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Abstract  

Frailty assessment has been suggested to improve cardiovascular disease (CVD) risk 

management. Frailty is characterized as having a lack of reserve for tolerating health stressors. 

Few studies have tried standardizing frailty criteria to the population being assessed or examined 

the association of CVD risk profile before the onset of CVD. The purpose of my thesis is to: (1) 

determine if standardized frailty models better discriminate CVD risk compared to the traditional 

approach; and, (2) determine if there are differences in CVD risk profile based on frailty status in 

a sample of middle-aged and older women. The standardized model improved CVD risk 

discrimination by 39.4% (p=0.016) and 20.5% (p = 0.017) in the two composite CVD risk scores 

assessed. Comparison of CVD risk profiles between frailty groups identified variables indicating 

higher CVD risk as frailty status increased. Frailty assessment have the potential to identify 

women with elevated CVD risk.    
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Chapter 1: Literature Review 

  

This literature review will cover the basic pathophysiology commonly involved with 

cardiovascular disease (CVD) and the factors that can influence risk for these diseases. Methods 

of identifying individuals with CVD risk, new and old, will then be described. The review will 

shift toward frailty; its definition, prevalence, assessment, association with CVD. Finally, the 

review will identify the characterization of CVD risk profile in pre-frail populations as a 

knowledge gap that must be addressed in research.  

 

1.1 CVD 

  CVD is a general term used to describe a variety of conditions that are caused by 

deficiencies in the structure and function of the heart and the body’s vasculature. Damage to the 

endothelium, the inner lining of the artery, can be caused by both oxidation and inflammation of 

vascular structures, which, in turn, can lead to the development of lesions in the vessel, also 

known as atherosclerosis.1 Atherosclerosis is the leading cause of CVD.2  These plaques 

continue to develop and harden as cells, fats, cholesterol, calcium and other deposits all 

accumulate, eventually leading to restricted blood flow.1 Eventually, plaque rupture can also lead 

to the development of a blood clot, or thrombus, which can block blood flow to parts of the 

body, such as the heart or brain.3 These blockages lead to clinical outcomes such as stroke, 

coronary artery disease, which leads to angina and myocardial infarction (MI), and peripheral 

artery disease.3  

  Although the pathophysiology of these diseases are not through the same mechanisms, 

heart failure, rheumatic heart disease and congenital heart disease are all also considered 
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cardiovascular diseases.4 Heart failure and rheumatic heart disease are acquired conditions 

caused by damage to the cardiac muscle and cardiac valves, respectively.4 Damage to the heart 

muscle can result in the heart not filling with enough blood and the heart not pumping the blood 

out with enough force.5 This inability to pump blood throughout the body properly due to cardiac 

muscle damage is called heart failure. Rheumatic fever causes damage to the heart’s valves due 

to a streptococcal bacterial infection and often results in the valves requiring replacement.6 

Finally, congenital heart diseases are structural deficiencies in the heart that are present from 

birth.7 These deficiencies can manifest in the walls of the heart, the valves of the heart or the 

vessels surrounding the heart.7  

 The global prevalence of CVD is widespread, as CVD accounted for three in every ten 

deaths worldwide in 2012.8 Despite many research advances in the area in recent years, CVD 

remains the leading causes of death across the globe.9 While the majority of cardiovascular 

disease cases are found in low and middle-income countries, Canada’s population is still heavily 

influenced by the effects of heart disease and stroke.9 Approximately 1.6 million Canadians are 

living with the effects of these conditions, and over 66,000 Canadians died due to these 

conditions in 2012.10,11 That is the equivalent of a death every seven minutes being due to 

CVD.10 These conditions also have a heavy economic impact in Canada. For example, CVD 

costs the Canadian economy over $20.9 billion due to hospitalizations, lost wages and 

productivity, and physician services.12   

 Research on CVD continues, but the burden of these conditions is likely to increase with 

Canada’s aging population and increasing prevalence of obesity and diabetes, as these conditions 

all elevate CVD risk.13 Despite improvements in CVD treatment and care, World Health 

Organization mortality projections for 2030 show that CVD issues are not anticipated to go away 
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as the percentage of deaths worldwide due to CVD will increase slightly from 31% to 32%.14 

Research will have to address this growing problem by finding means to reduce the impact that 

CVD conditions have on individuals, families and the healthcare system. 

 

1.2 Risk Factors for CVD 

 Through longitudinal studies, such as the Framingham Heart Study,15 research has led to 

an understanding of the risk factors involved with CVD.  Risk factors are typically divided into 

those that are modifiable, either with pharmacological or lifestyle behavior change means, and 

those that are not (Table 1). Non-modifiable risk factors include age, ethnicity, gender, and 

genetics.1,2 Modifiable or manageable risk factors often discussed in the literature are smoking, 

hypertension, diabetes, obesity, lack of exercise, dyslipidemia, poor diet, alcohol intake, and 

depression.16–19 The presence of these risk factors can aggravate the inflammation, oxidation and 

atherosclerosis processes that contribute to adverse cardiovascular outcomes.2 
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Table 1: Risk Factors for CVD 

Non-modifiable risk factors 

• Age 

• Ethnicity 

• Gender 

• Genetics 

Modifiable/Manageable risk factors 

• Smoking 

• Obesity 

• Lack of exercise 

• Poor diet 

• Alcohol intake 

• Depression 

• Hypertension 

• Diabetes 

• Dyslipidemia 

 

 

1.3 Early Detection of CVD Risk 

The fight against CVD may seem like an uphill battle with its significant impact across 

the globe and in Canada, but there are means of mitigating CVD risk. Up to 80% of premature 

CVD events can be prevented by adopting healthier lifestyle behaviors and controlling risk 

factors like high blood pressure and diabetes.12 Determining CVD risk and implementing 

interventions in advance of the development of CVD symptoms can delay or prevent morbid 

CVD events. Such an approach will allow for this asymptomatic population to lead healthier 

lives with normal life expectancy.20 In order to direct interventions in a productive manner, the 

risk of developing CVD must be assessed in individuals and in populations to allow for efforts to 
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be focused on those at higher risk. Primary prevention, which is the prevention of disease onset, 

is a cost-effective means of preventing CVD and can increase years of life for those at risk.21  

 

1.3.1 Framingham Disease Risk score 

The current standard practice for CVD screening in Canada includes the Framingham 

Disease Risk (FRS) score approach.22 A seminal project, the Framingham Heart Study15 is a 

cohort study initially implemented in 1948 with the purpose of examining cardiovascular health 

and the risk factors involved as participants aged over time. This project has assisted with the 

identification of many of the traditional risk factors known to be associated with CVD today.23 

The data collected during that study has been used to create multiple clinical CVD risk 

calculators to identify individuals in need of preventative care throughout the years.22 The most 

current form of the FRS, revised in 2008, is calculated based on age, gender, total cholesterol 

(mg/dL), HDL cholesterol (mg/dL), systolic blood pressure (mmHg), the presence of diabetes, 

smoking status, and if the patient is taking antihypertensive medication or not24. Values for these 

factors are entered into a mathematical model that calculates CVD risk for the individual based 

on data collected throughout the Framingham Heart Study.15 The output of this calculation is a 

risk percentage of suffering from a CVD event in the next ten years. This tool has been shown to 

predict 10-year risk of myocardial infarction (MI) and good discrimination in Cox proportional-

hazards regression (C statistic, 0.763 in men and 0.793 in women),22 but it underestimates risk in 

older adults, specifically in women.25 For example, a previous study found that the FRS 

underestimated the risk of experiencing CVD by 51% in older women and 8% in men, 

identifying a need for novel risk factors to be discovered and used to improve risk prediction.25  
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1.3.2 Alternative methods of assessing CVD risk 

 The traditional methods of assessing CVD have received some criticism as it is thought 

that risk screening should not be focused on indirect measures of CVD risk through the presence 

of risk factors.26 Methods of assessing CVD risk in the population should focus on determining 

risk for impaired cardiovascular function in each individual, rather than based on risk factors 

associated with poor cardiovascular function, as risk factors do not determine how the target 

biological structures are being affected.26 While the traditional methods predict adverse 

cardiovascular events at the population level, they are not sensitive enough to determine risk at 

an individual level.27–29 Hence, risk management tools for the early detection of CVD risk must 

be enhanced further.  

 A number of alternative methods have been proposed for assessing CVD risk ranging 

from the addition of single risk factors to existing screening protocols, all the way to entirely 

new screening protocols. For example, cardiorespiratory fitness testing has been examined as a 

prognostic tool for CVD. A meta-analysis from 2009 found that poor results in cardiorespiratory 

fitness tests were associated with both all-cause mortality and CVD morbidity.30 The value of 

performing these tests has also been recognized by the American Heart Association who recently 

published a scientific statement expressing the need to perform cardiorespiratory fitness tests in a 

clinical setting to assist with CVD prevention and treatment.31 Cardiorespiratory fitness training 

has also been shown to improve reclassification of risk as determined by the FRS.32 While the 

gold-standard for performing cardiorespiratory fitness testing is through measuring maximal 

oxygen consumption or determined through peak workload in maximal testing, these 

assessments are not as feasible in a clinical setting as they require specialized equipment and it is 

not realistic or safe for all populations to achieve this level of exertion.33 The 6-minute walk 
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test33 has been used as a simple aerobic exercise capacity assessment to assist with future CVD 

risk prediction in patients with a variety of different CVDs,34–36 as the traditional risk factors for 

CVD do not fully explain the risk present in these populations.34 This test involves having a 

participant cover as much distance as they can in six minutes while walking, making it 

inexpensive and easy to perform in a clinical setting. The testing is also performed at the 

participant’s own pace, making it safer for populations who may be at risk for complications 

during maximal aerobic testing.33 Beatty et al. found that this simple test had similar ability to 

treadmill cardiorespiratory fitness training for predicting CVD related morbidity over an eight-

year follow-up period.34 

Testing that includes an aerobic activity protocol has also been used to place a stress on 

the cardiovascular system so that the subject’s blood pressure response to that stress can be 

assessed. Systolic blood pressure is expected to rise during exercise as the heart pumps increased 

volumes of blood to provide the muscles with oxygen, but some individuals have an abnormally 

large blood pressure response to exercise called hypertensive response to exercise (HRE).37 

There are multiple proposed mechanisms for these exaggerated systolic blood pressure increases, 

but the prevailing explanation in older adults is that of arterial stiffness.37,38 Stiffer arteries are 

simply unable to buffer the blood pressure with increased cardiac output.  Elevated blood 

pressure response to exercise in non-hypertensive and hypertensive, asymptomatic individuals 

has been shown to be associated with risk for future hypertension and CVD-related mortality.39–

41 A meta-analysis from 2013 concluded that HRE at moderate intensities was an independent 

risk factor for both cardiovascular morbidity and mortality.42 These tests are typically performed 

in the literature using either the Bruce treadmill protocol39,40 or a step test41 at moderate 

intensities.  
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Another aspect of physical fitness other than cardiorespiratory fitness is muscular 

strength, which also has an important role in chronic disease prevention.43 Handgrip strength 

tests are an easy-to-perform, validated surrogate method of assessing overall muscular strength.44 

These measures have been used in older populations as a prognostic tool and a predictor of 

mortality.45–47 More specifically, handgrip assessment has also been used to assess 

cardiovascular morbidity and mortality.47 In an analysis of 139,691 participants in 17 different 

countries by Leong et al., handgrip strength was found to be a stronger predictor of all-cause and 

cardiovascular mortality than systolic blood pressure.47 Further research is needed to understand 

the mechanisms relating muscle strength and risk of death.47 

Functional status and well-being are important factors to consider when assessing 

survival in geriatric populations.48 Gait speed measures, often assessed over a distance of four to 

six meters,49 have been shown to be a good indicator of this well-being and functional status.48,49 

These measures have also proven to be good predictors of cardiovascular morbidity and 

mortality in healthy older adults49–51 as well as those awaiting cardiac surgery.52 This association 

may be due to gait speed’s value as a single-item assessment of frailty,51,53 a complex 

physiological decline across multiple systems that can increase risk for a host of adverse health 

outcomes.54 As with the 6-minute walking test, gait speed measures are easy to assess and 

inexpensive to perform.  

As opposed to objective testing, subjective physical activity assessments and their 

relation to CVD risk have also been examined. For example, the capture of physical activity 

levels using the International Physical Activity Questionnaire55 (IPAQ) has been used to improve 

CVD risk scores in previous research.56 Higher levels of physical activity are known to reduce 

risk for CVD.57 The IPAQ is a validated questionnaire used to characterize what intensities of 
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physical activity participants are performing, how often they perform them and what length of 

time they perform these activities for. The traditional methods of assessing CVD risk do not 

include lifestyle behavior aspects that are known to improve cardiovascular health, such as 

physical activity.57 The inclusion of subjective physical activity measures is an inexpensive and 

easy to perform addition to CVD risk assessment.  

 Other prognostic risk factors for CVD discussed in the literature include the assessment 

of depressive symptoms.58 Often described through the description of symptoms, such as loss of 

interest and pleasure in activities, poor sleep, and fatigue, depression has often been discussed in 

the care of those with previous CVD.58 Depression is more common in those with CVD, and it 

has been shown to predict morbidity and mortality following CVD events.58,59 Not only this, but 

depression is also an independent risk factor for a range of CVDs in those with no prior history.60 

A meta-analysis from 2006 found that, on average, those with depression were twice as likely to 

develop new CVD.61  

Typically, assessment of blood pressure focuses on the peak systolic blood pressure and 

the end diastolic blood pressure. However, that approach does not consider the transient changes 

in blood that pulses, which is better characterized as a blood pressure curve. Emerging research 

indicates that the assessment of the blood pressure curve may provide useful information in the 

assessment of CVD.62–64 Arterial stiffness and arterial elasticity (the opposite of arterial 

stiffness), are general terms that refer to the ability of a vessel to expand with increased blood 

flow, giving information on the structure and functionality of the vasculature.65 In healthy 

individuals without endothelial damage, pulse pressure waves propagate throughout the body and 

the elastic nature of the vessels allows for this wave to be reflected back at the time of diastole, 

leading to increased blood pressure at diastole and a steadier more even outflow of blood 
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throughout the body64. Damage to the endothelium is a key progression to atherosclerosis and 

CVD66 and the stiffening of the cardiovascular system’s vessels is associated with risk of a host 

of adverse cardiovascular events.67Arterial stiffness is affected by age-related structural changes, 

but other factors that put people at risk for CVD, such as hypertension, diabetes and unhealthy 

lifestyle behaviours, can also play a role in this process68.  Arterial stiffness has been assessed in 

many ways, and there is some confusion regarding the proper use of this terminology since it is 

actually more of an umbrella term.69 Typically, studies assessing arterial stiffness have examined 

pulsewave velocity, which can be measured in a number of different methods and is known as 

the gold standard.68 Cardio-ankle vascular index, augmentation index, and arterial compliance 

are also used to assess similar properties under the umbrella term arterial stiffness or elasticity, 

and each of these is assessed in numerous ways.65 For the purposes of this specific thesis 

document, the focus will be on arterial compliance, which is the measure of the vasculature’s 

ability to expand with increased blood flow during systole.70 This method of arterial stiffness 

assessment has been shown to be a predictor of CVD events.71 

New full screening protocols for assessing CVD risk in a clinical setting have also been 

proposed in the literature. For example, Cohn et al. have proposed the 10-test Rasmussen 

Cardiovascular Screening Program at the Center for Cardiovascular Disease Prevention, 

University of Minnesota.72 This protocol assesses cardiac and vascular abnormalities and was 

designed in an attempt to improve the sensitivity of CVD risk assessment, allowing for 

interventions to be allocated to high-risk individuals earlier.73 The majority of the ten different 

assessments (Appendix B) are non-invasive, including procedures like the elasticity of the 

arteries, blood pressure measures, a photograph of the vasculature in the back of the eye, 

ultrasound examinations of the different vasculature, an electrocardiogram, and a urine test to 
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detect microalbumin levels. A blood sample is also used to measure levels of brain natriuretic 

peptide, a marker of small artery disease. Each of these tests is scored from 0-2 (0=normal; 

1=borderline; 2=abnormal), which results in a total Rasmussen Disease Score (RDS) from 0-20. 

Patients are then stratified based on risk categories (i.e. 0-2=low risk; 3-5=moderate risk; 

>6=high risk). A publication has shown that the RDS is a better predictor of adverse 

cardiovascular events than the FRS over a 2-5 year period after screening72. The areas under the 

curve for a receiver operating characteristics curve were compared to determine which model 

was a better predictor of cardiovascular events, and the RDS score surpassed the FRS in its 

predictive ability with an area under the curve of 0.74 as compared to 0.66. While the 10-screen 

RDS was shown to have good prognostic ability, it is quite labor intensive and expensive. This 

stimulated Cohn to develop a simpler 4-test screening protocol based on large and small artery 

elasticity measures, blood pressure at rest and in response to 3-min of moderate intensity 

exercise. These four assessments were chosen because of their high individual test contributions 

to the 10-screen RDS score in Spearman correlation coefficient calculations in a previous 

publication.72 As with the 10-screen, each of the four components of the 4-test RDS are scored 

from 0-2 (0 = normal; 1 = borderline; 2 = abnormal) with a total RDS ranging from 0-8. Each 

participant is categorized based on risk (i.e. 0-2 = normal; 3-8 = abnormal). These non-invasive 

procedures aim to detect early stages of CVD for individual asymptomatic patients.  

The Cardiovascular Health in Ambulatory Care Research Team (CANHEART) have also 

proposed their own health index to assess cardiovascular health risk behaviours and disease risk 

based on smoking status, fruit and vegetable consumption, body mass index, as well as the 

presence of diabetes and high blood pressure. 74 Maclagan et al. identified these six health 

parameters based on the definition of ideal cardiovascular health by the American Heart 
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Association75 and the premise that meeting six of these parameters can reduce incidence of CVD 

by 89%.76 Ideal criteria were determined in each of these six health factors by examining data 

from the Canadian Community Health Survey.77 The presence of each health factor is assigned a 

value of one, for a total CANHEART score ranging from 0, poor, to 6, ideal. Adults with an 

ideal CANHEART score had 16 times lower prevalence of heart disease than those with the 

worst CANHEART score possible.74 

 

1.4 CVD and Women 

There is a common perception that CVD is a ‘man’s disease’;78 however, women tend to 

develop heart disease approximately 10-15 years later than men, with a prevalence rate similar 

between sexes after women turn 60 years of age or older.79 This later onset of CVD in women is 

likely due to the protective effect of estrogen in pre-menopausal women.78 Women are often 

underrepresented in cardiovascular clinical trials, which is an issue because their clinical 

presentation and prognosis of CVD differ from that of men.80 In fact, women who suffer an acute 

MI are more likely to die, have a second MI, develop heart failure, or consequentially suffer 

sudden cardiac death, as compared to men.81 Although improvements in CVD management have 

led to decreased mortality rates, more women than men have died from causes related to CVD 

since 1980.81 In fact, heart disease is the leading cause of death in women worldwide.82 

Improvements in CVD knowledge is not providing the same benefit in women for diagnosis, 

treatment or prevention of heart disease as is being seen in men.83  

It is important to highlight that traditional risk factors assessed by FRS score, the current 

clinical standard in Canada, underestimate the risk of experiencing an acute MI in women, as 

compared to men.25,83 Thus, it appears that there is a need to refine existing tools or develop 
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innovative screening tools to better detect early stages of CVD risk amongst women. A previous 

study showed that as much as 80% of females identified as being at low risk according to the 

FRS, then went on to experience an acute MI.29 In an eight year follow up study in older adults, 

the FRS poorly discriminated between those who had onset CVD and those who did not and this 

absolute risk was specifically underestimated in women (51%) versus men (8%).25 While 

knowledge on CVD in women has come a long way recently, there is still a lot of work to be 

done to improve awareness and prognostic tools in this population.84   

 

2.3 Frailty 

A suggested method of improving CVD risk management is the addition of frailty 

assessments as vital signs.85 While there is some disagreement on the exact definition of the 

term,86 frailty can be characterized as having a lack of reserve for tolerating health stressors,87 

and has been shown to be an independent predictor of cardiovascular morbidity and mortality in 

the elderly.88,89 Some literature suggests that this physiological age may, in fact, be more 

important than chronological age when assessing risk for CVD.85  

The prevalence of frailty in the population is dependent on the tool used to assess frailty 

and the population being examined.90 For example, an examination of Canadian Health Measures 

Survey data found the prevalence of frailty to be 7.8% with one method versus 20.2% with 

another in those 65 years of age or older.91 The Cardiovascular Health Study92 examined 5,317 

community-dwelling men and women 65 years of age and older.   In this cohort, 46% (n=2469) 

of the population was found to be pre-frail and 6.9% (n=368) of the population was considered 

frail. The prevalence rate of pre-frailty was similar between sexes, but increased for females 

when examining frailty; 46.5% (n=1431) of the female considered pre-frail, versus 46.8%% 
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(n=1049) of the males, and 8.2% (n=252) of the female contingent measuring as frail, versus 

5.2% (n=116) in males.  This prevalence also increased with age. A recent systematic review on 

frailty prevalence in older adults90 found that pooled prevalence of frailty was 14% with 

increasing prevalence into older age. As with the Cardiovascular Health Study, this review 

established a higher prevalence of frailty in women than men. Prevalence of frailty has also been 

found to be increased in older adults living alone, implying that sociological factors may also 

play a role in this complex syndrome.93,94 

 

2.3.1 Assessing frailty 

Multiple methods of assessing frailty exist in the literature, and no model has proven 

itself to be a gold-standard for identifying frailty.95 The method that has been the most widely 

used in research is the phenotype model proposed by Fried et al.,96 partially because of its ease of 

use in a clinical setting.85 The Fried Criteria (FC) assesses five specific domains: (1) muscle 

weakness; (2) slow walking speed; (3) low physical activity levels; (4) unintentional weight loss; 

and (5) self-reported exhaustion.54 Total FC scores range from 0 to 5 depending on the number 

of variables present. The presence of these variables in Fried’s cohort was determined by setting 

cutoffs based on the lowest quintile of the cohort’s distribution.54 Walking speed was assessed 

using a 15-foot walk test with two different lowest quintile cutoffs dependent on participant 

height. Muscle weakness was assessed with a grip strength measure. Cutoff values for grip 

strength testing were stratified based on the lowest quintile of each of four different body mass 

index quartiles. Unintentional weight loss was assessed with the use of a questionnaire asking 

“In the last year, have you lost more than 10 pounds unintentionally (i.e., not due to dieting or 

exercise)?” If yes, then the participant was considered frail for this criterion. Exhaustion was 
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assessed by the Center for Epidemiologic Studies – Depression Scale.97 Finally, physical activity 

levels were assessed with the Paffenbarger Physical Activity Scale (PPAS).98 The bottom 

quintile of physical activity levels were set as the criterion cutoff. These total scores were then 

used to stratify individuals into frailty groups (i.e. 0 = robust; 1-2 = pre-frail; ≥ 3 = frail). 

Participants that are pre-frail are at increased risk of becoming frail and the FC has been shown 

to independently predict disability, morbidity, and mortality.54 This model was developed with 

the use of data collected as part of the Cardiovascular Health Study.92  

 

2.3.2 Standardization of frailty 

It has been suggested that using the same cutoff values across all populations, regardless 

of varying phenotypic diversity99 or socioeconomic status,100 may lead to the misclassification of 

frailty status, and in turn adverse outcome risk, in the population.101  However, only one previous 

study, by Bouzon et al., has evaluated the improvement in risk prediction that might be seen with 

a standardized Fried Criteria (S-FC).101 Briefly, creating an S-FC involves using the lowest 

quintile of the cohort being assessed to create criteria cutoffs in the same method Fried used in 

the original paper. All of the grip strength, gait speed, and physical activity level cutoffs are 

created in this method. The paper by Bouzon et al. reported that the S-FC was better at 

identifying pre-frail participants as an intermediate risk status between robust and frail. As well, 

they reported that hazard ratios for death, hospitalization, incident disability and falls were 

detected earlier in time with the S-FC, implying that it predicts shorter term adverse outcomes 

compared to the original FC model. Based on that novel data, there is a need to further confirm 

the predictive ability of the S-FC model across various populations. Bouzon et al. also did not 

examine CVD specific outcomes in their work.101 
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2.3.3 Pathophysiology of frailty 

 Frailty occurs when a reduction in physiological capacity prevents natural adaptation 

mechanisms to health stressors from occurring.102 While it is understood that this homeostasis 

breakdown is associated with increased risk for a host of adverse health outcomes,54,90 the causes 

of this physiological decline are less understood.102 In an attempt to further understand this 

concept, biological factors have been assessed in term of their association with frailty. This 

research has demonstrated an association between both lipid levels and inflammation with 

frailty.103–106 It is no surprise that the exact pathophysiology of frailty is not fully understood, as 

this is a complex aging process that covers a variety of physiological processes including 

metabolic disorders, inflammatory responses, and endocrine dysregulation.107 Afilalo et al. 

discuss two different pathways leading to the development of the phenotype of frailty (Figure 

1).96  The first involves inflammation pathways, androgen deficiency and a resulting insult to the 

homeostatic balance between anabolism and catabolism. This response results in a decrease in 

muscle mass in the subject, also known as sarcopenia. This pathway is exacerbated in those with 

insulin resistance, metabolic syndrome, and with the confounding factors of bed rest and 

malnutrition that can be found in at-risk older adults. The second proposed pathway to the frailty 

phenotype is due to subclinical damage across a range of physiological systems that occurs over 

a lifetime and use, which can be aggravated through genetic predisposition and CVD. As with 

the previous pathway, these accumulated damages can lead to the decreased physiological 

reserve to health stressors seen in the frail, and the clinical presentation of slow walking speed, 

weakness, weight loss, physical inactivity and self-reported exhaustion.   
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Figure 1. Pathophysiology of the frailty phenotype 

Figure 1 adapted from Afilalo et al.96 

 

2.3.4 Frailty and CVD 

As the population ages, the incidence of frailty and CVD will both rise as risk for both 

increases with age.108 This makes the study of their coexistence increasingly important. The 

incidence of frailty in older adults ranges anywhere from 10% to 60%, dependent on the 

population and scales used for the assessment.108 Frailty has been shown to be associated with 

increased risk for CVD in longitudinal studies,54,109 but less is known about the mechanisms 

linking frailty and these adverse cardiovascular outcomes.110 CVD and frailty share many of the 

same lifestyle behavior risk factors,111 such as physical inactivity,112 obesity,113 smoking,114 and 

poor diet.115 A previous study showed that those with a higher FRS score at baseline were at 

increased risk of developing pre-frailty and frailty over the following 4-year period.116 This 

relationship may, in fact, be bidirectional.110 A study by Sergi et al. demonstrated that compared 

with those who did not develop frailty, those who developed pre-frailty had a significantly 

increased risk of developing CVD in the 4-year follow-up period, but there is little data assessing 

risk for CVD in this intermediate stage of frailty.109 In fact, a recent meta-analysis was only able 
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to identify four longitudinal studies assessing CVD morbidity in pre-frail compared to non-frail 

participants.89,109,117,118 Pooled risk estimates identified pre-frail participants with no previous 

history of CVD as being at increased risk for CVD morbidity (HR: 1.32) and CVD mortality 

(HR: 2.80) compared to non-frail.119 

CVD health management is important for both pre-frail and frail older adults, specifically 

in females as they are at increased risk for frailty.90,120 Assessing middle-aged and older adults 

for frailty can assist with the characterization of the patient, allowing for better care and more 

accurate prognoses.96 If patients were identified in what is considered the more intervenable pre-

frailty stage, interventions could be put in place to slow or reverse the frailty trajectory, 

potentially preventing the adverse events associated with frailty.121,122 Pre-frailty is associated 

with a 4-fold higher risk to become frail over 4 years54 and previous studies have already 

outlined the potential importance of assessing pre-frailty in apparently healthy older adults.109 

Despite the CVD risk associated with pre-frailty, many studies group study participants in this 

intermediary stage with either robust or frail groups in their cohort, meaning that few studies 

have specifically assessed the cross-sectional CVD risk profile associated with this at-risk 

population prior to CVD onset, although biomarkers and their association to pre-frailty have 

been assessed.123. It is important to separate pre-frailty in analyses such as these for the reasons 

stated above as well as for the reason that frailty should be viewed as a continuum as opposed to 

a dichotomous outcome. A meta-analysis by Veronese et al. identified ten cross-sectional studies 

comparing CVD risk variables between non-frail and pre-frail participants,117,118,120,124–132 but of 

these only Ramsay et al.120 compare data between these groups in a cohort with no previous 

history of CVD, and that cohort was entirely male. As well, the Veronese et al. meta-analysis119 

identified a longitudinal study by Sergi et al. that also included a cross-sectional comparison 
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CVD risk profile between non-frail and pre-frail participants before CVD onset in a prospective 

study.109 That paper identified higher baseline CVD risk in pre-frail participants, compared to 

robust, across a range of measures, such as higher resting blood pressure, higher BMI, and higher 

LDL cholesterol levels. The longitudinal portion of that same paper reported that pre-frail 

participants have increased risk of developing CVD after 4.4 ± 1.2 years of follow up. As such, 

both Sergi et al. and Ramsay et al. identified the need for cohort studies to determine if pre-

frailty and CVD risk factors are associated independent of established CVD.109,120 Such 

knowledge could allow for better health screening of patients with early stages of frailty as a 

strategy to reduce risk for future adverse CVD health in an asymptomatic population.96,108
 Thus, 

there is a need to further examine cross-sectional CVD risk factors present in pre-frail and frail 

populations of varying populations in advance of clinical CVD.  
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Chapter 2: Statement of the Problem and Methods 

 

2.1 Statement of the problem 

The growth rate of Canada’s population of persons aged 65 years and older is four times 

that of the total population, and by 2024 this age group will comprise 20% of the nation’s total 

population.133 As the population ages, a number of specific health concerns will come to the 

forefront, such as chronic diseases like CVD. Despite many research advances for CVD 

management in recent years, 25% of deaths in Canada were due to heart disease and stroke in 

2012.10 As the prevalence of chronic disease rises with the aging population, research will have 

to address this growing problem by finding means of reducing the impact these conditions have 

on individuals, families and the healthcare system. In order to direct interventions in a productive 

manner, the risk of developing CVD must be assessed to allow for efforts to be focused on those 

at higher risk.  

As the population ages, the incidence of frailty and CVD will both rise as risk for both 

increases with age.108 Frailty and pre-frailty are both known to increase the risk for CVD.54,109 

Identifying pre-frail and frail individuals earlier could allow for interventions to be put in place 

to reduce the risk of developing CVD.121,122 Interventions aimed at the physiological decline 

inherent with frailty, and the concomitant CVD risk, should focus early in risk progression in 

those with subclinical CVD.110  Knowledge of the CVD risk profile associated with pre-frailty 

and frailty before the onset of CVD will allow for better care and management of this at-risk 

population, but few studies have assessed these groups separately.109,120 Furthermore, recent 

literature has suggested the improvement of frailty assessments by using cutoffs that have been 

standardized to the individual cohort they are assessing, but there is only a single paper that has 



 

27 

 

compared adverse outcome risk prediction between the FC and S-FC,101 and it did not assess 

CVD specific outcomes. As well, there is a specific need to further our understanding of 

women’s cardiovascular health and its relation to frailty as they have been underrepresented in 

CVD research and are at increased risk of frailty compared to males.90,134 There is a need for 

further information on the CVD risk factors present in pre-frail and frail women before the onset 

of CVD.120  

 

2.2 Thesis objective 

The main objectives of my thesis research were to: 

1) determine if standardized frailty measures are better able to discriminate CVD risk 

compared to the traditional approach proposed by Fried et al.54 

2) determine if there are differences in CVD risk profile between robust, pre-frail and 

frail participants in a cohort of 985 women 55 years of age or older with no previous 

history of CVD.  

As a secondary objective, this thesis project examined the odds ratios for different physiological 

and lifestyle behavior CVD risk factors in pre-frail and frail groups compared to robust.   

 

2.2.1 Thesis hypotheses 

 In regard to my main objectives, I hypothesize that the S-FC model will better 

discriminate CVD risk compared to the FC model. This is based on previous literature that has 

reported that standardized models of frailty better predict adverse outcomes in populations that 

differ from the cohort used to create the original FC.101 I also hypothesize that increasing levels 

of frailty will be associated with higher CVD risk according to the composite CVD risk scores 
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measured (FRS, RDS, and CANHEART), as well as the individual factors that would place an 

individual at increased risk for CVD. This hypothesis is based on a previous meta-analysis that 

has outlined the increased risk for adverse CVD outcomes for those who are pre-frail and frail.119 

Finally, for the same reason as just described, I hypothesize that those who are pre-frail and frail 

will have increased odds of the presence of physiological factors and lifestyle behaviors that are 

known to increase the risk for CVD.  

  

2.3 Methods 

2.3.1 Research design 

 The comparison of CVD risk profile was performed using a secondary, cross-sectional 

examination of baseline data collected during the Women’s Advanced Risk-Assessment in 

Manitoba (WARM) Hearts cardiovascular screening project.135 This prospective, observational 

study was designed to examine the ability of a series of non-invasive procedures to identify 

asymptomatic middle-aged and older women who are at an elevated risk of experiencing an 

adverse cardiovascular event in the five-year period after screening. The WARM Hearts study 

received clinical approval from the University of Manitoba Health Research Ethics Board 

(H2014:224) and the St. Boniface Hospital Research Review Committee (RRC/2014/1417) prior 

to its implementation. The WARM Hearts study was registered with ClinicalTrials.gov, a 

registry and results database of privately and publicly funded clinical studies (NCT02863211).  

 One-thousand female participants 55 years of age or older were recruited through a 

convenience sample method. We utilized radio interviews on popular local stations to discuss the 

study as well as presentations at community events related to cardiovascular health. Poster 

advertisements were also placed in community centers. Individuals interested in participating 
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were instructed to contact the research coordinator by email or telephone. Women were included 

in the study if they were 55 years or older and had a Manitoba Personal Health Information 

Number (PHIN). Previous hospitalization for CVD, as listed in Table 2, excluded participants 

from the study. Women with hypertension were invited to participate in the study if their 

hypertension was being medically managed. Due to their risk profile in regard to performing 

physical activity, we did not include participants with hypertension that was not being medically 

managed.  If eligible, participants were invited to come to the I.H. Asper Clinical Research 

Institute where they were given both written and verbal information describing the nature of the 

study. Written informed consent was obtained before enrolment.  

 

Table 2: Inclusion and exclusion criteria for the WARM Hearts study 

Inclusion criteria 

• Women aged 55 and older 

• Possess a Manitoba Personal Health Information Number 

Exclusion criteria 

Previous hospitalization for: 

• Ischemic heart disease 

• Acute myocardial infarction 

• Stroke 

• Percutaneous coronary intervention 

• Coronary artery bypass surgery 

• Congestive heart failure 

• Peripheral artery disease 

Previous diagnosis of hypertension, which is not medically managed. 

 

 

2.3.2 Measurements 
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Fried Frailty Phenotype 

A phenotype of frailty was assessed using the FC as previously described by Fried et al.54  

Briefly, the FC assessed the following criteria: 1) unintentional weight loss; 2) self-reported 

exhaustion; 3) weakness; 4) slow walking speed; 5) low physical activity. Gait speed was 

assessed using a 5-meter gait speed test51 and there were two different cutoffs dependent on 

participant height (i.e. height ≤159 cm  ≤0.76 meters/second (m/s); height >159 cm  ≤0.65 

m/s). This is different than the original FC, which used a 15-foot walk test to assess walking 

speed, but previous studies have used the 5-meter gait speed test96 and it has received attention as 

a single-item measure of frailty.45 Grip strength was measured with both hands in kilograms with 

the use of a Jamaar hand dynamometer.92 Cutoff values for grip strength testing were stratified 

based on body mass index (BMI) (i.e. BMI ≤23  ≤17 Kg   BMI 23.1-26  ≤17.3 Kg   BMI 

26.1-29  ≤18 Kg   BMI >29  ≤21 Kg). Unintentional weight loss was assessed with the use 

of a questionnaire asking “In the last year, have you lost more than 10 pounds unintentionally 

(i.e., not due to dieting or exercise)?” If yes, then the participant was considered frail for this 

criterion. Exhaustion was assessed by the Center for Epidemiologic Studies – Depression 

Scale.97 Participants were asked to respond how often in the last week they felt either: a) 

everything was an effort, or; b) they could not get going. Participants who responded that they 

feel either of those a moderate amount of the time or most of the time were considered frail for 

this criterion. Finally, physical activity levels were assessed with the Paffenbarger Physical 

Activity Scale (PPAS).98 Participants responses were converted into kilocalorie (Kcal) 

expenditure per week to compare to the original FC cutoff (i.e. <270 Kcals of physical activity 

per week). The original FC used the Minnesota Leisure Time Activity Questionnaire136 to assess 

Kcal expenditure per week, but previous studies have replaced this with the PPAS.96 The cutoffs 
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for gait speed, grip strength and low physical activity levels described above were determined by 

Fried et al. by looking at the lowest quintile of their original cohort’s distribution.54 Total FC 

scores ranged from 0 to 5 depending on the number of variables present in the individual. Total 

scores were then used to stratify individuals into groups (i.e. 0 = robust; 1-2 = pre-frail; ≥ 3 = 

frail). 

Previous literature has suggested that using the same cutoff values across all populations 

may lead to the misclassification of frailty status, and in turn adverse outcome risk, in different 

cohorts.101 Therefore, as recommended by Bouzon et al.,101 new standardized cutoffs for grip 

strength, gait speed, and low physical activity levels were determined for the WARM Hearts 

cohort using the same methods as Fried et al. in their original paper.54 Gait speed cutoffs, 

dependent on participant height, were adjusted based on the lowest quintile of this cohort and 

height (i.e. ≤161 cm  ≤1.10 m/s; >159 cm  ≤1.15 m/s). Cutoff values for grip strength testing 

were stratified based on the lowest quintile and body mass index quartiles (BMI) (i.e. BMI ≤23.3 

 ≤21 Kg   BMI 23.4-26.1  ≤22 Kg   BMI 26.2-29.6  ≤22 Kg   BMI >29.6  ≤22 Kg). 

Physical activity levels, based on kilocalorie (Kcal) expenditure per week, cutoffs were adjusted 

based on the lowest quintile (i.e. for females: <640.1 Kcals of physical activity per week). Self-

reported exhaustion and unintentional weight loss criteria did not change with the standardized 

method, as these cutoffs were not based on quintiles from the original cohort. Cutoffs for both 

the FC and S-FC are displayed in Appendix G.  
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4-test RDS 

The WARM Hearts screening protocol involved the 4-test RDS protocol, which consisted 

of four measurements: 1) resting blood pressure; 2) systolic blood pressure response following 3-

min of moderate intensity exercise; 3) large artery elasticity assessment, and; 4) small artery 

elasticity assessment. For these measurements, the HD/PulseWave™ CR-2000 Research 

CardioVascular Profiling System (CV profiler) was used. This device is indicated for use in 

determining both blood pressure and artery elasticity measures in human subjects for research 

purposes only. Measures from this instrument have been shown to be reproducible, with one study 

finding that intra-visit measurements five minutes apart only differed by 3% and inter-visit 

measures one to four weeks later only differed by 4%.137 Research staff were trained in the use of 

the HD/PulseWave™ CR-2000 Research CardioVascular Profiling System and performed all of 

the testing. Each of the measures involved in the WARM Hearts protocol is described below. 

 

Test 1: Resting blood pressure 

A blood pressure cuff attached to the CV profiler was placed on the participant’s arm 

while they were in a supine position. A resting blood pressure of less than 120/80 mmHg was 

considered normal (0 RDS points), 120-139/80-89 was considered pre-hypertensive (1 RDS 

point) with the potential for the development of high blood pressure (hypertension). Blood 

pressure greater than 140/90 was considered abnormal for adults (2 RDS points).80  

 

Test 2: Systolic blood pressure response to exercise 

The magnitude of the rise in blood pressure during exercise may be an indication of early 

risk for developing hypertension, even if the participant’s resting blood pressure is normal.138 



 

33 

 

After the resting blood pressure was assessed, the participant was asked to perform 3 minutes of 

moderate exercise on a 2-step stool according to the Dundee Step Test,139 or on a treadmill for 

those who were unable to perform the step test. Both of these exercise procedures were 

performed at a 5 metabolic equivalent (MET) workload. The participant then had their blood 

pressure measured once again in a supine position immediately following the exercise protocol 

(within 30 seconds). A rise in systolic blood pressure of under 30 mmHg and less than 169 

mmHg absolute blood pressure was considered normal (0 RDS points), a rise of 30-39 mmHg 

and an absolute resting blood pressure of 170-179 was considered borderline (1 RDS point), and 

a rise of 40 mmHg or more and an absolute resting blood pressure of 180 mmHg or high was 

considered abnormal (2 RDS points).80  

 

Test 3 and 4: Large and small artery elasticity 

To measure artery elasticity a wrist stabilizer was placed on the participant’s wrist while 

they were in a supine position. A piezoelectric transducer, or pulse wave sensor, was then placed 

on the location of strongest pulsation of the radial artery adjacent to the styloid process. The CV 

Profiler assessed the diastolic decay and waveform transmitted to it through the sensor. Based on 

the modified Windkessel model, the instrument then determined small artery and large artery 

elasticity. Scoring of normal, borderline and abnormal results for large and small arterial 

elasticity were based on age and sex cutoffs.80 For females under 65, a large artery elasticity of 

10 mL/mmHg x10 or greater was normal (0 RDS points), a value from 9-9.9 mL/mmHg x10 was 

considered borderline (1 RDS point) and any value below 9 mL/mmHg x10 was considered 

abnormal (2 RDS points). The small artery elasticity cutoffs for this age group were 4 mL/mmHg 

x100 and higher for normal (0 RDS points), 3.5-3.9 mL/mmHg x100 for borderline (1 RDS 
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point) and under 3.5 mL/mmHg x100 for abnormal (2 RDS points). Females over the age of 65 

had lower cutoffs for both large and small artery elasticity. Normal large artery elasticity values 

were 9 mL/mmHg x10 or higher (0 RDS points), borderline values were 8-8.9 mL/mmHg x10 (1 

RDS point) and abnormal values were under 8 mL/mmHg x10 (2 RDS points). Normal small 

artery elasticity values were 3 mL/mmHg x100 or higher (0 RDS points), borderline values were 

2.5-2.9 mL/mmHg x100 (1 RDS point) and abnormal values were under 2.5 mL/mmHg x100 (2 

RDS points). 

 

Scoring the 4-test RDS protocol 

Each of the tests in the 4-test RDS were scored as 0 for normal, 1 for borderline 

abnormal, and 2 for abnormal.80 Total scores ranged from 0 to 8 and were used to stratify 

individuals into one of two risk groups: 0-2 = normal risk; ≥ 3 = moderate to high (abnormal) 

risk. 

 

Assessment of the Framingham Risk Score 

FRS was determined based on the calculations described by D’Agostino et al.22  

Information required for this calculation was acquired from a participant questionnaire, fasting 

blood sampling of high-density lipoprotein and total cholesterol, and the resting blood pressure 

reading from the CV Profiler. Participants were asked to fast for the 12 hours prior to the blood 

draw at their appointment. Approximately 10 mL of blood was collected by a phlebotomist. The 

samples were then centrifuged so that the plasma could be separated and analyzed for total 

cholesterol, high-density lipoprotein, low-density lipoprotein, triglycerides, and fasting glucose. 

These variables were analyzed using the cutoff values in the 2012 Canadian Cardiovascular 
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Society/Canadian guidelines for the diagnosis and treatment of dyslipidemia and prevention of 

CVD in the adult.140  

 

Questionnaires 

Participants were instructed to fill out a series of questionnaires. Approval was sought for the use 

of all intellectual property:  

1) Baseline demographic information such as age, education and smoking status, were 

collected via questionnaire.  

2) Physical activity behaviour was assessed using the International Physical Activity 

Questionnaire (IPAQ) short-version.141 This questionnaire measured the amount and 

intensity of physical activity completed by an individual. The IPAQ has been used to 

improve CVD risk scores in previous literature .56 

3) The Cardiovascular Health in Ambulatory Care Research Team (CANHEART) Health 

Index74 was used to assess cardiovascular health behavior and disease risk based on self-

reported physical activity (from the IPAQ short-version), smoking status, fruit and 

vegetable consumption, body mass index, as well as the presence of diabetes and high 

blood pressure; 

4) Quality of life was assessed using the EuroQol Five Dimension Five Level 

questionnaire.142 This quality of life questionnaire has been validated for use as an 

outcome measure in populations with CVD;143 

5) Presence and severity of depressive symptoms were assessed using the Patient Health 

Questionnaire-9 (PHQ-9).144  
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6- Minute Walk Test 

Participants were instructed to walk as many lengths of a 30-meter track as possible 

during the 6-minute duration. Distance covered during the test was recorded. A study by Beatty 

et al.34 showed the prognostic value of the 6MWT for predicting cardiovascular events in 

patients with stable coronary heart disease.  

 

2.3.3 Statistical Analyses 

Statistical analyses were performed using the STATISTICA (version 13) and the 

Statistical Analysis System analytical platforms (version 9.4). Ability to discriminate CVD risk 

according to the FRS and RDS in the cohort were assessed between the FC and S-FC models 

with the use of receiver operating characteristic (ROC) curves by comparing the area under the 

curve (AUC) for both models. AUC for the ROC curves was calculated by the methods utilized 

in Statistical Analysis System version 9.4. Discrimination slope improvement and the 

reclassification of participants with the S-FC model, compared to the FC model, were assessed 

with integrated discrimination index (IDI) and net reclassification index (NRI). Comparison of 

biological and lifestyle behavior CVD risk profiles between robust, pre-frail and frail groups, as 

determined by the S-FC, were compared using one-way ANOVA tests to compare continuous 

variables and Chi-Square to compare categorical variables. When differences were detected by 

ANOVA, Tukey’s Honest Significant Difference post-hoc analysis was used to identify 

differences between specific means. Multivariable logistic regressions were also performed to 

estimate both unadjusted and age-adjusted odds ratios (OR) of physiological and lifestyle 

behavior CVD risk factors between pre-frail and frail groups with the robust group as the 
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comparison, as assessed by the S-FC. A p value of ≤0.05 was determined to be statistically 

significant.  

 As the use of logistic regressions requires the outcome variable to be dichotomous, 

various clinical guidelines were used to create dichotomous outcomes from the variables 

collected in the WARM Hearts study. Abnormal BMI in the cohort was designated as any values 

that would classify a participant as Obese Class I in accordance with the World Health 

Organization report on global obesity.145 Ex and current smokers were grouped together as both 

have been shown to have increased risk for coronary heart disease.146 Cutoffs for abnormal 

bloodwork values across HDL cholesterol, LDL cholesterol, total cholesterol, triglycerides and 

fasting blood glucose were set based on the 2012 Canadian Cardiovascular Society/Canadian 

guidelines.140 The cutoff of 150 minutes of moderate-to-vigorous physical activity has been 

previously established by the Canadian Society for Exercise Physiology as the minimum amount 

of physical activity to achieve Canada’s Physical Activity Guidelines.147 The CANHEART 

health index, created by Maclagan et al., has established cutoffs, with scores of ≤3 as being 

considered poor cardiovascular health.74 This cutoff was used in the logistic regression models. 

FRS scores of 10% or higher 10-year CVD risk were considered abnormal based on the cutoffs 

developed by D’Agostino et al.22 The RDS also has its own cutoffs, with scores of 3 or higher 

being considered abnormal.72 Dichotomous cutoffs for the various factors comprising the RDS 

score (resting blood pressure, blood pressure response to exercise, large and small artery 

elasticity) were based on the “abnormal” cutoffs described in section 2.3.2. Due to all of the 

PHQ-9 scores in the cohort being relatively low, scores indicating mild depression, as 

determined by established cutoffs (≥5), were used as the dichotomous cutoff.144 Cutoffs for the 

6MWT have been pre-established by Beatty et al. in a cohort with stable coronary heart 
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disease.34 The cutoff for moderate to high CVD risk, as established by Beatty et al. (<544 m), 

was used as the cutoff for this factor.  
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Chapter 3: Results 

3.1 Baseline Characteristics 

 Mean age of the cohort was 65.5 (95% CI 65.1-65.9) with a mean BMI of 26.7 (26.4-

27.1). Just over a quarter of the participants lived alone, and about 75% of the participants had 

received post-secondary education. Ex or current smokers composed 42% of the cohort. 

Prevalence of participants taking diabetes, lipid and blood pressure medications were 3.8%, 

17.2%, and 23.6%, respectively. Baseline characteristics for the overall cohort are included in 

Table 3. Baseline CVD risk factors are outlined in Table 4 to describe the cohort. An in-depth 

analysis of the cohort characteristics will be performed based on frailty classification in a later 

section of the results.  

 

Table 3: Baseline characteristics 

  Cohort 

Characteristic (n = 985) 

Age 65.47 (6.33) 

BMI (kg/m2) 26.74 (4.92) 

Living alone 272 (27.6%) 

PS education 736 (74.7%) 

Ex/Current Smoker 420 (42.0%) 

Diabetes med(s) 37 (3.8%) 

Lipid med(s) 169 (17.2%) 

BP med(s) 232 (23.6%) 

Continuous variables expressed as Mean (standard deviation)Categorical variables expressed as 

N (%). BMI, Body Mass Index; PS, Post-Secondary; BP, Blood Pressure. 
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Table 4: Baseline CVD risk factors 

Characteristic 
Total Cohort 

n = 985 

Frailty  
FC 0.33 (0.62) 

S-FC 0.80 (0.95) 

  

Bloodwork  

HDL cholesterol (mmol) 1.87 (0.53) 

LDL cholesterol (mmol) 3.46 (0.94) 

Total cholesterol (mmol) 5.48 (0.99) 

Triglycerides (mmol) 1.14 (0.59) 

Fasting blood glucose (mmol) 5.53 (0.99) 

  

Subjective PA levels  
Total Vigorous min/week 123.15 (395.30) 

Total Moderate min/week 162.56 (245.22) 

Total Walking min/week 313.60 (403.08) 

Total MVPA/week 298.93 (497.42) 

Total PA min/week 638.03 (710.36) 

  

Composite CVD risk scores  
CANHEART score 4.44 (1.08) 

Framingham Risk Score (%) 9.73 (5.87) 

RDS score 3.14 (2.20) 

  

Cardiovascular parameters  
Large artery elasticity 12.05 (4.06) 

Small artery elasticity 3.96 (2.40) 

Systolic BP (mmHg) 131.11 (15.77) 

Diastolic BP (mmHg) 72.22 (9.19) 

Pulse pressure (mmHg) 58.88 (11.37) 

∆Systolic BP activity response 32.00 (17.06) 

  

Other  
6MWT distance (m) 558.31 (71.87) 

PHQ-9 score 2.88 (3.14) 

Sedentary time hours/day 9.34 (22.18) 

Continuous variables expressed as Mean (standard deviation) compared using one-way ANOVA; 

* denotes statistical significance. CVD, Cardiovascular Disease; FC, Fried Criteria; S-FC, 

Standardized Fried Criteria; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PA, 

Physical Activity; MVPA, Moderate-to-Vigorous Physical Activity; RDS, Rasmussen Disease 

Score; BP, Blood Pressure; 6MWT, Six-minute Walk Test; PHQ-9, Personal Health 

Questionnaire-9.   
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3.2 S-FC and FC Outcomes 

 The prevalence of robust, pre-frail and frail participants in the cohort differed between 

the S-FC and FC models. Reclassification of frailty status in the S-FC model reduced the number 

of participants considered robust by 278 participants, and increased the number of participants in 

the pre-frail and frail groups by 203 and 56, respectively. The prevalence of pre-frailty and 

frailty in the cohort was 47.1% and 6.4% for the S-FC, respectively, and 26.5% and 0.7% for the 

FC. Varying prevalence between the two models is displayed in Table 3. Looking at each frailty 

criteria, the S-FC model identified 26.4%, 20.1% and 20.1% of participants as having this frailty 

criterion for grip strength, gait speed and physical activity levels, respectively. These rates were 

higher than detected by the FC. The prevalence of grip strength flags in the S-FC model was 

26.4% because of the large number of participants with the same whole number grip strength 

results. There was no difference in prevalence between the S-FC and the FC models for the 

presence of unintentional weight loss or self-reported exhaustion (Table 6).  

 

Table 5: Comparison of participant classification based on scale used 

 S-FC Classification 

FC Classification Robust (n = 458) Pre-frail (n = 464) Frail (n = 63) 

Robust (n = 725) 458 263 4 

Pre-frail (n = 253) 0 201 52 

Frail (n = 7) 0 0 7 

Variables expressed as N. FC, Fried Criteria; S-FC, Standardized Fried Criteria. 
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Table 6: Frailty criteria prevalence 

Characteristic (n = 985) FC S-FC 

Weakness (grip strength) 87 (8.8%) 260 (26.4%) 

Slowness (5-metre gait speed) 5 (0.5%) 198 (20.1%) 

Low physical activity (Paffenbarger) 91 (9.2%) 198 (20.1%) 

Unintentional weight loss 27 (2.7%) 27 (2.7%) 

Self-reported exhaustion (CES-D) 130 (13.2%) 130 (13.2%) 

Variables expressed as N(%).FC, Fried Criteria; S-FC, Standardized Fried Criteria; 

CES-D, Center for Epidemiologic Studies Depression Scale. 

 

The S-FC showed superior ability to discriminate between CVD risk based on the RDS 

and FRS risk categories in the cohort in the ROC curve analyses (Figures 2 and 3). The AUC for 

the S-FC model discriminating risk according to the FRS was larger at 0.728 (95% CI 0.662-

0.794) compared to 0.634 (95% CI 0.565-0.703) in the FC model (p<0.001). The change in AUC 

from the FC model to the S-FC model did not improve discrimination of risk for the RDS with 

AUCs of 0.552 (95% CI 0.512-0.593) compared to 0.594 (95% CI 0.548-0.641), respectively 

(p=0.125).  

The discrimination slope improvement of the S-FC compared to the FC in the IDI 

analysis was 1.8% (95% CI, 0.4-3.3%, p=0.014) and 1.1% (95% CI, 0.2-2.0%, p=0.016) for the 

FRS and RDS risk scores, respectively. The reclassification of participants in the S-FC model 

improved FRS and RDS risk discrimination in the NRI analysis by 39.4% (95% CI 12.8-66.0%, 

p=0.004) and 20.5% (95% CI 4.0-36.9%, p=0.017), respectively. ROC, IDI and NRI results are 

outlined in Appendix H. 
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Figure 2: S-FC vs FC ROC discriminating FRS risk 

 

Figure 3: S-FC vs FC ROC discriminating RDS risk 
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3.3 Frailty Status Characteristics 

 In order to examine the differences in CVD risk profile between robust, pre-frail and frail 

participants, the S-FC was used to categorize the cohort into one of the three groups. The 

decision to categorize participants based on the S-FC was made because the S-FC exhibited 

superior ability to discriminate CVD risk compared to the FC. Baseline demographics and other 

cohort characteristics for robust, pre-frail and frail participants are displayed in Table 7.  

Participants in the robust group were approximately 3 and 5 years younger than the pre-frail and 

frail groups, respectively. A similar relationship was identified for BMI, where robust was less 

than pre-frail and frail. The prevalence of living alone was not different between groups, but 

there was a trend (p=0.056) that did not reach statistical significance. Prevalence of post-

secondary education completion was also different between the three groups, where completion 

rates were higher for Robust, as compared to pre-frail and frail groups. Smoking status did not 

differ between the three groups. The prevalence of participants taking diabetes and blood 

pressure medications was higher in the pre-frail and frail participants, as compared to robust. 

Rates of lipid-controlling medications did not differ between groups.  
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Table 7: Characteristics comparing S-FC classification 

  Robust Pre-frail Frail   

Characteristic  (n = 458)  (n = 464)  (n = 63) P-Value 

Age 63.8 (0.29) 66.7 (0.28)a 68.9 (0.77)a,b <0.001* 

BMI (kg/m2) 25.8 (0.22) 27.2 (0.22)a 30.2 (0.60)a,b <0.001* 

Living alone 110 (24.0%) 141 (30.4%) 21 (33.3%) 0.056 

PS education 364 (79.5%) 337 (72.6%)a 35 (55.6%)a,b <0.001* 

Ex/Current Smoker 189 (41.3%) 203 (43.8%) 28 (44.4%) 0.715 

Diabetes med(s) 7 (1.5%) 23 (5.0%)a 7 (11.1%)a,b <0.001* 

Lipid med(s) 68 (14.8%) 86 (18.5%) 15 (23.8%) 0.116 

BP med(s) 68 (14.8%) 135 (29.0%)a 29 (46.0%)a,b <0.001* 

Continuous variables expressed as Mean (standard error) compared using one-way ANOVA; 

Categorical variables expressed as N (%) compared using Chi-square test; * denotes statistical 

significance, a = different from robust; b = different from pre-frail. S-FC, Standardized Fried 

Criteria; BMI, Body Mass Index; PS, Post-Secondary; BP, Blood Pressure. 

 

3.4 Primary Outcomes 

 ANOVA and post hoc tests identified a number of significant differences for CVD risk 

parameters between robust, pre-frail and frail participants (Table 8). Additional summary 

information for Table 8 is provided in Appendix I. While no differences were found for HDL 

cholesterol levels between pre-frail and robust, post-hoc analysis revealed lower levels of HDL 

cholesterol in the frail group [1.68 mmol (95% CI 1.58-1.79)] compared to both the robust and 

pre-frail groups. No differences for LDL or total cholesterol levels were identified between any 

of the three groups. Triglyceride levels were 0.15 mmol and 0.23 mmol higher in the pre-frail 

and frail groups, as compared to the robust. Fasting blood glucose levels were 0.18 mmol and 

0.47 mmol higher in the pre-frail and frail groups, as compared to the robust.  

 Statistically significant differences in self-reported physical activity levels were identified 

for all categories assessed. Post-hoc analysis indicated that pre-frail participants performed 69 

minutes of vigorous physical activity less than robust. No differences were found in vigorous 
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physical activity levels between frail and either robust or pre-frail despite a lower mean due to 

the wide range in the 95% CI. Similar between-group differences were observed for moderate 

physical activity and total moderate-to-vigorous physical activity minutes per week, where the 

pre-frail group had 52 minutes and 119 minutes less of moderate-intensity physical activity per 

week and moderate-to-vigorous physical activity (MVPA) compared to robust. Total time spent 

walking per week was 60 and 199 minutes lower in pre-frail and frail participants, respectively. 

Total time spent performing physical activity per week was 24% lower in the pre-frail and 49% 

lower in the frail groups compared to the robust group. There were no differences in self-

reported sedentary hours per day in any of the groups.   

 Objective data from the 6MWT identified that walking distance was lower in the pre-frail 

and frail. In fact, robust individuals walked an average of 54 meters farther than pre-frail 

participants, whereas, the pre-frail group walked an average of 78 meters more than their frail 

peers.  

 Higher levels of frailty were associated with more symptoms of depression. PHQ-9 

scores were higher for the pre-frail group than the robust group. Moreover, the frail group 

reported PhQ-9 scores that were 4 points higher than the robust group and 3 points higher than 

the pre-frail group.  

All of the composite CVD screening tests (CANHEART, FRS, and RDS) included in the 

WARM Hearts protocol showed higher levels of risk with increasing levels of frailty. 

CANHEART scores were 0.5 lower in the pre-frail group compared to the robust group and 0.66 

lower in the frail group compared to pre-frail. This data suggests a higher risk for CVD with 

greater levels of frailty. The FRS 10-year CVD risk percentage was 2.35% and 5.21% higher in 

the pre-frail and frail groups compared to the robust group, respectively. RDS scores were also 
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higher with increasing frailty levels (2.72 to 3.40 to 4.28 in the robust, pre-frail and frail, 

respectively).  

 Large artery elasticity, small artery elasticity, resting systolic blood pressure, and change 

in systolic blood pressure immediately following three minutes of moderate-intensity exercise 

were all lower in the pre-frail and frail groups, as compared to the robust group. No differences 

for these parameters were detected between pre-frail and frail groups. Resting diastolic blood 

pressure did not differ between any of the three groups. Pulse pressure was higher by about 3 

mmHg in the robust group than in the pre-frail group, and about 4 mmHg higher in the pre-frail 

as compared to the frail.  
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Table 8: CVD risk profile by S-FC status 

Characteristic 
Robust  Pre-frail Frail 

P-Value 
n = 465 n = 459 n = 61 

Bloodwork         

HDL cholesterol (mmol)  1.92 (0.02) 1.85 (0.02) 1.68 (0.07)a,b 0.001* 

LDL cholesterol (mmol) 3.49 (0.04) 3.45 (0.04) 3.39 (0.12) 0.652 

Total cholesterol (mmol) 5.52 (0.05) 5.46 (0.05) 5.27 (0.13) 0.139 

Triglycerides (mmol) 1.06 (0.03) 1.21 (0.03)a 1.29 (0.08)a <0.001* 

Fasting blood glucose (mmol) 5.42 (0.05) 5.60 (0.05)a 5.89 (0.13)a <0.001* 

     

Subjective PA levels     

Total Vigorous min/week 162 (18.95) 93 (19.24)a 53 (51.28) 0.014* 

Total Moderate min/week 190 (11.42) 138 (11.33)a 143 (30.75) 0.004* 

Total Walking min/week 359 (18.71) 290 (18.57)a 160 (50.40)a,b <0.001* 

Total MVPA/week 364 (23.77) 245(24.14)a 205 (64.32) 0.001* 

Total PA min/week 744 (33.80) 566 (34.32)a 376 (91.46)a <0.001* 

     

Composite CVD risk scores     

CANHEART score 4.75 (0.05) 4.25 (0.05)a 3.59 (0.13)a,b <0.001* 

Framingham Risk Score (%) 8.30 (0.27) 10.65 (0.27)a 13.51 0.73)a,b <0.001* 

RDS score 2.72 (0.10) 3.40 (0.10)a 4.28 (0.28)a,b <0.001* 

     

Cardiovascular parameters     

Large artery elasticity 12.51 (0.19) 11.71 (0.19)a 11.22 (0.51)a 0.003* 

Small artery elasticity 4.29 (0.11) 3.71 (0.11)a 3.44 (0.30)a <0.001* 

Systolic BP (mmHg) 129.21 (0.73) 132.28 (0.73)a 136.33 (1.97)a <0.001* 

Diastolic BP (mmHg) 72.05 (0.43) 72.43 (0.43) 71.90 (1.16) 0.795 

Pulse pressure (mmHg) 57.15 (0.52) 59.85 (0.52)a 64.43 (1.41)a,b <0.001* 

∆Systolic BP activity response 28.96 (0.79) 34.61 (0.79)a 35.38 (2.21)a <0.001* 

     

Other     
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6MWT distance (m) 591.81 (2.91) 538.28 (2.89)a 460.21 (7.96)a,b <0.001* 

PHQ-9 score 2.24 (0.14) 3.12 (0.14)a 5.75 (0.38)a,b <0.001* 

Sedentary time hours/day 9.27 (1.07) 9.32 (1.09) 9.94 (2.97) 0.978 

Continuous variables expressed as Mean (standard error) compared using one-way ANOVA; * denotes statistical significance. a = 

different from robust; b = different from pre-frail. CVD, Cardiovascular Disease; S-FC, Standardized Fried Criteria; HDL, high-

density lipoprotein; LDL, low-density lipoprotein; PA, Physical Activity; MVPA, Moderate-to-Vigorous Physical Activity; RDS, 

Rasmussen Disease Score; BP, Blood Pressure; 6MWT, Six-minute Walk Test; PHQ-9, Personal Health Questionnaire-9.   
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3.5 Secondary Outcomes 

Unadjusted and age-adjusted logistic regression models with robust participants as the 

reference identified odds ratios for CVD risk factors in the cohort (Table 9). Those who were 

prefrail were more likely to have not attended post-secondary education, but the statistical 

significance of this finding was lost in the age-adjust model. Both the unadjusted and age-

adjusted models showed higher likelihood by 3.10 and 2.57 times, respectively, of not attending 

post-secondary education in the frail participants compared to robust. None of the logistic 

regression models detected statistically significant odds ratios for a history of smoking in the pre-

frail and frail groups compared to the robust group. Pre-frail participants were more likely to 

have a BMI that would classify them as obese. The odds were higher after controlling for age.  

Frail participants were 5.19 times and 6.75 times more likely to be obese compared to robust 

participants in both the unadjusted and the age-adjusted models, respectively. Pre-frail and frail 

participants, as compared to the robust group, were significantly more likely to utilize diabetes 

and blood pressure-controlling medications, even after controlling for age. Pre-frail and frail 

participants were not more likely to be taking lipid-lowering medications, as compared to the 

robust group.  

There were no frail participants with abnormal HDL levels; thus, the odds ratio for this 

assessment is listed as undefined. The examination of abnormal flags for LDL and total 

cholesterol did not identify any statistically significant odds ratios for pre-frail or frail 

participants compared to the robust group. Triglyceride levels were normal across all three 

groups based on the 2012 Canadian Cardiovascular Society/Canadian guidelines,140 so they were 

not included in the logistic regression models. In the unadjusted and age-adjusted logistic 
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regression models, pre-frail participants were 2.41 times and 2.47 times, respectively, more 

likely to have abnormal blood glucose levels. These odds were even higher for abnormal blood 

glucose levels in the frail compared to the robust group in the unadjusted and age-adjusted 

models.  

Pre-frail participants were almost twice as likely to not be meeting Canada’s Physical 

Activity Guidelines compared to robust participants in both the unadjusted and age-adjusted 

models. These odds more than doubled in the frail participants compared to robust in both the 

unadjusted and adjusted logistic regression models. The odds of having a poor CANHEART risk 

score were over three times higher in the pre-frail group compared to the robust group for both 

the unadjusted and age-adjusted models. These odds were eight times higher in the frail group, as 

compared to the robust group, for both models.  

Being pre-frail was associated with 2.11 higher odds for abnormal FRS flags in the 

unadjusted model and 1.52 higher odds in the age-adjusted model. These odds almost doubled 

for the frail group in both the unadjusted and age-adjusted models. Pre-frail participants had 

higher odds of having abnormal RDS scores in both the unadjusted and age-adjusted models. 

This was also true for frail participants in the unadjusted and age-adjusted logistic regressions. 

Odds ratios for abnormal large artery elasticity were not significant in the pre-frail 

participants compared to the robust. However, the frail group had 3.10 higher odds of having 

abnormal large artery elasticity in the unadjusted model. The statistical significance was lost 

after controlling for age. This relationship was also observed for abnormal small artery elasticity, 

with only the unadjusted model in the frail participants being significant. Abnormal resting 

systolic blood pressure was 1.36 and 2.26 more likely to be present in pre-frail and frail 

participants in the unadjusted models, but this significance was not detected in the age-adjusted 
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models. Abnormal systolic blood pressure responses to moderate-intensity exercise were 2.37 

and 3.50 more likely to occur in pre-frail and frail participants in the unadjusted model and 1.98 

and 2.55 in the age-adjusted model.   

The pre-frail group was more likely to have reported mild symptoms of depression in 

their PHQ-9 scores in both logistic regression models. The odds ratios were elevated 

substantially in the frail group with odds of 5.35 in the unadjusted model and odds of 7.14 in the 

age-adjusted model. Both pre-frail and frail participants had significantly higher odds of walking 

less than 544 m, which is classified as moderate to high risk based on the 6MWT. The pre-frail 

group was 7.53 times more likely in the unadjusted model and 5.74 times more likely in the age-

adjusted model. These odds were significantly elevated in the frail group (70.11) in the 

unadjusted and the age-adjusted model (56.48).    
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Table 9: Logistic regression models with S-FC as exposure 

Outcome Model 
Robust Pre-Frail Frail 

OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value 

No PS education 
Unadjusted 

Reference 
1.46 1.08 - 1.98 0.015* 3.10 1.79 - 5.35 <0.001* 

Age-Adjusted 1.31 0.95 - 1.79 0.096 2.57 1.47 - 4.51 0.001* 

Smoking History 
Unadjusted 

Reference 
1.11 0.86 - 1.45 0.423 1.15 0.67 - 1.95 0.618 

Age-Adjusted 1.11 0.85 - 1.46 0.435 1.14 0.67 - 1.97 0.625 

Abnormal BMI 
Unadjusted 

Reference 
1.66 1.20 - 2.29 0.002* 5.19 2.99 - 9.01 <0.001* 

Age-Adjusted 1.90 1.36 - 2.65 <0.001* 6.75 3.78 - 12.06 <0.001* 

Diabetes med 
Unadjusted 

Reference 
3.36 1.43 - 7.91 0.006* 8.05 2.73 - 23.81 <0.001* 

Age-Adjusted 3.04 1.27 - 7.27 0.012* 6.76 2.20 - 20.74 <0.001* 

BP med 
Unadjusted 

Reference 
2.35 1.70 - 3.26 <0.001* 4.89 2.80 - 8.55 <0.001* 

Age-Adjusted 2.02 1.44 - 2.82 <0.001* 3.79 2.13 - 6.75 <0.001* 

Lipid lowering 

med 

Unadjusted 
Reference 

1.31 0.92 - 1.85 0.134 1.79 0.95 - 3.38 0.071 

Age-Adjusted 1.12 0.78 - 1.60 0.541 1.37 0.71 - 2.64 0.355 

Abnormal HDL 
Unadjusted 

Reference 
1.32 0.29 - 5.93 0.718 Undefinedǂ 

Age-Adjusted 1.64 0.35 - 7.54 0.529 Undefinedǂ 

Abnormal LDL 
Unadjusted 

Reference 
0.85 0.63 - 1.15 0.297 0.88 0.47 - 1.65 0.687 

Age-Adjusted 0.93 0.68 - 1.27 0.627 1.02 0.54 - 1.95 0.949 

Abnormal TC 
Unadjusted 

Reference 
0.96 0.70 - 1.31 0.791 0.69 0.34 - 1.42 0.316 

Age-Adjusted 1.03 0.75 - 1.43 0.843 0.79 0.38 - 1.64 0.530 

Abnormal GLC 
Unadjusted 

Reference 
2.41 1.18 - 4.94 0.016* 3.60 1.21 - 10.73 0.022* 

Age-Adjusted 2.47 1.19 - 5.13 0.015* 3.75 1.22 - 11.52 0.021* 

Doesn't meet 

CPAG 

Unadjusted 
Reference 

1.75 1.33 - 2.31 <0.001* 4.47 2.46 - 8.13 <0.001* 

Age-Adjusted 1.84 1.38 - 2.44 <0.001* 4.89 2.65 - 9.00 <0.001* 

Poor CANHEART 
Unadjusted 

Reference 
3.17 2.12 - 4.73 <0.001* 8.75 4.75 - 16.11 <0.001* 

Age-Adjusted 3.07 2.04 - 4.62 <0.001* 8.27 4.42 - 15.47 <0.001* 

Abnormal FRS 
Unadjusted 

Reference 
2.11 1.60 - 2.78 <0.001* 4.55 2.60 - 7.94 <0.001* 

Age-Adjusted 1.52 1.12 - 2.05 0.007* 2.81 1.51 - 5.23 0.001* 

Abnormal RDS Unadjusted Reference 1.94 1.49 - 2.53 <0.001* 2.84 1.57 - 5.14 <0.001* 
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Age-Adjusted 1.60 1.21 - 2.10 <0.001* 2.05 1.10 - 3.82 0.023* 

Abnormal LAE 
Unadjusted 

Reference 
1.12 0.77 - 1.63 0.541 2.60 1.42 - 4.79 0.002* 

Age-Adjusted 0.83 0.56 - 1.24 0.362 1.61 0.84 - 3.10 0.156 

Abnormal SAE 
Unadjusted 

Reference 
1.18 0.91 - 1.54 0.208 1.73 1.02 - 2.94 0.042* 

Age-Adjusted 1.12 0.86 - 1.46 0.411 1.57 0.92 - 2.70 0.100 

Abnormal SBP 
Unadjusted 

Reference 
1.36 1.02 - 1.82 0.036* 2.26 1.32 - 3.89 0.003* 

Age-Adjusted 1.14 0.85 - 1.55 0.381 1.69 0.96 - 2.98 0.068 

Abnormal Ex BP 
Unadjusted 

Reference 
2.37 1.79 - 3.14 <0.001* 3.50 2.00 - 6.11 <0.001* 

Age-Adjusted 1.98 1.48 - 2.64 <0.001* 2.55 1.42 - 4.58 0.002* 

Mild PHQ9 
Unadjusted 

Reference 
2.04 1.45 - 2.87 <0.001* 5.35 3.05 - 9.38 <0.001* 

Age-Adjusted 2.38 1.68 - 3.38 <0.001* 7.14 3.95 - 12.91 <0.001* 

Moderate risk 

6MWT 

Unadjusted 
Reference 

7.53 4.21 - 13.44 <0.001* 70.11 32.81 - 149.81 <0.001* 

Age-Adjusted 5.74 3.18 - 10.37 <0.001* 56.48 25.70 - 124.13 <0.001* 

* denotes statistical significance. ǂ sample size too small for analysis. OR, Odds Ratio; PS, Post Secondary;  BMI, Body Mass Index: 

BP, Blood Pressure; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; TC, Total Cholesterol; GLC, Blood Glucose; 

CPAG, Canada’s Physical Activity Guidelines; FRS, Framingham Risk Score; RDS, Rasmussen Disease Score; LAE, Large Artery 

Elasticity; SAE, Small Artery Elasticity; SBP, Systolic Blood Pressure; Ex BP, Exercise Blood Pressure; PHQ-9, Personal Health 

Questionnaire-9; 6MWT, Six-minute Walk Test. Cutoffs for dichotomous outcomes are described in the methods section.  
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Chapter 4: Discussion 

4.1 S-FC and FC Outcomes 

 The primary objectives of my thesis were to: (1) determine if the S-FC was better able to 

discriminate risk compared to the traditional FC approach; and, (2) determine if there are 

differences in CVD risk profile between robust, pre-frail and frail participants free of established 

CVD. The secondary objective was to establish odds ratios for different physiological and 

behavior CVD risk factors in pre-frail and frail groups, as compared to robust.  

 Established CVD is elevated in pre-frail and frail populations.119 However, the 

underlying physiology to explain why CVD and frailty status are linked remains poorly 

understood.110 Previous research has attempted to address this knowledge gap by conducting 

cross-sectional observational trials characterizing CVD risk profile characteristics in participants 

with frailty who were free of established CVD.109,120 My data add to that body of knowledge by 

specifically examining the all-female WARM Hearts cohort. This approach was utilized because 

women are at increased risk for pre-frailty and frailty.90 My data identified that CVD risk is 

elevated in older women with pre-frailty as well as those with frailty, which is novel because 

previous research in this area of CVD risk assessment has compared only the robust to the frail.  

Objective 1 established that it is important to utilize a standardized approach to identify 

frailty. My data supports the work of Bouzon et al. who found that the use of the S-FC resulted 

in hazard ratios for adverse outcomes like falls, hospitalization and all-cause mortality reaching 

statistical significance over less time than the FC approach.101 In fact, my data indicates that 

standardization of the Fried criteria specific for the WARM Hearts cohort resulted in the 

reclassification of many participants to higher levels of frailty status as the prevalence of pre-

frailty in the cohort increased from 253 to 464 and the prevalence of frailty increased from 7 to 
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63.  This was due to the large number of participants that were reclassified based on grip strength 

(i.e.an additional 173 participants were flagged for grip strength after standardization), gait speed 

(i.e.an additional 193 participants were flagged for gait speed standardization) and low physical 

activity level (i.e.an additional 107 participants were flagged for physical activity after 

standardization). The prevalence of unintentional weight loss and self-reported exhaustion did 

not change with the S-FC approach, as the cutoffs for these criteria are not affected by 

standardization of the FC.101 The greater AUCs in the S-FC, as compared to the FC, further 

established that the standardization of cohort-specific critical cutoff values improved the 

discrimination of CVD risk for both the FRS and RDS. This finding is evident in the 

discrimination slope improvement reported in the IDI analysis and the improved risk 

discrimination identified by the NRI analysis for both the FRS and RDS by the S-FC model. 

Thus, the data reported in this thesis are unique because they establish for the first time that CVD 

risk profiles are progressively worse as frailty status worsens from robust, to pre-frail and to 

frail. Even so, it is important to acknowledge that the reported improvements in CVD risk 

prediction using the standardized model in my work aligns with the similar improvements for 

risk prediction  for falls, hospitalization and all-cause mortality previously reported by Bouzon et 

al. 101 Collectively, it appears appropriate to recommend that future trials utilize the standardized 

frailty model to identify frailty as a modifier or mediator of CVD risk.  

 

4.2 Pre-frailty, Frailty and CVD Risk Profile 

Cardiovascular health management is important for pre-frail and frail older adults.90,120 

Veronese et al. reported that pre-frailty (HR 1.32, 95% CI 1.07-1.63) and frailty (HR 1.70, 95% 

CI 1.18-2.45) both increase the risk for CVD over a median of 4.4 years.119 That data suggests 
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that the assessment of frailty could assist with the characterization of the patient, allowing for 

better care and more accurate prognoses.96 However, there is a paucity of information about the 

prevalence of CVD risk factors in pre-frail and frail women free of established CVD.120 My 

research addressed this knowledge gap and successfully detected differences in CVD risk profile 

between robust, pre-frail and frail participants in the WARM Hearts cohort. As expected, pre-

frailty and frailty were associated with a number of CVD risk factors, where higher levels of 

frailty status were associated with higher CVD risk as well as higher odds ratios for the presence 

of CVD risk factors. These CVD risk factors included triglyceride levels, fasting blood glucose 

levels, physical activity levels, large artery elasticity, small artery elasticity, systolic blood 

pressure, blood pressure response to exercise, pulse pressure, symptoms of depression (PHQ-9 

scores), 6MWT distance, and composite CVD risk scores (e.g. FRS, RDS, and CANHEART). 

Thus, it is evident that CVD risk is elevated in both the pre-frail and frail state. This observation 

supports the longitudinal meta-analysis by Veronese et al. that reported increased risk for CVD 

over a period of 4.4 years by 1.23 and 1.70 times in pre-frailty and frailty,119 respectively. My 

data also supports the few cross-sectional studies that have reported that frail individuals have 

elevated CVD risk.109,120,148 However, it is important to indicate that all previous works have 

only examined  CVD risk profile and frailty in populations of either all males,120 populations 

with past CVD onset,148 or in only pre-frail but not frail individuals.109 Furthermore, none of the 

previously published studies have attempted to control for age differences despite the fact that 

older age is associated with differences in CVD risk factors like artery elasticity149 and resting 

blood pressure.150 Additionally, it is important to control for age in such analyses because frailty 

is independent of age.54 Therefore, my research is novel because CVD risk profiles are elevated 

in older women with either pre-frailty or frailty, independent of age. Controlling for age in these 
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data allows for the differences in CVD risk profile to be attributable to frailty per se, rather than 

due to higher chronological age per se. Moreover, my data clearly establish that pre-frailty is an 

intermediate step within the frailty continuum and is independently associated with elevated 

CVD risk.  

My research generated data that differed from literature previously published. For 

example, my work reports that pre-frailty and frailty are associated with higher fasting blood 

glucose and triglyceride levels than the robust; whereas, Bastos-Barbosa et al. did not report such 

a finding.148 The blood glucose data revealed that 42 participants had glucose levels higher than 

7 mmol; whereas, triglycerides levels were not elevated high enough to be considered to be 

clinically high (i.e. greater than 5.6 mmol) 140. Frailty and diabetes are thought to share a 

common pathophysiology.151 My work supports that concept, as the pre-frail and frail groups had 

a higher number of participants who reported being treated for diabetes, as compared to the 

robust group.  Future research should explore the etiology of frailty and diabetes to identify 

specific physiological processes that influence the development of both frailty and diabetes.  

Previous literature has reported that low physical activity levels are a risk factor for 

frailty.152 In fact, low physical activity levels are a flag in many frailty assessment tools, 

including the FC and S-FC.54 Therefore, my discovery that frail participants were self-reporting 

that they accumulated similar levels of physical activity, as compared to pre-frail or robust 

individuals was unexpected. Self-reported physical activity tends to have large levels of 

variability,141 which likely contributed to the lack of change in minutes spent doing physical 

activity at vigorous, moderate or walking (light) intensity, as well as total physical activity. Even 

so, it is important to acknowledge that total walking minutes per week and total physical activity 

minutes per week differed between the frail and robust groups. Further supporting this notion is 



 

59 

 

the fact that pre-frail and frail individuals were found to be significantly more likely to not be 

achieving Canada’s Physical Activity Guidelines.147 Exercise has been shown to be an effective 

means of preventing or delaying the onset of frailty as well as a means of managing frailty.153 

Previously published literature has reported contradictory findings about the potential 

associations between artery elasticity and frailty. For example, Kannegieter et al. reported no 

reduction in artery elasticity across levels of frailty in 117 older adults;154 whereas, Aurelian et 

al. reported that frailty was associated with reduced artery elasticity in 88 older adults.155 In 

agreement with the findings of Aurelian et al., large artery elasticity and small artery elasticity 

were both lower in pre-frail and frail individuals in this thesis. However, this finding must be 

interpreted with caution. Pre-frail and frail individuals in the cohort were found to have lower 

mean artery elasticity values, but did not have increased odds of having clinically abnormal 

artery elasticity values after adjusting for age. It is important to adjust for age in such an analysis 

because artery elasticity declines with age.67 Despite this, the lower artery elasticity values 

observed with frailty in this thesis likely contributed to the higher systolic blood pressure 

response following moderate-intensity exercise observed in pre-frail and frail individuals.42 In 

fact, pre-frail and frail individuals were 1.98 and 2.55 times more likely to have a clinically 

abnormal systolic blood pressure response to moderate-intensity exercise after controlling for 

age. To our knowledge, this is the first time this outcome has been reported in a population of 

pre-frail and frail individuals. The resting systolic blood pressure difference observed in the pre-

frail and frail participants, compared to robust, differs from that reported by Bastos-Barbosa et 

al.148, who reported no difference in systolic blood pressures between robust, pre-frail or frail 

groups. This observation also differs from the systolic blood pressure response reported by 

Ramsay et al.120, who found that systolic blood pressure was reduced in frailty. It is important to 



 

60 

 

identify that the highlighted studies by Bastos-Barbosa and Ramsay were in different populations 

(ie. populations with previous CVD or all males, respectively).  

As expected, pre-frailty and frailty were associated with an increase in risk for CVD as 

identified by composite CVD risk scores included in the WARM Hearts protocol (FRS, RDS, 

and CANHEART). These composite scores are all known to be predictors of CVD,22,74,80 as are 

pre-frailty and frailty.119 Pre-frailty successfully identified an intermediate risk level for CVD 

between robust and frailty as was its intended definition as an intermediary risk stage in the 

original Fried et al. study.54 This is a novel contribution to the literature and is clinically relevant 

because it suggests that frailty has the potential to act as an effective means of identifying 

elevated risk for CVD in asymptomatic individuals, allowing for the implementation of primary 

preventative approaches.96,108 In order to more effectively direct interventions in the population, 

better identification of individuals at risk of developing CVD must be developed.25 The 

identification of a wide range of CVD risk factors present in the profile of both pre-frail and frail 

individuals highlights the value of frailty screening for identifying early warning signs of CVD 

risk. The presence of these associations after controlling for age add further support for the 

notion that the connection between frailty and CVD is not just due to chronological age. These 

data indicate a need for careful management of CVD risk in pre-frail and frail individuals.  

 

4.3 Limitations 

  There are some limitations in the current study design. The WARM Hearts study used a 

convenience sample method for recruiting participants, which creates a potential sample bias, as 

the participants were not representative of the overall population in Manitoba. It is likely that the 

participants of the WARM Hearts trial are health consumers, as they selected themselves for 
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participation in a cardiovascular screening project. This limits the external validity of the cohort 

study. It is also important to report that the study cohort was also comprised mostly of Caucasian 

females, which limits the generalisability of the findings to that population rather than to diverse 

ethnic groups. Furthermore, the convenience sample recruitment strategy likely reduced the 

prevalence of pre-frailty and frailty in the cohort, as those who were more frail or in worse health 

likely would not have participated in the study.  

This research is a secondary analysis of original data captured by the WARM Hearts trial. 

As such, variables analyzed in this work are limited to the variables collected in the original trial. 

For example, the FC was used as this was the frailty measure used by the WARM Hearts study, 

but it is important to acknowledge that frailty is a biopsychosocial issue and the phenotype 

model developed by Fried et al.54 does not necessarily fully capture this.156 A modified Fried 

criteria (MFC) has been examined in the literature,157 but the WARM Hearts project did not 

collect all of the variables necessary for this analysis. Frailty models based on clinical deficits, 

like the Frailty Index (FI),158 have also been developed. While the creation of such a model was 

considered, the variables collected as part of the WARM Hearts study did not cover enough of a 

range of physiological systems to feasibly create an FI.159 Finding a balance between efficacy 

and practicality of various frailty screening approaches in healthcare will have to be considered 

in future research in this area. On a related note, this thesis project also did not control for post-

secondary education or other socioeconomic status measures in the logistic regression models. 

Future research should consider controlling for these factors. As well, the WARM Hearts 

research study did not collect information on family history of CVD, which can be an important 

predictor of risk.160 This thesis successfully established that the S-FC is better able to 

discriminate CVD risk than the traditional FC approach, but it is important to acknowledge that 
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this work does not establish if the S-FC is able to detect future adverse CVD events. The WARM 

Hearts screening project collected some data by self-report, which reduced cost in collecting 

data. However, that decision limited the accuracy of the subjective data. For example, physical 

activity levels were self-reported, which is an issue because they have low-to-moderate 

correlation with direct measures of physical activity recorded by accelerometry.161 It is also 

important to acknowledge that this secondary analysis of data utilized a cross-sectional design; 

therefore, the identified associations between levels of frailty and CVD risk factors cannot be 

interpreted as causal.   

   

 

4.5 Future Research Directions 

 My thesis data has established that the S-FC model is better than the typical FC model for 

discriminating CVD risk in middle-aged and older women. This is an important finding that 

requires confirmation from additional research. The implementation of the typical FC approach 

has some value and could improve the healthcare management of those at risk for CVD.85 

However, the implementation of an S-FC model will lead to better CVD risk prediction than the 

traditional FC model. In fact, the use of the traditional FC frailty criteria cut-offs across all 

populations may lead to poorer risk prediction and, as a result, reduced the ability to risk for 

CVD in pre-frail and frail individuals. Further research is needed to support the use of S-FC 

models in longitudinal studies examining CVD risk and adverse CVD events as endpoints.101 

 My thesis data has identified a number of CVD risk factors associated with higher levels 

of frailty. This information may assist with the elucidation of the pathophysiology surrounding 

the frailty syndrome, specifically in relation to the increased CVD risk associated with the 
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syndrome.120 The identification of such risk factors will guide the identification of effective 

interventions with the capacity to interrupt the pathophysiological decline that links frailty with 

CVD.110 As suggested by Ramsay et al., an approach involving both primary prevention, to 

identify early frailty, and secondary prevention, to manage CVD risk, is needed to mitigate risk 

for CVD, especially in older adults.120 Future research should examine the effectiveness of such 

an approach.  

 The overall WARM Hearts screening project was initiated because women tend to 

be underrepresented in CVD clinical research. Moreover, there is a less well-developed 

understanding of CVD risk and CVD health management strategies in women.134 Women are a 

population that is at increased risk of developing frailty, as compared to males.90 Therefore, 

understanding the physiological role of frailty in the CVD progression in women has the 

potential to improve the management of healthcare for this population. The WARM Hearts trial 

was originally designed to include a 5-year follow-up and will access health administrative data 

at that point to determine if the WARM Hearts screening program predicted CVD morbidities or 

mortality. Dr. Duhamel’s future research (2022) will conduct that work and will allow for the 

comparison of CVD risk discrimination in the FC and S-FC models with adverse CVD 

outcomes, as opposed to the CVD risk scores explored in this thesis. That CVD outcomes data 

will further elucidate the potential benefits of the S-FC model. 

There is an emerging recognition that biological biomarkers provide diagnostic 

information to detect age-related chronic conditions.162 It has also been reported that frailty 

assessment tools that include blood-based biomarkers better predict poor health outcomes for 

individuals who were not flagged as frail based on clinical deficits (i.e. using a frailty index).163 

Those data suggest that current frailty models can be improved by including biomarkers of the 
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frailty phenotype. The WARM Hearts trial collected blood samples, which provides researchers 

with an opportunity to determine if blood-based biomarkers may improve frailty assessment 

techniques and, thereby, better predict poor CVD risk profiles in middle-aged and older women. 

That type of research should be conducted. 

 

4.6 Conclusions 

The novel observation that increased CVD risk is present in pre-frail and frail individuals 

– even after controlling for age - supports the link between frailty and CVD per se, rather than 

the relationship being attributed to older age. Furthermore, women are at an increased risk for 

developing frailty compared to men,54 which make the study of the coexistence of frailty and 

CVD of particular importance in this population. The identification of specific factors placing 

pre-frail and frail individuals at increased risk for CVD could assist with the design of 

assessments and interventions to mitigate CVD risk in this population. My thesis also 

demonstrated the added value of standardizing FC criteria cutoffs based on the cohort it is being 

used on. In fact, the S-FC approach improved the discrimination of CVD risk in the WARM 

Hearts cohort. This is an important contribution because the misclassification of frailty status 

could lead to inaccurate predictions of CVD risk and the mismanagement of healthcare 

treatments. My thesis data also identify that a number of CVD risk factors are present in women 

free of established CVD who are classified as either pre-frail or frail. This finding highlights the 

potential for including frailty assessments into primary care settings. Such an approach will 

allow for the early detection of pre-frailty and frailty. By detecting the earliest stage of frailty 

(i.e. pre-frailty), clinicians may be able to recommend or prescribe lifestyle or clinical 

interventions with the capacity to alter the progression of CVD risk.121,122 



 

65 

 

 

 



 

66 

 

References 
 

1. Scott, J. Pathophysiology and biochemistry of cardiovascular disease. Curr. Opin. Genet. Dev. 14, 

271–279 (2004). 

2. Lusis, A. J. Atherosclerosis. Nature 407, 233–241 (2000). 

3. Bentzon, J. F., Otsuka, F., Virmani, R. & Falk, E. Mechanisms of Plaque Formation and Rupture. 

Circ. Res. 114, 1852–1866 (2014). 

4. Government of Canada, P. H. A. of C. Six types of cardiovascular disease - Public Health Agency 

Canada. (2008). Available at: http://www.phac-aspc.gc.ca/cd-mc/cvd-mcv/cvd-mcv-eng.php. 

(Accessed: 16th March 2017) 

5. pmhdev. Heart Failure - National Library of Medicine. PubMed Health Available at: 

https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022300/. (Accessed: 16th March 2017) 

6. Binotto, M., Guilherme, L. & Tanaka, A. Rheumatic Fever. Images Paediatr. Cardiol. 4, 12–31 

(2002). 

7. pmhdev. Congenital Heart Defects - National Library of Medicine. PubMed Health Available at: 

https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0023239/. (Accessed: 16th March 2017) 

8. WHO | The top 10 causes of death. WHO Available at: 

http://www.who.int/mediacentre/factsheets/fs310/en/. (Accessed: 6th March 2016) 

9. WHO | Cardiovascular diseases (CVDs). WHO Available at: 

http://www.who.int/mediacentre/factsheets/fs317/en/. (Accessed: 1st March 2016) 

10. Government of Canada, S. C. CANSIM - 102-0561 - Leading causes of death, total population, by 

age group and sex, Canada. (2015). Available at: 

http://www5.statcan.gc.ca/cansim/a26?lang=eng&id=1020561. (Accessed: 1st March 2016) 

11. Government of Canada, P. H. A. of C. Executive Summary - 2009 Tracking Heart Disease and Stroke 

in Canada - Public Health Agency of Canada. (2009). Available at: http://www.phac-

aspc.gc.ca/publicat/2009/cvd-avc/summary-resume-eng.php. (Accessed: 1st March 2016) 



 

67 

 

12. Statistics - Heart and Stroke Foundation of Canada. heartandstroke.ca Available at: 

http://www.heartandstroke.com/site/c.ikIQLcMWJtE/b.3483991/k.34A8/Statistics.htm. (Accessed: 

1st March 2016) 

13. Government of Canada, P. H. A. of C. Executive Summary - 2009 Tracking Heart Disease and Stroke 

in Canada - Public Health Agency of Canada. (2009). Available at: http://www.phac-

aspc.gc.ca/publicat/2009/cvd-avc/summary-resume-eng.php. (Accessed: 1st March 2016) 

14. WHO | Projections of mortality and causes of death, <br>2015 and 2030. WHO Available at: 

http://www.who.int/healthinfo/global_burden_disease/projections/en/. (Accessed: 6th March 2016) 

15. Mahmood, S. S., Levy, D., Vasan, R. S. & Wang, T. J. The Framingham Heart Study and the 

epidemiology of cardiovascular disease: a historical perspective. Lancet Lond. Engl. 383, 999–1008 

(2014). 

16. Lusis, A. J. Atherosclerosis. Nature 407, 233–241 (2000). 

17. Scott, J. Pathophysiology and biochemistry of cardiovascular disease. Curr. Opin. Genet. Dev. 14, 

271–279 (2004). 

18. Yusuf, S. et al. Effect of potentially modifiable risk factors associated with myocardial infarction in 

52 countries (the INTERHEART study): case-control study. Lancet Lond. Engl. 364, 937–952 

(2004). 

19. Bentzon, J. F., Otsuka, F., Virmani, R. & Falk, E. Mechanisms of Plaque Formation and Rupture. 

Circ. Res. 114, 1852–1866 (2014). 

20. Duprez, D. A., Florea, N. D., Jones, K. & Cohn, J. N. Beneficial Effects of Valsartan in 

Asymptomatic Individuals With Vascular or Cardiac Abnormalities: The DETECTIV Pilot Study. J. 

Am. Coll. Cardiol. 50, 835–839 (2007). 

21. Schwappach, D. L. B., Boluarte, T. A. & Suhrcke, M. The economics of primary prevention of 

cardiovascular disease - a systematic review of economic evaluations. Cost Eff. Resour. Alloc. CE 5, 

5 (2007). 



 

68 

 

22. D’Agostino, R. B. et al. General cardiovascular risk profile for use in primary care: the Framingham 

Heart Study. Circulation 117, 743–753 (2008). 

23. Wilson, P. W. F. et al. Prediction of Coronary Heart Disease Using Risk Factor Categories. 

Circulation 97, 1837–1847 (1998). 

24. Cardiovascular Disease | Risk | Framingham Heart Study. Available at: 

https://www.framinghamheartstudy.org/risk-functions/cardiovascular-disease/10-year-risk.php. 

(Accessed: 7th June 2016) 

25. Rodondi, N. et al. Framingham Risk Score and Alternatives for Prediction of Coronary Heart Disease 

in Older Adults. PLoS ONE 7, (2012). 

26. Law, M. R. & Wald, N. J. Risk factor thresholds: their existence under scrutiny. BMJ 324, 1570–

1576 (2002). 

27. Akosah, K. O., Schaper, A., Cogbill, C. & Schoenfeld, P. Preventing myocardial infarction in the 

young adult in the first place: how do the National Cholesterol Education Panel III guidelines 

perform? J. Am. Coll. Cardiol. 41, 1475–1479 (2003). 

28. Yoon, Y. E. et al. National Cholesterol Education Panel III guidelines performance role in preventing 

myocardial infarction in a large cohort without a history of coronary artery disease: Korea Acute 

Myocardial Infarction Registry study. Prev. Cardiol. 12, 109–113 (2009). 

29. Dib, J. G., Alameddine, Y., Geitany, R. & Afiouni, F. National Cholesterol Education Panel III 

performance in preventing myocardial infarction in young adults. Ann. Saudi Med. 28, 22–27 (2008). 

30. Kodama, S. et al. Cardiorespiratory fitness as a quantitative predictor of all-cause mortality and 

cardiovascular events in healthy men and women: a meta-analysis. JAMA 301, 2024–2035 (2009). 

31. Ross, R. et al. Importance of Assessing Cardiorespiratory Fitness in Clinical Practice: A Case for 

Fitness as a Clinical Vital Sign: A Scientific Statement From the American Heart Association. 

Circulation 134, e653–e699 (2016). 



 

69 

 

32. Gander, J. PREDICTION OF CORONARY HEART DISEASE WITHIN THE AEROBICS 

CENTER LONGITUDINAL STUDY POPULATION. Theses Diss. (2014). 

33. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS 

statement: guidelines for the six-minute walk test. Am. J. Respir. Crit. Care Med. 166, 111–117 

(2002). 

34. Beatty, A. L., Schiller, N. B. & Whooley, M. A. Six-minute walk test as a prognostic tool in stable 

coronary heart disease: data from the heart and soul study. Arch. Intern. Med. 172, 1096–1102 

(2012). 

35. Rasekaba, T., Lee, A. L., Naughton, M. T., Williams, T. J. & Holland, A. E. The six-minute walk 

test: a useful metric for the cardiopulmonary patient. Intern. Med. J. 39, 495–501 (2009). 

36. Rostagno, C. et al. Prognostic value of 6-minute walk corridor test in patients with mild to moderate 

heart failure: comparison with other methods of functional evaluation. Eur. J. Heart Fail. 5, 247–252 

(2003). 

37. Kim, D. & Ha, J.-W. Hypertensive response to exercise: mechanisms and clinical implication. Clin. 

Hypertens. 22, 17 (2016). 

38. Thanassoulis, G. et al. Relations of exercise blood pressure response to cardiovascular risk factors 

and vascular function in the Framingham Heart Study. Circulation 125, 2836–2843 (2012). 

39. Weiss, S. A., Blumenthal, R. S., Sharrett, A. R., Redberg, R. F. & Mora, S. Exercise blood pressure 

and future cardiovascular death in asymptomatic individuals. Circulation 121, 2109–2116 (2010). 

40. Allison, T. G. et al. Prognostic significance of exercise-induced systemic hypertension in healthy 

subjects. Am. J. Cardiol. 83, 371–375 (1999). 

41. Tsumura, K. et al. Blood pressure response after two-step exercise as a powerful predictor of 

hypertension: the Osaka Health Survey. J. Hypertens. 20, 1507–1512 (2002). 



 

70 

 

42. Schultz, M. G. et al. Exercise-Induced Hypertension, Cardiovascular Events, and Mortality in 

Patients Undergoing Exercise Stress Testing: A Systematic Review and Meta-Analysis. Am. J. 

Hypertens. 26, 357–366 (2013). 

43. Wolfe, R. R. The underappreciated role of muscle in health and disease. Am. J. Clin. Nutr. 84, 475–

482 (2006). 

44. Bohannon, R. W. Dynamometer Measurements of Hand-Grip Strength Predict Multiple Outcomes. 

Percept. Mot. Skills 93, 323–328 (2001). 

45. Ling, C. H. Y. et al. Handgrip strength and mortality in the oldest old population: the Leiden 85-plus 

study. CMAJ Can. Med. Assoc. J. J. Assoc. Medicale Can. 182, 429–435 (2010). 

46. Bohannon, R. W. Hand-grip dynamometry predicts future outcomes in aging adults. J. Geriatr. Phys. 

Ther. 2001 31, 3–10 (2008). 

47. Leong, D. P. et al. Prognostic value of grip strength: findings from the Prospective Urban Rural 

Epidemiology (PURE) study. The Lancet 386, 266–273 (2015). 

48. Hall, W. J. Update in geriatrics. Ann. Intern. Med. 145, 538–543 (2006). 

49. Abellan van Kan, G. et al. Gait speed at usual pace as a predictor of adverse outcomes in community-

dwelling older people an International Academy on Nutrition and Aging (IANA) Task Force. J. Nutr. 

Health Aging 13, 881–889 (2009). 

50. Cesari, M. et al. Added value of physical performance measures in predicting adverse health-related 

events: results from the Health, Aging And Body Composition Study. J. Am. Geriatr. Soc. 57, 251–

259 (2009). 

51. Schoon, Y., Bongers, K., Van Kempen, J., Melis, R. & Olde Rikkert, M. Gait speed as a test for 

monitoring frailty in community-dwelling older people has the highest diagnostic value compared to 

step length and chair rise time. Eur. J. Phys. Rehabil. Med. 50, 693–701 (2014). 

52. Afilalo, J. et al. Gait Speed as an Incremental Predictor of Mortality and Major Morbidity in Elderly 

Patients Undergoing Cardiac Surgery. J. Am. Coll. Cardiol. 56, 1668–1676 (2010). 



 

71 

 

53. Chen, M. A. Frailty and cardiovascular disease: potential role of gait speed in surgical risk 

stratification in older adults. J. Geriatr. Cardiol. JGC 12, 44–56 (2015). 

54. Fried, L. P. et al. Frailty in older adults: evidence for a phenotype. J. Gerontol. A. Biol. Sci. Med. Sci. 

56, M146-156 (2001). 

55. Hagströmer, M., Oja, P. & Sjöström, M. The International Physical Activity Questionnaire (IPAQ): a 

study of concurrent and construct validity. Public Health Nutr. 9, 755–762 (2006). 

56. Georgousopoulou, E. N. et al. Physical Activity Level Improves the Predictive Accuracy of 

Cardiovascular Disease Risk Score: The ATTICA Study (2002–2012). Int. J. Prev. Med. 7, (2016). 

57. Li, J. & Siegrist, J. Physical activity and risk of cardiovascular disease--a meta-analysis of 

prospective cohort studies. Int. J. Environ. Res. Public. Health 9, 391–407 (2012). 

58. Hare, D. L., Toukhsati, S. R., Johansson, P. & Jaarsma, T. Depression and cardiovascular disease: a 

clinical review. Eur. Heart J. 35, 1365–1372 (2014). 

59. Blumenthal, J. A. Depression and coronary heart disease: association and implications for treatment. 

Cleve. Clin. J. Med. 75 Suppl 2, S48-53 (2008). 

60. Van der Kooy, K. et al. Depression and the risk for cardiovascular diseases: systematic review and 

meta analysis. Int. J. Geriatr. Psychiatry 22, 613–626 (2007). 

61. Nicholson, A., Kuper, H. & Hemingway, H. Depression as an aetiologic and prognostic factor in 

coronary heart disease: a meta-analysis of 6362 events among 146 538 participants in 54 

observational studies. Eur. Heart J. 27, 2763–2774 (2006). 

62. Giles, T. D. et al. Expanding the definition and classification of hypertension. J. Clin. Hypertens. 

Greenwich Conn 7, 505–512 (2005). 

63. Duprez, D. A. et al. Determinants of radial artery pulse wave analysis in asymptomatic individuals. 

Am. J. Hypertens. 17, 647–653 (2004). 

64. Jani&#x107 et al. Arterial Stiffness and Cardiovascular Therapy, Arterial Stiffness and 

Cardiovascular Therapy. BioMed Res. Int. BioMed Res. Int. 2014, 2014, e621437 (2014). 



 

72 

 

65. Townsend, R. R. et al. Recommendations for Improving and Standardizing Vascular Research on 

Arterial Stiffness: A Scientific Statement From the American Heart Association. Hypertension 66, 

698–722 (2015). 

66. Duprez et al. (2006). Monitoring Vascular Health Beyond Blood Pressure.pdf. 

67. Shirwany, N. A. & Zou, M. Arterial stiffness: a brief review. Acta Pharmacol. Sin. 31, 1267–1276 

(2010). 

68. Wu, C.-F. et al. Therapeutic modification of arterial stiffness: An update and comprehensive review. 

World J. Cardiol. 7, 742–753 (2015). 

69. Hamilton, P. K., Lockhart, C. J., Quinn, C. E. & McVeigh, G. E. Arterial stiffness: clinical relevance, 

measurement and treatment. Clin. Sci. Lond. Engl. 1979 113, 157–170 (2007). 

70. Pannier, B. M., Avolio, A. P., Hoeks, A., Mancia, G. & Takazawa, K. Methods and devices for 

measuring arterial compliance in humans. Am. J. Hypertens. 15, 743–753 (2002). 

71. Grey, E. et al. Reduced small artery but not large artery elasticity is an independent risk marker for 

cardiovascular events. Am. J. Hypertens. 16, 265–269 (2003). 

72. Duprez, D. A. et al. Vascular and cardiac functional and structural screening to identify risk of future 

morbid events: preliminary observations. J. Am. Soc. Hypertens. 5, 401–409 (2011). 

73. Duprez, D. A. & Cohn, J. N. Identifying early cardiovascular disease to target candidates for 

treatment. J. Clin. Hypertens. Greenwich Conn 10, 226–231 (2008). 

74. Maclagan, L. C. et al. The CANHEART health index: a tool for monitoring the cardiovascular health 

of the Canadian population. CMAJ Can. Med. Assoc. J. J. Assoc. Medicale Can. 186, 180–187 

(2014). 

75. Lloyd-Jones, D. M. et al. Defining and Setting National Goals for Cardiovascular Health Promotion 

and Disease Reduction. Circulation 121, 586–613 (2010). 



 

73 

 

76. Folsom, A. R. et al. Community Prevalence of Ideal Cardiovascular Health, by the American Heart 

Association Definition, and Relationship With Cardiovascular Disease Incidence. J. Am. Coll. 

Cardiol. 57, 1690–1696 (2011). 

77. Béland, Y. Canadian community health survey--methodological overview. Health Rep. 13, 9–14 

(2002). 

78. Möller-Leimkühler, A. M. Gender differences in cardiovascular disease and comorbid depression. 

Dialogues Clin. Neurosci. 9, 71–83 (2007). 

79. Name, A. Manitoba Health Priorities for Prevention: Everyone, Every Place, Every Day. Manitoba 

Health Priorities for Prevention: Everyone, Every Place, Every Day Available at: 

http://www.gov.mb.ca/health/cppho/index.html. (Accessed: 15th March 2016) 

80. Duprez, D. A. et al. Vascular and cardiac functional and structural screening to identify risk of future 

morbid events: preliminary observations. J. Am. Soc. Hypertens. JASH 5, 401–409 (2011). 

81. Go, A. S. et al. Heart disease and stroke statistics--2013 update: a report from the American Heart 

Association. Circulation 127, e6–e245 (2013). 

82. WHO | Women’s health. Available at: http://www.who.int/mediacentre/factsheets/fs334/en/. 

(Accessed: 27th July 2016) 

83. O’Callaghan, K. M. Solutions for disparities for women with heart disease. J Cardiovasc. Transl. 

Res. 2, 518–525 (2009). 

84. Stock, E. O. & Redberg, R. Cardiovascular disease in women. Curr. Probl. Cardiol. 37, 450–526 

(2012). 

85. Forman, D. E. & Alexander, K. P. Frailty: A Vital Sign for Older Adults With Cardiovascular 

Disease. Can. J. Cardiol. (2016). doi:10.1016/j.cjca.2016.05.015 

86. Chen, X., Mao, G. & Leng, S. X. Frailty syndrome: an overview. Clin. Interv. Aging 9, 433–441 

(2014). 



 

74 

 

87. Bergman, H. et al. Frailty: an emerging research and clinical paradigm--issues and controversies. J. 

Gerontol. A. Biol. Sci. Med. Sci. 62, 731–737 (2007). 

88. Cacciatore, F. et al. Frailty predicts long-term mortality in elderly subjects with chronic heart failure. 

Eur. J. Clin. Invest. 35, 723–730 (2005). 

89. Khan, H. et al. Frailty and risk for heart failure in older adults: The health, aging, and body 

composition study. Am. Heart J. 166, 887–894 (2013). 

90. Shamliyan, T., Talley, K. M. C., Ramakrishnan, R. & Kane, R. L. Association of frailty with 

survival: A systematic literature review. Ageing Res. Rev. 12, 719–736 (2013). 

91. Kehler, D. S. et al. Prevalence of frailty in Canadians 18-79 years old in the Canadian Health 

Measures Survey. BMC Geriatr. 17, 28 (2017). 

92. Fried, L. P. et al. The Cardiovascular Health Study: design and rationale. Ann. Epidemiol. 1, 263–276 

(1991). 

93. Kelly, S., O’Brien, I., Smuts, K., O’Sullivan, M. & Warters, A. Prevalence of frailty among 

community dwelling older adults in receipt of low level home support: a cross-sectional analysis of 

the North Dublin Cohort. BMC Geriatr. 17, (2017). 

94. Thompson, M. Q. et al. Frailty prevalence and factors associated with the Frailty Phenotype and 

Frailty Index: Findings from the North West Adelaide Health Study. Australas. J. Ageing (2017). 

doi:10.1111/ajag.12487 

95. de Vries, N. M. et al. Outcome instruments to measure frailty: a systematic review. Ageing Res. Rev. 

10, 104–114 (2011). 

96. Afilalo, J. et al. Frailty Assessment in the Cardiovascular Care of Older Adults. J. Am. Coll. Cardiol. 

63, 747–762 (2014). 

97. Radloff, L. S. The CES-D Scale A Self-Report Depression Scale for Research in the General 

Population. Appl. Psychol. Meas. 1, 385–401 (1977). 



 

75 

 

98. Nowak, Z. et al. Paffenbarger Physical Activity Questionnaire as an additional tool in clinical 

assessment of patients with coronary artery disease treated with angioplasty. Kardiol. Pol. 68, 32–39 

(2010). 

99. Espinoza, S. E. & Hazuda, H. P. Frailty in older Mexican-American and European-American adults: 

is there an ethnic disparity? J. Am. Geriatr. Soc. 56, 1744–1749 (2008). 

100. Santos-Eggimann, B., Cuénoud, P., Spagnoli, J. & Junod, J. Prevalence of frailty in middle-aged 

and older community-dwelling Europeans living in 10 countries. J. Gerontol. A. Biol. Sci. Med. Sci. 

64, 675–681 (2009). 

101. Bouzón, C. A. et al. The Standardization of Frailty Phenotype Criteria Improves Its Predictive 

Ability: The Toledo Study for Healthy Aging. J. Am. Med. Dir. Assoc. 18, 402–408 (2017). 

102. Fulop, T. et al. Aging, frailty and age-related diseases. Biogerontology 11, 547–563 (2010). 

103. Schalk, B. W. M., Visser, M., Deeg, D. J. H. & Bouter, L. M. Lower levels of serum albumin and 

total cholesterol and future decline in functional performance in older persons: the Longitudinal 

Aging Study Amsterdam. Age Ageing 33, 266–272 (2004). 

104. Morley, J. E. Developing novel therapeutic approaches to frailty. Curr. Pharm. Des. 15, 3384–

3395 (2009). 

105. Landi, F. et al. Serum high-density lipoprotein cholesterol levels and mortality in frail, 

community-living elderly. Gerontology 54, 71–78 (2008). 

106. Hazzard, W. R. Depressed albumin and high-density lipoprotein cholesterol: signposts along the 

final common pathway of frailty. J. Am. Geriatr. Soc. 49, 1253–1254 (2001). 

107. Walston, J. et al. Research agenda for frailty in older adults: toward a better understanding of 

physiology and etiology: summary from the American Geriatrics Society/National Institute on Aging 

Research Conference on Frailty in Older Adults. J. Am. Geriatr. Soc. 54, 991–1001 (2006). 

108. Afilalo, J., Karunananthan, S., Eisenberg, M. J., Alexander, K. P. & Bergman, H. Role of frailty 

in patients with cardiovascular disease. Am. J. Cardiol. 103, 1616–1621 (2009). 



 

76 

 

109. Sergi, G. et al. Pre-Frailty and Risk of Cardiovascular Disease in Elderly Men and WomenThe 

Pro.V.A. Study. J. Am. Coll. Cardiol. 65, 976–983 (2015). 

110. Flint, K. Which Came First, the Frailty or the Heart Disease?: Exploring the Vicious Cycle∗. J. 

Am. Coll. Cardiol. 65, 984–986 (2015). 

111. Graciani, A., García-Esquinas, E., López-García, E., Banegas, J. R. & Rodríguez-Artalejo, F. 

Ideal Cardiovascular Health and Risk of Frailty in Older Adults. Circ. Cardiovasc. Qual. Outcomes 

9, 239–245 (2016). 

112. Blodgett, J., Theou, O., Kirkland, S., Andreou, P. & Rockwood, K. The association between 

sedentary behaviour, moderate-vigorous physical activity and frailty in NHANES cohorts. Maturitas 

80, 187–191 (2015). 

113. García-Esquinas, E. et al. Obesity, fat distribution, and risk of frailty in two population-based 

cohorts of older adults in Spain. Obes. Silver Spring Md 23, 847–855 (2015). 

114. Woods, N. F. et al. Frailty: emergence and consequences in women aged 65 and older in the 

Women’s Health Initiative Observational Study. J. Am. Geriatr. Soc. 53, 1321–1330 (2005). 

115. León-Muñoz, L. M., García-Esquinas, E., López-García, E., Banegas, J. R. & Rodríguez-

Artalejo, F. Major dietary patterns and risk of frailty in older adults: a prospective cohort study. BMC 

Med. 13, 11 (2015). 

116. Gale, C. R., Cooper, C. & Sayer, A. A. Framingham cardiovascular disease risk scores and 

incident frailty: the English longitudinal study of ageing. Age Dordr. Neth. 36, 9692 (2014). 

117. Avila-Funes, J. A. et al. Association Between Frailty and Carotid Central Structure Changes: The 

Three-City Study. J. Am. Geriatr. Soc. 62, 1906–1911 (2014). 

118. Sanchis, J. et al. Frailty and other geriatric conditions for risk stratification of older patients with 

acute coronary syndrome. Am. Heart J. 168, 784-791.e2 (2014). 



 

77 

 

119. Veronese, N. et al. Risk of cardiovascular disease morbidity and mortality in frail and pre-frail 

older adults: Results from a meta-analysis and exploratory meta-regression analysis. Ageing Res. Rev. 

35, 63–73 (2017). 

120. Ramsay, S. E. et al. Cardiovascular risk profile and frailty in a population-based study of older 

British men. Heart 101, 616–622 (2015). 

121. Gary, R. Evaluation of frailty in older adults with cardiovascular disease: incorporating physical 

performance measures. J. Cardiovasc. Nurs. 27, 120–131 (2012). 

122. von Haehling, S., Anker, S. D., Doehner, W., Morley, J. E. & Vellas, B. Frailty and heart disease. 

Int. J. Cardiol. 168, 1745–1747 (2013). 

123. Fernández-Garrido, J., Ruiz-Ros, V., Buigues, C., Navarro-Martinez, R. & Cauli, O. Clinical 

features of prefrail older individuals and emerging peripheral biomarkers: A systematic review. Arch. 

Gerontol. Geriatr. 59, 7–17 (2014). 

124. Blaum, C. S., Xue, Q. L., Michelon, E., Semba, R. D. & Fried, L. P. The Association Between 

Obesity and the Frailty Syndrome in Older Women: The Women’s Health and Aging Studies. J. Am. 

Geriatr. Soc. 53, 927–934 (2005). 

125. Danon-Hersch, N., Rodondi, N., Spagnoli, J. & Santos-Eggimann, B. Prefrailty and Chronic 

Morbidity in the Youngest Old: An Insight from the Lausanne Cohort Lc65+. J. Am. Geriatr. Soc. 60, 

1687–1694 (2012). 

126. Sousa, A. C. P. de A., Dias, R. C., Maciel, Á. C. C. & Guerra, R. O. Frailty syndrome and 

associated factors in community-dwelling elderly in Northeast Brazil. Arch. Gerontol. Geriatr. 54, 

e95–e101 (2012). 

127. Dumurgier, J. et al. Slow walking speed and cardiovascular death in well functioning older 

adults: prospective cohort study. BMJ 339, b4460 (2009). 

128. Frisoli, A. et al. Frailty predictors and outcomes among older patients with cardiovascular 

disease: Data from Fragicor. Arch. Gerontol. Geriatr. 61, 1–7 (2015). 



 

78 

 

129. Hajjar, I. et al. A Novel Aging Phenotype of Slow Gait, Impaired Executive Function, and 

Depressive Symptoms: Relationship to Blood Pressure and Other Cardiovascular Risks. J. Gerontol. 

A. Biol. Sci. Med. Sci. 64A, 994–1001 (2009). 

130. Lin, C.-H. et al. Association between frailty and subclinical peripheral vascular disease in a 

community-dwelling geriatric population: Taichung Community Health Study for Elders. Geriatr. 

Gerontol. Int. 15, 261–267 (2015). 

131. Moreira, V. G. & Lourenço, R. A. Prevalence and factors associated with frailty in an older 

population from the city of Rio de Janeiro, Brazil: the FIBRA-RJ Study. Clin. Sao Paulo Braz. 68, 

979–985 (2013). 

132. Wong, C. H. et al. Frailty and its association with disability and comorbidity in a community-

dwelling sample of seniors in Montreal: a cross-sectional study. Aging Clin. Exp. Res. 22, 54–62 

(2010). 

133. Government of Canada, S. C. The Daily — Canada’s population estimates: Age and sex, July 1, 

2015. (2015). Available at: http://www.statcan.gc.ca/daily-quotidien/150929/dq150929b-eng.htm. 

(Accessed: 24th October 2016) 

134. Vitale, C., Rosano, G. & Fini, M. Are elderly and women under-represented in cardiovascular 

clinical trials? Implication for treatment. Wien. Klin. Wochenschr. 128, 433–438 (2016). 

135. Boreskie, K. F. et al. Protocol for the HAPPY Hearts study: cardiovascular screening for the early 

detection of future adverse cardiovascular outcomes in middle-aged and older women: a prospective, 

observational cohort study. BMJ Open 7, e018249 (2017). 

136. Richardson, M. T., Leon, A. S., Jacobs, D. R., Ainsworth, B. E. & Serfass, R. Comprehensive 

evaluation of the Minnesota Leisure Time Physical Activity Questionnaire. J. Clin. Epidemiol. 47, 

271–281 (1994). 

137. Zimlichman, R. et al. Determination of arterial compliance using blood pressure waveform 

analysis with the CR-2000 system: Reliability, repeatability, and establishment of normal values for 



 

79 

 

healthy European population--the seven European sites study (SESS). Am. J. Hypertens. 18, 65–71 

(2005). 

138. Singh, J. P. et al. Blood pressure response during treadmill testing as a risk factor for new-onset 

hypertension. The Framingham heart study. Circulation 99, 1831–1836 (1999). 

139. Lim, P., Shiels, P., Anderson, J. & MacDonald, T. Dundee step test: a simple method of 

measuring the blood pressure response to exercise. J. Hum. Hypertens. 13, 521–526 (1999). 

140. Anderson, T. J. et al. 2012 Update of the Canadian Cardiovascular Society Guidelines for the 

Diagnosis and Treatment of Dyslipidemia for the Prevention of Cardiovascular Disease in the Adult. 

Can. J. Cardiol. 29, 151–167 (2013). 

141. Craig, C. L. et al. International physical activity questionnaire: 12-country reliability and validity. 

Med. Sci. Sports Exerc. 35, 1381–1395 (2003). 

142. Herdman, M. et al. Development and preliminary testing of the new five-level version of EQ-5D 

(EQ-5D-5L). Qual. Life Res. Int. J. Qual. Life Asp. Treat. Care Rehabil. 20, 1727–1736 (2011). 

143. Dyer, M. T., Goldsmith, K. A., Sharples, L. S. & Buxton, M. J. A review of health utilities using 

the EQ-5D in studies of cardiovascular disease. Health Qual. Life Outcomes 8, 13 (2010). 

144. Kroenke, K., Spitzer, R. L. & Williams, J. B. The PHQ-9: validity of a brief depression severity 

measure. J. Gen. Intern. Med. 16, 606–613 (2001). 

145. WHO | Obesity: preventing and managing the global epidemic. WHO Available at: 

http://www.who.int/entity/nutrition/publications/obesity/WHO_TRS_894/en/index.html. (Accessed: 

21st March 2018) 

146. Tolstrup, J. S. et al. Smoking and Risk of Coronary Heart Disease in Younger, Middle-Aged, and 

Older Adults. Am. J. Public Health 104, 96–102 (2014). 

147. Tremblay, M. S. et al. New Canadian physical activity guidelines. Appl. Physiol. Nutr. Metab. 

Physiol. Appl. Nutr. Metab. 36, 36–46; 47–58 (2011). 



 

80 

 

148. Bastos-Barbosa, R. G. et al. Association of Frailty Syndrome in the Elderly With Higher Blood 

Pressure and Other Cardiovascular Risk Factors. Am. J. Hypertens. 25, 1156–1161 (2012). 

149. Kohn, J. C., Lampi, M. C. & Reinhart-King, C. A. Age-related vascular stiffening: causes and 

consequences. Front. Genet. 6, (2015). 

150. Pinto, E. Blood pressure and ageing. Postgrad. Med. J. 83, 109–114 (2007). 

151. Sinclair, A. J. & Rodriguez-Mañas, L. Diabetes and Frailty: Two Converging Conditions? Can. J. 

Diabetes 40, 77–83 (2016). 

152. Puts, M. T. E. et al. Interventions to prevent or reduce the level of frailty in community-dwelling 

older adults: a scoping review of the literature and international policies. Age Ageing 46, 383–392 

(2017). 

153. Silva, R. B., Aldoradin-Cabeza, H., Eslick, G. D., Phu, S. & Duque, G. The Effect of Physical 

Exercise on Frail Older Persons: A Systematic Review. J. Frailty Aging 6, 91–96 (2017). 

154. Kannegieter, L. M., Tap, L., Oudshoorn, C., Bruchem-Visser, R. van & Raso, F. M. Mobility and 

handgrip strength but not aortic stiffness are associated with frailty in the elderly. J. Gerontol. 

Geriatr. 64, 2–8 (2016). 

155. Aurelian, S. M., Capisizu, A., Zamfirescu, A. & Cheta, D. Arterial stiffness in relation to age and 

frailty. Atherosclerosis 235, e225–e226 (2014). 

156. Neupane, I., Arora, R. C. & Rudolph, J. L. Cardiac surgery as a stressor and the response of the 

vulnerable older adult. Exp. Gerontol. 87, 168–174 (2017). 

157. Rothman, M. D., Leo-Summers, L. & Gill, T. M. Prognostic Significance of Potential Frailty 

Criteria. J. Am. Geriatr. Soc. 56, 2211–2116 (2008). 

158. Mitnitski, A. B., Mogilner, A. J. & Rockwood, K. Accumulation of deficits as a proxy measure of 

aging. ScientificWorldJournal 1, 323–336 (2001). 

159. Searle, S. D., Mitnitski, A., Gahbauer, E. A., Gill, T. M. & Rockwood, K. A standard procedure 

for creating a frailty index. BMC Geriatr. 8, 24 (2008). 



 

81 

 

160. Banerjee, A. A review of family history of cardiovascular disease: risk factor and research tool. 

Int. J. Clin. Pract. 66, 536–543 (2012). 

161. Prince, S. A. et al. A comparison of direct versus self-report measures for assessing physical 

activity in adults: a systematic review. Int. J. Behav. Nutr. Phys. Act. 5, 56 (2008). 

162. Soysal, P. et al. Inflammation and frailty in the elderly: A systematic review and meta-analysis. 

Ageing Res. Rev. 31, 1–8 (2016). 

163. Mitnitski, A. et al. Age-related frailty and its association with biological markers of ageing. BMC 

Med. 13, (2015). 

 

  



 

82 

 

Appendix A - WARM Hearts Consent Forms 
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Appendix B - WARM Hearts Data Collection Form (45-64 years of age) 
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Appendix C - WARM Hearts Data Collection Form (65 and older years of age) 

  



 

93 

 

  



 

94 

 

Appendix D – Rasmussen Disease Score 10-screen 
 

Appendix B adapted from Duprez et al.20 

 

Test Normal Borderline Abnormal 

RDS 0 1 2 

Large artery elasticity ≥10*, ≥9** 9-9.9*, 8-8.9** <9*, <8** 

Small artery elasticity ≥4*, ≥3** 3.5-3.9*, 2.5-2.9** <3.5*, <2.5** 

Resting BP (mmHg) 
SBP <130 and DBP 

<85 

SBP 130-139 or DBP 

85-89 
SBP ≥140 or DBP ≥90 

Exercise BP (mmHg) 
SBP rise <30 and SBP 

≤169 

SBP rise 30-39 or SBP 

170-179 

SBP rise ≥40 or SBP 

≥180 

Retinal vasculature A/V ratio >3:5 
A/V ratio ≤3:5 or mild 

A/V crossing changes 

A/V ratio ≤1.2 or A/V 

nicking 

Carotid IMT (age and gender dependent) 

Microalbuminaria 

(mg/mmol) 
≤0.6 0.61-0.99 ≥1.00 

Electrocardiogram No abnormalities 
Nonspecific 

abnormality 
Diagnostic abnormality 

LV ultrasound LVMI 

(g/m2) 
<120 120-129 ≥130 

BNP (pg/dl) ≤50 51-99 ≥100 

A/V ratio = arteriole-to-venule ratio; BNP = B-type natriuretic peptide; BP = blood pressure; SBP = 

systolic blood pressure; DBP = diastolic blood pressure; IMT = intima-media thickness; LV = left 

ventricular; LVMI = left ventricular mass index; RDS = Rasmussen Disease Score 

*Values included are for women <65. Values for this measure are age and gender dependent 

**Values included are for women ≥65. Values for this measure are age and gender dependent 
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Appendix E – Framingham Risk Score 
 

Framingham Disease Risk Score 

• Sex 

• Age 

• Systolic blood pressure 

• Treatment for hypertension 

• Smoking status 

• Presence of diabetes 

• High density lipoprotein  

• Total cholesterol  

Classification (10 year risk %) 

• Low risk (<10%) 

• Intermediate risk (>=10% and <20%) 

• High risk (>=20%) 

 

Values for these factors are entered into a mathematical model that calculates CVD risk for the 

individual based on data collected throughout the Framingham Heart Study.15   
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Appendix F – Personal Health Questionnaire-9 
 

1. Over the last 2 weeks, how often have you been bothered by the following problems? 

     
Not at all 

(0) 

Several 

days 

(1) 

More than 

half the days 

(2) 

Nearly 

every day 

(3) 

a. Little interest or pleasure in doing things 
    

b. Feeling down, depressed, or hopeless.     

c. Trouble falling/staying asleep, sleeping too much 
    

d. Feeling tired or having little energy     

e. Poor appetite or overeating.     

f. Feeling bad about yourself, or that you are a 

failure, or have let yourself of your family down. 

    

g. Trouble concentrating on things, such as reading 

the newspaper or watching TV. 

    

h. Moving or speaking so slowly that others could 

have noticed. 

Or the opposite; being so fidgety or restless that 

you have been moving around more than usual 

    

i. Thoughts that you would be better off dead or of 

hurting yourself in some way. 

    

2. If you checked off any problem on this questionnaire so far, how difficult have these 

problems made it for you to do your work, take care of things at home, or get along with 

other people? 

 
Not difficult 

at all 

 
Somewhat 

difficult 

 

Very difficult 

 
Extremely 

difficult 

 

TOTAL SCORE ____________ 
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Appendix G – Fried and Standardized Fried Frailty Phenotype 

 

Total Fried scores range from 0 to 5 depending on the number of variables present. These total 

scores are then used to stratify individuals into frailty groups (i.e. 0 = robust; 1-2 = pre-frail; ≥ 3 

= frail). 

 

  FPC S-FPC 

Weight loss 
In the last year, have you lost more than 10 pounds (4.54 kg) unintentionally? 

If answer is yes, this criterion is positive.  

Exhaustion 

Using the CES-D, the following two statements are read asking how often in the 

last week did you feel this way? 

-          I felt that everything I did was an effort 

-          I could not get going 

0 = rarely or none of the time (<1 day) 

1 = some or a little of the time (1-2 days) 

2 = a moderate amount of time (3-4 days) 

3 = most of the time 

Persons answering “2” or “3” to either of these questions are categorized as 

positive. 

Slowness 

Gait speed stratified by height 

Height ≤ 159cm… ≤ 0.76 m/s Height ≤ 161cm… ≤ 1.10 m/s 

Height > 159cm… ≤ 0.65 m/s Height > 161cm… ≤ 1.15 m/s 

If gait speed is lower than these cut-offs, the criterion is positive 

Weakness 

Grip strength stratified by gender and BMI quartiles 

BMI ≤ 23… ≤17 kg BMI ≤ 23.3… ≤21 kg 

BMI 23.1-26… ≤17.3 kg BMI 23.4-26.1… ≤22 kg 

BMI 26.1-29… ≤ 18 kg BMI 26.2-29.6… ≤ 22 kg 

BMI >29… ≤ 21 kg BMI >29.6… ≤ 22 kg 

If grip strength is lower than these cut-offs, the criterion is positive 

Low activity 

Kcal of leisure physical activity stratified by gender: 

<270 Kcal <640.1 Kcal 

If Kcal of leisure physical activity are under these cut-offs, the criterion is 

positive 
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Appendix H – S-FC vs FC ROC, NRI and IDI Results 

 

Results of receiver operating curve areas under the curve for the FC and S-FC for discriminating between low/medium and high risk 

based on the RDS and FRS. Corresponding integrated discrimination index and net reclassification index for the two models are also 

listed. 

ROC AUC 95% CI P-Value IDI (%) 95% CI P-Value NRI (%) 95% CI P-Value 

FRS 

AUC 

FC 0.634 0.565 - 0.703 
<0.001 3.0% 

1.4% - 

4.7% 
<0.001 67.9% 43.8% - 92.1% <0.001 

S-FC 0.728 0.662 - 0.794 

RDS 

AUC 

FC 0.552 0.512 - 0.593 
0.079 1.5% 

0.8% - 

2.3% 
<0.001 26.0% 9.2% - 42.7% 0.003 

S-FC 0.594 0.548 - 0.641 

ROC, Receiver Operating Characteristic; AUC, Area Under the Curve; IDI, Integrated Discrimination Index; NRI, Net 

Reclassification Index; FRS, Framingham Risk Score; FC, Fried Criteria; S-FC, Standardized Fried Criteria; RDS, Rasmussen 

Disease Score.  
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Appendix I – Summary of Table 8 ANOVAs  

 

Characteristic Sum of squares df Mean square F P-Value 

Bloodwork  
 

   

HDL cholesterol (mmol) 3.684 2 1.842 6.749 0.001* 

LDL cholesterol (mmol) 0.761 2 0.381 0.428 0.652 

Total cholesterol (mmol) 3.883 2 1.941 1.977 0.139 

Triglycerides (mmol) 6.412 2 3.206 9.311 <0.001* 

Fasting blood glucose (mmol) 15.19 2 7.594 7.922 <0.001* 

      

Subjective PA levels      

Total Vigorous min/week 134E4 2 671E3 4.325 0.014* 

Total Moderate min/week 665E3 2 332E3 5.578 0.004* 

Total Walking min/week 270E4 2 135E4 8.445 <0.001* 

Total MVPA/week 353E4 2 177E4 7.241 0.001* 

Total PA min/week 110E5 2 552E4 11.18 <0.001* 

      

Composite CVD risk scores      

CANHEART score 98.58 2 49.29 46.92 <0.001* 

Framingham Risk Score (%) 0.219 2 0.110 33.98 <0.001* 

RDS score 186.4 2 93.19 20.06 <0.001* 

      

Cardiovascular parameters      

Large artery elasticity 192.3 2 96.17 5.904 0.003* 

Small artery elasticity 96.18 2 48.09 8.462 <0.001* 

Systolic BP (mmHg) 4015 2 2008 8.196 <0.001* 

Diastolic BP (mmHg) 38.76 2 19.38 0.229 0.795 

Pulse pressure (mmHg) 3748 2 1874 14.90 <0.001* 

∆Systolic BP activity response 8012 2 4006 14.14 <0.001* 

      

Other      

6MWT distance (m) 128E4 2 642E3 166.3 <0.001* 

PHQ-9 score 729.2 2 364.6 39.98 <0.001* 

Sedentary time hours/day 22.35 2 11.17 0.023 0.978 
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Appendix J – CANHEART Health Index  
 

Participants are given 1 point for reaching the minimum cut-off in each of the following criteria: 

  

1) Smoking – non-smoker or former smoker who quit more than 12 months prior 

 

2) Overweight/obesity – body mass index <25 

 

3) Leisure physical activity – walking >30 min per day or equivalent based on moderate to 

vigorous aerobic physical activity  

 

4) Fruit and vegetable consumption – fruit and vegetables consumed ≥5 times per day 

 

5) Hypertension – self-reported hypertension diagnosed by a health care professional 

 

6) Diabetes – self-reported diabetes diagnosed by a health care professional  

 

Total CANHEART Health Index scores range from 0 to 6 (0-3 = poor; 4-5 = intermediate; 6 = ideal)  
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Appendix K – International Physical Activity Questionnaire 
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Appendix L - EQ-5D-L 
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Appendix K – WARM Hearts Fictitious Report for Participant at High CVD Risk
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Appendix M - WARM Hearts Fictitious Report for Participant at Low CVD Risk 
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