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Abstract  14	
Age is a primary risk factor for a number of chronic diseases including mobility disability, 15	
cardiovascular disease (CVD), type 2 diabetes (T2D), and cancer. Most physical activity 16	
guidelines emphasize the performance of 150 min of moderate-to-vigorous or 75 minutes of 17	
vigorous aerobic exercise training (AET) weekly for reduction of chronic disease risk. 18	
Nonetheless, there is an emerging body of evidence showing that resistance exercise training 19	
(RET) appears to be as effective as AET in reducing risk of several chronic diseases. It may also 20	
be that RET is more effective than AET in some regards; the converse is likely also true. We 21	
posit that the perceived divergent exercise mode-dependent health benefits of AET and RET are 22	
likely small in most cases. In this short review, our aim is to examine evidence of associations 23	
between the performance of RET and chronic health disease risk (mobility disability, T2D, CVD, 24	
cancer). We also postulate on how RET may be influencing chronic disease risk and how it is a 25	
critical component for healthy aging. Accumulating evidence points to RET as a potent and 26	
robust preventive strategy against a number of chronic diseases traditionally associated with the 27	
performance of AET, but evidence favours RET as a potent countermeasure against declines in 28	
mobility. On the basis of this review we propose that the promotion of RET should assume a 29	
more prominent position in exercise guidelines particularly for older persons.30	
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Introduction 31	
Cardiovascular disease (CVD), cancer, and type 2 diabetes (T2D) are leading causes of 32	
morbidity and mortality in older adults aged 65 years and older in developed countries (Roth et 33	
al., 2015; Tanday, 2016). Aging is also the single biggest risk for mobility impairments, which 34	
can exacerbate the risk for all of the aforementioned chronic diseases (Newman et al., 2006). 35	
Pharmacological agents are frequently prescribed to treat or delay the progression of major 36	
chronic diseases in mobility impaired older individuals; however, most if not all of these 37	
therapies have some degree of off-target effects that may be undesirable or reduce compliance 38	
with prescribed dosing. Global population aging has resulted in a concomitant increase of people 39	
living with age-related chronic disease and also with impaired physical mobility. Low cost, 40	
widely implementable multi-condition pharmaceutical interventions that have a low side-effect 41	
profile and mitigate risk for all common chronic diseases while alleviating the risk of mobility 42	
decline do not presently exist. However, routine exercise can variably mitigate the age-related 43	
reduction in physical mobility and reduce chronic disease risk to an appreciable extent. 44	
 The progressive decline of skeletal muscle mass and strength with aging is collectively 45	
referred to as sarcopenia, and is prognostic for mobility disability (Visser et al., 2002; Visser et 46	
al., 2005) and chronic disease risk (Pedersen and Saltin, 2015). Regular physical activity 47	
(defined here as any bodily movement produced by the contraction of skeletal muscle that 48	
increases energy expenditure; Caspersen et al., 1985) and exercise (physical activity that is 49	
planned, structured, and repetitive; Caspersen et al., 1985) are cornerstones in the primary 50	
prevention of chronic diseases (Pedersen and Saltin, 2015) and also for mitigating risk of 51	
mobility disability in older persons (Pahor et al., 2014;Villareal et al., 2017).  52	
 Resistance exercise (RE) and aerobic exercise (AE) are modalities of exercise that are 53	
traditionally conceptualized as existing on opposites ends of an exercise continuum in terms of 54	
the phenotypes they lead to. A common misperception is that RE training (RET) and AE training 55	
(AET) also result in separate health benefits, but we propose this is an artifact of the greater 56	
volume of data that currently exists for AET as opposed to RET. Currently, most physical 57	
activity guidelines advise, as their primary message, that older adults should perform at least 150 58	
minutes of moderate-to-vigorous or 75 minutes of vigorous AET weekly for the reduction of 59	
chronic disease risk and maintenance of functional abilities (AHA, 2018; ACSM, 2009; CSEP, 60	
2011; Piercy et al., 2018). However, there is an emerging body of evidence to suggest that RET 61	
can be as effective as AET in reducing chronic disease risk and is particularly potent for 62	
maintaining mobility in older adults (de Vries et al., 2012; Gronteved et al., 2012; Stamatakis et 63	
al., 2018; Tanasescu et al., 2002).  64	
 The aim of this review is to provide an up-to-date evidence-based narrative review of the 65	
efficacy of RET in combating chronic health disease (mobility disability, T2D, cardiovascular 66	
disease, and cancer) risk in older adults. To achieve this aim, we summarize data derived 67	
predominantly from humans, but will draw upon important findings from pre-clinical disease 68	
models to substantiate our arguments and provide additional mechanistic insight not available in 69	
human observational trials.  70	
 71	
Resistance Exercise Training and Physical Mobility  72	
Mounting evidence from systematic reviews (Theou et al., 2011), meta-analyses (de Labra et al., 73	
2015; de Vries et al., 2012; Gine-Garriga et al., 2014) and umbrella reviews (Jadczak et al., 74	
2018) convincingly show that exercise interventions combining RET and AET are the most 75	
effective for combating age-related declines in physical mobility. Interesting data from Villareal 76	
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et al. (2017) demonstrate that obese older adults with mobility limitations who performed 77	
combined (AET and RET) training improved objective and subjective measures of functional 78	
ability more than individuals randomized to either RET or AET alone. However, as is often the 79	
case in these clinical trials, the combined RET plus AET group performed a larger volume of 80	
exercise than the groups performing either modality alone, which likely confounded the results.  81	

A recent umbrella review demonstrated that RET in pre-frail and frail older adults could 82	
significantly enhance muscular strength, gait speed, and physical performance (Jadczak et al., 83	
2018). Pooled data from 33 randomized controlled trials showed that performing RET resulted in 84	
a statistically significant improvement in physical function (Liu and Lathman, 2009). 85	
Importantly, de Vries et al. (2012) have argued that RET is of greater importance in an exercise 86	
program than AET for improving physical mobility in community dwelling, mobility impaired 87	
older adults. On the contrary, a recent meta-analysis conducted by Hortobagyi et al. (2016) found 88	
similar improvements in gait speed in healthy older adults performing either AET or RET. The 89	
heterogeneity in experimental design across studies (i.e., participant characteristics, training 90	
variables [frequency, intensity, time], and methods used to assess mobility can make it difficult 91	
to conclude which exercise modality is most efficacious in combatting mobility declines in older 92	
adults. Cognizant of this limitation, future randomized controlled trials are warranted to 93	
investigate which exercise mode is most effective in improving physical function in older adults. 94	
Nevertheless, when looked at collectively, the evidence suggests that RET can play a 95	
fundamental role in improving and/or maintaining functional mobility that is at least on par with 96	
those imbued by AET, in older adults. 97	

The underlying mechanisms by which RET attenuates the decline in physical function of 98	
older adults is likely multi-faceted. However, low muscle mass and strength are associated with 99	
poor physical function (Visser et al., 2002), and predictive of future mobility impairment in older 100	
adults (Visser et al., 2005). A recent cross-sectional analysis also demonstrated that community-101	
dwelling older adults with low muscle mass, and combined low muscle mass and function had 102	
1.6- and 12.2-increased odds of being physically dependent, respectively (Dos Santos et al., 103	
2017). RET is a potent stimulus for skeletal muscle hypertrophy and augmenting strength in 104	
older adults. Indeed, A meta-analysis containing 49 randomized controlled trials concluded that 105	
after an average of 20.5 weeks of RET, older adults gained 1.1kg of lean body mass (Peterson et 106	
al., 2011). Moreover, RET (either alone or as part of a combined training program) enhanced 107	
strength gains in frail older adults more than combined exercise programs without RET. Whole- 108	
body progressive RET (2 sets of 65 – 85% of 1 repetition maximum [1RM]) 3 times a week for 6 109	
months attenuated losses in bone-mineral density, lean mass, and muscular strength in obese frail 110	
participants to a greater extent than combined or AET (jogging/running for 60 minutes at 65 – 111	
85% of heart rate peak [HRpeak]; Villareal et al., 2017). In contrast, AET alone is ineffective at 112	
inducing comparable increases in skeletal muscle mass and strength (Grgic et al., 2018). In 113	
addition, RET can improve neurological (i.e., increased central motor drive, elevated 114	
motoneuron excitability [Aagaard et al., 2002]), psychological (i.e., self-efficacy [Kekalainen et 115	
al., 2018]) and/or cardiovascular function (i.e., maximal stroke volume [Roberson et al., 2018]) – 116	
all of which have been hypothesized to contribute to skeletal muscle performance in older adults 117	
(Tieland et al., 2018). Thus, it is not surprising that RET exerts beneficial effects on physical 118	
function in older adults – regardless of whether muscle hypertrophy is observed – through factors 119	
extrinsic to skeletal muscle. Further work is needed to identify the dominant mechanism by 120	
which RET can combat mobility impairments.  121	
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 Although high intensity RET (≥ 70% of 1RM) is generally more effective than low-to-122	
moderate intensity RET (30 – 69% of 1RM) in combating mobility decrements (de Vries et al., 123	
2012), the heterogeneity between studies makes it is difficult to conclude with a high degree of 124	
certainty the optimal RET intensity. It should be noted that RET where one’s own body weight is 125	
used for resistance and in which activities of daily living are simulated (i.e., body-weight squat) 126	
can improve indices of physical function in older adults to a similar extent as conventional RET 127	
(requiring external loads; Lustosa et al., 2011). Notwithstanding, multi-component exercise 128	
programs (consisting of RET, AET and balance training in combination) appear to be the best 129	
strategy for attenuating declines in physical mobility (Cadore et al., 2013; de Labra et al., 2015; 130	
de Vries et al., 2012; Gine-Garriga et al., 2014; Jadczak et al., 2018; Theou et al., 2011).  131	
 132	
Resistance Exercise Training and Type 2 Diabetes  133	
A hallmark of aging is the progressive deterioration of whole-body insulin sensitivity and 134	
consequent impairment of glycemic control (Jackson et al., 1982) that predispose older adults to 135	
T2D. The nexus of insulin resistance and impaired β-cell function (Weyer et al., 2001), T2D, is 136	
one of the most prevalent metabolic diseases afflicting older adults (Statistics Canada, 2016). In 137	
older adults, the insulin-mediated suppression of hepatic glucose output is delayed and peripheral 138	
glucose uptake into skeletal muscle is impaired (Jackson et al., 1982). Inevitably, the inability of 139	
the aging pancreas to produce and secrete enough insulin to buffer the resistance in peripheral 140	
and hepatic tissues leads to T2D.  141	

Given that ~80% of glucose is deposited in skeletal muscle during postprandial periods 142	
(Thiebaud et al., 1982), the loss of muscle mass and muscle metabolic quality with advancing 143	
age are thought to be primary drivers of insulin resistance and T2D development in older adults 144	
(DeFronzo et al., 2009). Epidemiological data (Srikanthan et al., 2011) demonstrate an inverse 145	
relationship between lean body mass and insulin resistance, an effect that appears independent 146	
of, but exacerbated by, obesity in older adults (Srikanthan et al., 2010). Moreover, declining 147	
muscle strength and progressive mobility impairment with age likely causes a reduction in daily 148	
physical activity, which alone is sufficient to induce metabolic dysfunction (McGlory et al., 149	
2018).  150	
 Recent work from our laboratory demonstrated that a reduction of habitual daily stepping 151	
for a period of 2 weeks (<1000 steps/day) in pre-diabetic older adults results in significant 152	
impairments in glycemic control and an insulin resistant state in response to a 75-g oral glucose 153	
challenge (McGlory et al., 2018). Importantly, participants failed to recover baseline insulin 154	
sensitivity upon returning to habitual activity for 2 weeks. Recently, Reidy et al. (2018) 155	
confirmed the induction of insulin resistance following step-reduction using a hyperinsulinemic-156	
euglycemic clamp, the gold-standard method to assess insulin sensitivity. In contrast to our 157	
findings however, Reidy et al. (2018) demonstrated that older adults fully recovered baseline 158	
insulin sensitivity following a return to habitual stepping. These data together suggest that 159	
reductions in physical activity levels in elderly adults contribute substantially to the development 160	
of insulin resistance that precedes diabetes development.  161	

Lifestyle interventions are arguably the most effective therapeutic strategies in terms of 162	
preventing and managing diabetes. Indeed, the Diabetes Prevention Program (DPP) 163	
demonstrated that lifestyle modifications (i.e. diet and exercise) were associated with a greater 164	
reduction (58% vs. 31%; Knowler et al., 2002) in the incidence of T2D compared to metformin – 165	
the current front-line therapy for T2D (American Diabetes, 2014). Importantly, however, the 166	
DPP focused on AET with little consideration of the beneficial effects of RET on glycemic 167	
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control. Interesting data from Davy et al. (2017) demonstrated that after only 3 months (2x 168	
/week) of progressive, supervised, whole-body RET (1 set at 70-80% 1RM), ~34% of 169	
overweight/obese pre-diabetic older adults achieved normal glucose tolerance. These findings 170	
are not isolated and, when considered collectively (Iglay et al., 2007; Zachwieja et al., 1996), 171	
support the effectiveness of RET to improve glycemic control in elderly adults. These 172	
improvements would be expected, and have been reported to translate into reduced T2D 173	
incidence in the elderly (Grontved et al., 2012). Indeed, an analysis of ~32,000 men between the 174	
ages of 40-75 yrs from the Health Professionals’ Study demonstrated that men engaging in at 175	
least 150 min/week of RET had a 34% lower risk of developing diabetes over an 18-year period 176	
(Grontved et al., 2012). Model-derived estimates predict that a risk reduction of this magnitude 177	
(~30%) would save ~$1.5 billion in healthcare expenditure (Bilandzic et al., 2017).  178	

People with diagnosed type 1 and type 2 diabetes can also benefit from the inclusion of 179	
RET for the management of glycemia as an adjunct therapy to antidiabetic pharmaceutical agents 180	
(ADA, 2018). In one study, an acute bout of either AE (running at 60% maximal oxygen uptake 181	
[VO2max]) or whole-body RE (3 sets at 70% 1RM) resulted in significant reductions of plasma 182	
glucose levels in physically active Type 1 diabetics (Yardley et al., 2013). Although the 183	
decrement was greater during AE, interstitial glucose monitoring post-exercise demonstrated that 184	
only the participants performing RE maintained lower plasma glucose levels over the ensuing 24 185	
hr. In a recent meta-analysis including 360 elderly patients with T2D, RET for at least 8 weeks 186	
was also associated with clinically-relevant improvements in glycated hemoglobin (HbA1c) and 187	
muscle strength (Lee et al., 2017). The RET-induced improvement in HbA1c was also observed 188	
in 7/8 studies systematically analyzed by Gordon et al. (2009). Future randomized controlled 189	
trials are now needed to examine the salient mechanisms driving the rejuvenation of insulin 190	
sensitivity in response to RET, which are briefly considered below. 191	

Muscle contraction per se improves glucose homeostasis through insulin-dependent and 192	
independent signaling pathways (Holloszy et al., 2005). Theoretically, growth or atrophy of 193	
skeletal muscle is expected to perturb glucose handling through expansion or contraction, 194	
respectively, of the predominant glucose disposal site; however, RET can improve insulin 195	
sensitivity independently of changes in lean body mass (Holten et al., 2004), indicating that 196	
intrinsic insulin signaling is improved. After binding to its membrane receptor, insulin initiates a 197	
signaling cascade that converges on the phosphorylation of AS160, permitting the translocation 198	
and docking of GLUT4 transporters onto the sarcolemma and enhancing glucose uptake. Insulin-199	
mediated phosphorylation of AS160 is impaired in older adults resulting in reduced GLUT4 200	
delivery to the sarcolemma and decreased muscle uptake (Consitt et al., 2013). Once inside the 201	
cell, a majority of glucose is directed towards glycogen synthesis in normoglycemic adults via 202	
glycogen synthase activation. This process is impaired, and is thought to be a primary driver of 203	
insulin resistance, in T2D (Pedersen et al., 2015; Shulman et al., 1990). Glycogen synthase 204	
content is also reduced in aged skeletal muscle (Pastoris et al., 2000) and, together with reduced 205	
GLUT4 translocation, likely contributes to the marked reduction in peripheral glucose disposal 206	
in insulin resistant older adults (Jackson et al., 1988). Fortunately, these age-related impairments 207	
are partially reversible with RET. For instance, sedentary older men participating in 8-weeks of 208	
combined RET and AET (training variables not published) demonstrated increased skeletal 209	
muscle hexokinase II, Akt2, glycogen synthase, and GLUT4 protein content (Bienso et al., 210	
2015). These changes were associated with a significant decrease of insulin area under the curve 211	
during an oral glucose tolerance test (OGTT), in the absence of change in glucose area under the 212	
curve, indicating an improvement in whole-body insulin sensitivity (Bienso et al., 2015). Finally, 213	
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older adults participating in RET (3 sets at 60 – 85 % 1RM) for 24 weeks exhibited large 214	
increases (~57%) in mitochondrial oxidative capacity (Jubrias et al., 2001), which is likely linked 215	
to the training-induced improvements in insulin sensitivity.  216	

We propose there is a good rationale and data in support of a role of RET in the 217	
prevention and treatment of insulin resistance in older adults. However, it currently remains 218	
unclear which RET training variable is most closely related with the RET-induced improvements 219	
in glycemic control in individuals with T2D. Evidence from a systematic review (Gordon et al., 220	
2009) suggests that exercise intensity is the key variable and that performing high-intensity RET 221	
(≥ 70% 1RM) results in the greatest improvement in glycemic control. However, the majority of 222	
trials included in this study did not control for the total volume of exercise being performed. 223	
Indeed, a recent study in individuals with T2D demonstrated that, when matched for exercise 224	
volume, there was no significant difference in glycemic control with high- or low-intensity RET 225	
(75% vs. 50% of 1RM, respectively) (Yang et al., 2017). Further work is needed to confirm these 226	
results, but nonetheless, this work provides rationale that older adults with T2D (or at high-risk 227	
for developing T2D) should simply concentrate on performing RET without having to worry 228	
about the exercise intensity. The resolution of hyperglycemia and hyperinsulinemia in 229	
metabolically-compromised older adults through exercise not only prevents the pathogenesis of 230	
T2D, but also the associated microvascular complications that, if unabated, are precursors to a 231	
number of co-morbidities in persons with T2D. 232	

 233	
Resistance Exercise Training and Cardiovascular Disease  234	
It is well established that AET reduces the risk of CVD and mortality (O’Donnell et al., 2016; 235	
Yusuf et al., 2004), and as a result has been the focus of lifestyle interventions targeting these 236	
ailments. This observation comes as no surprise given that improved cardiorespiratory fitness – a 237	
hallmark adaptation in response to AET – is inversely associated with CVD risk and mortality 238	
(Nauman et al., 2017). In addition to cardiorespiratory fitness, muscle mass and strength are also 239	
independently associated with risk for CVD and mortality (Kim et al., 2017; Ruiz et al., 2008; 240	
Srikanthan et al., 2016), and yet RET is usually emphasized far less as an exercise modality that 241	
reduces CVD risk. 242	
 A follow-up from the Health Professional’s study demonstrated that RET for at least 30 243	
minutes per week resulted in a similar risk reduction compared to 2.5 hours of brisk walking in 244	
fatal and non-fatal myocardial infarction (Tanasescu et al., 2002). Similarly, a recent analysis of 245	
the Women’s Health study showed that women engaging in 60 – 120 minutes of RET per week 246	
had a similar 22% reduced risk of incident CVD as women engaging in 60 – 120 minutes of AET 247	
per week (Shiroma et al., 2017). Smutok et al. (1993) randomized older men at risk for 248	
developing CVD to either whole-body, progressive RET (2 sets at 60 – 70% 1RM) or treadmill 249	
walking/jogging (75 – 85% HRR) for 20 weeks and found that RET reduced risk factors 250	
associated with CVD to a similar degree as walking/jogging on the treadmill. Clearly, the 251	
aforementioned evidence suggests that RET is associated with reductions in CVD risk and 252	
mortality that are similar in magnitude as those provoked by AET. 253	
  From a mechanistic perspective, RET results in favorable improvements in a 254	
constellation of risk factors associated with CVD to the same degree as AET (i.e., blood 255	
pressure, blood lipids, insulin sensitivity, and vascular function; Yang et al., 2014). Graded 256	
increases in systolic blood pressure (SBP) and diastolic blood pressure (DBP) remain two of the 257	
most significant modifiable risk factors for CVD (Lopez et al., 2006). Meta-analyses 258	
demonstrate that RET induces reductions in SBP and DBP that are of similar or greater 259	
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magnitude to AET in healthy adults (Corneilssen et al., 2013; MacDonald et al., 2016). Notably, 260	
the magnitude of RET-induced reductions in SBP (5–6 mmHg) and DBP (3–4 mmHg) are 261	
associated with an 18% reduction of major cardiovascular events (Blood Pressure Lowering 262	
Treatment Trialists, 2014). The beneficial effects of RET on SBP and DBP extend to individuals 263	
with hypertension (MacDonald et al., 2016). In fact, compared to individuals with normal blood 264	
pressure, individuals with hypertension yield the largest reductions in blood pressure following 265	
RET (MacDonald et al., 2016). Considering that reductions in SBP and DBP serve as a 266	
cornerstone of CVD prevention in individuals with hypertension (Joseph et al., 2017), RET may 267	
serve as an adjunct or even alternative treatment to commonly prescribed antihypertensive 268	
medications. Future randomized controlled trials are warranted to compare RET-induced BP 269	
reductions to antihypertensive medications in individuals with hypertension.  270	
 The above-mentioned benefits of RET on cardiovascular health extend to individuals 271	
with T2D (Yang et al., 2014). Considering that compared to non-diabetic individuals, persons 272	
with T2D have a two- and fourfold-risk of developing CVD, these findings are particularly 273	
important (Emerging Risk Factors Collaboration, 2010). Age-specific mortality rates of CVD fell 274	
by ~15% between 2005 and 2015 (Roth et al., 2015), however, as a consequence of the rising 275	
prevalence of older adults living with T2D, estimates suggest an increasing proportion of 276	
cardiovascular mortality may be attributable to this metabolic condition. Although the beneficial 277	
effects of RET on cardiovascular health are clear, RET is not typically endorsed as a mode of 278	
exercise for reducing CVD risk (American Heart Association, 2018). 279	
 Clinical prescription of RET is rare largely due to the perception that AET is safer and 280	
likely easier to implement in patients with CVD. It has been suggested that high-pressure loads 281	
induced on the heart by RET can lead to a mild form of cardiac hypertrophy, which can lead to 282	
higher mortality risk (Kamada et al., 2017). However, excessive elevation of blood pressure is 283	
seen only with high-intensity RET (≥ 70% of 1RM) (MacDougall et al., 1985), and is generally 284	
not a concern for lighter-to-moderate-intensity RET (30 – 69% of 1RM). Williams et al., (2006) 285	
argue that most RET studies evaluating safety have selected low-risk individuals, and that the 286	
studies do not provide reliable estimates of event rates on a population-basis. However, this 287	
argument has limited supporting evidence. For example, Hollings et al. (2017) pooled together 288	
data from 5 studies evaluating adverse events during low-to-moderate intensity RET (30 – 69% 289	
of 1RM) in older adults with CVD, and found that RET was actually associated with a lower rate 290	
of adverse cardiovascular complications than AET. Furthermore, a recent meta-analysis in older 291	
adults at risk for developing CVD demonstrated that arterial stiffness (a correlate of 292	
cardiovascular mortality; Laurent et al., 2001) does not increase or worsen following RET 293	
(Evans et al., 2018). In fact, an acute bout of RE appears to be more protective from ischemic 294	
changes than a bout of AE and results in a lower heart rate response and higher diastolic 295	
perfusion pressure (Featherstone et al., 1993). These physiological changes result in a more 296	
favorable supply of oxygen to the myocardium during RE. Thus, the misconception that RET is 297	
less safe than AET in physically- or metabolically-vulnerable individuals lacks empirical 298	
evidence. 299	
 Our review leads us to propose that there is good evidence supporting a role for RET in 300	
maintaining cardiovascular health and again this is likely to be of a comparable magnitude in 301	
terms of risk reduction as that seen with AET. Regarding the exercise intensity required to exert 302	
beneficial effects on CVD risk factors, evidence demonstrates limited additional benefit to 303	
increasing RET intensity. Indeed, low-to-moderate intensity RET (30 – 69% of 1RM) exerts 304	
similar improvements in blood pressure (Corneilsson et al., 2013), and blood lipid profiles (Lira 305	
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et al., 2010; Sheikholeslami Vatani et al., 2011) than high-intensity RET (≥ 70% of 1RM). Thus, 306	
contrary to popular belief, we argue that low-to moderate-intensity RET (30 – 69% of 1RM) is 307	
safe and effective even in individuals with CVD or at risk for developing CVD.  308	
 309	
Resistance Exercise Training and Cancer  310	
Cancer is a leading cause of morbidity and mortality with approximately 14 million new cases 311	
and 9.6 million annual cancer-related deaths worldwide (WHO, 2018). Many of these cancer 312	
diagnoses share risk factors linked to T2D and CVD and are associated with a sedentary lifestyle 313	
(Vainio et al., 2002). In support of this assertion, a wealth of data demonstrate that regular 314	
physical activity is associated with a reduced risk of developing cancer, dying from cancer, and 315	
improving cancer prognosis (Keum et al., 2016; Moore et al., 2016).  316	

Using data derived from the Health Survey for England and the Scottish Health Survey 317	
consisting of 80,000 adults aged >30 years, Stamatakis et al. (2018) demonstrated that adhering 318	
to guideline advice to perform RET (at least two times per week) was associated with a 34% 319	
reduced risk for cancer mortality; whereas adhering to the AET guidelines provided no statistical 320	
benefit. Moreover, cancer survivors who participated in RET at least once per week had a 33% 321	
reduction in all-cause mortality (Hardee et al., 2014). A recent comprehensive review conducted 322	
by Cormie et al. (2017) demonstrated that regular performance of both RET and AET following 323	
the diagnosis of cancer had a protective effect on cancer-specific mortality, cancer recurrence, 324	
and all-cause mortality. These observations would be expected, given that muscle mass and 325	
strength are inversely associated with cancer mortality (Bennie et al., 2016; Ruiz et al., 2009). 326	
Although the aforementioned studies are observational and causation cannot be inferred, together 327	
they provide support for the hypothesis that regular performance of RET reduces cancer risk, 328	
cancer mortality, and cancer recurrence. Incorporating RET into a combined activity program 329	
appears to have complimentary effects on factors related to cancer development.  330	

Dieli-Conwright et al. (2018) demonstrated that following the American College of 331	
Sports Medicine/ American Cancer Society exercise guidelines for 16 weeks (150 minutes of 332	
AET, and 2 -3 of RET / week) in overweight or obese breast cancer survivors improved all 333	
components of metabolic syndrome – a comorbid condition prevalent in cancer survivors 334	
following treatment that increases the risk for cancer recurrence (Russo et al., 2008) and cancer-335	
specific mortality (Pasanisi et al., 2006). While this work supports the utility of performing both 336	
AET and RET in reducing incident and recurrent cancer risk, future randomized controlled trials 337	
are warranted to identify which exercise modality (independently) is most effective in this 338	
regard.  339	

RET also alleviates patients of some of the unwanted side-effects associated with cancer 340	
treatment. Current therapeutic approaches (i.e. chemotherapy, radiation therapy, androgen 341	
deprivation therapy for prostate cancer) for cancer exacerbate the loss of skeletal muscle mass 342	
and strength in patients. Importantly, these adaptions have negative implications for vital clinical 343	
endpoints including cancer mortality (Bennie et al., 2016; Ruiz et al., 2009), disease progression, 344	
and therapeutic complications (dose-limiting toxicity) (Prado et al., 2008). Whole-body, 345	
progressive RET (2 – 4 sets at 60 – 70% 1RM) can preserve muscle mass and strength in patients 346	
with prostate cancer undergoing androgen deprivation therapy (Galvao et al., 2010) or radiation 347	
therapy (Segal et al., 2009). A recent meta-analysis in 1200 men with prostate cancer 348	
demonstrated that regular RET improved muscular strength, body composition, and 400m 349	
walking performance (Keilani et al., 2017). Importantly, 24 weeks of RET resulted in greater 350	
improvements in triglycerides, body-fat and quality of life than AET (cycle 351	
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ergometer/treadmill/elliptical for 45 minutes at 60 – 75% VO2max) during radiation therapy 352	
(Segal et al., 2009). Exciting data from the Supervised Trial of Aerobic Versus Resistance 353	
Training (START) trial demonstrated that whole-body, progressive RET (3 sets at 60-70%1RM) 354	
improved lean body mass, strength, fatigue, and chemotherapy completion rate in breast cancer 355	
survivors receiving adjuvant treatment, whereas there was no difference between AET (cycle 356	
ergometer/treadmill/elliptical for 45 minutes at 60 – 80% VO2max) and usual care (Adams et al., 357	
2016; Courneya et al., 2007). In a recent meta-analysis including 11 randomized controlled trials 358	
and 1167 participants (74% women) receiving treatment for various cancers, regular 359	
performance of RET led to improvements in lean body mass, strength and whole-body fat mass 360	
(Strasser et al., 2013). These findings are clinically relevant, given that increased adiposity – and 361	
the concomitant increase in inflammatory status – is prevalent following cancer treatment and 362	
can negatively impact cancer prognosis and increase the risk of recurrence (Vance et al., 2011). 363	
Furthermore, the beneficial effects of RET were augmented when RET interventions were of 364	
low-to-moderate intensity (≤ 69% 1RM), which may be more appealing for cancer patients who 365	
are unable to – due to comorbidities – lift weights at a high relative intensity (Strasser et al., 366	
2013).  367	
 Several biological mechanisms have been proposed to mediate the protective effects of 368	
RET on cancer risk and prognosis. RET improves indices of insulin sensitivity, body 369	
composition (Strasser et al., 2013), immune function (Hagstrom et al., 2016), sex hormone 370	
profile (Dieli-Conwright et al., 2018; Ennour-Idrissi et al., 2015) and markers of inflammation 371	
(Schmidt et al., 2016; Strasser et al., 2012; Winters-Stone et al., 2018), all of which are factors 372	
hypothesized to contribute to cancer risk and progression (McTiernan, 2008). Recently, skeletal 373	
muscle has been recognized as an endocrine organ capable of releasing small peptides into the 374	
bloodstream (collectively referred to as myokines), which can exert anti-inflammatory and 375	
insulin-sensitizing systemic effects on distant tissues. Given the tight relationship between 376	
obesity, insulin resistance and inflammation with cancer risk and prognosis (Barone et al., 2008; 377	
Deng et al., 2016), there is potential for the biological support of exercise-induced myokine 378	
secretion in anticancer progression. Exciting data from Pedersen et al. (2016) demonstrate that 379	
voluntary wheel running reduced tumour volume by approximately 60% in tumour-bearing 380	
C57BL/6 mice. Reductions in tumour volume were associated with natural killer cell infiltration 381	
into the tumours, which was dependent upon the release of interleukin-6 (IL-6) from contracting 382	
skeletal muscle (Pedersen et al., 2016). In fact, the entire process of IL-6 release from 383	
contracting skeletal muscles appeared to be unique as intravenous injections of IL-6 failed to 384	
reduce tumour growth (Pedersen et al., 2016). Although the results of Pedersen and colleagues 385	
(2016) demonstrates that contracting skeletal muscles are capable of naturally manufacturing 386	
molecules with anti-tumorigenic properties, far less is known regarding the role of RET on 387	
myokine release. Given that myokine release in humans is a process dependent upon the 388	
contraction of skeletal muscle (Hojman et al., 2018), we hypothesize that RET would lead to a 389	
similar increase in myokine secretion as AET. Thus, the relationship between RET and myokine 390	
release in combatting malignant tumours warrants investigation.  391	

Similar to AET, there is a role for RET in reducing cancer risk, cancer recurrence, cancer 392	
mortality, and improving prognosis during adjuvant therapies. Given that cancer has surpassed 393	
CVD as the leading cause of death in several developed countries (Tanday, 2016), these 394	
observations are of great importance. Although the importance of RET for breast cancer and 395	
prostate cancer is becoming apparent, the effects of RET on other cancer types are equivocal, 396	
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and warrant further investigation. Future work should be focused upon unraveling the optimal 397	
dose, intensity, and mechanisms specific to RET-induced cancer benefits. 398	

 399	
Resistance Exercise Training Recommendations for Reducing Age-Related Chronic 400	
Disease Risk: 401	
The wide-ranging health benefits of regular RET are well established, however, adherence to 402	
RET in older adults remains low, and the most commonly citied barriers to participation of RET 403	
are: (1) risk of injury (from lifting heavy relative loads) and (2) required access to a gym facility 404	
(Burton et al., 2017). Emerging evidence demonstrates that utilizing one’s own body-weight as 405	
resistance, or light-to-moderate relative loads (30 – 69% of 1RM) is just as effective of lifting 406	
heavy relative loads (≥ 70% of 1RM) for exerting health benefits (Corneilsson et al., 2013; 407	
Csapo & Alegre. 2016; Lira et al., 2010; Lustosa et al., 2011; Stamatakis et al., 2018; Strasser et 408	
al., 2013; Sheikholeslami Vatani et al., 2011; Yang et al., 2017). Cognizant of these findings, 409	
RET recommendations have been formulated, which may aid older adults in adhering to, and 410	
thus reducing chronic disease risk (Figure. 1). We suggest that exercise volume is more salient 411	
than exercise intensity in mediating the positive adaptations discussed herein, and that as long as 412	
RET is performed to volitional fatigue, older adults can reap the health-benefits of RET.  413	

 414	
Resistance Exercise Training: From a Supporting to a Starring Role? 415	
The evidence presented in this review demonstrates the beneficial effects of RET on reducing 416	
chronic disease risk (mobility disability, T2D, CVD, and cancer) in older adults (Figure. 2).  417	
Regular performance of RET improves muscle mass, strength and function, and can have direct 418	
effects on the primary prevention of a number of chronic diseases. On the basis of the evidence 419	
we have highlighted, RET-induced benefits in chronic disease risk are equivalent if not superior 420	
in magnitude as AET (Table. 1). Nonetheless, a number of agencies endorse performing 150 421	
minutes of AET per week to mitigate age-related chronic disease risk, whereas the role of RET 422	
on overall health is typically underappreciated. Furthermore, only 2.4% of older adults achieve 423	
this AET recommendation (Troiano et al., 2008), and this may be due in part to the guidelines 424	
including intensities or volumes potentially unreachable for older adults limited by many co-425	
morbidities. On the basis of the evidence presented in this review, we propose that RET may 426	
serve as ‘another tool in the toolbox’ for older adults to remain physically active and combat 427	
chronic disease risk. We do acknowledge that some knowledge gaps exist such as the optimal 428	
dose and intensity of RET required to exert health benefits and clinical trial evidence showing 429	
head-to-head comparisons with AET, and further investigation is needed. 430	
 431	
Figure Legends 432	
 433	
Figure. 1. Evidence-based resistance exercise training recommendations for reducing age-related 434	
chronic disease risk. Abbreviations: 1RM, 1 repetition maximum.  435	
 436	
Figure. 2. Proposed mechanisms whereby RET influences chronic disease risk. 437	
 438	
Funding 439	
T.S. acknowledges support from the Labarge Mobility Scholarship. S.M.P. receives funding 440	
from the National Science and Engineering Research Council of Canada, the Canadian Institutes 441	
for Health Research, and the Canada Research Chairs program. 442	

Provisional



	 12 

 443	
Author contributions 444	
J.C.M., T.S., and S.M.P wrote the initial draft of the manuscript. All authors edited and approved 445	
the final version of the manuscript and agree to be accountable for all aspects of the work. All 446	
persons designated as authors qualify for authorship, and all those who qualify for authorship are 447	
listed. 448	
 449	
Conflicts of interest 450	
None.451	

Provisional



	 13 

References 452	
Aagaard, P., Simonsen, E. B., Andersen, J. L., Magnusson, P., & Dyhre-Poulsen, P. (2002). 453	
Neural adaptation to resistance training: changes in evoked V-wave and H-reflex responses. J 454	
Appl Physiol (1985), 92(6), 2309-2318. doi:10.1152/japplphysiol.01185.2001. 455	
 456	
Adams, S. C., Segal, R. J., McKenzie, D. C., Vallerand, J. R., Morielli, A. R., Mackey, J. R., et 457	
al. (2016). Impact of resistance and aerobic exercise on sarcopenia and dynapenia in breast 458	
cancer patients receiving adjuvant chemotherapy: a multicenter randomized controlled trial. 459	
Breast Cancer Res Treat. 158(3), 497-507. doi:10.1007/s10549-016-3900-2 460	
 461	
American College of Sports, M., Chodzko-Zajko, W. J., Proctor, D. N., Fiatarone Singh, M. A., Minson, 462	
C. T., Nigg, C. R., et al (2009). American College of Sports Medicine position stand. Exercise and 463	
physical activity for older adults. Med Sci Sports Exerc. 41(7), 1510-1530. 464	
doi:10.1249/MSS.0b013e3181a0c95c 465	
 466	
American Diabetes, A. (2018). 4. Lifestyle Management: Standards of Medical Care in Diabetes-2018. 467	
Diabetes Care, 41(Suppl 1), S38-S50. doi:10.2337/dc18-S004 468	
 469	
American Diabetes, A. (2014). Standards of medical care in diabetes--2014. Diabetes Care, 37 470	
Suppl 1, S14-80. doi:10.2337/dc14-S014 471	
 472	
American Heart Association. (2018). https://www.heart.org/en/healthy-living/fitness/fitness-473	
basics/aha-recs-for-physical-activity-in-adults?appName=WebApp  474	
 475	
Barone, B. B., Yeh, H. C., Snyder, C. F., Peairs, K. S., Stein, K. B., Derr, R. L., et al. (2008). 476	
Long-term all-cause mortality in cancer patients with preexisting diabetes mellitus: a systematic 477	
review and meta-analysis. JAMA. 300(23), 2754-2764. doi:10.1001/jama.2008.824 478	
 479	
Bennie, J. A., Pedisic, Z., van Uffelen, J. G., Gale, J., Banting, L. K., Vergeer, I., et al. (2016). 480	
The descriptive epidemiology of total physical activity, muscle-strengthening exercises and 481	
sedentary behaviour among Australian adults--results from the National Nutrition and Physical 482	
Activity Survey. BMC Public Health. 16, 73. doi:10.1186/s12889-016-2736-3 483	
 484	
Bienso, R. S., Olesen, J., Gliemann, L., Schmidt, J. F., Matzen, M. S., Wojtaszewski, J. F., et al. (2015). 485	
Effects of Exercise Training on Regulation of Skeletal Muscle Glucose Metabolism in Elderly Men. J 486	
Gerontol A Biol Sci Med Sci. 70(7), 866-872. doi:10.1093/gerona/glv012 487	
 488	
Bilandzic, A., & Rosella, L. (2017). The cost of diabetes in Canada over 10 years: applying attributable 489	
health care costs to a diabetes incidence prediction model. Health Promot Chronic Dis Prev Can, 37(2), 490	
49-53.  491	
 492	
Blood Pressure Lowering Treatment Trialists, C. (2014). Blood pressure-lowering treatment 493	
based on cardiovascular risk: a meta-analysis of individual patient data. Lancet, 384(9943), 591-494	
598. doi:10.1016/S0140-6736(14)61212-5 495	
 496	
Burton, E., Farrier, K., Lewin, G., Pettigrew, S., Hill, A. M., Airey, P., et al. (2017). Motivators and 497	

Provisional



	 14 

Barriers for Older People Participating in Resistance Training: A Systematic Review. J Aging Phys Act, 498	
25(2), 311-324. doi:10.1123/japa.2015-0289 499	
 500	
Cadore, E. L., Rodriguez-Manas, L., Sinclair, A., & Izquierdo, M. (2013). Effects of different exercise 501	
interventions on risk of falls, gait ability, and balance in physically frail older adults: a systematic 502	
review. Rejuvenation Res. 16(2), 105-114. doi:10.1089/rej.2012.1397 503	
 504	
Canadian Society for Exercise Physiology. (2011) Exercise guidelines for older adults. 505	
http://www.csep.ca/view.asp?ccid=580.  506	
 507	
Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical activity, exercise, and 508	
physical fitness: definitions and distinctions for health-related research. Public Health Rep. 509	
100(2), 126-131.  510	
 511	
Consitt, L. A., Van Meter, J., Newton, C. A., Collier, D. N., Dar, M. S., Wojtaszewski, J. F., et al. 512	
(2013). Impairments in site-specific AS160 phosphorylation and effects of exercise training. Diabetes. 513	
62(10), 3437-3447. doi:10.2337/db13-0229 514	
 515	
Cormie, P., Zopf, E. M., Zhang, X., and Schmitz, K. H. (2017). The Impact of Exercise on 516	
Cancer Mortality, Recurrence, and Treatment-Related Adverse Effects. Epidemiol Rev. 39(1), 517	
71-92. doi:10.1093/epirev/mxx007 518	
 519	
Cornelissen, V. A., & Smart, N. A. (2013). Exercise training for blood pressure: a systematic 520	
review and meta-analysis. J Am Heart Assoc. 2(1), e004473. doi:10.1161/JAHA.112.004473 521	
 522	
Courneya, K. S., Segal, R. J., Mackey, J. R., Gelmon, K., Reid, R. D., Friedenreich, C. M., et al. (2007). 523	
Effects of aerobic and resistance exercise in breast cancer patients receiving adjuvant chemotherapy: a 524	
multicenter randomized controlled trial. J Clin Oncol. 25(28), 4396-4404. 525	
doi:10.1200/JCO.2006.08.2024 526	
 527	
Csapo, R., & Alegre, L. M. (2016). Effects of resistance training with moderate vs heavy loads on 528	
muscle mass and strength in the elderly: A meta-analysis. Scand J Med Sci Sports, 26(9), 995-1006. 529	
doi:10.1111/sms.12536 530	
 531	
Davy, B. M., Winett, R. A., Savla, J., Marinik, E. L., Baugh, M. E., Flack, K. D., et al. (2017). Resist 532	
diabetes: A randomized clinical trial for resistance training maintenance in adults with prediabetes. PLoS 533	
One. 12(2), e0172610. doi:10.1371/journal.pone.0172610 534	
 535	
DeFronzo, R. A., & Tripathy, D. (2009). Skeletal muscle insulin resistance is the primary defect in type 536	
2 diabetes. Diabetes Care. 32 Suppl 2, S157-163. doi:10.2337/dc09-S302 537	
 538	
de Labra, C., Guimaraes-Pinheiro, C., Maseda, A., Lorenzo, T., & Millan-Calenti, J. C. (2015). Effects 539	
of physical exercise interventions in frail older adults: a systematic review of randomized controlled 540	
trials. BMC Geriatr. 15, 154. doi:10.1186/s12877-015-0155-4 541	
 542	
Deng, T., Lyon, C. J., Bergin, S., Caligiuri, M. A., and Hsueh, W. A. (2016). Obesity, Inflammation, and 543	

Provisional



	 15 

Cancer. Annu Rev Pathol. 11, 421-449. doi:10.1146/annurev-pathol-012615-044359 544	
 545	
de Vries, N. M., van Ravensberg, C. D., Hobbelen, J. S., Olde Rikkert, M. G., Staal, J. B., & Nijhuis-van 546	
der Sanden, M. W. (2012). Effects of physical exercise therapy on mobility, physical functioning, 547	
physical activity and quality of life in community-dwelling older adults with impaired mobility, physical 548	
disability and/or multi-morbidity: a meta-analysis. Ageing Res Rev. 11(1), 136-149. 549	
doi:10.1016/j.arr.2011.11.002 550	
 551	
Dos Santos, L., Cyrino, E. S., Antunes, M., Santos, D. A., & Sardinha, L. B. (2017). Sarcopenia and 552	
physical independence in older adults: the independent and synergic role of muscle mass and muscle 553	
function. J Cachexia Sarcopenia Muscle. 8(2), 245-250. doi:10.1002/jcsm.12160 554	
 555	
Emerging Risk Factors, C., Sarwar, N., Gao, P., Seshasai, S. R., Gobin, R., Kaptoge, S., et al. 556	
(2010). Diabetes mellitus, fasting blood glucose concentration, and risk of vascular disease: a 557	
collaborative meta-analysis of 102 prospective studies. Lancet, 375(9733), 2215-2222. 558	
doi:10.1016/S0140-6736(10)60484-9 559	
 560	
Ennour-Idrissi, K., Maunsell, E., and Diorio, C. (2015). Effect of physical activity on sex hormones in 561	
women: a systematic review and meta-analysis of randomized controlled trials. Breast Cancer Res. 562	
17(1), 139. doi:10.1186/s13058-015-0647-3 563	
 564	
Evans, W., Willey, Q., Hanson, E. D., & Stoner, L. (2018). Effects of Resistance Training on 565	
Arterial Stiffness in Persons at Risk for Cardiovascular Disease: A Meta-analysis. Sports Med. 566	
48(12), 2785-2795. doi:10.1007/s40279-018-1001-6 567	
Featherstone, J. F., Holly, R. G., and Amsterdam. E. A. (1993) Physiologic responses to weight 568	
lifting in coronary artery disease. Am J Cardiol. 71: 287–292. 569	
 570	
Galvao, D. A., Taaffe, D. R., Spry, N., Joseph, D., and Newton, R. U. (2010). Combined resistance and 571	
aerobic exercise program reverses muscle loss in men undergoing androgen suppression therapy for 572	
prostate cancer without bone metastases: a randomized controlled trial. J Clin Oncol. 28(2), 340-347. 573	
doi:10.1200/JCO.2009.23.2488 574	
 575	
Gine-Garriga, M., Roque-Figuls, M., Coll-Planas, L., Sitja-Rabert, M., & Salva, A. (2014). Physical 576	
exercise interventions for improving performance-based measures of physical function in community-577	
dwelling, frail older adults: a systematic review and meta-analysis. Arch Phys Med Rehabil. 95(4), 753-578	
769 e753. doi:10.1016/j.apmr.2013.11.007 579	
 580	
Gordon, B. A., Benson, A. C., Bird, S. R., & Fraser, S. F. (2009). Resistance training improves 581	
metabolic health in type 2 diabetes: a systematic review. Diabetes Res Clin Pract. 83(2), 157-175. 582	
doi:10.1016/j.diabres.2008.11.024 583	
 584	
Grgic, J., McLlvenna, L. C., Fyfe, J. J., Sabol, F., Bishop, D. J., Schoenfeld, B. J., & Pedisic, Z. (2018). 585	
Does Aerobic Training Promote the Same Skeletal Muscle Hypertrophy as Resistance Training? A 586	
Systematic Review and Meta-Analysis. Sports Med. doi:10.1007/s40279-018-1008-z. 587	
 588	
Grontved, A., Rimm, E. B., Willett, W. C., Andersen, L. B., & Hu, F. B. (2012). A prospective study of 589	

Provisional



	 16 

weight training and risk of type 2 diabetes mellitus in men. Arch Intern Med. 172(17), 1306-1312. 590	
doi:10.1001/archinternmed.2012.3138 591	
 592	
Hagstrom, A. D., Marshall, P. W., Lonsdale, C., Papalia, S., Cheema, B. S., Toben, C., et al. 593	
(2016). The effect of resistance training on markers of immune function and inflammation in 594	
previously sedentary women recovering from breast cancer: a randomized controlled trial. Breast 595	
Cancer Res Treat. 155(3), 471-482. doi:10.1007/s10549-016-3688-0 596	
 597	
Hardee, J. P., Porter, R. R., Sui, X., Archer, E., Lee, I. M., Lavie, C. J., and Blair, S. N. (2014). 598	
The effect of resistance exercise on all-cause mortality in cancer survivors. Mayo Clin Proc. 599	
89(8), 1108-1115. doi:10.1016/j.mayocp.2014.03.018 600	
 601	
Hojman, P., Gehl, J., Christensen, J. F., & Pedersen, B. K. (2018). Molecular Mechanisms Linking 602	
Exercise to Cancer Prevention and Treatment. Cell Metab, 27(1), 10-21. doi:10.1016/j.cmet.2017.09.015 603	
 604	
Hollings, M., Mavros, Y., Freeston, J., & Fiatarone Singh, M. (2017). The effect of progressive 605	
resistance training on aerobic fitness and strength in adults with coronary heart disease: A 606	
systematic review and meta-analysis of randomised controlled trials. Eur J Prev Cardiol. 24(12), 607	
1242-1259. doi:10.1177/2047487317713329 608	
 609	
Holloszy, J. O. (2005). Exercise-induced increase in muscle insulin sensitivity. J Appl Physiol (1985). 610	
99(1), 338-343. doi:10.1152/japplphysiol.00123.2005 611	
 612	
Holten, M. K., Zacho, M., Gaster, M., Juel, C., Wojtaszewski, J. F., & Dela, F. (2004). Strength training 613	
increases insulin-mediated glucose uptake, GLUT4 content, and insulin signaling in skeletal muscle in 614	
patients with type 2 diabetes. Diabetes, 53(2), 294-305.  615	
 616	
Iglay, H. B., Thyfault, J. P., Apolzan, J. W., & Campbell, W. W. (2007). Resistance training and dietary 617	
protein: effects on glucose tolerance and contents of skeletal muscle insulin signaling proteins in older 618	
persons. Am J Clin Nutr. 85(4), 1005-1013. doi:10.1093/ajcn/85.4.1005 619	
 620	
Jackson, R. A., Blix, P. M., Matthews, J. A., Hamling, J. B., Din, B. M., Brown, D. C., et al. (1982). 621	
Influence of ageing on glucose homeostasis. J Clin Endocrinol Metab. 55(5), 840-848. 622	
doi:10.1210/jcem-55-5-840 623	
 624	
Jackson, R. A., Hawa, M. I., Roshania, R. D., Sim, B. M., DiSilvio, L., & Jaspan, J. B. (1988). Influence 625	
of aging on hepatic and peripheral glucose metabolism in humans. Diabetes. 37(1), 119-129.  626	
 627	
Jadczak, A. D., Makwana, N., Luscombe-Marsh, N., Visvanathan, R., & Schultz, T. J. (2018). 628	
Effectiveness of exercise interventions on physical function in community-dwelling frail older people: 629	
an umbrella review of systematic reviews. JBI Database System Rev Implement Rep. 16(3), 752-775. 630	
doi:10.11124/JBISRIR-2017-003551 631	
 632	
Joseph, P., Leong, D., McKee, M., Anand, S. S., Schwalm, J. D., Teo, K., et al. (2017). Reducing 633	
the Global Burden of Cardiovascular Disease, Part 1: The Epidemiology and Risk Factors. Circ 634	
Res. 121(6), 677-694. doi:10.1161/CIRCRESAHA.117.308903 635	

Provisional



	 17 

 636	
Jubrias, S. A., Esselman, P. C., Price, L. B., Cress, M. E., & Conley, K. E. (2001). Large energetic 637	
adaptations of elderly muscle to resistance and endurance training. J Appl Physiol (1985). 90(5), 1663-638	
1670. doi:10.1152/jappl.2001.90.5.1663 639	
 640	
Kamada, M., Shiroma, E. J., Buring, J. E., Miyachi, M., & Lee, I. M. (2017). Strength Training 641	
and All-Cause, Cardiovascular Disease, and Cancer Mortality in Older Women: A Cohort Study. 642	
J Am Heart Assoc. 6(11). doi:10.1161/JAHA.117.007677 643	
 644	
Kekalainen, T., Kokko, K., Tammelin, T., Sipila, S., & Walker, S. (2018). Motivational 645	
characteristics and resistance training in older adults: A randomized controlled trial and 1-year 646	
follow-up. Scand J Med Sci Sports, 28(11), 2416-2426. doi:10.1111/sms.13236 647	
 648	
Keilani, M., Hasenoehrl, T., Baumann, L., Ristl, R., Schwarz, M., Marhold, M., & Crevenna, R. 649	
(2017). Effects of resistance exercise in prostate cancer patients: a meta-analysis. Support Care 650	
Cancer, 25(9), 2953-2968. doi:10.1007/s00520-017-3771-z. 651	
 652	
 Keum, N., Bao, Y., Smith-Warner, S. A., Orav, J., Wu, K., Fuchs, C. S., and Giovannucci, E. L. 653	
(2016). Association of Physical Activity by Type and Intensity With Digestive System Cancer 654	
Risk. JAMA Oncol. 2(9), 1146-1153. doi:10.1001/jamaoncol.2016.0740 655	
 656	
Kim, Y., Wijndaele, K., Lee, D. C., Sharp, S. J., Wareham, N., & Brage, S. (2017). Independent 657	
and joint associations of grip strength and adiposity with all-cause and cardiovascular disease 658	
mortality in 403,199 adults: the UK Biobank study. Am J Clin Nutr. 106(3), 773-782. 659	
doi:10.3945/ajcn.117.156851 660	
 661	
Knowler, W. C., Barrett-Connor, E., Fowler, S. E., Hamman, R. F., Lachin, J. M., Walker, E. A., 662	
et al. (2002). Reduction in the incidence of type 2 diabetes with lifestyle intervention or 663	
metformin. N Engl J Med. 346(6), 393-403. doi:10.1056/NEJMoa012512 664	
 665	
Laurent, S., Boutouyrie, P., Asmar, R., Gautier, I., Laloux, B., Guize, L., et al. (2001). Aortic 666	
stiffness is an independent predictor of all-cause and cardiovascular mortality in hypertensive 667	
patients. Hypertension. 37(5), 1236-1241.  668	
 669	
Lee, J., Kim, D., & Kim, C. (2017). Resistance Training for Glycemic Control, Muscular 670	
Strength, and Lean Body Mass in Old Type 2 Diabetic Patients: A Meta-Analysis. Diabetes 671	
Ther. 8(3), 459-473. doi:10.1007/s13300-017-0258-3 672	
 673	
Lira, F. S., Yamashita, A. S., Uchida, M. C., Zanchi, N. E., Gualano, B., Martins, E., Jr., et al 674	
(2010). Low and moderate, rather than high intensity strength exercise induces benefit regarding 675	
plasma lipid profile. Diabetol Metab Syndr, 2, 31. doi:10.1186/1758-5996-2-31 676	
 677	
Liu, C. J., & Latham, N. K. (2009). Progressive resistance strength training for improving physical 678	
function in older adults. Cochrane Database Syst Rev. (3), CD002759. 679	
doi:10.1002/14651858.CD002759.pub2 680	
 681	

Provisional



	 18 

Lopez, A. D., Mathers, C. D., Ezzati, M., Jamison, D. T., & Murray, C. J. (2006). Global and 682	
regional burden of disease and risk factors, 2001: systematic analysis of population health data. 683	
Lancet. 367(9524), 1747-1757. doi:10.1016/S0140-6736(06)68770-9 684	
 685	
MacDonald, H. V., Johnson, B. T., Huedo-Medina, T. B., Livingston, J., Forsyth, K. C., 686	
Kraemer, W. J., et al. (2016). Dynamic Resistance Training as Stand-Alone Antihypertensive 687	
Lifestyle Therapy: A Meta-Analysis. J Am Heart Assoc. 5(10). doi:10.1161/JAHA.116.003231 688	
 689	
MacDougall, J. D., Tuxen, D., Sale, D. G., Moroz, J. R., & Sutton, J. R. (1985). Arterial blood 690	
pressure response to heavy resistance exercise. J Appl Physiol (1985). 58(3), 785-790. 691	
doi:10.1152/jappl.1985.58.3.785 692	
 693	
McGlory, C., von Allmen, M. T., Stokes, T., Morton, R. W., Hector, A. J., Lago, B. A., et al. (2018). 694	
Failed Recovery of Glycemic Control and Myofibrillar Protein Synthesis With 2 wk of Physical 695	
Inactivity in Overweight, Prediabetic Older Adults. J Gerontol A Biol Sci Med Sci. 73(8), 1070-1077. 696	
doi:10.1093/gerona/glx203 697	
 698	
McTiernan, A. (2008). Mechanisms linking physical activity with cancer. Nat Rev Cancer. 8(3), 699	
205-211. doi:10.1038/nrc2325 700	
 701	
Moore, S. C., Lee, I. M., Weiderpass, E., Campbell, P. T., Sampson, J. N., Kitahara, C. M., et al. 702	
(2016). Association of Leisure-Time Physical Activity With Risk of 26 Types of Cancer in 1.44 703	
Million Adults. JAMA Intern Med. 176(6), 816-825. doi:10.1001/jamainternmed.2016.1548 704	
 705	
Nauman, J., Nes, B. M., Lavie, C. J., Jackson, A. S., Sui, X., Coombes, J. S., et al. (2017). 706	
Prediction of Cardiovascular Mortality by Estimated Cardiorespiratory Fitness Independent of 707	
Traditional Risk Factors: The HUNT Study. Mayo Clin Proc. 92(2), 218-227. 708	
doi:10.1016/j.mayocp.2016.10.007 709	
 710	
Newman, A. B., Simonsick, E. M., Naydeck, B. L., Boudreau, R. M., Kritchevsky, S. B., Nevitt, 711	
M. C., et al. (2006). Association of long-distance corridor walk performance with mortality, 712	
cardiovascular disease, mobility limitation, and disability. JAMA. 295(17), 2018-2026. 713	
doi:10.1001/jama.295.17.2018 714	
 715	
O'Donnell, M. J., Chin, S. L., Rangarajan, S., Xavier, D., Liu, L., Zhang, H., et al. (2016). Global 716	
and regional effects of potentially modifiable risk factors associated with acute stroke in 32 717	
countries (INTERSTROKE): a case-control study. Lancet. 388(10046), 761-775. 718	
doi:10.1016/S0140-6736(16)30506-2 719	
 720	
Pahor, M., Guralnik, J. M., Ambrosius, W. T., Blair, S., Bonds, D. E., Church, T. S., et al. 721	
(2014). Effect of structured physical activity on prevention of major mobility disability in older 722	
adults: the LIFE study randomized clinical trial. JAMA. 311(23), 2387-2396. 723	
doi:10.1001/jama.2014.5616 724	
 725	

Provisional



	 19 

Pasanisi, P., Berrino, F., De Petris, M., Venturelli, E., Mastroianni, A., and Panico, S. (2006). 726	
Metabolic syndrome as a prognostic factor for breast cancer recurrences. Int J Cancer. 119(1), 727	
236-238. doi:10.1002/ijc.21812 728	
 729	
Pastoris, O., Boschi, F., Verri, M., Baiardi, P., Felzani, G., Vecchiet, J., et al. (2000). The effects 730	
of aging on enzyme activities and metabolite concentrations in skeletal muscle from sedentary 731	
male and female subjects. Exp Gerontol. 35(1), 95-104.  732	
 733	
Pedersen, A. J., Hingst, J. R., Friedrichsen, M., Kristensen, J. M., Hojlund, K., & Wojtaszewski, 734	
J. F. (2015). Dysregulation of muscle glycogen synthase in recovery from exercise in type 2 735	
diabetes. Diabetologia. 58(7), 1569-1578. doi:10.1007/s00125-015-3582-z 736	
 737	
Pedersen, B. K., & Saltin, B. (2015). Exercise as medicine - evidence for prescribing exercise as 738	
therapy in 26 different chronic diseases. Scand J Med Sci Sports. 25 Suppl 3, 1-72. 739	
doi:10.1111/sms.12581 740	
 741	
Pedersen, L., Idorn, M., Olofsson, G. H., Lauenborg, B., Nookaew, I., Hansen, R. H., et al. 742	
(2016). Voluntary Running Suppresses Tumor Growth through Epinephrine- and IL-6-743	
Dependent NK Cell Mobilization and Redistribution. Cell Metab. 23(3), 554-562. 744	
doi:10.1016/j.cmet.2016.01.011 745	
 746	
Peterson, M. D., Sen, A., & Gordon, P. M. (2011). Influence of resistance exercise on lean body 747	
mass in aging adults: a meta-analysis. Med Sci Sports Exerc. 43(2), 249-258. 748	
doi:10.1249/MSS.0b013e3181eb6265 749	
 750	
Piercy, K. L., Troiano, R. P., Ballard, R. M., Carlson, S. A., Fulton, J. E., Galuska, D. A., et al. 751	
(2018). The Physical Activity Guidelines for Americans. JAMA, 320(19), 2020-2028. 752	
doi:10.1001/jama.2018.14854 753	
 754	
Pitsavos, C., Panagiotakos, D. B., Tambalis, K. D., Chrysohoou, C., Sidossis, L. S., Skoumas, J., 755	
& Stefanadis, C. (2009). Resistance exercise plus to aerobic activities is associated with better 756	
lipids' profile among healthy individuals: the ATTICA study. QJM. 102(9), 609-616. 757	
doi:10.1093/qjmed/hcp083 758	
 759	
Prado, C. M., Lieffers, J. R., McCargar, L. J., Reiman, T., Sawyer, M. B., Martin, L., and 760	
Baracos, V. E. (2008). Prevalence and clinical implications of sarcopenic obesity in patients with 761	
solid tumours of the respiratory and gastrointestinal tracts: a population-based study. Lancet 762	
Oncol. 9(7), 629-635. doi:10.1016/S1470-2045(08)70153-0 763	
 764	
Reidy, P. T., McKenzie, A. I., Mahmassani, Z., Morrow, V. R., Yonemura, N. M., Hopkins, P. 765	
N., et al. (2018). Skeletal muscle ceramides and relationship with insulin sensitivity after 2 766	
weeks of simulated sedentary behaviour and recovery in healthy older adults. J Physiol. 596(21), 767	
5217-5236. doi:10.1113/JP276798 768	
 769	
Roberson, K. B., Potiaumpai, M., Widdowson, K., Jaghab, A. M., Chowdhari, S., Armitage, C., 770	
et al (2018). Effects of high-velocity circuit resistance and treadmill training on cardiometabolic 771	

Provisional



	 20 

risk, blood markers, and quality of life in older adults. Appl Physiol Nutr Metab, 43(8), 822-832. 772	
doi:10.1139/apnm-2017-0807 773	
 774	
Roth, G. A., Forouzanfar, M. H., Moran, A. E., Barber, R., Nguyen, G., Feigin, V. L., et al. 775	
(2015). Demographic and epidemiologic drivers of global cardiovascular mortality. N Engl J 776	
Med. 372(14), 1333-1341. doi:10.1056/NEJMoa1406656 777	
 778	
Ruiz, J. R., Sui, X., Lobelo, F., Morrow, J. R., Jr., Jackson, A. W., Sjostrom, M., & Blair, S. N. 779	
(2008). Association between muscular strength and mortality in men: prospective cohort study. 780	
BMJ, 337, a439. doi:10.1136/bmj.a439 781	
 782	
Ruiz, J. R., Sui, X., Lobelo, F., Lee, D. C., Morrow, J. R., Jr., Jackson, A. W., et al. (2009). 783	
Muscular strength and adiposity as predictors of adulthood cancer mortality in men. Cancer 784	
Epidemiol Biomarkers Prev. 18(5), 1468-1476. doi:10.1158/1055-9965.EPI-08-1075 785	
 786	
Russo, A., Autelitano, M., and Bisanti, L. (2008). Metabolic syndrome and cancer risk. Eur J 787	
Cancer. 44(2), 293-297. doi:10.1016/j.ejca.2007.11.005 788	
 789	
Schmidt, M. E., Meynkohn, A., Habermann, N., Wiskemann, J., Oelmann, J., Hof, H., et al. 790	
(2016). Resistance Exercise and Inflammation in Breast Cancer Patients Undergoing Adjuvant 791	
Radiation Therapy: Mediation Analysis From a Randomized, Controlled Intervention Trial. Int J 792	
Radiat Oncol Biol Phys. 94(2), 329-337. doi:10.1016/j.ijrobp.2015.10.058 793	
 794	
Segal, R. J., Reid, R. D., Courneya, K. S., Sigal, R. J., Kenny, G. P., Prud'Homme, D. G., et al. 795	
(2009). Randomized controlled trial of resistance or aerobic exercise in men receiving radiation 796	
therapy for prostate cancer. J Clin Oncol. 27(3), 344-351. doi:10.1200/JCO.2007.15.4963 797	
 798	
Sheikholeslami Vatani, D., Ahmadi, S., Ahmadi Dehrashid, K., & Gharibi, F. (2011). Changes in 799	
cardiovascular risk factors and inflammatory markers of young, healthy, men after six weeks of 800	
moderate or high intensity resistance training. J Sports Med Phys Fitness, 51(4), 695-700.  801	
 802	
Shiroma, E. J., Cook, N. R., Manson, J. E., Moorthy, M. V., Buring, J. E., Rimm, E. B., & Lee, I. 803	
M. (2017). Strength Training and the Risk of Type 2 Diabetes and Cardiovascular Disease. Med 804	
Sci Sports Exerc. 49(1), 40-46. doi:10.1249/MSS.0000000000001063 805	
 806	
Shulman, G. I., Rothman, D. L., Jue, T., Stein, P., DeFronzo, R. A., & Shulman, R. G. (1990). 807	
Quantitation of muscle glycogen synthesis in normal subjects and subjects with non-insulin-808	
dependent diabetes by 13C nuclear magnetic resonance spectroscopy. N Engl J Med. 322(4), 809	
223-228. doi:10.1056/NEJM199001253220403 810	
 811	
Smutok, M. A., Reece, C., Kokkinos, P. F., Farmer, C., Dawson, P., Shulman, R., et al. (1993). 812	
Aerobic versus strength training for risk factor intervention in middle-aged men at high risk for 813	
coronary heart disease. Metabolism. 42(2), 177-184.  814	
 815	

Provisional



	 21 

Srikanthan, P., Hevener, A. L., & Karlamangla, A. S. (2010). Sarcopenia exacerbates obesity-816	
associated insulin resistance and dysglycemia: findings from the National Health and Nutrition 817	
Examination Survey III. PLoS One. 5(5), e10805. doi:10.1371/journal.pone.0010805 818	
 819	
Srikanthan, P., Horwich, T. B., & Tseng, C. H. (2016). Relation of Muscle Mass and Fat Mass to 820	
Cardiovascular Disease Mortality. Am J Cardiol, 117(8), 1355-1360. 821	
doi:10.1016/j.amjcard.2016.01.033 822	
 823	
Srikanthan, P., & Karlamangla, A. S. (2011). Relative muscle mass is inversely associated with 824	
insulin resistance and prediabetes. Findings from the third National Health and Nutrition 825	
Examination Survey. J Clin Endocrinol Metab. 96(9), 2898-2903. doi:10.1210/jc.2011-0435 826	
 827	
Stamatakis, E., Lee, I. M., Bennie, J., Freeston, J., Hamer, M., O'Donovan, G., et al. (2018). 828	
Does Strength-Promoting Exercise Confer Unique Health Benefits? A Pooled Analysis of Data 829	
on 11 Population Cohorts With All-Cause, Cancer, and Cardiovascular Mortality Endpoints. Am 830	
J Epidemiol. 187(5), 1102-1112. doi:10.1093/aje/kwx345 831	
 832	
Statistics Canada. (2016). Health Fact Sheets: Diabetes.https://www150.statcan.gc.ca/n1/pub/82-833	
625-x/2017001/article/54859-eng.htm. 834	
 835	
Strasser, B., Arvandi, M., and Siebert, U. (2012). Resistance training, visceral obesity and 836	
inflammatory response: a review of the evidence. Obes Rev. 13(7), 578-591. doi:10.1111/j.1467-837	
789X.2012.00988.x 838	
 839	
Strasser, B., Steindorf, K., Wiskemann, J., and Ulrich, C. M. (2013). Impact of resistance 840	
training in cancer survivors: a meta-analysis. Med Sci Sports Exerc. 45(11), 2080-2090. 841	
doi:10.1249/MSS.0b013e31829a3b63 842	
 843	
Tanasescu, M., Leitzmann, M. F., Rimm, E. B., Willett, W. C., Stampfer, M. J., & Hu, F. B. 844	
(2002). Exercise type and intensity in relation to coronary heart disease in men. JAMA, 288(16), 845	
1994-2000.  846	
 847	
Tanday, S. (2016). Cancer overtakes heart disease as biggest killer in 12 countries. Lancet Oncol, 848	
17(9), e382. doi:10.1016/S1470-2045(16)30403-X 849	
 850	
Theodorou, A. A., Panayiotou, G., Volaklis, K. A., Douda, H. T., Paschalis, V., Nikolaidis, M. 851	
G., et al. (2016). Aerobic, resistance and combined training and detraining on body composition, 852	
muscle strength, lipid profile and inflammation in coronary artery disease patients. Res Sports 853	
Med. 24(3), 171-184. doi:10.1080/15438627.2016.1191488 854	
 855	
Theou, O., Stathokostas, L., Roland, K. P., Jakobi, J. M., Patterson, C., Vandervoort, A. A., & 856	
Jones, G. R. (2011). The effectiveness of exercise interventions for the management of frailty: a 857	
systematic review. J Aging Res. 2011, 569194. doi:10.4061/2011/569194. 858	
 859	

Provisional



	 22 

Thiebaud, D., Jacot, E., DeFronzo, R. A., Maeder, E., Jequier, E., & Felber, J. P. (1982). The 860	
effect of graded doses of insulin on total glucose uptake, glucose oxidation, and glucose storage 861	
in man. Diabetes. 31(11), 957-963.  862	
 863	
Troiano, R. P., Berrigan, D., Dodd, K. W., Masse, L. C., Tilert, T., & McDowell, M. (2008). 864	
Physical activity in the United States measured by accelerometer. Med Sci Sports Exerc, 40(1), 865	
181-188. doi:10.1249/mss.0b013e31815a51b3 866	
 867	
Vance, V., Mourtzakis, M., McCargar, L., and Hanning, R. (2011). Weight gain in breast cancer 868	
survivors: prevalence, pattern and health consequences. Obes Rev. 12(4), 282-294. 869	
doi:10.1111/j.1467-789X.2010.00805.x 870	
 871	
van Waart, H., Stuiver, M. M., van Harten, W. H., Geleijn, E., Kieffer, J. M., Buffart, L. M., et 872	
al. (2015). Effect of Low-Intensity Physical Activity and Moderate- to High-Intensity Physical 873	
Exercise During Adjuvant Chemotherapy on Physical Fitness, Fatigue, and Chemotherapy 874	
Completion Rates: Results of the PACES Randomized Clinical Trial. J Clin Oncol. 33(17), 875	
1918-1927. doi:10.1200/JCO.2014.59.1081 876	
 877	
Vainio, H., Kaaks, R., and Bianchini, F. (2002). Weight control and physical activity in cancer 878	
prevention: international evaluation of the evidence. Eur J Cancer Prev, 11 Suppl 2, S94-100.  879	
 880	
Villareal, D. T., Aguirre, L., Gurney, A. B., Waters, D. L., Sinacore, D. R., Colombo, E., et al 881	
(2017). Aerobic or Resistance Exercise, or Both, in Dieting Obese Older Adults. N Engl J Med. 882	
376(20), 1943-1955. doi:10.1056/NEJMoa1616338 883	
 884	
Visser, M., Goodpaster, B. H., Kritchevsky, S. B., Newman, A. B., Nevitt, M., Rubin, S. M., et 885	
al. (2005). Muscle mass, muscle strength, and muscle fat infiltration as predictors of incident 886	
mobility limitations in well-functioning older persons. J Gerontol A Biol Sci Med Sci. 60(3), 887	
324-333. 888	
 889	
Visser, M., Kritchevsky, S. B., Goodpaster, B. H., Newman, A. B., Nevitt, M., Stamm, E., & 890	
Harris, T. B. (2002). Leg muscle mass and composition in relation to lower extremity 891	
performance in men and women aged 70 to 79: the health, aging and body composition study. J 892	
Am Geriatr Soc. 50(5), 897-904.  893	
 894	
Weyer, C., Tataranni, P. A., Bogardus, C., & Pratley, R. E. (2001). Insulin resistance and insulin 895	
secretory dysfunction are independent predictors of worsening of glucose tolerance during each 896	
stage of type 2 diabetes development. Diabetes Care. 24(1), 89-94.  897	
 898	
Williams, M. A., Haskell, W. L., Ades, P. A., Amsterdam, E. A., Bittner, V., Franklin, B. A., et 899	
al. (2007) Resistance exercise in individuals with and without cardiovascular disease: 2007 900	
update. Circulation. 116(5):572. 901	
 902	
Winters-Stone, K. M., Wood, L. J., Stoyles, S., and Dieckmann, N. F. (2018). The Effects of 903	
Resistance Exercise on Biomarkers of Breast Cancer Prognosis: A Pooled Analysis of Three 904	

Provisional



	 23 

Randomized Trials. Cancer Epidemiol Biomarkers Prev. 27(2), 146-153. doi:10.1158/1055-905	
9965.EPI-17-0766 906	
 907	
World Health Organization, Cancer Facts 2018: http://www.who.int/news-room/fact-908	
sheets/detail/cancer. 909	
 910	
Yang, Z., Scott, C. A., Mao, C., Tang, J., & Farmer, A. J. (2014). Resistance exercise versus 911	
aerobic exercise for type 2 diabetes: a systematic review and meta-analysis. Sports Med. 44(4), 912	
487-499. doi:10.1007/s40279-013-0128-8 913	
 914	
Yang, P., Swardfager, W., Fernandes, D., Laredo, S., Tomlinson, G., Oh, P. I., & Thomas, S. 915	
(2017). Finding the Optimal volume and intensity of Resistance Training Exercise for Type 2 916	
Diabetes: The FORTE Study, a Randomized Trial. Diabetes Res Clin Pract, 130, 98-107. 917	
doi:10.1016/j.diabres.2017.05.019 918	
 919	
Yardley, J. E., Kenny, G. P., Perkins, B. A., Riddell, M. C., Balaa, N., Malcolm, J., et al. (2013). 920	
Resistance versus aerobic exercise: acute effects on glycemia in type 1 diabetes. Diabetes Care. 921	
36(3), 537-542. doi:10.2337/dc12-0963 922	
 923	
Yusuf, S., Hawken, S., Ounpuu, S., Dans, T., Avezum, A., Lanas, F., et al. (2004). Effect of 924	
potentially modifiable risk factors associated with myocardial infarction in 52 countries (the 925	
INTERHEART study): case-control study. Lancet. 364(9438), 937-952. doi:10.1016/S0140-926	
6736(04)17018-9 927	
 928	
Zachwieja, J. J., Toffolo, G., Cobelli, C., Bier, D. M., & Yarasheski, K. E. (1996). Resistance 929	
exercise and growth hormone administration in older men: effects on insulin sensitivity and 930	
secretion during a stable-label intravenous glucose tolerance test. Metabolism. 45(2), 254-260.931	 Provisional



	 24 

 932	

Provisional



Figure 01.JPEG

Provisional



Figure 02.JPEG

Provisional



Figure 03.JPEG

Provisional


