards greater public

health relevance, we believe, also will require a different way of conceptualizing RT, which

then directly will impact its presentation to the public, the accessibility of RT, and possibly

effectiveness at a population level. These broad conceptual changes are a true paradigm

shift.

RT largely has developed and more recently been diversely applied to risk reduction and

health promotion based on an extrinsic weightlifting paradigm. That is, the focus often is

placed on the amount of resistance, number of repetitions, sets, and myriad other seemingly

critical variables (48). The assumption also has been that at least for increasing strength,

heavier resistance produced superior outcomes compared with moderate resistance. Critical

analyses of such suppositions (10,11) indicate that numerous different combinations of

resistance, repetitions, and sets produce astonishingly similar, rather than disparate, strength

outcomes, and most importantly, heavier was not shown to be better (10,11). Even if such a

conclusion was in dispute, we still would propose that at a population level, subtle
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differences in strength gains that may be achieved with complex weightlifting protocols are

far less relevant to public health. At best, complex training is reserved for elite population

segments. However, if as we propose, different combinations of resistance, repetitions, and

sets produce similar outcomes (10,11), one explanation is that there are common processes

and mechanisms that are activated by seemingly disparate RT protocols. An obvious

candidate is the degree of motor unit activation, a proxy for which is the degree of effort

involved in the RT stimulus; such a thesis has been put forward previously in recent reviews

(8–10). The degree of effort such as required to complete a set of repetitions, rather than the

amount of resistance as traditionally defined as percent of 1 RM, constitutes a true measure

of intensity. A higher intensity stimulus, that is a stimulus requiring a high degree of effort,

may be a common process underlying efficacious protocols.

We propose for consideration and further research a more intrinsic RT model (note that Dr.

Ralph Carpinelli originally defined extrinsic and intrinsic RT models). Instead of arduous,

time-consuming, complicated RT protocols crafted primarily with the extrinsic “heavier is

better” mantra in mind, one can prescribe more intrinsic protocols with a person’s own effort

as a guide. Such a program could use only a moderate amount of resistance (weight), but

with excellent form (including attention to range of motion and controlled repetitions to

reduce momentum), with performance of the last repetition in a set representing a fatiguing

or near fatiguing effort. Such intrinsic RT would not be “easy” to perform. In fact, high

effort is central to this RT model. However, heavier resistance would not be required and

neither would consideration of the multitude of other “important” variables inherent in other

prescriptive RT models (48). Such a model of RT is not complicated and moves beyond the

extrinsically dictated weightlifting models that dominate much of the research in this area.

Work from one of the author’s groups recently has demonstrated that when subjects lift

loads equivalent to 90% of their 1 RM versus lifting a load that represents only 30% of 1

RM, but both 90% and 30% perform to voluntary fatigue, similar increments in the synthesis

of new muscle proteins are shown (5). These data indicate that external load is not the

absolute stimulus that dictates the muscle cellular response to resistance exercise. Rather,

the data suggest that given these widely different loads, effort is a key component of the RT

stimulus because both loads were lifted to voluntary fatigue. Note, however, that effort is

internal to the person, can be created with a variety of protocols, and is not dependent upon a

specific amount of external force. Defining intensity as a degree of effort, and not as percent

of 1 RM, is a pivotal part of moving RT out from under a weightlifting paradigm. If effort

dictates the phenotypic change in muscle (i.e., hypertrophy) and, we hypothesize, strength

gains, then the paradigm becomes one of having people exert a hard effort to achieve benefit

rather than lifting heavy weights, much less heavy weights in complex programs. In intrinsic

RT, the focus and goal are to target and fatigue muscle groups. A wide range of repetitions

and time under tension can be used to achieve such a goal. Resistance simply is a vehicle to

produce fatigue and only is adjusted when fatigue is not reached within the designated

number of repetitions and time under tension. Subsequent studies assessing whether the

acute finding of effort-dependent and load-independent response equivalency (5) translates

into longer-term adaptations are forthcoming. If this type of training is efficacious,

translational research can assess the broad acceptability of more intrinsic RT, including the
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necessity for precision and effort and its effectiveness and longer-term maintenance among

healthy and at-risk population segments.

We also favor a different perspective on descriptions of RT in that expressions such as “sets

per exercise” may not be the best measure of volume. Rather, “sets per muscle group” may

be a better measure of workload. Multi-joint exercises affect multiple muscle groups, so if a

sufficient workload is required, a relatively simple protocol with select exercises may

provide a sufficient stimulus. Research should be directed to ascertaining a “volume

threshold,” the minimum volume from a public health perspective that results in a

meaningful change in, for example, insulin sensitivity, blood lipids, body fat, or some

combination of these. While protocols with higher volume may produce large strength gains

in younger athletic populations, such protocols may result in lower adherence rates in

clinical populations, negating their potentially positive impacts. Thus, the large volume of

exercises and time spent in the gym derived from the “more is better” archetype also is not

necessary for improved health outcomes (57). It also is unclear whether more volume

unequivocally results in greater strength gains (10,33,57). However, a pertinent question is

whether the ostensibly superior gains in muscle strength that may occur with greater volume

would be offset by greater injury incidence and poor adherence (whether due to time

commitment or low self-efficacy) outside of the lab in the general population. Our thesis is

that an intrinsically-oriented (i.e., guided by a high degree of effort intrinsic to each subject)

program with at minimum of one set with 10–15 multiple muscle group exercises (e.g., leg

press, chest press, pulldown, overhead press) executed with good form would be highly

effective from a public health perspective. The relatively uncomplicated nature and low time

required to complete such an intrinsic model of training would allow greater self-efficacy for

performance, maintenance, and continued adherence beyond the initial supervised training

phase (58). We also propose that such training models could be time efficient and would

result in equivalent strength gains when compared with the heavier, extrinsically-oriented

RT protocols, and importantly, equivalent or greater health benefits.

CONCLUSION

Our review shows that RT has positive effects on many health-related mechanisms. RT can

become a central component in disease prevention and public health policies and programs.

However, the pivotal change needed for wide-scale adoption of RT likely is a paradigm shift

from a complex, time-consuming, extrinsic model to a more time-efficient, yet efficacious,

intrinsic model of training. We fully acknowledge that such an idea may seem a radical

departure from numerous recommendations in which complex programs of RT with

manipulation of multiple variables are proposed as being maximally effective, at least in

terms of promoting strength gains. However, we view such recommendations as largely

unsupported and mostly redundant and unimportant in designing RT protocols that are far

more likely to be adhered to by the general public in numbers sufficient enough to have an

effect on public health.

Phillips and Winett Page 8

Curr Sports Med Rep. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Acknowledgments

S.M.P. was supported in part by the Natural Sciences and Engineering Research Council of Canada and from The
Canadian Institutes of Health Research. R.A.W. was supported in part by grant NIDDK 1R01DK082383-01A1,
with Richard A. Winett and Brenda M. Davy, multiple principal investigators.

References

1. Anton MM, Cortez-Cooper MY, Devan AE, et al. Resistance training increases basal limb blood
flow and vascular conductance in aging humans. J. Appl. Physiol. 2006; 101:1351–5. [PubMed:
16840576]

2. Black LE, Swan PD, Alvar BA. Effects of intensity and volume on insulin sensitivity during acute
bouts of resistance training. J. Strength Cond. Res. 2010; 24:1109–16. [PubMed: 20093961]

3. Bosy-Westphal A, Reinecke U, Schlorke T, et al. Effect of organ and tissue masses on resting
energy expenditure in underweight, normal weight and obese adults. Int. J. Obes. Relat. Metab.
Disord. 2004; 28:72–9. [PubMed: 14647174]

4. Braith RW, Stewart KJ. Resistance exercise training: its role in the prevention of cardiovascular
disease. Circulation. 2006; 113:2642–50. [PubMed: 16754812]

5. Burd NA, West DW, Staples AW, Holwerda AM, Moore DR, Tang JE, Baker SK, Phillips SM.
Stimulation of muscle protein synthesis occurs at lower intensity than previously thought. Med Sci
Sports Exerc. 2009; 41:150.

6. Bweir S, Al-Jarrah M, Almalty AM, et al. Resistance exercise training lowers HbA1c more than
aerobic training in adults with type 2 diabetes. Diab. Metab Syndr. 2009; 1:27.

7. Cameron ID, Murray GR, Gillespie LD, et al. Interventions for preventing falls in older people in
nursing care facilities and hospitals. Cochrane Database Syst. Rev. 2010:CD005465. [PubMed:
20091578]

8. Carpinelli RN. Berger in retrospect: effect of varied weight training programmes on strength. Br. J.
Sports Med. 2002; 36:319–4. [PubMed: 12351327]

9. Carpinelli RN. The size principle and a critical analysis of the unsubstantiated heavier-is-better
recommendation for resistance training. J. Exerc. Sci. Fit. 2008; 6:67–82.

10. Carpinelli RN, Otto RM. Strength training. Single versus multiple sets. Sports Med. 1998; 26:73–
84. [PubMed: 9777681]

11. Carpinelli RN, Otto RM, Winett RA. A critical analysis of the ACSM position stand on resistance
training: insufficient evidence to support recommended training protocols. JEPonline. 2004; 7:1–
60.

12. Cheema B, Gaul CA, Lane K, Fiatarone Singh MA. Progressive resistance training in breast
cancer: a systematic review of clinical trials. Breast Cancer Res. Treat. 2008; 109:9–26. [PubMed:
17624588]

13. Cook JN, Devan AE, Schleifer JL, et al. Arterial compliance of rowers: implications for combined
aerobic and strength training on arterial elasticity. Am. J. Physiol. Heart Circ. Physiol. 2006;
290:H1596–600. [PubMed: 16284225]

14. Cooper, KH. Aerobics. Bantam; New York: 1978.

15. Cornelissen VA, Fagard RH. Effect of resistance training on resting blood pressure: a meta-
analysis of randomized controlled trials. J. Hypertens. 2005; 23:251–9. [PubMed: 15662209]

16. Cornelissen VA, Fagard RH. Effects of endurance training on blood pressure, blood pressure-
regulating mechanisms, and cardiovascular risk factors. Hypertension. 2005; 46:667–75.
[PubMed: 16157788]

17. Cortez-Cooper MY, Devan AE, Anton MM, et al. Effects of high intensity resistance training on
arterial stiffness and wave reflection in women. Am. J. Hypertens. 2005; 18:930–4. [PubMed:
16053989]

18. De Backer IC, Schep G, Backx FJ, Vreugdenhil G, Kuipers H. Resistance training in cancer
survivors: a systematic review. Int. J. Sports Med. 2009; 30:703–12. [PubMed: 19585401]

19. Delorme TL. Restoration of muscle power by heavy-resistance exercises. J. Bone Joint Surg. Am.
1945; 27:645–67.

Phillips and Winett Page 9

Curr Sports Med Rep. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



20. Eves ND, Plotnikoff RC. Resistance training and type 2 diabetes: considerations for
implementation at the population level. Diab. Care. 2006; 29:1933–41.

21. Fiatarone MA, O’neill EF, Ryan ND, et al. Exercise training and nutritional supplementation for
physical frailty in very elderly people. N. Engl. J. Med. 1994; 330:1769–75. [PubMed: 8190152]

22. Fransen M, Mcconnell S. Land-based exercise for osteoarthritis of the knee: a metaanalysis of
randomized controlled trials. J. Rheumatol. 2009; 36:1109–17. [PubMed: 19447940]

23. Galvao DA, Taaffe DR, Spry N, Joseph D, Newton RU. Combined resistance and aerobic exercise
program reverses muscle loss in men undergoing androgen suppression therapy for prostate cancer
without bone metastases: a randomized controlled trial. J. Clin. Oncol. 2010; 28:340–7. [PubMed:
19949016]

24. Hernandez-Molina G, Reichenbach S, Zhang B, Lavalley M, Felson DT. Effect of therapeutic
exercise for hip osteoarthritis pain: results of a meta-analysis. Arthritis Rheum. 2008; 59:1221–8.
[PubMed: 18759315]

25. Heyman, KM.; Barnes, PM.; Schiller, AS. Early release of selected estimates based on data from
the January–September 2009 National Health Interview Survey. National Center for Health
Statistics; Hyattsville, MD: Mar. 2010 Available at www.cdc.gov/nchs/data/nhis/earlyrelease/
earlyrelease201003.pdf

26. Holloszy JO. Exercise-induced increase in muscle insulin sensitivity. J. Appl. Physiol. 2005;
99:338–43. [PubMed: 16036907]

27. Ibanez J, Gorostiaga EM, Alonso AM, et al. Lower muscle strength gains in older men with type 2
diabetes after resistance training. J. Diab. Complications. 2008; 22:112–8.

28. Janssen I. Influence of sarcopenia on the development of physical disability: the Cardiovascular
Health Study. J. Am. Geriatr. Soc. 2006; 54:56–62. [PubMed: 16420198]

29. Janssen I, Baumgartner RN, Ross R, Rosenberg IH, Roubenoff R. Skeletal muscle cutpoints
associated with elevated physical disability risk in older men and women. Am. J. Epidemiol. 2004;
159:413–21. [PubMed: 14769646]

30. Janssen I, Shepard DS, Katzmarzyk PT, Roubenoff R. The healthcare costs of sarcopenia in the
United States. J. Am. Geriatr. Soc. 2004; 52:80–5. [PubMed: 14687319]

31. Kosek DJ, Kim JS, Petrella JK, Cross JM, Bamman MM. Efficacy of 3 days/wk resistance training
on myofiber hypertrophy and myogenic mechanisms in young vs. older adults. J. Appl. Physiol.
2006; 101:531–44. [PubMed: 16614355]

32. Kraemer WJ, Adams K, Cafarelli E, et al. American College of Sports Medicine position stand.
Progression models in resistance training for healthy adults. Med. Sci. Sports Exerc. 2002;
34:364–80. [PubMed: 11828249]

33. Krieger JW. Single versus multiple sets of resistance exercise: a meta-regression. J. Strength Cond.
Res. 2009; 23:1890–901. [PubMed: 19661829]

34. Lemmey AB, Marcora SM, Chester K, et al. Effects of high-intensity resistance training in patients
with rheumatoid arthritis: a randomized controlled trial. Arthritis Rheum. 2009; 61:1726–34.
[PubMed: 19950325]

35. Li WC, Chen YC, Yang RS, Tsauo JY. Effects of exercise programmes on quality of life in
osteoporotic and osteopenic postmenopausal women: a systematic review and meta-analysis. Clin.
Rehabil. 2009; 23:888–96. [PubMed: 19717503]

36. Liu CJ, Latham NK. Progressive resistance strength training for improving physical function in
older adults. Cochrane Database Syst. Rev. 2009:CD002759. [PubMed: 19588334]

37. Loimaala A, Groundstroem K, Rinne M, et al. Effect of long-term endurance and strength training
on metabolic control and arterial elasticity in patients with type 2 diabetes mellitus. Am. J.
Cardiol. 2009; 103:972–7. [PubMed: 19327425]

38. Maeda S, Otsuki T, Iemitsu M, et al. Effects of leg resistance training on arterial function in older
men. Br. J. Sports Med. 2006; 40:867–9. [PubMed: 16920770]

39. Misra A, Alappan NK, Vikram NK, et al. Effect of supervised progressive resistance-exercise
training protocol on insulin sensitivity, glycemia, lipids, and body composition in Asian Indians
with type 2 diabetes. Diabetes Care. 2008; 31:1282–7. [PubMed: 18316394]

40. Miyachi M, Donato AJ, Yamamoto K, et al. Greater age-related reductions in central arterial
compliance in resistance-trained men. Hypertension. 2003; 41:130–5. [PubMed: 12511542]

Phillips and Winett Page 10

Curr Sports Med Rep. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201003.pdf
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201003.pdf


41. Miyachi M, Kawano H, Sugawara J, et al. Unfavorable effects of resistance training on central
arterial compliance: a randomized intervention study. Circulation. 2004; 110:2858–63. [PubMed:
15492301]

42. Pedersen BK. The diseasome of physical inactivity–and the role of myokines in muscle–fat cross
talk. J. Physiol. 2009; 587:5559–68. [PubMed: 19752112]

43. Phillips SM. Resistance exercise: good for more than just Grandma and Grandpa’s muscles. Appl.
Physiol. Nutr. Metab. 2007; 32:1198–205. [PubMed: 18059595]

44. Phillips SM, Hartman JW, Wilkinson SB. Dietary protein to support anabolism with resistance
exercise in young men. J. Am. Coll. Nutr. 2005; 24:134S–9S. [PubMed: 15798080]

45. Pitsavos C, Panagiotakos DB, Tambalis KD, et al. Resistance exercise plus to aerobic activities is
associated with better lipids’ profile among healthy individuals: the ATTICA study. QJM. 2009;
102:609–16. [PubMed: 19570991]

46. Rakobowchuk M, Mcgowan CL, De Groot PC, et al. Effect of whole body resistance training on
arterial compliance in young men. Exp. Physiol. 2005; 90:645–51. [PubMed: 15849230]

47. Rakobowchuk M, Mcgowan CL, De Groot PC, et al. Endothelial function of young healthy males
following whole body resistance training. J. Appl. Physiol. 2005; 98:2185–90. [PubMed:
15677730]

48. Ratamess NA. American College of Sports Medicine position stand. Progression models in
resistance training for healthy adults. Med. Sci. Sports Exerc. 2009; 41:687–708. [PubMed:
19204579]

49. Ruiz JR, Sui X, Lobelo F, et al. Muscular strength and adiposity as predictors of adulthood cancer
mortality in men. Cancer Epidemiol. Biomarkers Prev. 2009; 18:1468–76. [PubMed: 19366909]

50. Ruiz JR, Sui X, Lobelo F, et al. Association between muscular strength and mortality in men:
prospective cohort study. BMJ. 2008; 337:a439. [PubMed: 18595904]

51. Sigal RJ, Kenny GP, Boule NG, et al. Effects of aerobic training, resistance training, or both on
glycemic control in type 2 diabetes: a randomized trial. Ann. Intern. Med. 2007; 147:357–69.
[PubMed: 17876019]

52. Spence RR, Heesch KC, Brown WJ. Exercise and cancer rehabilitation: a systematic review.
Cancer Treat. Rev. 2010; 36:185–94. [PubMed: 19962830]

53. Tambalis K, Panagiotakos DB, Kavouras SA, Sidossis LS. Responses of blood lipids to aerobic,
resistance, and combined aerobic with resistance exercise training: a systematic review of current
evidence. Angiology. 2009; 60:614–32. [PubMed: 18974201]

54. Tresierras MA, Balady GJ. Resistance training in the treatment of diabetes and obesity:
mechanisms and outcomes. J. Cardiopulm. Rehabil. Prev. 2009; 29:67–75. [PubMed: 19305230]

55. Vincent KR, Braith RW, Feldman RA, Kallas HE, Lowenthal DT. Improved cardiorespiratory
endurance following 6 months of resistance exercise in elderly men and women. Arch. Intern.
Med. 2002; 162:673–8. [PubMed: 11911721]

56. Vincent KR, Braith RW, Feldman RA, et al. Resistance exercise and physical performance in
adults aged 60 to 83. J. Am. Geriatr. Soc. 2002; 50:1100–7. [PubMed: 12110072]

57. Winett RA. Meta-analyses do not support performance of multiple sets or high volume resistance
training. JEPonline. 2004; 7:10–20.

58. Winett RA, Williams DM, Davy BM. Initiating and maintaining resistance training in older adults:
a social cognitive theory-based approach. Br. J. Sports Med. 2009; 43:114–9. [PubMed:
18628361]

59. [Accessed March 15, 2010] Strength training among adults aged ≥65 - United States 2008
[Internet]. Available from: www.cdc.gov/mmwr/preview/mmwrhtml/mm5302a1.htm

60. Zois CE, Tokmakidis SP, Volaklis KA, et al. Lipoprotein profile, glycemic control and physical
fitness after strength and aerobic training in postmenopausal women with type 2 diabetes. Eur. J.
Appl. Physiol. 2009; 106:901–7. [PubMed: 19458961]

Phillips and Winett Page 11

Curr Sports Med Rep. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5302a1.htm

