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COMPARING EXERCISE AND PRESCRIPTION MEDICATION
INTRODUCTION
Chronic diseases are among the most common and preventable of all health problems.
Seven of the top 10 causes of death in 2010 were from chronic diseases1 and the incidence rates
are increasing each year2. Out of every 5 Canadian adults, 3 have a chronic disease and 4 are at
risk of developing a chronic condition3.
Treatment of chronic illnesses commonly includes long-term pharmacotherapy. However,
adverse effects of drugs can cause some patients to be worse off than from the condition itself. A
review of self-reported barriers to medication adherence among chronically ill individuals
consistently reported that insufficient adherence to medication was induced by various
medication side-effects4, such as patients with high blood pressure taking antihypertensive
medication5. Physical inactivity is a primary cause of most chronic diseases6 and is a modifiable
risk factor. Yet, the vast majority of Canadians do not meet recommended levels of physical
activity with 9 out of 10 children and youth, and 8 out of 10 adults not meeting the Canadian
Physical Activity Guidelines7. It is well-established that regular physical activity can reduce the
chance of developing various chronic diseases and conditions2,6,8,9.
The purpose of this review is to evaluate the literature and compare the impact of
prescription medication and exercise on the development and management of five different
chronic diseases: hypertension, type 2 diabetes mellitus, osteoporosis, depression, and breast
cancer.
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HYPERTENSION
Background
Hypertension (HTN) is one of the leading causes of disability and premature deaths
worldwide10. Approximately one-third (85.7 million) of Americans ≥20 years old have HTN and
the prevalence rate increases with age11. According to the American Heart Association, HTN is
defined as a systolic pressure (SBP) ≥140 mmHg or a diastolic pressure (DBP) ≥90 mmHg11.
Manifestations of untreated high blood pressure include myocardial infarction, heart failure,
stroke, coronary artery disease, kidney failure, atrial fibrillation, peripheral artery diseases, damage
to eye blood vessels, and sexual dysfunction12,13. The elimination of HTN could reduce
cardiovascular disease mortality by 30.4% among males and 38.0% among females11.

Evidence-Based Medications
When clinically indicated, HTN patients will typically receive monotherapy or
combination therapy from four classes of medication: angiotensin-receptor blockers (ARBs),
angiotensin converting enzyme inhibitors (ACEIs), β-blockers, thiazide diuretics, or calciumchannel blockers (CCBs). Data from 1999 to 2012 show that the use of various classes of
antihypertensive treatment has increased substantially among people ≥20 years of age14. During
this period, the use of ACEIs increased from 6.3% of the U.S. population to 12%, ARBs from
2.1% to 5.8%, β-blockers from 6% to 11%, and thiazide diuretics from 5.6% to 9.4%. The use of
CCBs remained the same, at 6%. Typically, combination therapy would include combined agents
from the following pharmacological classes: diuretics and β-blockers, diuretics and ACEIs,
diuretics and ARBs, and CCBs and ACEIs15,16.
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ACEIs
In the renin-angiotensin system, angiotensin II is the main end-product when angiotensin I
is cleaved by angiotensin converting enzyme, which ultimately leads to vasoconstriction and
increased blood pressure17. ACEIs are vasodilators used to relax blood vessels and lower blood
pressure by inhibiting ACE from forming angiotensin II18. Blocking angiotensin II formation
subsequently suppresses aldosterone and promotes renal excretion of sodium and water, which in
turn reduces blood volume, venous pressure, and arterial pressure. ACEIs downregulate
sympathetic adrenergic activity by preventing the facilitating effects of angiotensin II on
sympathetic nerve release and reuptake of norepinephrine. Additionally, these drugs inhibit the
breakdown of bradykinin, an inflammatory mediator and vasodilator19. A Cochrane Review20
investigating 92 trials and a total of 12,954 HTN patients found that when subjects took half to
maximum their recommended dose of ACEI, the blood pressure lowering efficacy of the drug was
-8/-5 mmHg.
ARBs
Angiotensin II binds to angiotensin II type 1 receptor, which mediates the pathways that
lead to vasoconstriction and water retention, increases in renal tubular sodium reabsorption, and
increases secretion of vasopressin and aldosterone, among other actions17.Similar to ACEIs, ARBs
are therapeutic inhibitors of the renin-angiotensin system. ARBs prevent the activation of the
angiotensin II type 1 receptor by angiotensin II, thereby decreasing vasoconstriction and reducing
blood pressure21. Combining 46 large-scale randomized controlled trials (RCTs), Heran et al.22
found ARBs, on average, lowered participants’ blood pressure by -8/-5 mmHg.
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β-blockers
β-blockers are among the oldest and most commonly used antihypertensive medications
available23. While also indicated for numerous other cardiovascular diseases (CVDs), β-blockers
antagonize the effects of sympathetic nerve stimulation at β-andrenoceptors widely distributed
throughout body systems. β1-receptors are predominant in the heart and kidney and have several
proposed mechanisms of action24,25 that play a role in reducing blood pressure: reducing reninangiotensin-aldosterone activity by preventing renin release; inhibiting the effects of
norepinephrine; decreasing cardiac contractility; and decreasing sympathetic activity through
monitoring neurotransmitter release. β-blockers blood pressure lowering efficacy has been found
to range from -5 to -10/ -4 to -8 mmHg24.

Thiazide Diuretics
Thiazide diuretics act on the nephron mainly at the proximal part of the distal tubule of the
kidney26. These drugs block sodium chloride transport, resulting in sodium excretion and urine
volume increases, which in turn reduce blood volume and pressure18. Although still not a fully
elucidated mechanism, researchers believe changes in cardiac output and extracellular fluid
volume are transient and, in the long-term, the major hemodynamic effect is a reduction in
peripheral resistance due to subtle alterations in the contractile responses of vascular smooth
muscle27. The American Medical Association recommends thiazide-type diuretics as initial
therapy for most patients without convincing indication for another class28. A recent review of 60
RCTs found thiazide diuretic monotherapy to reduce HTN in patients by -9.1/-3.3 mmHg29.
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CCBs
CCBs promote vasodilation by reducing calcium influx into vascular smooth muscle cells
through interfering with L-type voltage-dependent calcium channels in the cell membrane30. The
blockage of calcium causes vascular smooth muscle to relax, resulting in the lowering of blood
pressure. In cardiac tissues, CCBs have a negative inotropic effect (decrease force generation),
negative chronotropic effect (decrease heart rate) and negative dromotropic effect (decrease
conduction velocity), particularly at the atrioventricular node, all playing a role in vasodilator
activity18,30,31. While both dihydropyridine and non-dihydropyridine CCBs are available
treatments, dihydropyridines are more commonly used to treat HTN due to their greater
vasodilatory effect15,32. A systematic review of close to 14,000 HTN subjects found a maximal
blood pressure reduction of -10/-7 mmHg for dihydropyridines33.

Combination therapy
HTN medication used in combination therapy should have complementary mechanisms of
action, leading to an additive blood pressure lowering effect and improvement in overall
tolerability. Law34 investigated the effects of two different HTN drugs on blood pressure separately
and in combination, using thiazides, β-blockers, ACEIs, ARBs, and CCBs at a fixed dose. Average
fall in blood pressure was -7.0/-4.1 mmHg for the first drug alone and -13.3/-7.3 mmHg after
adding the second drug when used at half the standard dose.
The American Journal of Medicine published a study35 that quantified the effect of
combining antihypertensive drugs from any two classes of thiazides, β-blockers, ACEIs, and
CCBs. Using a thiazide alone, the mean placebo subtracted reductions in SBP was -7.3 mmHg and
-14.6 mmHg when combined with a drug from another class. Reductions using other drugs alone
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and in combination were -6.8 mmHg and -13.9 mmHg with ACEIs, -8.4 mmHg and -14.3 mmHg
with CCBs, and -9.3 mmHg and -18.9 mmHg with β-blockers. A more recent article stated blood
pressure lowering efficacy of β-blockers as a second-line therapy in primary HTN was not as
substantial, at -6/-4 mmHg36.

Adverse Effects to Medications
ACEIs
Dry cough has been shown to occur in up to 39% of cases of HTN patients prescribed ACEI
drugs19,37,38. While this is a relatively common adverse effect, the rate of withdrawal in patients
due to this symptom is reported on the drug label to have an incidence rate of only 1.3%39.
However, Bangalore and colleagues39 have uncovered a 31-fold greater incidence over recent years
from numerous RCTs. This side effect is likely due to the bradykinin response, which also may be
a contributor to other ACEI-induced negative symptoms including severe angioedema of the upper
airways and death due to asphyxiation, and those incidence rates have been increasing over the
last couple decades19,40,41. Several trials involving ACEIs were found not to report any adverse
effects by authors, yet most of those studies were noted as being funded by drug companies that
manufacture ACEIs20.

ARBs
Headache, upper respiratory tract infections, and influenza-like symptoms were among the
most commonly reported side-effects based on data from a number of studies40. Postural dizziness
is reported more often with ARBs than placebo21. Hypokalemia can occur in patients with impaired
renal handling of potassium, but does not seem to require drug discontinuation.
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A 2010 meta-analysis42 showed likelihood of ARBs increasing the risk of malignancy.
Bangalore39 also reported chance of increased cancer risk with ARB and ACEI combination
therapy, although not with use of ARBs alone. Contrary to these findings, two further metaanalyses43,44 showed opposite results with no association between risk of new cancer and with
ARB therapy in HTN patients. Mixed outcomes from many trials cause this topic to remain under
debate.
β-blockers
As an increasing number of side-effects to β-blockers are being uncovered, this drug
remains under continued scrutiny. A study investigating the association of β-blockers with
depressive symptoms, fatigue, and sexual dysfunction reported no significant increased risk of
depressive symptoms and only small increased risk of fatigue and sexual dysfunction45. However,
a closer look at the data by fellow researchers raised several concerns, as it showed a 3-fold
increase risk of withdrawal due to fatigue, and a 5-fold increased risk of withdrawal due to sexual
dysfunction. This allowed Messerli et al.46 to calculate that for every stroke or heart attack
prevented, 3 patients were made impotent by β-blockers, and 8 experienced fatigue to the extent
that they withdrew from such therapy, which they believe is not an acceptable risk/benefit ratio for
a completely asymptomatic disease such as mild HTN. Alternate studies report even higher
incidences of withdrawal in patients on β-blockers compared to other HTN medications, stating
that overall it is not well-tolerated and has miserable compliance rates47,48.
In a study of 102 hypertensive patients, of those on β-blockers as opposed to a different
class of anti-hypertensives 32% reported an adverse effect of an absence of peripheral pulses and
41% of Raynaud’s phenomenon49. A meta-analysis found an incidence of Reynaud’s phenomenon
to be 14.7%50. Additional common side-effects reported in other literature included headache,
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dizziness, sleep disturbances, increased insulin resistance, dyslipidemia, new onset diabetes, and
weight gain48,51,52.

Thiazide diuretics
The British Hypertension Society26 lists hypokalemia, hyperuricemia, hyperglycemia,
hypercalcemia, and erectile dysfunction as adverse effects to thiazide diuretics. Many of these
biochemical abnormalities can occur in a dose-dependent manner with diuretic therapy53.
Compared to placebo group, the relative risk of withdrawal from clinical trial due to an adverse
thiazide effect was 4.5 for high-dose regimens and 2.4 for low-dose regimens54. In the ALLHAT
and SHEP studies, rates of hypokalemia seen with low-dose thiazide diuretic were 8.5% at 4 years
and 7.2% at 1 year55.

CCBs
Side effects due to CCBs include headache and flushing due to peripheral vasodilation,
tachycardia, swelling of ankles, gum swelling, edema, dizziness, fatigue, constipation, diarrhea,
nausea, rash, and drowsiness5,30,31,56. Chrysant et al.56 found edema to be the most common adverse
effect to CCB medication, occurring in almost 20% of patients. Subjects from another study had
symptoms of peripheral edema progressively increase with duration of CCB therapy up to 6
months causing more than 5% to discontinue the medication57. Although, when used in
combination with ARBs incidences of edema associated with CCBs decreased56.
A case-control study showed that women aged 55 to 74 years taking CCBs for more than
or equal to 10 years were associated with more than a 2-fold increased risk of invasive ductal and
lobular breast carcinoma58. This relationship did not vary significantly by type of CCB used. While
other studies have shown mixed results, researchers suggest interpreting this medication with
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caution, but also encourage additional examining of the associations between CCBs and breast
cancer risk59.

Combination therapy
Particular combinations of HTN drugs are not recommended, such as dual reninangiotensin-aldosterone system inhibition due to risk of hyperkalemia60,61. β-blockers and diuretic
combinations have also been discouraged in patients with metabolic syndrome or prediabetes due
to their increased risk for new onset diabetes62. This combination is also known to have erectile
dysfunction side effects63.
A study of approximately 85,000 patients found that adherence was inversely related to the
number of medications prescribed. Anti-HTN adherence levels were 77.2%, 69.7%, 62.9%, and
55% in subjects receiving one-, two-, three-, or four-drug regimens64. More dramatic drops in
adherence with increasing number of doses is seen with other studies65.

Evidence-Based Exercise
In 26 study groups with HTN patients, the effect of endurance training on blood pressure
was -8.3/-5.266. Other studies have found reductions in blood pressure due to chronic and acute
exercise to be -7.4/-5.8 mmHg67 and -3.2/-1.8 mmHg68, respectively. Mechanisms of vascular,
neuro-hormonal, and structural changes contribute to the decreases in blood pressure that result
from acute and chronic endurance exercise66. Since catecholamines, in particular norepinephrine
release, mediate vasoconstriction and increase vascular resistance, reductions in norepinephrine
attenuate vasoconstriction and lead to reduction in blood pressure. Declines in plasma
norepinephrine have been reported after training by 28.7%69. Furthermore, training also decreases
endothelin-1, a potent vasoconstrictor, associated with endothelial dysfunction in HTN.
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Evidence suggests that nitric oxide plays a major role in moderating blood pressure and
impaired nitric oxide activity is an important component in HTN70. Regular exercise training
improves endothelial responses and vasodilatory function through enhances in nitric oxide
availability in both animal and human studies71. Indeed, the beneficial effects induced by aerobic
exercise training in vascular changes observed in HTN are mainly mediated by a reduction of
oxidative stress and increased antioxidant defenses72,73.
Hyperinsulinemia and insulin resistance are associated with HTN and activation of the
sympathetic nervous system. Exercise training improves insulin sensitivity6,69,74 and this may be
important mechanism in mediating reductions in sympathetic outflow and blood pressure.
Furthermore, elevated sympathetic nerve activity, as seen with HTN patients, has been associated
with increases in arterial wall thickening and vascular stiffness72,75. Yet, a recent longitudinal
training study confirmed intima-media thickness and the intima-media thickness/lumen ratio were
reduced with exercise75. Training-induced decreases in sympathetic nerve activity may be
beneficial in preventing vascular remodeling that is associated with HTN.
Left ventricular hypertrophy can be present in patients with HTN, especially those who are
obese, which can lead to a number of adverse conditions, such as ventricular dysrhythmias,
diastolic ventricular dysfunction, cardiac mortality, and risk of sudden cardiac death76–78. Findings
reveal that endurance exercise training of mild-to-moderate intensity can induce a partial
regression of left ventricular hypertrophy with reduction in left ventricle mass index and relative
wall thickness in older adults with mild HTN79. Data from this study also suggests that the extent
of this reversal is likely to be similar to that induced by thiazide diuretics.
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Adverse Effects to Exercise
According to Hypertension Canada Guidelines80, due to an acute increase in blood pressure
and potential use of the Valsalva manoeuvre during weight training, there are concerns this form
of exercise could adversely raise blood pressure levels, leading to an increased risk of hemorrhagic
stroke or subarachnoid hemorrhage. Aortic stiffening is strongly associated with age and is the
driving force of isolated systolic hypertension81. Endothelial dysfunction and increased stiffness
of large arteries contribute to development of a HTN response to exercise82. Nevertheless, strength
training is recommended among exercise specialists for hypertensive individuals (Table 1) with
close attention towards proper breathing.
Table 1 FITT Formula for Hypertensive Patients74,83,84
Aerobic
F 3-5 d/wk
I 40-<60% HRR
T ≥30 min/d or 3-6 bouts of
>10 mins or 150 min/wk
T Brisk walking, jogging,
cycling, swimming

Resistance
2-3 d/wk
30-90% 1RM, 8-12 reps
3-4 sets or 20-60 min/d

Flexibility
2-7 d/wk
Hold 30 sec
Pre/post exercise

Machine weights, free weights,
circuit training

Dynamic, static, yoga,
Pilates

HRR = heart rate reserve
1RM = one-repetition maximum

Diuretics in high doses can interfere with fluid and electrolyte balance85, and similar
symptoms can be exacerbated with high-intensity exercise. If not properly hydrated with attention
towards individuals’ perceived exertion while engaging in high intensity or long duration
activities, HTN patients could experience severe fatigue, dehydration, nausea, and dizziness. Take
caution when exercising in extreme environments, such as on a hot day or hot yoga, as HTN can
make it difficult for your body to regulate its temperature.
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TYPE 2 DIABETES MELLITUS
Background
Diabetes is a metabolic disorder affecting approximately 29.1 million people (9.3%) of the
U.S. population86. There are two types of the disease, namely type I diabetes mellitus and type II
diabetes mellitus (T2DM), the latter accounting for nearly 90% of diabetic cases. T2DM results
from defects in insulin secretion associated with insulin resistance, leading to increased glucagon
secretion and a subsequent rise in blood glucose87. Increases in fasting insulin, fasting glucose,
SBP, DBP, triglycerides, and body fat percentage are associated with increased risk of developing
diabetes88,89. Prolonged elevated blood sugar can cause several serious and even life-threatening
diabetes-related complications, including kidney disease, foot issues, non-traumatic lower limb
amputation, retinopathy, myocardial ischemia, and stroke86.

Evidence-Based Medications

Currently available therapies offer a large panel of complementary drugs and some of the
more widely used are biguanides, sulfonylureas (SU), and insulin therapy. Trends in prescription
drug use among U.S. adults from 1999-2012 showed the use of biguanides increased from 2% to
5.5%, SUs from 2.6% to 3.2%, and insulin therapy from 1.1% to 2.6%14.

Biguanides
Biguanides lower blood glucose levels primarily by decreasing the amount of glucose
produced by the liver. Metformin, a recommended first-line oral therapy for T2DM90, is a
biguanide that helps to reduce blood glucose by specifically reducing hepatic gluconeogenesis and
opposing glucagon-mediated signaling in the liver91. When compared to placebo, metformin has
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been recorded to reduce glycated hemoglobin (HbA1c) levels by approximately 1% after 3 months
of therapy92. While the complete mechanisms of metformin appear complex and remain a topic of
debate, considerable efforts are continuing to be made to better understand the cellular and
molecular modes of action90. Various works suggest inhibition of the mitochondrial respiratory
chain (Complex I), activation of AMP-activated protein kinase (AMPK), inhibition of glucagoninduced elevation of cyclic adenosine monophosphate (cAMP) and reduced activation of protein
kinase A (PKA) as potential mechanisms90,93.
The polarity of metformin makes it dependent on membrane transporters for cellular uptake
and secretion91. The mechanisms of enhanced glucose uptake via increased translocation of
glucose transporters have been linked to activity of GLUT4 and GLUT1, in particular91,94. GLUT1
is a glucose transporter across plasma membranes, while GLUT4 is a glucose transporter in
skeletal muscle, making it more sensitive to insulin so glucose can be absorbed91.

Sulfonylureas
SUs are among the most frequently used second-line anti-diabetic agents95, and along with
metformin are the most commonly used pharmacological treatments for T2DM96,97. SUs stimulate
the β cells of the pancreas to release more insulin by binding to and inhibiting potassium flux
through ATP-dependent potassium channels96. Calcium channels are then opened leading to an
influx of calcium and enhanced secretion of insulin from the pancreas98,99. Furthermore, it has been
shown that SUs interact with the nucleotide exchange factor, Epac2, which interacts with Rap1
protein to increase availability of insulin vesicles100,101. Data from six separate studies show SUs
to have an average reduction of HbA1c levels of 1.25% after 2 years of therapy92.
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Insulin therapy
Insulin administration, typically given by subcutaneous injection can be used to achieve
optimum glycemic goals. Secreted from pancreatic β cells, insulin promotes the uptake of glucose
by the liver and an improved lipid profile, as well as reduces HbA1c levels by up to 4.9% when
used in combination with metformin102.

Adverse Effects to Medications
Biguanides
There has been concern over the adverse side effects of metformin; however, some reports
indicate that they are negligible when its benefits are brought into account93. Gastrointestinal
intolerance, the most frequent adverse effect, including symptoms of nausea, diarrhea, and
abdominal cramping occurring in up to 50% of treated patients, usually improve or subside as
treatment is continued93,103.
A main problem for metformin users is lactic acidosis, a buildup of lactate in the plasma,
which can be accompanied by dizziness, severe drowsiness, muscle pain, tiredness, chills,
blue/cold skin, difficult breathing, irregular heartbeat, and stomach pain103. While more likely to
occur in patients with certain medical conditions, such as renal dysfunction, researchers say it is
difficult to determine to what extent, if any, metformin may contribute to the development of lactic
acidosis in any case. Still, renal and kidney diseases in T2DM patients have been found to affect
approximately 40% of individuals104. Several researchers, on the other hand, found no greater risk
of lactic acidosis among metformin users with incidence rates ranging between 3-10 per 100,000
person-years105,106. However, to date, cases of lactic acidosis continue to be reported in patients
taking metformin107.

15

COMPARING EXERCISE AND PRESCRIPTION MEDICATION
Majority of evidence regarding the risk of kidney problems associated with metformin use
has been inconclusive108. However, in a nationwide cohort study in Denmark, Carlson et al.109
found the risk of acute dialysis associated with initiation of metformin in patients with T2DM was
associated with a 50% increase in risk compared to SUs, corresponding to an absolute risk
difference of 50 per 100,000, and a number needed to harm of 1988. This increased risk was greater
with women, older patients, patients initiating anti-diabetic treatment at higher doses and in
patients with pre-existing renal insufficiency.

Sulfonylureas
First-generation SUs have declining uses owing to a high incidence of adverse side effects,
such as hypoglycemia in patients with acute or chronic kidney disease, hyponatremia, water
retention, and weight gain93,96,98. Symptoms of hypoglycemia include polydipsia, polyuria, rapid
breathing, flushing, confusion, and drowsiness103. Bodmer et al.106 found the odds ratio of
developing hypoglycemia in association with SUs use was 3.73 compared with controls, leading
to higher odds than metformin and other oral anti-diabetes drugs.
A systematic review of 77 studies found that SUs can significantly increase the risk of
cancer in T2DM compared with metformin95. While 33 RCTs did not report a difference in the
risk of malignant tumor between SU-treated T2DM and controls, 27 cohort studies showed the
cancer risk was higher in patients using SUs than metformin and 17 case-control studies suggested
a trend for increased risk in those using SUs compared with non-SU users. Contrary to this finding,
an earlier study found no evidence that SUs were associated with cancer risk110.
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Insulin therapy
Patient regimes can vary from single daily injections to multiple injections, which can be
painful and necessitates self-monitoring of glucose levels. Furthermore, this type of therapy is
associated with weight gain and hypoglycemia, the latter of which increases in risk with duration
of treatment111,112. Insulin therapy was related to an average weight gain of 4 kilograms113 and can
lead to withdrawal from treatment.

Evidence-Based Exercise
T2DM can be effectively prevented or delayed by lifestyle changes targeting diet and
physical activity improvements, including both resistance and aerobic exercises114,115. Meigs116
claims the best prediction model for T2DM included high sensitivity C-reactive protein (hs-CRP),
adiponectin, interleukin-2 receptor A, ferritin, glucose, and insulin, while other studies support
additional biomarkers of blood pressure, serum lipids (triglycerides, HDL and LDL cholesterol,
total cholesterol), and HbA1c117. A meta-analysis of 13 studies investigating the influence of
exercise on obese T2DM patients revealed that concentrations of hs-CRP, triglycerides, DBP,
SBP, and HbA1c were reduced with exercise intervention118. In addition, there was a significant
increase of HDL cholesterol in subjects, although this effect has failed to show in other studies88.
Diabetes Canada Guidelines119 define “prediabetes” as referring to an HbA1c of 6.0% to
6.4%, placing individuals at high risk of developing diabetes and its complications. In fact, The
Epic-Norfolk Trial120, a prospective study of 4662 men aged 45-79 years, reported an increased
risk of death equivalent to 28% for every 1% increase in HbA1c above 5%, independent of other
factors such as smoking, age, blood pressure, and lipid profile reports85,89,121,122. A Cochrane
Review121 examined 14 RCTs that compared exercise against no exercise in T2DM found exercise
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intervention significantly improved glycemic control as indicated by a decrease in HbA1c levels
of 0.6%.
Elevated concentration of hs-CRP reflects systemic inflammation, is correlated with
abdominal obesity123, and is closely related to increased risk of diabetes and CVD124–126. Serum
hs-CRP has been demonstrated as being positively correlated with HbA1c in T2DM patients, and
furthermore, is recommended as a predictive laboratory marker for CVD risk in DM patients126,127.
In 824 patients included in a meta-analysis, Hayashino124 found exercise was associated with a
significant decrease in hs-CRP (-0.66 mg/l), and similar changes have been noted in other
studies128,129.
Inflammation is an important feature of metabolic diseases and diabetes. It has been shown
that innate immunity, stress, and inflammation are primary factors in the development of obesityrelated insulin resistance in T2DM130. In fact, compared to type 1 diabetes patients, those with
T2DM generally test positive for serum pro-inflammatory cytokines such as interleukin-6 and
tumor necrosis factor-α. Effects of regular physical activity have led to decreases in tumor necrosis
factor-α, hs-CRP, interferon gamma, interleukin-1, and interleukin-6. Indeed, Pischon et al.131
showed that for interleukin-6, exercise was more effective in marker reduction in those with longer
duration in exercise programs and a larger number of exercise sessions during the study. Even
though these and additional markers of pro-inflammatory cytokines have been shown to increase
after strenuous exercise132, these results support an overall anti-inflammatory role and glycemic
control of regular physical activity.
Despite clear metabolic effects of training, several studies show no significant effect on
body weight or BMI in T2DM subjects121,133,134. Experts suggest this is likely owing to differences
in fat mass and lean mass not being interpreted133,135. Others found waist circumference and body
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fat measurements as better predictors of insulin resistance in T2DM136,137. Lee138 measured total
and regional adiposity and skeletal muscle mass and composition in lean men and obese men with
and without T2DM using MRI and CT modalities. While body weight did not change in response
to exercise, significant reductions in total, abdominal subcutaneous, and visceral fat were observed
in all groups. Reductions in visceral fat were greater in the obese and T2DM groups compared to
the lean group.
Lewis et al.139 measured over 200 metabolites in human plasma before and after exercise.
While fitness level is one of the strongest predictors of all-cause mortality in people with
diabetes140, researchers found exercise-induced increases in glycerol strongly related to fitness
levels in normal individuals139. Interestingly, researchers also found several metabolites that
increased in plasma in response to exercise, namely glycerol (lipolysis), niacinamide (modulator
of insulin sensitivity), glucose-6-phosphate (indicator of glycogenolysis), pantothenate (fatty acid
oxidation), and succinate (TAC span 2 expansion), all which up-regulated the expression of nur77,
a transcriptional regulator of glucose utilization and lipid metabolism genes in skeletal muscle in
vitro. Nur77 has been suggested as a potential therapeutic target for the metabolic syndrome, as its
expression in skeletal muscle is reduced in several models of T2DM and is increased in response
to insulin-sensitizing treatments141.

Adverse Effects to Exercise
Concerns about the safety resistance training in middle-aged and older people who are at
risk of CVDs such as diabetics continue, especially at higher intensities. Acute rises in blood
pressure associated with higher-intensity resistance exercise may be harmful, possibly resulting in
stroke, myocardial ischemia, or retinal hemorrhage142. However, there is a lack of evidence that
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resistance training increases these risks and no serious adverse events have been reported with
T2DM patients142,143.
Pederson and Saltin144 note that most patients with T2DM can engage in physical activity
without following particular instructions; however, it is of import that patients treated with SUs,
for example, receive guidance in order to avoid hypoglycemia. A systematic review of 12 trials
investigating exercise with T2DM patients found hypoglycemia to be among the most commonly
reported adverse events as well as back pain, shoulder pain, musculoskeletal injury, tendonitis, and
other musculoskeletal discomforts114. A similar review found no adverse effects of exercise
reported among 377 T2DM individuals133.

Table 2 FITT Formula for Type 2 Diabetes Mellitus Patients142,145
Aerobic
F 3-5 d/wk
I 50-70% HRmax or
>70% HRmax

3 d/wk
50-70% 1RM, 8-12 reps

Flexibility
2-7 d/wk
Hold 10-30 sec

T

3 sets

Pre/post exercise

Machine weights, free weights,
resistance bands, body weight,
calisthenics

Static or dynamic,
yoga,
Pilates, Tai chi,
balance

≥30 min/d or 150
min/wkѱ or 90 min/wkŧ
T Brisk walking, jogging,
cycling, dancing,
swimming,
stair climbing

Resistance

HRmax = heart rate maximum
1RM = one-repetition maximum
ѱ
ŧ

moderate intensity
vigorous intensity

T2DM patients may develop autonomic neuropathy, which can affect heart rate response
to exercise and scores in ratings of perceived exertion146. While walking or running may be a
convenient type of exercise, some T2DM patients, especially those with foot issues should
consider low-impact, non-weight bearing activities, such as swimming or cycling (Table 2). After
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a 3-month follow-up of a walking program invention, maximum walking distances in diabetics
were found to be drastically less than non-diabetic patients147. Additionally, the non-diabetic
group demonstrated a significant increase in pain-free walking at follow-up compared to the
diabetic group.
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OSTEOPOROSIS
Background
Osteoporosis is a skeletal disorder due to compromised bone strength, leading to increased
bone weakness and risk of fractures148. According to the World Health Organization149,
osteoporosis is defined as having a bone mineral density (BMD) ≥2.5 standard deviations below
the mean for young white adult women, usually measured by dual energy X-ray absorptiometry or
diagnostic criteria based on the T-score for BMD (T-score <-2.5 SD).
British Columbia Guidelines150 emphasize multivariate risk fracture using a risk
assessment tool FRAX or CAROC, as BMD only explains a portion of fracture risk. Additional
components such as biochemical markers and clinical risk factors that influence fragility and
fracture risk are used and often include female sex, increased age, estrogen deficiency, steroid use,
low weight and BMI, family history of osteoporosis, smoking, and history of prior fracture148,151.
Fractures due to osteoporosis can occur at any skeletal site, but most often at the hip, spine, wrist
and vertebrae, and are a significant cause of mortality and morbidity in the Western
hemisphere152,153. The lifelong risk of having a fracture related to osteoporosis is approximately 1
in 2 for women and 1 in 4 for men154. It is more prevalent in women especially after menopause
when estrogen level decreases, as sex steroids secreted during puberty substantially increase BMD
and peak bone mass.

Evidence-Based Medications
Fracture prevention is the primary treatment goal for patients with osteoporosis148.
Bisphosphonates (BPs) have been the most widely prescribed and best-studied osteoporosis
medication155,156. Denosumab (Prolia®) was more recently added to the list of first-line agents,
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while selective estrogen receptor modulators (SERMs), and synthetic parathyroid hormone (PTH)
remain as common second-line agents157.

BPs
This class of drug has proven efficacy in the prevention of bone loss and in the reduction
of fractures in postmenopausal women and men with established osteoporosis158. There are four
types currently approved for use: alendronate (Fosamax), etidronate (Didrocal), risedronate
(Actonel), and zoledronic (Aclasta)159,160. These drugs offer clinical benefit to several conditions
where there lies an imbalance between bone formation via osteoblasts and bone resorption via
osteoclasts, including osteoporosis156. BPs show a spine BMD gain of 4-9% and fracture reduction
of 30-70%161. Alendronate, risedronate, and zoledronic acid are more commonly used because
they reduce risk of fractures in all bones. In comparison, etidronate is the oldest and least preferred
because it is not as effective and only reduces fracture risk in the spine160.
When received orally or through intravenous injection, BPs inhibit hydroxyapatite
breakdown, leading to an antiresorptive effect through the reduction of soft tissue calcification and
normal calcification156,162. Due to their high affinity to bone mineral, BPs have a high degree of
target organ specificity over other body tissues, leading to preferential uptake into bone158. Once
absorbed, the drug is taken-up by osteoclasts, inhibiting key enzymes in the mevalonic acid
pathway and leading to disruption of signaling molecules (GTPases) in osteoclastic function,
finally ending in osteoclast cell apoptosis.

Denosumab
Denosumab, a fully human monoclonal antibody is a relatively newer medication shown
to reduce osteoporotic fracture in men and women160. In the FREEDOM trial163, 7868
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postmenopausal women with osteoporosis were assigned placebo or denosumab for 36 months.
Cumulative incidence of fractures in the treatment group was 2.3%, while in the placebo group
was 7.2%. Although BPs are typically preferred as initial therapy for osteoporosis, denosumab can
be used as initial therapy in select patients at high risk of fracture, including older patients who
have difficulty with dosing requirements of oral BPs, those who are intolerant or unresponsive to
other therapies, and those with impaired renal function164. Denosumab binds avidly to RANK
ligand (nuclear factor-κB ligand), a soluble protein, preventing interaction of RANK ligand with
its receptor, RANK, which is present on the surface of osteoclasts and their precursors165. By
inhibiting osteoclast activity, the drug decreases bone resorption in trabecular and cortical bone
and increases bone mass and strength165,166.

SERMs
During menopause, women’s estrogen level decreases, leading to a reduction in bone
density. While SERMs are non-hormonal, they are able to produce estrogenic and antiestrogenic
effects depending on the area of the body167. In bone, they regulate bone metabolism through
estrogen receptors on osteoblasts by binding to estrogen receptor α or β subunits and decrease
osteoclast activity while also maintaining physiological function of osteoblasts168,169.
Raloxifene (Evista®), an oral SERM, showed to increase bone density and prevent
fractures of the spine in postmenopausal women by 30-50%170,171. However, reductions in fracture
risk have not been observed in other fracture areas with this drug. Bazedoxifene is another type of
SERM that has also demonstrated efficacy for prevention and treatment of osteoporosis with
lumbar BMD changes ranging from +1.08% to +1.49%172.
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Synthetic PTH
Endogenous PTH stimulate bone formation by directly acting on osteoblasts and regulating
renal tubular cells in reabsorbing calcium and excreting phosphate173. A newer biosynthetic drug,
teriparatide, is also an anabolic agent that essentially mimics the physiological effects of PTH174.
More specifically, binding to G-protein-dependent cell surface receptors induces a cascade that
activates several enzymatic pathways involving adenylate cyclase and phospholipases that result
in an increase in osteoblasts and decrease in apoptosis173. A 2012 meta-analysis175 showed
teriparatide-treated postmenopausal women had a BMD increase of 8.14% in the spine and 2.48%
at the hip.

Adverse effects to Medications
BPs
BPs induce dose-dependent gastrointestinal disturbances, nausea, loose bowels,
inflammation and ulceration of the esophagus and stomach, heart burn, and atrial fibrillation;
although, the latter does not reveal a consistent association152,153,158,176. Acute phase reactions to
BPs such as fever, headache, myalgia, arthralgia, and malaise occurring within 24-36 hours and
lasting up to 3 days were reported in 18% of subjects receiving intravenous first-doses158. Both
alendronate and risedronate have shown a small risk to irritation of the esophagus.
BPs have been associated with osteonecrosis of the jaw (ONJ), especially following dental
surgeries such as dental extractions156. Incidence of patients on BPs suffering from ONJ ranges
from 0.5-9.9%177–180. It is speculated the likelihood of ONJ is related to the dosage, route, and
duration of BP therapy153. Results from a case-control study suggested a dose-response
relationship was demonstrated over increasing time periods of exposure, where the risk for ONJ
significantly increases and odds reaching 5 times higher for those with 1.5-2 years of exposure
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compared with those with 0-1.5 years of exposure178. Importantly, these researchers noted a
significantly reduced risk of ONJ with oral compared to intravenous BP therapy and this has been
reported in several other cases153,156,179,180.
Patients prescribed alendronic acid in particular, have shown an association with atypical
femoral fractures180–183. This type of fracture occurs mainly in the subtrochanteric region with little
or no trauma180. Concerns have been raised about potential over-suppression of bone turnover
during long-term use of BPs182. An investigation of the trends in the incidence of typical and
atypical femoral fractures in Australian patients over 50 years of age from 2009 to 2014 found that
the atypical-type accounted for half of all femoral shaft fractures184. Interestingly, Clout184
revealed a possible positive trend between the incidence of typical and atypical femoral fractures
and the rate of prescription of BPs for osteoporosis over a 13-year period. Still, additional trials
are warranted including further understanding of the biological mechanism of atypical femoral
fractures in order to identify a clear benefit/risk ratio185.

Denosumab
Safety of denosumab in the treatment of postmenopausal osteoporosis was assessed in a 3year multinational study163 including 7808 postmenopausal women. Incidence of all-cause
mortality was 2.3% in placebo and 1.8% in Prolia® group. Incidence of nonfatal serious adverse
events was 24.2% in placebo and 25% in Prolia®. Back pain, pain in extremity, musculoskeletal
pain, hypercholesterolemia, and cystitis were listed as the most common side effects reported; and
furthermore, back pain, constipation, and breast cancer were the most common adverse reactions
leading to discontinuation of the drug. However, a causal relationship of new malignancies to drug
exposure has not been established.
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In the abovementioned study by Cummings and Martin163 serious adverse events of
cutaneous infection, like cellulitis and erysipelas were reported more frequently in the Prolia®
group. Dermatitis, eczema, and rashes occurred at a significantly higher rate in treated vs. placebo
groups (10.8 vs. 8.2%). There was no clear clinical pattern to suggest a relationship to time or
duration of exposure to denosumab186.
Reports of severe symptomatic hypocalcemia after denosumab injection are cited95;
although, this condition is not typically observed in patients with sufficient calcium and vitamin
D levels164. While previously reported incidences of hypocalcemia in patients ranged from <0.05%
and 12.4%

163

, Chen and Smerdely95 found a rate of 14% development over 6 months, despite

majority of patients being treated with calcium and vitamin D supplementation.

SERMs
SERMs induce vasomotor symptoms, including hot flashes, leg cramps, and venous
thromboembolic events, including deep vein thrombosis and pulmonary embolism187–190. In a 3year study by Silverman et al.190, postmenopausal osteoporotic women were treated with
bazedoxifene 20 mg/d, bazedoxifene 40 mg/d, raloxifene 60 mg/day or placebo. Although fracture
incidence was significantly lower with treatment groups compared to placebo, the incidence of
adverse effects was higher in the treatment groups. Deep vein thrombosis occurred in 0.4%, 0.5%,
0.4%, and 0.1% of the bazedoxifene 20 mg, bazedoxifene 40 mg, raloxifene 60 mg, and placebo
groups, respectively. Corresponding occurrence of leg cramps occurred was 10.9%, 10.9%, 11.7%,
and 8.2% in that same order of groups.
A 2-year extension study188 to Silverman and colleagues’ previous study had treatment
groups of 20 mg/d, 40/20 mg/d (previous 40 mg/d patients were switched to 20 mg/d after 4 years),
and placebo. Raloxifene treatment was discontinued. Results found hot flashes to occur in 13.0%
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of the 20mg group and 13.4% of the 40/20 mg group compared to 6.6% of the placebo group of
those taking bazedoxifene. Furthermore, 13.6% of the 20mg group, 13.3% of the 40/20mg group,
and 10.2% of the placebo group experienced leg cramps. However, most adverse events were mild
to moderate in severity and did not result in withdrawal from the study.

Synthetic PTH
Most common adverse effects with teriparatide are nausea, headache, vertigo, and leg
cramps, which have been shown to cause approximately 6% of users to stop treatment173,187. In a
study involving teriparatide-treated men with osteoporosis, 9 patients (8.9%) withdrew from the
trial due to adverse events, including 7 (4.8%) from the placebo group, 14 (9.3%) in the 20µg dose
group and 18 (12.9%) in the 40µg dose group191. Nausea was the most common drug-related side
effect.

Evidence-Based Exercise
Total inactivity results in loss of bone mineral and mass1,192. Physical activity promotes
changes in the bone metabolism through direct effect via mechanical force. Bone tissue, including
highly mechanoreceptive osteocytes, that is subject to a mechanical stimulus responds with a
cellular reaction characterized by an acute release of prostaglandins, increasing [cAMP] and
leading to production of growth factors and subsequent bone remodeling in response to the original
load192,193. The indirect effect of exercise on bone is through hormonal influences that
consequently increase osteoblast activity194. Exercise-induced stimulation of growing hormone has
enhanced effects on IGF-1, a citocene that triggers collagen synthesis by the osteogenic cells,
increasing bone matrix formation. Older men with low serum IGF-1 have indeed shown to have
an increased risk of incident fractures, especially at hip and vertebral sites195.
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While bone mineral and mass that result from endurance or resistance training are relatively
small, even small increases can help prevent or delay osteoporosis196. A systematic review197 of
the effect of exercise on bone mass in pre- and post-menopausal women showed a positive effect
of impact and non-impact exercise on bone mass at both the lumbar spine and the femoral neck.
At the lumbar spine, the difference in bone density between exercise and control groups was 1.6%
for impact exercises, and 1.0% for non-impact exercises. At the femoral neck, there was a 0.9%
improvement for impact exercisers and 1.4% improvement for subjects in non-impact exercise
programs. In a separate study, the exercise group showed percent changes in lumbar BMD
compared to baseline values of +4.33±1.6% and +4.29±2.34% at 1 and 2 years of exercise training,
respectively, which was significantly greater compared to the non-exercising group198.
Examples of impact and non-impact activities are shown in Table 3, along with aerobic,
resistance, and flexibility exercise guidelines for post-menopausal patients with osteoporosis. One
of the main goals for exercising with osteoporosis is fall prevention, making it important to focus
on controlled progression of exercise frequency and intensity. Activities that may have excessive
twisting or flexion of the spine and trunk, such as certain types of yoga are not recommended.

Table 3 FITT Formula for Post-Menopausal Osteoporosis Patients199–201
Aerobic

Resistance
F 3-5 d/wk
2-3 d/wk
I 50-70% HRR
50-80% 1RM, 15-20 reps
T 30-60 min/day or 150 min/wk 2 sets
T Low impact (cycling,
Resistance machines,
swimming, kayaking,
elastic bands, dumbbells,
dancing, tennis)
weighted vests, agility
progressing to moderate
impact (rope-skipping, twolegged jumps)

Flexibility
2-7 d/wk
Hold >30 sec
2 sets or pre/post workout
Dynamic or static, Tai chi,
Restorative or Yin yoga

HRR = heart rate reserve
1RM = one-repetition maximum
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While endurance and resistance physical activity interventions have shown to have a
positive relationship with BMD and an inverse relationship with BMI, BMI itself is strongly
predictive of BMD and fracture risk151,202,203. The relationship is nonlinear, with the steepest
gradient of risk being seen at BMI values <20 kg/m2 and only a small further decrease in risk being
seen at levels >25 kg/m2. These risks are largely independent of sex203. It is well-established that
exercise helps with weight control and is a useful method for maintaining a healthy, optimal BMI
through several biological mechanisms such as improved body composition (reduced abdominal
adiposity and increased muscle mass) and enhanced lipid profiles (reduced triglycerides and
improved cholesterol levels)204,205.
The main cause of fractures amongst osteoporotic women is falls, due in part to an impaired
sense of balance and low levels of muscular strength206. Thus, increasing levels of strength and
balance achieved by physical exercise plays a key role in fall prevention207,208. Otero et al.209
randomly assigned 65 elderly women with osteoporosis to either an exercise group, consisting of
balance and strength training or to a control group which had no exercise component. The exercise
group performed balance training and low-intensity strength training for 6 months. Improvements
in static balance (21%), dynamic balance (36%) and strength of upper (80%) and lower (47%)
limbic in the exercise group in comparison to control group were seen. Fall prevention exercise
programs specifically, have been shown to reduce 61% of falls resulting in fractures210.

Adverse Effects to Exercise
There is a subsequent risk of falling while participating in various physical exercises,
especially with older men and women, whose balance can worsen with age and those who have
limited experience in exercise regimes. Therefore, it is recommended that osteoporotic patients
begin training programs under professional supervision. Individuals who are more knowledgeable
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about osteoporosis and the factors that influence osteoporosis were found less likely to fall, as well
as had higher self-confidence in exercising211.
Physical activity programs likely need to be modified when specific to osteoporotic
patients. Chilibeck et al.212 systematically reviewed 111 articles and found the incidence for
adverse events during physical activity to be 3.4-11% (0.06-2.4% serious adverse events) and
included increased joint pain, fracture, and back pain for those with arthritis, osteoporosis, and low
back pain respectively. Even with low incidence rates, it is recommended by many professionals
that individuals with musculoskeletal conditions avoid heavy load-bearing activities (opt for
swimming, or cycling), high-falling risk activities, and powerful trunk flexion/twisting due to
increased risk of vertebral compression135,212.
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DEPRESSION
Background
Mood disorders are one of the most common mental illnesses, with almost 1 in 9 (11.3%)
adults identifying symptoms that meet the criteria for depression at some point in their life213.
Major depression disorder (MDD) refers to a wide range of mental health problems characterized
by the absence of a positive effect, such as a loss of interest and enjoyment in ordinary things and
experiences214. While conclusive underlying causes of most mood disorders remain unknown,
there is a clear heritable factor as evidenced through studies of twins and families215,216. Behavioral
and physical symptoms include irritability, social withdrawal, thoughts of death or suicide,
changes in appetite, fatigue and diminished activity, anxiety, exacerbation of pre-existing pains,
and lack of libido214,217,218. Apart from the subjective experiences of people with depression, the
impact on social and occupational functioning, physical health and mortality is substantial.
Depressive illness causes a greater decline in health state than the chronic physical illnesses angina,
arthritis, asthma and diabetes219.

Evidence-Based Medications
Canadians rank third-highest among 23 developed counties surveyed in consumption of
antidepressants220. Data shows the U.S. is on a similar path, as the number of Americans on
antidepressants more than doubled from 1998 to 2010 (11.2 million to 23.3 million)221. Leading
up to 2011, the most frequently prescribed antidepressants among U.S. men and women were
selective serotonin reuptake inhibitors (SSRIs)222. Serotonin norepinephrine reuptake inhibitors
(SNRIs) and norepinephrine dopamine reuptake inhibitors (NDRIs) also increased in use during
that time period and are commonly used today14,222 While monoamine oxidase inhibitors (MOIs)
and tricyclic antidepressants (TCAs) are alternative drugs for MDD, their increase in prevalence
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has been negligible222, likely a result of their frequently reported negative side-effects223,224, and
thus will not be included.

SSRIs
In most cases, the first choice for antidepressant therapy is usually with an SSRI, which
includes fluoxetine (Prozac), sertraline (Zoloft), citalopram (Celexa), escitalopram (Cipralex),
paroxetine (Paxil) or fluvoxamine (Luvox)225–227. SSRIs inhibit reuptake of serotonin into the
presynaptic nerve terminals in the brain, resulting in an increase in serotonin concentration and
prolonged signaling of the neurotransmitter across synapses228. This property is shared with TCAs,
but without affecting the other neuroreceptors or fast sodium channels, thus causing fewer side
effects223. After a sustained drug use of about 3 weeks, the synaptic concentration of serotonin in
the cortex reaches therapeutic levels, resulting from a desensitization of the presynaptic inhibitory
receptors.
SSRIs are frequently reported in the literature as having a statistically significant effect on
depression symptoms229–233. A network meta-analysis234 that compared SSRIs and SNRIs, found
sertraline and paroxetine to be statistically significantly superior to placebo in reducing depression
scores by at least 50% (odds ratios = 1.28, 1.48, 1.62, respectively). Citalopram (1.07) and
fluoxetine (1.08) had the lowest benefit. Other significant benefits have also been published for
escitalopram and fluvoxamine230,235,236.

SNRIs
If patients’ symptoms suggest norepinephrine imbalance or an intolerance to SSRIs, then
SNRIs are often prescribed226. This class of medication includes venlafaxine (Effexor), duloxetine
(Cymbalta), desvenlafaxine (Pristiq), and milnacipran224,226. SNRIs are dual-acting inhibitors,
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characterized by a mixed presynaptic inhibition of serotonin and norepinephrine224. Venlafaxine
also weakly inhibits dopamine reuptake, whereas milnacipran does not. They act on depressive
symptoms, as well as on certain comorbid symptoms, like anxiety and sleep disorders.
Meta-analyses suggest that SNRIs have an efficacy advantage compared with SSRIs in
MDD237,238. Venlafaxine, in particular shows significant advantage over SSRIs in achieving
remission and response in MDD treatment238, while milnacipran has shown no difference 239. On
the other hand, some researchers concluded that SNRIs showed statistical but not clinical
significance when compared with SSRIs in treating MDD240,241. Although remission rates were
higher for SNRIs in almost all 15 trials selected by Machado and Einarson240, the statistically
significant amount of 5-7% between SNRIs and SSRIs was not considered clinically important. It
is important to note that even modest difference in antidepressant efficacy, if sustained, may have
important public health implications227.

NDRIs
NDRIs, such as Wellbutrin (bupropion) or Zyban are often not first-line treatments in
MDD226. If patients do not show clear remission of symptoms after 2-3 months of treatment with
antidepressants, NDRIs can be used in monotherapy or combination therapy, such as with an SSRI.
This drug acts as a reuptake inhibitor for norepinephrine and dopamine by blocking the action of
each of their respective transporters, leading to increased extracellular concentrations of both
neurotransmitters242. Therapeutic doses of bupropion given to depressed patients (N=11) showed
reduced whole-body turnover of norepinephrine without altering plasma norepinephrine levels, a
finding that indicates significant central noradrenergic activity243.
Bupropion has been shown to be significantly more efficacious than placebo in the
treatment of MDD, reducing Hamilton Depression Rating Scale (HAMD), Clinical Global
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Impressions (CGI)-severity and CGI-improvement scores significantly more than placebo in a 4week and 6-week study244,245. In comparison to other antidepressants, bupropion has been shown
to be as effective as venlafaxine246, paroxetine and fluoxetine; although, trends favoring sertraline,
escitalopram, and venlafaxine over bupropion have been observed230.

Adverse Effects to Medications
While prescription of antidepressants has been increasing over the last few decades, this
trend has been met with some controversy as the ongoing safety and effectiveness of these
treatments have sometimes been called into question226. According to the Agency for Healthcare
Research and Quality247, majority of people who take antidepressants (63%) experience at least
one side effect.

SSRIs
Jakobsen et al.229 found that SSRIs’ small potential benefit seemed to be outweighed by
their harmful effects. SSRIs had significantly increased risks of serious adverse events (OR 1.37),
where 31/1000 SSRI-users will experience a serious adverse event compared with 22/1000 control
subjects. SSRIs also increased the number of non-serious adverse events. Due to their
pharmacological action, side effects of SSRIs include GI issues, headaches, insomnia, fatigue,
anxiety, weight gain, and sexual dysfunction226,248. According to Hiernoymus et al.248, GI
complaints, weight loss, and sexual functioning, particularly increased in severity at end point in
SSRI-treated patients more frequently than those given placebo (OR 1.27, 1.24, 1.21, respectively).
Nine trials totaling 2,641 MDD patients showed SSRI-treated patients were more likely to
experience nausea, hypersomnia, and fatigue than reboxetine-treated patients249. In Cipriani et
al.’s230 study, escitalopram and sertraline SSRI classes showed the best profile of acceptability,
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leading to significantly fewer discontinuations than did fluvoxamine, paroxetine, and other
antidepressants, duloxetine, reboxetine, and venlafaxine. SSRIs and SNRIs were both found to be
equally associated with a greater risk of falls and fractures among older adults250,251.
There has been considerable debate in recent years regarding a potential relationship
between SSRI use and suicide rates252. Beginning in 2003, the FDA issued advisories and ‘Black
Box’ warnings for SSRIs due to a low but statistically significant increased risk of self-harm and
suicidal thoughts in adolescents using the medication253,254. However, there have been numerous
claims that these warnings may have instead increased young suicides by leaving a number of
suicidal adolescents without antidepressant treatment255,256. Barbui et al.257 assessed the risk of
suicide in individuals exposed to SSRIs compared to those who were not. Exposure to SSRIs was
associated with a decreased suicide risk among adults and older people, but with increased risk
among adolescents. However, the data for analysis of adolescent suicide was based on only two
studies258,259. One year later, Dudley et al.252 examined observational studies totaling 574
adolescents and did not find an association between SSRI usage and suicide.

SNRIs
Common side-effects from SNRIs are nausea, insomnia, dry mouth, sexual dysfunction,
weight gain, and increased blood pressure; and in some instances, more so than the SSRI drug
class226,260. Indeed, Machado and Einarson240 noted dropout rates due to adverse drug reactions to
be 3.2% higher with SNRIs compared to SSRIs. While some researchers say SNRIs’ mechanism
of action allow them to be better tolerated with limited adverse effects compared to other
antidepressants like TCAs or MOIs224, other researchers found its pharmacodynamic
characteristics the reason for an elevated number of venlafaxine-users experiencing nausea, dry
mouth, dizziness, hyperhidrosis, insomnia, constipation, tremor, and sexual dysfunction260.
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Dizziness, in particular, has been found to have a greater association with venlafaxine and
duloxetine compared to sertraline and placebo234.

NDRIs
Since bupropion is a NDRI with no serotonergic activity, common antidepressantassociated side effects such as sexual dysfunction, weight gain and sedation are not associated with
this drug class242. However, one study found increased rates of dry mouth, insomnia, and
hyperhidrosis in bupropion XR-treated groups, consistent with its catecholaminergic
mechanism260.
There is a dose-dependent risk of seizures associated with bupropion, which initially
removed it from the market before being re-instating after it was found that lower doses were
safer226. A recent case report of a 53-year-old woman medicated with bupropion, sertraline and
risperidone experienced spontaneous seizures after electroconvulsive therapy261. Researchers
concluded that bupropion’s pharmacological characteristics and the clinical evolution of the case
suggest that the drug had a major influence on the spontaneous seizures, although the patient was
also medicated with two other drugs. An earlier study found that bupropion IR dosages of 300-450
mg/day are associated with a seizure rate of 0.4% and seizure rates occur at a greater rate above
this dosage262. Meanwhile, other formulations of bupropion (bupropion SR and bupropion XR)
have shown lessened seizure rates similar to other antidepressants.

Evidence-Based Exercise
While depression is commonly treated with antidepressants, not all individuals respond to
treatment and only 50-70% of treated patients have complete remission of symptoms263. Therefore,
some people may prefer alternative approaches, such as physical activity. Exercise has been shown
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to be efficacious as a separate264,265 and as a supplemental266–269 treatment for MDD. One-hundred
and fifty individuals with treatment-resistant MDD were randomly assigned to a usual
pharmacology group or a usual pharmacology group plus aerobic exercise group268. After 12
weeks, the exercise group showed improvement of all depression and functioning assessments, as
indicated by lower 17-item HAMD, Beck Depression Inventory, and CGI-severity scale and higher
Global Assessment of Functioning scores compared to both baseline values and to control group.
Moreover, efficacy of patients engaging in exercise seems generally comparable with
patients receiving antidepressant medication. Blumenthal and colleagues266 found that after 4
months of treatment, patients receiving active treatments had higher remission rates than placebo
controls and comparable rates to the medication group (supervised exercise = 45%, home-based
exercise = 40%, medication = 47%, placebo = 31%). All treatment groups had lower HAMD scores
after treatment. An earlier study by Blumenthal270 discovered that although medication facilitated
a more rapid initial therapeutic response than exercise, after 16 weeks of treatment exercise was
equally effective in reducing depression among patients with MDD. These beneficial effects have
even been shown with just 30 minutes of treadmill walking for 10 consecutive days271.
An important correlate of functioning is quality of life, which is described as individuals
self-assessments of their feelings regarding their function and ability to derive pleasure from life’s
activities272. Depression has a marked impact on an individual’s mental and physical health leading
to considerable impairment in several domains of quality of life273. A recent meta-analysis273 found
that exercise improves physical (i.e. dependence on medicinal substances, energy and fatigue, pain
and discomfort) and psychological (i.e. self-esteem, negative feelings, positive feelings) domains
and overall quality of life in people with depression. No effect was observed across social (i.e.
relationships, social support, sexual activity) or environmental (i.e. financial resources, physical
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safety, freedom) domains. Pharmacological treatments have shown benefits, though they are often
not sufficient to return the quality of life of depressed patients to premorbid levels and some
patients still experience impairment in quality of life, even after remission of symptoms274.
Early research in the efficacy of exercise in reducing depression symptoms suffered from
a variety of methodological issues, such as small samples and inadequate blinding, and thus have
been heavily criticized275–277. More recently, researchers have been conducting meta-analyses with
effect sizes ranging from moderate to large264,278. Using extensive search procedures, Rethorst et
al.264 found an overall effect size in 58 randomized trials to be -0.80 (95% CI -0.92, 0.67),
indicating that subjects in the exercise treatment had significantly lower depression scores than
those receiving control treatment. North et al.279 and others280 noted that larger effects are
associated with longer intervention duration and more exercise sessions.
The full mechanism by which physical activity may reduce depressive symptoms is not
well understood276,281,282. Many physiological explanations include thermogenesis, antiinflammatory cytokines, neurotrophic factor, endorphins, and brain neurotransmitters264,276,281,283.
Temperature increases in specific brain regions due to physical exertion can lead to feelings of
relaxation and reduction in muscular tension284. Exercise has been shown to be broadly antiinflammatory and it has been suggested that pro-inflammatory cytokines have potential for
biomarker development in MDD285,286. However, Rethorst et al.285 did not find exercise
significantly changed mean cytokine level in MDD patients. Studies investigating exerciseinduced effects on brain derived neurotrophic factor have shown mixed results263,287, yet exerciseinduced decreases in thiobarbituric acid-reactive substances, a marker of oxidative stress that plays
a role in depression has been observed287. Endorphins, which are related to positive mood and an
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overall sense of well-being have been shown to increase in plasma levels, but researchers question
whether this is reflective of brain chemistry276.
The more popular belief, the monoamine hypothesis, accredits increases in brain
neurotransmitters (serotonin, dopamine, and norepinephrine) with exercise, levels of which are
usually diminished in depressive patients288. Findings from older animal studies289,290 showing
associations between monoamines and exercise has prompted curiosity as to whether these same
effects are seen in humans; yet, this effect failed to show in a recent RTC by Carneiro and
colleagues291. Nonetheless, The United Kingdom’s National Institute for Health and Clinical
Excellence214 published a depression treatment guide that recommends exercise rather than
antidepressants.

Adverse Effects to Exercise
There are limited reports of MDD patients experiencing adverse effects to exercise. Several
studies investigating exercise treatment with depressed patients report an absence of negative side
effects of exercise, such as muscle pain, tightness, or fatigue264,292–294. Rethorst et al.264 found that
out of 58 studies, only 16 reported participants’ dropout rates and they were not statistically
different between the exercise plus antidepressant group and the antidepressant only group (14.6%
vs. 11.4%).
Interestingly, a research team at Columbia University discovered that there is an optimal
amount of physical activity associated with better mental health298. Those who exercised less than
2.5 hours per week or more than 7.5 hours per week had more symptoms of depression, anxiety,
or poor mental health. People who engaged in the recommended amount of exercise of 2.5-7.5
hours per week were about 139 times more likely to have better mental health. Other studies have

40

COMPARING EXERCISE AND PRESCRIPTION MEDICATION
reported similar recommendations regarding the frequency and length of physical exercise (Table
4), including activities that involve mindfulness mental training, such as Tai chi.
Table 4 FITT Formula for Depressive Patients295–297
Aerobic
F 3-5 d/wk
I 50-90% HRmax or
50-70% HRR

Resistance
2-3 d/wk
10-15 reps

Flexibility
2-7 d/wk
Hold 10-30 sec

T 30-60 min/day or 3-6 bouts
of >10 min or 150 min/wk
T Brisk walking, running,
cycling,
swimming, sports

2-3 sets

3-4 sets

Machine weights, free
weights, resistance bands,
body weight

Static or dynamic, Tai chi,
yoga

HRmax = maximum heart rate
HRR = heart rate reserve
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BREAST CANCER
Background
Breast cancer is a complex disease most commonly affecting the inner lining of milk ducts
(ductal carcinoma) or the lobules that supply the ducts with milk (lobular carcinoma)299. According
to the Canadian Cancer Statistics Advisory Committee300, breast cancer will affect 1 in 8 Canadian
women during their lifetime, making it the second leading cause of death from cancer in Canadian
women. Although not as common, breast cancer can develop in men. Many factors known to
increase the risk of breast cancer are modifiable, such as alcohol use, whereas others are not
modifiable, such as age. There are numerous personal (i.e. hormone levels), family (i.e. BCRA1
or BCRA2 gene), reproductive (i.e. breastfeeding), lifestyle (i.e. diet) and environmental (i.e.
chemical exposure) factors that studies show may increase breast cancer risk301. Typical symptoms
for breast cancer include a lump found in the breast or armpit, and examples of alerting features
include swelling of the breast, nipple discharge or pain, and persistent tenderness or unusual
discomfort.

Evidence-Based Medications
There are several ways to treat breast cancer, often depending on the patient’s overall
health, medical history, age, type and stage of the cancer, and tolerance for certain medications301.
Local treatments include surgery and radiation therapy, while systemic treatments include
chemotherapy, hormone therapy, and targeted therapy. When diagnosed, patients may receive
more than one type of therapy.
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Surgery
Surgical treatment for breast cancer usually involves breast conserving surgery
(lumpectomy or partial mastectomy) or mastectomy, depending on the stage and type of the
tumor301. The presence of any cancer cells in the lymph nodes will help determine the need for
subsequent surgery, radiation, and medical treatments. Sixty-one percent of women diagnosed
with early stage (I or II) breast cancer have breast conserving surgery, 45% have mastectomy, 1%
have radiation or chemotherapy without surgery, and 2% do not receive any treatment302. Among
women with stage III or IV breast cancer, 14% undergo breast-conserving surgery, 45% have
mastectomy, 26% receive radiation and/or chemotherapy without surgery, and 16% do not receive
any of these treatments. It was found that 8-year overall survival values for N0 and N1 patients
were highest for breast-conserving surgery plus radiotherapy than mastectomy alone or
mastectomy plus radiotherapy303.

Radiation
Radiation therapy is the use of high-energy particles or waves to kill cancer cells by
damaging their DNA304. However, radiation therapy can also damage normal cells, leading to
dismal side-effects. Breast conserving surgery is almost always followed by radiation therapy
because it has been shown to reduce the risk of breast cancer recurrence significantly303,305,306.
Radiotherapy reduced the 10-year risk of any first reoccurrence from 35% to 19.3% and reduced
15-year risk of breast cancer death from 25.2% to 21.4%305. Radiation can also be used in
combination with chemotherapy307.
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Chemotherapy
Chemotherapy involves the use of a combination of anti-cancer drugs to treat cancerous
cells, usually orally or through intravenous301. The benefit of chemotherapy is dependent on
multiple factors, including the size of the tumor, the number of lymph nodes involved, the presence
of estrogen or progesterone receptors, and the amount of human epidermal growth factor receptor
2 (HER2) protein made by the cancer cells. Anthracycline-based chemotherapy, including
doxorubicin and epirubicin have been the cornerstone of breast cancer chemotherapy in both
adjuvant and metastatic settings showing positive results after patient follow-ups ranging between
5 to 10 years308. Multiple mechanisms have been proposed to explain the cytostatic and cytotoxic
action, which include free radical formation, lipid peroxidation, direct membrane effects, and most
notably, interactions with DNA-topoisomerase II complex which disturbs DNA replication and
transcription309. The addition of taxanes to anthracycline-based chemotherapy as adjuvant therapy
reduces risk of recurrence and overall mortality by 4.6% and 3.2%, respectively310.

Hormone Therapy
Breast cancer is a hormone-dependent tumor and estrogen is known to play a major role in
the initiation and progression of the disease311. About two-thirds of breast cancer diagnoses are
hormone receptor-positive (estrogen or progesterone) and high estrogen levels help these cancer
cells grow and spread312. Adjuvant endocrine therapy in early breast cancer significantly reduces
the risk of breast cancer recurrence and improves overall survival313. Tamoxifen is the
recommended treatment in premenopausal women, whereas aromatase inhibitors have
demonstrated superiority compared with tamoxifen in postmenopausal women314–316. While
tamoxifen inhibits activity of estrogen by binding to estrogen receptors, aromatase inhibitors block
conversion of androgens to estrogens and reduce estrogen levels in tissue and plasma302,316.
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Treatment of estrogen receptor-positive breast cancer with tamoxifen for at least 5 years has been
shown to reduce the rate of recurrence by approximately 40-50% throughout the first decade, and
reduces breast cancer mortality by about one-third throughout the first 15 years317. Clinical trials
in postmenopausal women have demonstrated a small advantage to including an aromatase
inhibitor initially or over the course of treatment rather than 5 years of tamoxifen alone318.

Targeted Therapy
Cancer cells with increased amounts of HER2 protein on their surface tend to grow and
spread more aggressively319. HER2 is overexpressed in 25% to 30% of invasive breast cancers320
and elevated HER2 levels correlate strongly with the pathogenesis and prognosis of breast
cancer302,319. Several drugs can be used to target HER2, such as trastuzumab (Herceptin),
pertuzumab (Perjeta), lapatinib (Tykerb), and ado-trastuzumab emtansine (Kadclya)301.
Trastuzumab is the standard of care in patients with HER2-postive breast cancer in any
treatment setting321. The first humanized monoclonal antibody targeted to bind to HER2,
trastuzumab reduces signaling in phosphatidylinositol 3-kinase and mitogen-activated protein
kinase pathways, leading to cell apoptosis322. The combined results of two large trials indicate that
adding trastuzumab to standard chemotherapy for early stage HER2-positive breast cancer reduces
the risk of recurrence and death by 52% and 33%, respectively compared to chemotherapy alone323.
Pertuzumab, which binds to a different location on HER2 protein than trastuzumab, has also shown
promising effects324. Lapatinib has been approved in combination with capecitabine chemotherapy
in treatment of patients with trastuzumab-resistant breast cancer319,325. The EMILIA trial326 cited
proven value in ado-trastuzumab emtansine with patients previously treated with trastuzumab and
taxane showing significant improvement in objective response rate, progression-free survival, and
overall survival.
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Adverse Effects to Medications
Studies have shown that between 25-60% of women develop chronic pain after breast
cancer treatment327–329 and may also experience cognitive impairments and chronic fatigue330,331.

Surgery
Following surgery and/or radiation, potential side-effects include numbness, tingling, or
tightness in the chest wall, arms or shoulders302. Surgery and radiation therapy involving the
axillary lymph nodes can lead to lymphedema, a serious swelling of the arm caused by retention
of lymph fluid that can impair arm function332,333. Lymphedema ranks high among breast cancer
survivors’ concerns affecting about 20% of women who undergo axillary lymph node dissection
and 6% of patients who receive sentinel lymph node biopsy334. Symptoms associated with
lymphedema include heaviness, tightness, pain, cramps, and a crawling sensation335. Lymphedema
can lead to progressive swelling, fibrosis of soft tissues, neurologic changes and infection336.
Ninety-two percent of breast (n=55) and cervical (n=8) cancer patients with stage II secondary
lymphedema rated their pain as moderate to severe335.

Radiation
While radiation destroys cancer cells, it can also harm healthy cells and can negatively
impact patients’ quality of life significantly more than control337,338. Radiotherapy-induced skin 339
and cardiac toxicity340 remain a serious clinical problem that affects many patients with breast
cancer undergoing adjuvant radiotherapy. Acute and chronic toxicities have been noted in patients
treated with adjuvant breast or chest wall radiation therapy, including skin (30-40%), lung (3/%)
and heart toxicity (1.5%)341–343. Two separate studies included women treated with radiotherapy
for breast cancer and both showed a significantly increased risk of cardiac mortality after left-side
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irradiation341,344. Furthermore, while radiotherapy for early breast cancer can decrease breast
cancer mortality, it can also increase other mortality, mainly from heart disease and lung
cancer339,345.
Fatigue was found to be the single side-effect with most impact, affecting 90% of postsurgical adjuvant radiotherapy of women with breast cancer346. Skin reactions, pain, and sleeping
difficulties also highly impacted participants and increased in prevalence over the 6-month
treatment period.

Chemotherapy
Anthracyclines are a class of drug used in chemotherapy; however, their use is limited by
its dose-dependent cardiotoxicity347. The underlying mechanism of anthracycline-induced
myocardial damage has been attributed to multiple adverse effects on cardiomyocytes by free
radical production348. Cardiomyopathy and heart failure are the most common clinical
manifestations of anthracycline cardiotoxicity349. In a retrospective analysis of 630 patients
randomized to doxorubicin plus placebo in three phase III studies by Swain et al.350, the percentage
of patients with doxorubicin-induced heart failure was 5 at a cumulative dose of 400mg/m2, 26 at
a dose of 550mg/m2 and 48 at a dose of 700 mg/m2. The cardiotoxic effect of epirubicin becomes
common at higher cumulative doses than with doxorubicin308.
Population-based data on hospitalization rate for toxicity from breast cancer chemotherapy
showed that among 35,060 older women diagnosed with breast cancer, more than 9% were
admitted with neutropenia, fever, thrombocytopenia, or adverse effect from systemic therapy
compared to 0.5% of women with breast cancer who did not receive chemotherapy351. Considering
this data was collected from 1991 to 1996, medications that treat the adverse effects of
chemotherapy were less available than they are today. A more recent study352 from 2006 recorded
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the frequency of adverse effects in breast cancer chemotherapy recipients and found the
percentages of those who were hospitalized or visited the emergency room during their
chemotherapy treatment was 8.4% for fever or infection, 5.5% for neutropenia or
thrombocytopenia, 2.5% for dehydration or electrolyte disorders, 2.4% for nausea, emesis, or
diarrhea, 2.2% for anemia, 2% for constitutional symptoms, 2.3% for deep vein thrombosis or
pulmonary embolus, and 0.9% for malnutrition.

Hormone Therapy
Despite proven benefits of tamoxifen, its use is often limited by side-effects such as hot
flashes (64%), vaginal dryness (35%), sleep problems (36%), weight gain (6%) and depression,
irritability, or mood swings (6%)353. Fisher et al.312 found at least 10% difference in the number of
tamoxifen patients compared to placebo patients experiencing hot flashes (69.6% vs. 59.0%) and
vaginal discharge (32.4% vs. 20.0%). Yet, recent results from the International Breast Cancer
Intervention suggest that women may mistakenly attribute age-related menopausal symptoms to
side-effects of the drug354.
Treatment with aromatase inhibitors can cause osteoporosis, as well as myalgia and
arthralgia355. Joint discomfort, which was rated between mild and moderate in 92% of patients,
has been observed to begin appearing at approximately 2 months after the start of treatment and
peak at around the 6-month mark356. Cardiac events, such as myocardial infarction have been
reported at low frequency in trials comparing aromatase inhibitor use to control of 5 years of
tamoxifen319. One meta-analysis found a low absolute risk of around 0.5% with aromatase inhibitor
use357.
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Targeted Therapy
Although targeted therapies are considered less toxic and better tolerated by patients
compared with traditional chemotherapy agents, rare but serious complications have been
described319. Efficacy and safety of recombinant humanized anti-HER2 monoclonal antibody was
evaluated in 222 women with metastatic breast cancer that had progressed after chemotherapy320.
After a median duration of 9.1 months of therapy, the most common adverse event (40% of
patients) was infusion-associated fever and/or chills of mild to moderate severity that mostly
occurred during the first infusion. The most clinically significant adverse event was cardiac
dysfunction, occurring in 4.7% of patients and only 1% of patients discontinued the study because
of treatment-related side-effects. Other studies have noted cardiomyopathy and congestive heart
failure319.
Lapatinib can cause severe diarrhea and this was the most frequent adverse event in a study
of lapatinib monotherapy325. Additionally, 98.4% of these subjects experienced at least one adverse
event; although, most were Grade 1 or 2 in severity. In another study, the incidence of Grade ≥2
diarrhea was 13.2% and Grade 1-2 diarrhea was 23.7%358. Unlike chemotherapy, trastuzumab did
not have toxic effects such as nausea, vomiting, hair loss, and bone marrow toxicity, yet
neutropenia, leukopenia, and fatigue have been cited as common359.

Evidence-Based Exercise
Exercise is increasingly being recognized as an effective strategy to counter the adverse
effects of cancer therapy349,360. Effectiveness of exercise interventions in cancer patients and
survivors has been assessed in both qualitative systematic reviews and meta-analyses that included
various types of cancers and trial designs349,361–363. Data from 82 studies, majority of which
included female breast cancer patients, suggests many health benefits from physical activity during
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and post cancer treatments, including positive effects on upper and lower body strength, fatigue,
aerobic fitness, functional quality of life, anxiety, self-esteem, and breast cancer-specific
concerns362.
An important issue in oncology is to evaluate quality of life in cancer patients364. While
adjuvant chemotherapy for breast cancer reduces the risk of cancer recurrence and death, it also
negatively impacts patients’ quality of life360,363. Literature shows that physical activity is
positively associated with breast cancer general well-being360,365,366. Overall quality of life in both
physical and social functioning domains increased significantly by 9.1 points in the exercise group
of 53 postmenopausal breast cancer survivors, whose training consisted of cycling three times per
week for 15 weeks365.
Physical activity guidelines for breast cancer patients continue to recommend both aerobic
and resistance exercise367–369. The START trial360 performed in Canada between 2003 and 2005
randomly assigned 242 breast cancer patients initiating adjuvant chemotherapy to usual care (n =
82), supervised resistance exercise (n = 78), or supervised aerobic exercise (n = 82) for the duration
of their chemotherapy. Aerobic exercise was superior to usual care for improving self-esteem,
aerobic fitness, and percent body fat, while resistance exercise was more effective than usual care
for improving self-esteem, muscular strength, lean body mass, and chemotherapy completion rate.
Another study found the standard dose aerobic group, high dose aerobic group, and combined
(aerobic and resistance) dose group were all equally beneficial towards chemotherapy-treated
breast cancer subjects’ physical functioning assessments368. It is becoming more apparent that
cardiorespiratory fitness is a parameter of critical importance following a breast cancer diagnosis
and exercise guidelines include an emphasis on this component of health (Table 5).
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Table 5 FITT Formula for Breast Cancer Patients370–372
Aerobic
F 3-5 d/wk
I ≥70% VO2peak or
40-60% HRR or RPE 4-8
T 20-60 min/day or 150 min/wk
T Running, cycling, swimming,
stair climbing

Resistance
2-3 d/wk
10-15 reps
2 sets at perfect form,
progress to 3 sets
Circuit training, body
weight, free weights,
dancing, agility (ladder,
single leg balance)

Flexibility
2-7 d/wk
Hold 10-15 sec
3-4 reps or ≥10 min/d
Controlled dynamic stretch,
yoga, Tai chi

VO2peak = peak oxygen uptake
HRR = heart rate reserve
RPE = rate of perceived exertion

A median follow-up of 89 months from the START study further investigated whether
exercise during adjuvant chemotherapy may improve several efficacy end points373. Eight-year
disease free survival was 82.7% for the exercise groups compared with 75.6% for the control
group, and stronger effects were observed for overall survival, distant disease-free survival, and
recurrence-free interval.
Although arthralgia has been experienced in up to 50% of breast cancer survivors treated
with aromatase inhibitors, RCTs continue to show the beneficial effect of resistance exercise
towards this debilitating side-effect374. The HOPE study375 examined the impact of an exercise
intervention on severity of aromatase inhibitor-induced joint pain. After 12 months of resistance
training, worst joint pain scores decreased by 29% compared to controls whose scores instead
increased by 3%. Pain severity scores on multiple questionnaires decreased significantly in the
exercise group compared to those receiving no exercise.
Breast cancer-related lymphedema, often a result of surgery and/or radiation therapy336,
remains a frequent complication among survivors376. While previous recommendations have been
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to avoid lifting with the affected arm following treatment377 mainly due to concern for increasing
the onset of lymphedema symptoms360,378, several studies have shown a myriad of benefits. Breast
cancer patients who performed resistance exercises were less likely to experience arm swelling
and other lymphedema symptoms376,379, had reduced need for therapist-delivered treatment (by
50%)379, greater muscle strength and endurance, and improved quality of life compared to
controls380.

Adverse Effects to Exercise
Many meta-analyses and RCTs report no significant adverse effects of physical activity
interventions among breast cancer patients, stating exercise to be a safe and well-tolerated
alternative to drug therapy360,362,368,379–381. One RCT378 reported injuries to the back (n=4), wrist
(n=1), lower leg and ankle (n=5), rotator cuff (n=1), and shoulder tendonitis (n=1), while another
noted worsening of fatigue (n=2)382. As cancer therapies are regularly changing, fitness coaches
need to understand the patient’s diagnosis and treatment plan in order to evaluate their exercise
tolerance and recommend a safe and effective exercise program. Changes resulting from popular
therapies that may affect body systems relevant to physical activity may include worsened bone
health, fatigue, pain, cardiovascular changes, musculoskeletal soft tissue changes, and impaired
immune system376.
The RENEW study383 that included a home-based diet and exercise intervention for older,
overweight long-term cancer survivors, including breast cancer reported a total of 201 adverse
events, with only 5 directly attributable to exercise. These included increased blood pressure, hip
pain, pulled hamstring, fall, and calf pain. However, there were no differences between the
intervention and control groups in the total number of events, or in events in any subcategory.
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Study participants were not noted to have been supervised by a trained exercise therapist during
their exercise sessions, which is recommended for cancer patients369.
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COST ANALYSIS
In Canada, prescription drugs cost upwards of $29 billion per year, the second most
costly component of health care384. A report by Kolber and colleagues385 listed various
prescription drugs for chronic medical conditions and their costs based on coverage by Alberta
Blue Cross. The annual cost of several of these medications relating to HTN, T2DM,
osteoporosis, depression and breast cancer are listed in a modified table below (Table 6) and are
compared to the yearly cost of various types of gym memberships. Not included in Table 6 are
physical activities that are readily accessible and have no cost, such as running outdoors or stair
climbing.
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Table 6 Annual Cost of Prescription Medications and Gym Memberships
Condition
Hypertension

Osteoporosis
Breast Cancer
Depression
Diabetes

Drug Class
β-blocker
Diuretic
ACEI
Bisphosphonate
Hormone therapy
SSRI
SNRI
Biguanides
Insulin therapy

Type
Atenolol
Cholithalodone
Ramipril
Alendronate
Risedronate
Tamoxifen
Sertraline
Duloxetine
Metformin
Regular Insulin

Dosing
Annual Costѱ
50mg
$100
50mg
$60
5mg, 10mg
$120
70mg once weekly
$180
35mg once weekly
$180
ø
$480-600
Zoloft
50mg
$200
Cymbalta
30mg
$800
Glucophage
500mg
$120
Novolin Toronto/ 100U/mL
$240
Humulin R
Brand Name
Tenormin
Hygroton
Altace
Fosamax
Actonel

Gym Membership
Ɛ

Kerrisdale Community Centre
UBC BodyWorks
Steve Nash Fitness World
YMCA
Personal trainingŧ

$168-221
$415
$540-900
$588-732
$7,056

ѱ

based on coverage by Alberta Blue Cross

ø

based on Ontario Ministry of Health and Long-Term Care 386

Ɛ

385

not including $5-8 community centre membership fee

ŧ

based on YMCA pricing $49/session, 3x/wk
Note . Data for Kerrisdale Community Centre from http://www.kerrisdalecc.com/facilities-rentals/exercise-room/, for UBC BodyWorks from http://outreachprog.sites.olt.ubc.ca/files /2013/10/Fall-2017-BW-Brochure.pdf, for Steve Nash Fitness World from https://www.snclubs.com/join, and for YMCA and
personal training from https://gv.ymca.ca/Join-the-YMCA/How-to-Join-Robert-Lee-YMCA.
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CONCLUSION
In this review, five chronic diseases along with their commonly prescribed
pharmacological therapies are compared against exercise therapy with respect to their positive
and negative impact on the body. These are drugs that are prescribed to improve specific
conditions, but in many cases, they have significant adverse effects on other areas of health.
Many individuals do not respond adequately to drug therapy or withdraw use due to side-effects,
which may further provoke health professionals to prescribe additional drugs to treat the sideeffects from the originally prescribed medication. The concern of polypharmacy is especially
common in elderly patients. There is irrefutable evidence of the effectiveness of regular physical
activity for chronic disease management and treatment, as well as mitigating common side
effects of drug therapy. Furthermore, unlike many of the approved pharmaceutical drugs,
research has shown little side effect to proper exercise therapy. Primary care physicians should
include exercise when designing treatment and management plans for patients. Even though
regular exercise induces similar remedial physiological effects in the body as pharmaceuticals for
chronic disease populations, the concept of ‘exercise as medicine’ is seldom applied with enough
clout. Exercise is in fact powerful medicine.
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