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LAY ABSTRACT 

It is well-known that aging is associated with increases in arterial stiffness, which is the 

progressive impairment of the ability of the arteries to respond to changes in blood pressure and 

flow.  Increased arterial stiffness is associated with the development of cardiovascular disease 

and appears to be accelerated in females and individuals with diabetes. Physical activity has been 

highlighted as a potential moderator of age-induced arterial stiffening. Healthy and physically 

active older adults typically display reduced arterial stiffening versus their more sedentary 

counterparts, but the extent to which physical activity attenuates vascular stiffening in older 

adults with diabetes is unclear. Our results, from a cohort of approximately 2000 older Canadians 

with Type 2 and other diabetes show that self-reported physical activity level does not appear to 

be associated with arterial stiffness in this population, and these results do not differ between 

men and women. Follow-up analysis should be conducted to assess the impact of physical 

activity over time on arterial stiffness in this population.  
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ABSTRACT 

Aging is associated with increases in carotid arterial stiffness, and this process appears to 

be accelerated in older adults with type 2 diabetes mellitus (T2DM). It is known that older adults 

with higher levels of physical activity (PA) tend to have lower arterial stiffness values compared 

to their more sedentary counterparts. Women typically experience a increase in arterial stiffness 

and cardiovascular events after menopause compared to older men. It is currently unknown 

whether a greater degree of PA modulates the vascular response with aging in individuals with 

diabetes and whether sex-based differences exist. We examined arterial stiffness estimated from 

carotid artery ultrasound images and blood pressure data available from the Canadian 

Longitudinal Study on Aging (CLSA) baseline data set in participants with Type 2 and other 

diabetes (DM2O). Arterial stiffness was expressed as carotid artery distensibility, a measure of 

local arterial stiffness and calculated as the relative change in arterial diameter for a given 

change in pressure. PA was assessed via the Physical Activity Scale for the Elderly (PASE), a 

brief 12-item survey used to assess usual PA in adults 65 and older. This study evaluated the 

association between known cardiovascular disease risk factors/markers and carotid artery 

distensibility and examined the influence of PA on arterial stiffness.  The influence of age and 

self-reported sex, while controlling for known cardiovascular disease risk factors and markers 

was examined in individuals with DM2O. There was no effect of PASE score on arterial 

distensibility before (P = 0.143) and after (P = 0.998) adjusting for known cardiovascular risk 

factors, and there were no interactions between PASE and sex, or PASE and age. There was a 

main effect of age on arterial distensibility in both models (P=<0.001), and there was a main 

effect of sex on arterial distensibility in the final adjusted model only (P=0.040). These findings 

suggest that PASE is not associated with arterial distensibility in older adults with DM2O, and 
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these results do not differ by age or sex. Follow-up analysis using longitudinal models is required 

to further assess the influence of PA on vascular aging.  
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CHAPTER 1: LITERATURE REVIEW 

1.1 Introduction 

Cardiovascular diseases (CVDs) include diseases of the heart and vasculature, such as 

coronary heart disease, heart failure, peripheral arterial disease, and cerebrovascular disease 1,2. 

CVDs are considered one the leading causes of death, accounting for 31% of deaths worldwide 1. 

CVD is a major health concern of the aging population. The American Heart Association 

reported that CVD incidence in the US is ~40% between 40–59 years of age, ~75% between 60–

79 years of age, and ~86% in those above the age of 80 3.  While age itself has been identified as 

an independent risk factor for CVD, the presence of additional risk factors associated with aging 

can exacerbate this risk 4. These include hypertension, obesity, inflammation, and diabetes.  

Diabetes mellitus (DM) is a metabolic disorder characterized by elevated blood glucose 

levels due to the impaired secretion and/or action of insulin 5. Although an independent risk 

factor of CVD, diabetes can also be a precursor to hypertension, obesity, and chronic 

inflammation. Diabetes and aging are both implicated in the progression of arterial stiffness. 

With aging, arterial walls thicken and lose elasticity, resulting in impaired vascular function, 

especially in the central arteries located proximally to the heart.6. This process is accelerated in 

the diabetic state 7–11, which highlights the need for therapeutic interventions to address the risk 

factors of this population.  

Physical activity (PA) is a potential mechanism by which individuals can reduce their 

risk of CVD. Higher PA is associated with lower arterial stiffness in healthy older adults who are 

more physically active, and those with lower levels of physical activities are associated with 

higher levels of arterial stiffness 12–15. Higher levels of PA are also associated with lower 

concentrations of serum inflammatory markers, highlighting a potential mechanism for PA-
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induced improvements in arterial health 16. A gap in the literature currently exists regarding the 

influence of PA on arterial stiffness in older adults with diabetes.  

1.2 Arterial System 

1.2.1 Arterial Anatomy  

 Arterial walls are composed primarily of elastin and collagen and are divided into three 

distinct regions: the intima, the media, and the adventitia 17,18. The intima is the innermost layer, 

composed of a single layer of vascular endothelial cells with a basement membrane of internal 

elastic lamina 18,19. The tunica intima creates the tube-like lumen, through which oxygen-rich 

blood can be transported to the tissues of the body 18. The media is the middle layer, and it is 

comprised of smooth muscle cells and elastin fibres that determine the mechanical properties of 

the artery, allowing for the regulation of blood flow. The outermost layer of the artery is the 

adventitia 18 and comprises connective tissue made up of collagen and elastin fibres 19,20. This 

connective tissue allows the adventitia to connect the arteries to other tissues in the body, 

including vascular nerves responsible for smooth muscle cell control 18. In this way, the 

structural properties of the artery are responsible for the mechanical functions of the artery.  

1.2.2 Arterial Function  

The arterial system acts as a conduit to deliver blood at high pressures to the peripheral 

vascular beds to deliver oxygen, nutrients, and hormones to meet the metabolic requirements of 

tissues 18,21.  The arterial system can be divided into three distinct regions: the large elastic 

arteries, the muscular arteries, and the arterioles. The large elastic arteries include the aorta, 

carotid, and iliac arteries. These arteries contain minimal smooth muscle cells and act as a 

buffering reservoir to ensure adequate delivery of blood to the capillaries throughout the cardiac 

cycle. Regulation of delivery is achieved through passive expansion of the artery to allow storage 
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of the ejected blood during diastole and propulsion of the blood during systole. The muscular 

arteries (e.g., femoral, popliteal, femoral posterior) serve to modify the travel speed of both 

pressure and flow waves along their length and determine when the reflected waves will arrive 

back at the heart in the cardiac cycle by modifying smooth muscle cell tone. Finally, the 

arterioles can alter peripheral resistance and thus aid in mean arterial blood pressure (BP) 

maintenance by adjusting their diameter. Chronic changes occur within the central elastic arteries 

over time, such as progressive carotid arterial stiffening with increasing age, while changes to 

muscular arteries and arterioles tend to be more acute 21.  

1.3 Arterial Stiffness 

 Arterial stiffness describes the impaired ability of the artery to constrict and dilate in 

response to pressure changes 22. Progressive arterial stiffening occurs because of both structural 

and functional changes to the artery. Vascular alterations are due to hemodynamic forces 

(pulsatile flow, vascular impedance, wave propagation, and vascular compliance) and extrinsic 

factors, such as hormones and glucose regulation 23,24. This progressive arterial stiffening occurs 

most profoundly in the central and conduit arteries, compared to the more muscular peripheral 

vasculature. The structural integrity and compliance of the arterial wall are dependent upon the 

relative contribution of elastin and collagen, the scaffolding proteins. These components are held 

in balance through cycles of protein production and degradation in response to various stimuli 

and conditions 24. Through inflammatory processes, such as those experienced with DM, 

collagen production can be overstimulated, and elastin production can be impaired, altering the 

tightly controlled ratio and resulting in stiffer, less elastic arteries 25,26.  



M.Sc. Thesis – C.A. Droog  McMaster – Department of Kinesiology 

 4 

1.3.1 Aging 

The population of the world is aging. It is expected that the number of adults over 65 will 

double by the year 2050 27. Arterial stiffening is of particular concern, as aging has been 

highlighted as the main cause of arterial stiffness 28. Increased arterial stiffness is linked to an 

increased risk of developing hypertension and atherosclerosis, both of which can result in CVD 

and mortality 17,22. Arterial stiffness is also associated with left ventricular hypertrophy (LVH) 

and coronary artery disease 29. Indeed, Framingham Heart Study findings support the notion that 

increased arterial stiffness is associated with an increased risk of a cardiovascular (CV) event 30. 

Potential mediators of this age-induced vascular stiffening, thus, require further investigation.  

Aging is associated with an increased risk of arterial dysfunction due to two distinct 

processes: structural changes in the vascular walls (structural) and reductions in endothelial 

function (functional) 31. It is well-established that aging is associated with the progression of 

carotid artery stiffening. Over time, arterial walls thicken and lose elasticity, resulting in a 

reduction in the buffering function of the central conduit arteries 6. This arterial stiffening is due, 

in part, to the fragmentation and loss of elastin fibres and the aggregation of stiff collagen fibres 

in the walls of the vasculature 17. As such, with aging large elastic arteries display a reduction in 

their low-stretch bearing component and shift the load to the stiffer matrix components 

(collagen) 32. This shift impairs the buffering function of the large arteries, the purpose of which 

is to ensure continual anterograde blood flow during diastole 33. As a result of this reduced 

elasticity and impaired buffering function, more blood must be transported over longer distances 

following systole, requiring higher systolic pressures and cardiac strain. These combined 

changes throughout the cardiac cycle increase the diastolic-systolic difference (pule pressure) 

also result in a greater mechanical strain on the downstream vessels, organs, and tissues 32. These 
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vascular changes are due to progressively increasing oxidative stress and chronic low-grade 

inflammation, which appear to function synergistically in the progression of arterial stiffness 

24,34.  

The vascular endothelium lines the internal lumen of all blood vessels and provides an 

interface between the blood and the vascular smooth muscle cells (VSMC) 35,36. The endothelium 

is also a regulator of the VSMC, via several chemical mediators that contribute to the 

maintenance of vascular homeostasis 35,36. Central to this regulatory process is nitric oxide (NO), 

produced by the enzyme endothelial NO-synthase (eNOS) 37. eNOS is responsible for generating 

NO linked to vascular relaxation (vasodilation) and responds to both chemical and mechanical 

stimuli 36. In response to these stimuli, NO is generated and can diffuse to the VSMC, resulting 

in dilation of the artery 36. This control of vasomotor tone is imperative for the balance of tissue 

oxygen and metabolite delivery 35.  Endothelial cell function begins to decline in early middle 

age 38. The decline in endothelial cell function is thought to be due to age-induced increases in 

ROS, likely from dysfunctional mitochondrial cells and oxidant enzymes such as NADPH 

oxidase 39. ROS scavenge available NO, thus decreasing the bioavailability of NO. Chronic low-

grade inflammation due to increases in circulating inflammatory mediators works synergistically 

with circulating ROS, impairing endothelial function and increasing arterial stiffness 39.  As such, 

progressive increases in chronic low-grade inflammation and circulating ROS are associated 

with structural and functional changes to the artery, resulting in stiffer arteries and a greater risk 

of a CV event 39.   

1.3.2 Carotid Intima-Media Thickness 

Carotid intima-media thickness (cIMT) is a measure of arterial wall thickness, and like 

arterial stiffness, increases with age 40. cIMT can be used to measure the progress of 



M.Sc. Thesis – C.A. Droog  McMaster – Department of Kinesiology 

 6 

atherosclerosis and is associated with CV risk factors in older healthy and diabetic populations 

40. cIMT can be assessed noninvasively via ultrasound imaging of the carotid artery 41. Arterial 

stiffness and cIMT reflect independent indices of vascular damage, however, thickening of the 

intimal wall of the carotid artery appears to be due primarily to increases in carotid systolic blood 

pressure that occur with aging 42. Both carotid arterial stiffness and thickness appear to be 

independent predictors of CV risk in aging adults and are processes that can be exacerbated in 

certain clinical populations 43. 

1.3.3 Sex differences 

It is well-established that arterial stiffness and risk of CV events both increase drastically 

in females following menopause than males of the same age 44.  Given the cardio-protective 

effects of estrogen, it is proposed that the substantial increases in arterial stiffness following 

menopause in females is due to reductions in estrogen 19. In a study of 3149 females between the 

ages of 21-90, it was found that post-menopausal females displayed the highest rates of arterial 

stiffness as assessed by brachial-ankle pulse-wave velocity (baPWV) and carotid artery 

compliance 45. Infusion of ascorbic acid resulted in improved function in late and post-

menopause only, suggesting the potential role of oxidative stress in the accelerated vascular 

stiffening following menopause 46. It has been found that central arterial stiffness assessed via 

carotid-femoral PWV is significantly reduced following 4 months of estrogen treatment (0.625 

mg/d of conjugated equine estrogen) in postmenopausal females 47. This highlights not only the 

cardioprotective effects of estrogen, the loss of which may be responsible for the marked 

difference in CVD risk in older females compared to older males, but the recoverability of 

arterial function in this population.  
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Sex differences exist in the age-associated increases in cIMT as well, such that certain 

CV risk factors exert differential effects based on sex 48,49. For example, one study found that 

cIMT values were significantly lower in females versus males over the age of 45, and that sex 

differences exist in the predictive value of certain CV risk factors for determining cIMT 49. In 

that same study, only age, hypertension, and Type 2 diabetes mellitus (T2DM) were predictive of 

cIMT in males,  but age, pulse pressure, metabolic syndrome, and waist circumference were 

predictive of cIMT in females 49. The exact mechanism regarding this reported differential 

impact of CV risk factors in males versus females remains unknown, however, the impact of 

metabolic syndrome is reportedly more pronounced in females due to premature arrest of the 

protective effects of estrogen on the CV system 49.  

1.3.4 Assessment of Arterial Stiffness  

Pulse-wave velocity, specifically in the carotid-femoral region, is considered the gold 

standard metric of assessing arterial stiffness in humans 50. PWV is a direct, non-invasive, 

simple, and reproducible method for assessing arterial stiffness. The carotid-femoral region 

specifically refers to the aorta-iliac pathway is considered the most physiologically relevant, as 

the aorta and its branches are directly connected to the left ventricle and thus strongly implicated 

in the pathophysiology of arterial stiffening. PWV is most commonly assessed using the foot-to-

foot velocity method applied to pressure waveforms. The waveforms are typically obtained at the 

right common carotid artery and right femoral artery, and the transit time is assessed between the 

feet of the waveforms. At the end of the diastolic phase, the foot of the wave is noted at the onset 

of the steep rise in the waveform. The transit time is the time of travel of the foot of the wave 

over a measured distance. A faster transit time is indicative of more rapid waves and thus greater 

arterial stiffness. Assessment of PWV can be difficult to conduct in populations with diabetes or 
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obesity, as the transcutaneous assessment of the femoral waveform can be difficult to capture, 

and the distance measurement may be inaccurate 50.  

Arterial compliance is the absolute diameter change for a given pressure at a controlled 

length and is indicative of overall arterial health and the buffering capacity of the heart 51,52. 

Arterial distensibility is a measure of the relative change in diameter for a given change in 

pressure 51. Distensibility is a measure of local arterial stiffness in large elastic arteries and is 

primarily a determinant of arterial wall stress 29,51. As such, arterial compliance and distensibility 

are typically related to each other, as compliance can be calculated using the distensibility and 

arterial volume (Compliance = Distensibility x Arterial volume) 52. However, compliance and 

distensibility can reflect different health indices, as compliance has been shown to be an 

independent predictor of both CVD and death, while distensibility is an independent correlate of 

mortality only 29. A decrease in arterial distensibility, and thus the ability of the artery to respond 

to changes in pressure, reflects an increase in arterial stiffness. Functional impairment to the 

vascular wall may become apparent prior to any observable and attributed structural changes 

attributed to the atherosclerotic process and before any overt symptoms of CVD 53.  

Distensibility of the common carotid artery (CCA) can be assessed directly and non-

invasively using B-mode ultrasound, which allows for simultaneous image acquisition of arterial 

wall thickness and vessel diameter throughout the cardiac cycle 54. The change in arterial 

diameter is dependent upon the change in arterial pressure. Calculation of arterial distensibility 

also requires measurement of blood pressure 32. Blood pressure can be assessed locally via 

applanation tonometry on the carotid artery opposite to the one being imaged, or peripherally, 

using a standard brachial blood pressure cuff 32,54. Local BP values can differ from brachial BP 

values due to pulse amplification as it travels down the vessel 32. As such, local assessment of BP 
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is typically recommended; however, this may be limited by equipment availability, and 

tonometry can be difficult to assess in certain clinical populations, such as DM 32,55. 

Distensibility can be calculated using the following equation:  

(1) Distensibility = 
∆Cross- Sectional Area

Pulse Pressure × Minimum Cross- Sectional Area 
 

Wherein ∆cross-sectional area (CSA) is the difference between the maximum and minimum 

CSA, and pulse pressure is the difference between resting systolic and diastolic blood pressure.  

1.4 Diabetes Mellitus 

 DM is a metabolic disorder characterized by chronic hyperglycemia due to the impaired 

secretion and/or action of insulin 5. This chronic hyperglycemia is associated with microvascular 

impairments and an increased risk of CVD. Diagnostic criteria for diabetes exist, and they are 

based on glycemic thresholds associated with microvascular disease 5.  

There are currently four recommended diagnostic tests for diabetes. These include the 

measurement of fasting plasma glucose (FPG); 2-hour (2-h) post-load plasma glucose after a 75 

g oral glucose tolerance test (2hPG in a 75 g OGTT); glycated hemoglobin (HbA1c); and a 

random blood glucose test when other signs and symptoms of diabetes are present 56 . HbA1c, 

obtained from the blood, is a gold standard metric of long-term glycemic control 57. People with 

FPG values of ≥ 7.0 mmol/L (126 mg/dl), 2-h post-load plasma glucose (2hPG in a 75 g OGTT) 

≥ 11.1 mmol/L (200 mg/dl) 58, HbA1c ≥ 6.5% (48 mmol/mol); or a random blood glucose ≥ 11.1 

mmol/L (200 mg/ dl) in the presence of signs and symptoms are considered diabetic 59. 

Individuals with an FPG of 6.1-6.9 mmol/L are considered to have impaired fasting glucose. 

Individuals with a 2hPG in a 75 g OGTT value of 7.8-11.0 mmol/L are considered to have 

impaired glucose tolerance. Individuals with an HbA1c value between 6.0-6.4% are considered 

prediabetic. Complications can still arise from prediabetes, as these individuals are at risk for 
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developing diabetes and all associated complications 5 . When using HbA1c to diagnose diabetes, 

it is important to recognize that HbA1c is an indirect measure of average blood glucose levels, 

and other factors should be considered that may impact hemoglobin glycation independently of 

glycemia, including age, race/ ethnicity, pregnancy status, genetic background, and 

anemia/hemoglobinopathies. Diabetes typically manifests as either type 1 or 2 diabetes mellitus. 

Less common forms such as gestational, which occurs during pregnancy, or monogenic diabetes, 

which results from a mutation of a single gene as opposed to the polygenic type 1 and 2 59–61.  

1.4.1 Type 1 Diabetes Mellitus 

 Type 1 diabetes mellitus (T1DM), also known as insulin-dependent diabetes mellitus 

(IDDM), is a chronic autoimmune disorder characterized by the selective destruction of insulin-

producing pancreatic beta cells 62,63. In healthy populations, blood glucose levels increase 

immediately following a meal, stimulating insulin production 64. However, individuals with 

T1DM require exogenous insulin, in the form of insulin bolus injections or a continuous basal 

dose through an insulin pump with additional administration around meals, to maintain normal 

blood glucose levels 62. Insulin is also a vasoactive hormone that acts on larger conduit arteries at 

the macro-vascular level to increase vascular compliance and acts on resistance arterioles and 

precapillary arterioles at the microvascular level, to increase vascular flow and perfusion of 

capillaries through vasodilation, respectively 65.  

 Arterial stiffening has been noted in individuals with T1DM of varying ages 7,8. The 

structural and functional characteristics of the CCA were assessed in 45 children and adolescents 

with T1DM between the ages of 9-19 years old, with no reported microalbuminuria, elevated 

lipids, or hypertension. Individuals were age, sex, and body mass index (BMI)-matched with 

controls, differing only in diabetic status. Intima-media thickness (IMT), compliance, 
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distensibility, diastolic wall stress (DWS) and incremental elastic modulus (IEM) of the CCA 

were assessed. DWS provides a metric of the stress on the arterial wall during diastole and is 

associated with left ventricular hypertrophy 66. IEM reflects the ability of the wall to resist elastic 

deformation, or properties of the arterial wall independent of the arterial geometry 67. Compared 

to controls, children with T1DM had significantly greater vales for IMT, DWS, and IEM. 

However, no significant differences were noted for compliance or distensibility. Multivariate 

regression analysis revealed that a diabetic state was the strongest predictor of IMT, DWS, and 

IEM, and these results were interpreted as indicative of early structural impairment in children 

with T1DM 7.  

 Structural alterations may precede impairments in carotid arterial distensibility 

Giannattasio et al. (1999) assessed the distensibility of the CCA in 133 adults (74 males, aged 35 

 0.9 years) with T1DM and no macrovascular complications. Arterial distensibility was 

assessed via B-mode ultrasonography of the CCA, and blood pressure was assessed at the 

brachial artery. It was found that, relative to 70 age-matched normotensive controls, arterial 

distensibility was significantly reduced in adults with T1DM by an average of 14%. Similar to 

the previous findings in children, cIMT was also significantly greater in the T1DM group 7. 

Carotid artery distensibility was found to be inversely related to age, duration of disease, and 

systolic blood pressure, all of which were significantly associated with cIMT. As such, it does 

appear that T1DM is associated with increased cIMT early in life and decreases in arterial 

distensibility in young-middle-aged adults with T1DM. These findings are indicative of early 

vascular stiffening in this population.  

Similar results regarding accelerated vascular stiffening in adults with T1DM have been 

corroborated using other indices of vascular stiffness as well. Llauradó et al. (2012) assessed 
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arterial stiffness via aortic PWV and the serum inflammatory marker high-sensitivity C-reactive 

protein (hsCRP) in adults with T1DM and no CVD (n= 68; 34 males, 34 females; 35  9 years) 

and 68 healthy age and sex-matched controls. Individuals with T1DM displayed greater PWV, 

indicating increased stiffness, compared to healthy controls, even after adjusting for other 

cardiovascular risk factors. Males had higher concentrations of hsCRP, and aortic PWV and 

hsCRP were positively correlated in males only. This study highlights chronic inflammation as a 

potential mechanism by which a diabetic state can induce accelerated arterial stiffening and 

suggests sex-based differences in this mechanism 9. In summary, arterial stiffness as a CV risk 

factor in T1DM, as it has been shown that arterial stiffness is predictive of mortality in this 

population, independent of other CV risk factors 68.  

Potential sex differences in the degree of impairment to arterial distensibility have been 

noted in T1DM as well. Rydén Ahlgren et al. (1995) assessed distensibility of the CCA in 30 

females (aged 20-61 years) and 26 males (aged 22-56 years) with T1DM and healthy age and 

sex-matched controls. Females with T1DM displayed significantly greater arterial stiffness 

compared to healthy females, but no difference was found in males 10. More recent data have 

since demonstrated accelerated stiffness in both males and females with T1DM 9. This contrasts 

with the findings from Rydén Ahlgren et al. (1995) who included participants with a range of 

ages, which may have confounded the data by failing to account for the vascular implications of 

menopause.  

1.4.2 Type 2 Diabetes Mellitus 

Prediabetes and T2DM are often indicative of an underlying disorder, such as the 

metabolic syndrome 69. This highly prevalent condition is characterized by health complications 

such as abdominal obesity, hypertension, dyslipidemia and hyperglycemia 5. The prevalence of 
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T2DM accounts for 90-95% of diabetes, and β-cell dysfunction is required to develop T2DM. 

Most individuals with T2DM have relative insulin deficiency, but insulin levels have been 

observed to increase early in the course of the disease due to insulin resistance 60. In contrast 

with T1DM, most people with T2DM are either overweight or obese, which either causes or can 

exacerbate, their resistance to insulin 5,70,71. Many individuals who are overweight but not obese 

by BMI criteria (>30 kg/m2) have a higher proportion of primarily abdominal body fat, which is 

indicative of greater visceral adiposity compared to people without diabetes 72. Insulin treatment 

may not be required for survival but may be required for glycemic control purposes 73.  

It is well-accepted that arterial stiffening and thickening are exacerbated in individuals 

with T2DM, and these events primarily occur at the central rather than peripheral arteries 11,74. 

Charvat et al. (2010) assessed the distensibility and thickness of the CCA in 82 older, 

normotensive adults with diabetes (54 males, 28 females; aged 61  6 years) and 41 age-matched 

controls. Distensibility and cIMT were assessed via B-mode ultrasonography at the CCA. 

Distensibility was significantly reduced in individuals with T2DM compared to controls (0.27 ± 

0.11 vs. 0.37 ± 0.16), but no significant differences in cIMT were noted. It was found that 

distensibility was significantly associated with both disease duration and BMI in individuals with 

T2DM 75. These findings of no difference in cIMT between groups are in contrast with those 

from Al-Nimer & Hussein (2009), who assessed the cIMT of 46 (45-77 years old) adults with 

T2DM with, and without, normotensive metabolic syndrome. The individuals with normotensive 

metabolic syndrome displayed significantly greater cIMT values than those with metabolic 

syndrome (0.824 ± 0.155 vs. 0.708 ± 0.113, respectively) 75. It is possible that while both 

Charvat et al. (2010) and Al-Nimer & Hussein (2009) assessed normotensive individuals with 

T2DM, the T2DM group from Charvat et al. (2010) might not have all displayed the metabolic 
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syndrome; however, the necessary classification criteria 76 for this was not reported by this 

group.   

Accelerated vascular stiffening in T2DM has also been corroborated using other indices 

of stiffness. Cameron et al. (2003) assessed arterial stiffness across three arterial segments via 

PWV and central arterial compliance (CAC) in a large cohort of healthy middle to older-aged 

adults (age 34-90) (n=169; 100 males [39 T2DM]; 69 females [18 T2DM]. In this study, PWV 

was assessed centrally along the carotid-femoral region and peripherally along the carotid-radial 

region and from the aorta to the finger. Despite being an average of 10 years younger, 

individuals with T2DM displayed lower CAC and faster PWV (both indicating increased arterial 

stiffness) at all measurement sites in comparison to their non-diabetic counterparts 74. CAC is 

primarily indicative of the buffering capacity of the aorta, and it appears to be impaired to a 

greater extent, and at an earlier age, in individuals with T2DM. This study highlights the 

accelerated rate at which adults with T2DM experience impaired vascular function (decreased 

arterial compliance and increased arterial stiffness) compared to their non-diabetic counterparts.  

 Accelerated and preferential impairment of the central, but not peripheral, arterial 

segments in individuals with T2DM was further corroborated by Kimoto et al. (2003). Central 

(heart-carotid and heart-femoral) and peripheral (heart-brachial and femoral-ankle) PWV were 

assessed in 161 older adults with T2DM (85 males and 76 females; mean age of 60 years) and 

129 healthy control participants (56 males and 73 females; mean age of 59 years). Individuals 

with T2DM had elevated PWV in all regions assessed, however, PWV was elevated more in the 

central arterial regions. Furthermore, the effect of age on arterial stiffness was also largest at the 

central rather than peripheral regions of assessment, such that PWV increased more in older 

individuals (with and without T2DM) at the central regions. This study further highlights the 
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localization of increases in arterial stiffness with aging, and the acceleration of this process in 

individuals with T2DM 11. A similar study from Gómez-Marcos et al. (2011) further 

corroborated these findings and additionally found that cIMT, assessed via ultrasound imaging, 

was thicker in middle-older aged adults (aged 44-66) with T2DM.  

1.4.3 Diabetes, Inflammation, and Accelerated Vascular Aging    

 This accelerated vascular aging in a diabetic state appears to be related, and due in part, 

to chronic low-grade inflammation 77–79. It is known that individuals with poorer glycemic 

control display elevated levels of chronic inflammation. In a large sample of adults with diabetes 

(n = 1614; age 17-66+), it was found that increased HbA1c was associated with higher levels of 

hsCRP, and thus chronic inflammation 79. This relationship translates to accelerated vascular 

stiffness in diabetic populations 78. In a group of 362 middle-aged and elderly males (mean age 

60  11 years), Nakhai-Pour et al. (2007) assessed aortic PWV and hsCRP. It was found that 

individuals with diabetes mellitus who were older had higher levels of hsCRP. Furthermore, it 

was found that hsCRP was predictive of PWV and thus arterial stiffness, such that aortic PWV 

increased significantly with higher levels of hsCRP 78. Arterial stiffness is also associated with 

increased activity of angiotensin II (ANG-II), a known vasoconstrictor 77,80. The activity of 

ANG-II results in the downstream activation of increased production of reactive oxygen species 

and inflammatory cytokines, which result in the stimulation of C-reactive protein (CRP) 

production in the vascular smooth muscle cells. CRP promotes vascular inflammation and 

endothelial dysfunction, both of which further increase vascular stiffening 77. A diabetic state 

results in elevated levels of hsCRP, a marker of chronic inflammation, which further exacerbates 

the age-related process of vascular stiffening in individuals with DM. 
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1.5 Known Risk Factors & Markers of Arterial Stiffness 

1.5.1 HBA1c  

 HbA1c reflects long-term glycemic control, typically reflective of the status in the 8-12 

weeks before sample acquisition. HbA1c is reported as a percentage of total hemoglobin, and it is 

assessed via blood draw. Values are standardized using the National Glycohemoglobin 

Standardization Program (NGSP) to compare testing sites 81. Meta-analyses have confirmed that 

increases in HbA1c are associated with increases in CV risk, such that for every 1% increase in 

HbA1c, the relative risk for any cardiovascular disease event is 1.17-1.18 for individuals with 

T2DM and 1.15 for individuals with T1DM 82,83. As such, chronic hyperglycemia and thus 

elevated HbA1c is associated with increased risk of CVD and all-cause mortality in adults with 

DM 83. Both chronic hyperglycemia and fluctuations in glycemic control can initiate 

inflammatory responses through increased stress on the endoplasmic reticulum and 

mitochondrial superoxide production. Chronic inflammation and oxidative stress due to 

hyperglycemia are implicated in the pathogensis of endothelial dysfunction, which can be 

followed by atherogenesis and an increased probability of cardiovascular event. Glucose toxicity 

and the associated oxidative stress and inflammation act in a cyclical fashion that results in 

impaired insulin sensitivity, the loss of β-cells, and vascular dysfunction 84. HbA1c is an 

independent predictor of arterial stiffness and endothelial dysfunction in adults with T2DM, 

especially when complicated by hypertension 85.  

1.5.2 C-Reactive Protein  

     CRP is an inflammatory risk marker and is involved in atherosclerosis. As a risk 

marker, it is expressed as hsCRP and is measured via blood draw and either 

immunonephelometric or immunoturbidimetric assay. It is primarily synthesized and secreted by 
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hepatocytes in response to interleukin (IL)-6 and IL-1, tumor necrosis factor-alpha, or other 

proinflammatory cytokines. CRP increases the phagocytic activity of neutrophils and induces the 

expression of adhesion molecules. CRP is involved in the synthesis of tissue factors, cytokines, 

and platelet aggregation at the site of vascular damage, and as such, it is heavily involved in the 

atherosclerotic development process 86.  CRP is present in the atherosclerotic lesion at the level 

of the intima, where it can co-localize with monocytes, monocyte-derived macrophages and 

lipoproteins. The process of co-localization directly adds to the atherosclerotic development 

process. Elevated inflammation is implicated in the initiation, development, and destabilization 

and rupture of atherosclerotic plaque. Endothelial damage by atherosclerotic development leads 

to a reduction in the bioavailability of NOS and associated decreases in the release and activity 

of NO, and increases in the degradation of NO, which results in the excess generation of ROS. 

As such, the endothelial damage caused by the development of atherosclerotic plaque both 

impairs vascular function and contributes to a proinflammatory environment 87. CRP is elevated 

in various conditions, including acute and chronic inflammation, peripheral vascular diseases, 

diabetes, and hypertension 86. It has been demonstrated that CRP is associated with increased 

arterial stiffness assessed via PWV but not distensibility in middle- and older-aged adults 88,89. 

Research regarding the distensibility of the CCA and hsCRP is limited, especially in older adults 

with diabetes, and further investigation is required in this area.  

1.5.3 Triglycerides 

Dyslipidemia is a risk factor for CVD, with elevations in triglyceride concentrations 

(>1.7mmol/L) associated with an increased risk of developing CVD 90. In a large cohort study of 

males and females between the ages of 20-93 (n = 7587), elevated nonfasting triglyceride levels 

were associated with a greater risk of myocardial infarction, ischemic heart disease, and 
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mortality. Elevated triglyceride levels, or hypertriglyceridemia, is a marker for several forms of 

atherogenic lipoproteins 91. These include low high-density lipoprotein cholesterol (HDL-C), 

small low-density lipoprotein (LDL) and high-density lipoprotein (HDL) particles, partially 

metablozied chlyomicrons (CM), and very low density lipoproteins (VLDL). Independent of 

LDL, VLDL and CM remnants are atherogenic, as they are prone to accumulation at the 

endothelium. These remnants can be taken up by macrophages and form foam cells, which 

promote the formation of fatty streaks in the walls of vasculature, and precede the development 

of atherosclerotic plaque 91. Reductions in triglycerides have been noted as a potential 

therapeutic target for arterial health, as lower levels of triglycerides were associated with lower 

central arterial stiffness assessed via carotid-femoral PWV 92. Limited research exists regarding 

elevated triglycerides and arterial distensibility, especially in individuals with DM.  However, 

lowering triglycerides may reduce residual CV risk, which may be particularly important for 

individuals with diabetes and dyslipidemia 93.    

1.5.4 Cholesterol 

 Both low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein 

cholesterol (HDL-C) are implicated in arterial stiffness and CVD risk 94,95. LDL-C  is the total 

amount of cholesterol contained within LDL particles, and it is particularly implicated in the 

atherosclerotic process 96. Small, dense LDL particles are more likely to be oxidized and taken 

up by macrophages in the arterial wall, exacerbating the atherosclerotic process. HDL-C opposes 

the atherosclerotic process by removing cholesterol from foam cells, inhibiting the oxidation of 

LDL-C, and pro-inflammatory processes 97. The ratio of LDL-C/HDL-C has been demonstrated 

to be predictive of CV risk 98. However, it has been shown in middle-aged males that variations 

in the ratio of total cholesterol/HDL-C were more strongly associated with risk of ischemic heart 
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disease and insulin resistance than LDL-C/HDL-C. It was proposed that this observation is due 

to the limited variation is found in the plasma LDL-C levels in overweight, hyperinsulinemic 

men 94. Both are independently associated with central arterial stiffness, such that LDL-C was 

independently associated with central arterial stiffness, and HDL-C was independently and 

inversely associated with central and peripheral stiffness in a large cohort of middle-older aged 

adults (n = 2375, 40-96 years old) 95. Lower HDL-C is predictive of arterial stiffness in adults 

with T1DM 99. Furthermore, non HDL-C cholesterol has been identified as an independent risk 

factor for CVD in the general population and T2DM 100, and lowering LDL-C and reducing the 

risk of CV events in T2DM 101.  

1.5.5 Blood Pressure  

Hypertension, defined as a systolic blood pressure of  ≥130 mmHg and diastolic blood 

pressure (DBP) of  ≥80 mmHg, is a highly prevalent contributor to CVD and arterial stiffness  

102,103. Hypertension is highly prevalent in T1DM and T2DM , with an incidence rate of 

approximately 68% in the United States104. Clinically blood pressure is typically assessed with 

an automated blood pressure device using oscillometry 105. Oscillometry is an automated system 

that senses the pressure pulsations within an inflatable cuff wrapped around the bicep or wrist. 

The cuff is inflated to a suprasystolic pressure, then slowly deflated to a subdiastolic pressure 

while oscillations in pressure are recorded 105. 

Elevated systolic blood pressure is associated with an increased risk of CVD independent 

of DBP 106.  As a result,  SBP is the principal therapeutic target in hypertension cases 107. SBP 

tends to increase from age 30 onwards, until at least age 84 108. However, in a large cohort of 

roughly 170 000 individuals from the UK Biobank, while both SBP and DBP were associated 

with arterial stiffness, midlife DBP was the strongest predictor of an increase in arterial stiffness 
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over time 109. Furthermore, arterial stiffness was associated with an earlier transition to 

reductions in DBP and an earlier risk of developing hypertension or elevated arterial stiffness. 

DBP tends to increase until the age of approximately 50 years old, then begins to decrease 

around age 60 until at least the age of 84. This, coupled with the known progressive increase in 

SBP with age, results in widening pulse pressure (PP) with age 108, thus highlighting the 

importance of DBP control in midlife to prevent accelerated arterial stiffening 109.  

Hypertension is associated with endothelial dysfunction, and oxidative stress has been 

shown to be a consequence of hypertension 110. Elevated intraluminal pressures have been 

associated with reductions in endothelial-dependent vasodilation, increases in the production of 

superoxides, and increased activity of nicotinamide adenine dinucleotide phosphate (NADPH) 

oxidase 111. Furthermore, a hypertensive state has been shown to result in the expression of ROS 

from NADPH and mitochondria 111. Excessive ROS production results in a reduction in the 

bioavailability of NO, and thus endothelial dysfunction 112.  

1.5.6 BMI  

BMI is calculated by dividing an individual’s weight in kilograms (kg) by their height in 

metres squared 113. A BMI less than 18.5 kg/m2 is considered underweight. A BMI between 18.5 

to <25 kg/m2, is considered a healthy weight. A BMI between 25.0 to <30 kg/m2 is considered 

overweight. A BMI of 30.0 kg/m2 or higher is considered obese 113.  Most people with T2DM are 

either overweight or obese, which either causes or can exacerbate the resistance to insulin 5,70,71. 

Many individuals with T2DM who are not obese by BMI criteria have a higher proportion of 

primarily abdominal body fat, which indicates greater visceral adiposity than people without 

diabetes 72. Obesity is associated with a significant increased risk of cardiovascular morbidity 

and mortality compared to a healthy BMI 114.  Furthermore, being overweight is associated with 
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a significantly increased risk of developing CVD at an earlier age, and thus a longer exposure 

time to elevated CVD risk, despite similar longevity of those with a healthy BMI 114. Concerning 

arterial stiffness, visceral adiposity is associated with increased arterial stiffness in adults 115. 

Excessive visceral adiposity results in the synthesis of excessive adipokines and pro-

inflammatory cytokines and thus the chonric inflammation typically exhibited by those with 

obesity. Systemic inflammation is heavily implicated in the pathogenesis of atherosclerosis and 

thus the occurance of CV events via increased macrophage infiltration and reductions in the 

stability of arterial plaques 116.  

1.6 Physical Activity & Arterial Stiffness 

 Individuals who are more physically active and/or those with a higher degree of physical 

fitness may mitigate age-induced arterial stiffening 12,13,117–121. Arterial stiffness was assessed via 

aPWV in 53 healthy pre and post-menopausal females, further stratified by PA  level into 

“sedentary” (n= 28) and “physically active” (n= 25). It was found that age-related increases in 

central arterial stiffness were present in sedentary females and that this response was attenuated 

in physically active females. Furthermore, aerobic fitness was a significant independent predictor 

of central arterial stiffness in healthy older females 117. Similar results were corroborated by 

Kozakova et al. (2007) in a cohort of 432 healthy middle- and older-age males (n= 166) and 

females (n= 266) between the ages of 30 and 60. Carotid artery stiffness and cIMT were assessed 

via B-mode ultrasonography, and PA was assessed objectively via accelerometry. Both carotid 

arterial stiffness and thickness increased with age in both males and females, and the magnitude 

of PA was negatively related to arterial stiffness only. Following multivariate regression 

analysis, age and PA were independently related to carotid arterial stiffness but not thickness. As 
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such, it appears that habitual PA may attenuate age-related increases in arterial stiffness but not 

thickness 122.  

Results from larger cohort studies are not as conclusive concerning the degree to which 

PA is associated with arterial stiffness, and these outcomes may be influenced by how PA is 

assessed. The Atherosclerosis Risk in Communities (ARIC) (1987-1989) study assessed the 

distensibility of the left CCA using B-mode ultrasonography in 10,644 males and females aged 

45–64 years without CVD. PA was assessed using a modified version of the Baecke PA 

questionnaire 123. This questionnaire assessed PA from work, leisure, and sport, on a scale of 1 

(low) to 5 (high). Participants in this cohort were largely sedentary, and the proportion of 

participants participating in regular PA was 4.8%. It was found that work activity was weakly 

associated with arterial distensibility while there were no associations with leisure or sports 

activity 118. These findings are in contrast with previous work 12,13,117 and suggest that habitual 

PA may not be associated with arterial distensibility in middle-older aged healthy adults.  

Tanaka et al. (2018) outlined several limitations in work from Schmitz et al. (2002), 

including the relatively limited and young age range of the participants (45-64), which may have 

resulted in a narrow range of arterial stiffness measures, and the use of a single metric of PA in a 

mostly sedentary group. A subset of 3893 older adults (aged 66-90) from the ongoing ARIC 

study (2011-2013) were examined prospectively using the same Baecke PA questionnaire. PA 

data was taken from the first (1987-1989) and third (1993-1995) visits to examine the persistence 

of PA. Central arterial stiffness was expressed via carotid-femoral PWV in this case, and it was 

found that higher PA in later life and habitual PA from mid to later life were associated with 

lower central arterial stiffness. Despite minor attenuation, these findings persisted after adjusting 
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for diabetes and hypertension 12. It appears that arterial stiffness is influenced by habitual PA in 

older adults, and results may differ based on the methodological approach.  

Self-reported PA levels are moderately associated with elevated cardiovascular fitness 

119. Older individuals with a higher level of cardiorespiratory fitness may display attenuated 

arterial stiffness and thickness 120,121. Moreau et al. (2006) assessed intima media thickness of the 

femoral artery in 173 sedentary, moderately active, and endurance-trained males further stratified 

by age into young (20-39 years), middle-aged (40-59 years) and older (60-79 years) and 74 pre 

or post-menopausal females, further stratified by sedentary and endurance-trained. In both males 

and females, femoral artery IMT increased with age; however, absolute IMT values and the 

percent change in IMT were lower in endurance-trained compared to sedentary counterparts. 

While the Moreau et al. study assessed changes in femoral and not carotid IMT, similar findings 

have been reported when assessing cIMT 120,121.  Gando et al. (2011) assessed cardiorespiratory 

fitness via VO2peak in 771 adults (180 males and 591 females) between 27 and 65 years of age. 

Arterial thickness and lumen diameter were assessed at the CCA. In older individuals (60+), 

carotid arterial thickness and lumen diameter were lower in the fit group compared to the unfit 

group. It appears that habitual PA resulting in improved fitness is necessary to attenuate the age-

related increases in both arterial stiffness and thickness.   

1.6.1 Mechanism of Exercise-Induced Improvements in Arterial Stiffness 

The previously observed attenuations in age-related impairments in vascular function and 

structure may be due, in part, to exercise-induced reductions in hsCRP. One meta-analysis 

reported that an inverse relationship exists between regular PA and serum hsCRP, such that those 

who are more physically active display reduced serum markers of hsCRP. The likely mechanism 

through which PA improves serum inflammatory markers directly via downregulation of pro-
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inflammatory cytokine production in adipose and muscle tissue and upregulation of 

atheroprotective cytokine signalling, resulting in a cardio-protective effect 16.  

Progressive exercise-induced alterations in the ratio of structural proteins in the vascular 

wall are implicated in the cardio-protective effects. It has been demonstrated in overweight, pre-

menopausal females that 16-weeks of combined aerobic and resistance training and a hypo-

caloric diet resulted in increased levels of c-telopeptide of type 1 collagen (CTX), a marker of 

type 1 collagen degradation 124. Increased levels of CTX were found despite unchanged levels of 

Pro-Collagen Type 1 C-Peptide (PIP), a marker of type 1 collagen synthesis 124. Increased carotid 

artery distensibility has since been associated with increases in both CTX and PIP 125.  

1.7 Purpose and Hypothesis 

What is currently unknown is whether reported PA is associated with accelerated arterial 

stiffness in aging Canadians with DM2O and whether differences between sexes exist in this 

population. It is known that age-related arterial stiffening is increased in individuals with T2DM, 

and it is proposed that it is primarily due to elevations in serum inflammation as indicated by 

markers such as hsCRP 77–79. Furthermore, regular PA that results in a higher level of fitness 

results in attenuated age-induced increases in arterial stiffness, partially through downregulation 

of hsCRP concentrations 16. As such, older individuals with T2DM who are regularly physically 

active may display attenuations in the accelerated vascular aging associated with the condition. 

Furthermore, it is known that females display an increase in arterial stiffness following 

menopause compared to males of the same age 44. The results of this study will also investigate 

whether sex modulates the relationship between PA and arterial aging.  
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The specific objective of this thesis is to evaluate the influence of PA and sex on carotid 

artery stiffness measured in the baseline data sets from a large cohort of older Canadians with 

DM2O while controlling for known CVD risk factors and markers.   

It is hypothesized that like healthy older adults, more physically active individuals with 

DM2O will have attenuated common carotid artery stiffness in comparison to their more 

sedentary counterparts. Furthermore, it is hypothesized that sex differences will exist in this 

relationship, such that accelerated arterial stiffness will be more pronounced in older females 

than males.   
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CHAPTER 2: MANUSCRIPT 

2.1 Introduction 

The global population is aging, and it is expected that the number of adults over the age 

of 65 will double by the year 2050 27. Aging has been identified as an independent risk factor for 

developing cardiovascular disease (CVD), which presents a major health concern3,4. CVDs 

include diseases of the heart and vasculature, such as coronary heart disease, heart failure, 

peripheral arterial disease, and cerebrovascular disease 1,2. CVDs are considered one the leading 

causes of death, accounting for 31% of deaths worldwide 1. The American Heart Association 

reported that CVD incidence in the US is ~40% between 40–59 years of age, ~75% between 60–

79 years of age, and ~86% in those over age 80 3.   

It is well established that aging is associated with increases in arterial stiffness, which is 

the progressive impairment of an artery to constrict and dilate in response to changes in blood 

pressure 22,28. The structural integrity and compliance of the arterial wall are partially dependent 

upon the relative contribution of the scaffolding proteins elastin and collagen 24. The balance of 

these structural proteins is maintained through repeated cycles of production and degradation 24. 

Over time, arterial walls thicken and lose elasticity, resulting in an impaired buffering capacity of 

the central conduit arteries, whose elastic properties ensure anterograde blood flow during 

diastole 33. With losses in elasticity, to ensure adequate tissue level blood flow despite impaired 

elastic energetic contribution during diastole increased flow during systole is required, thereby 

necessitating higher systolic pressures32. These elevated systolic pressures result in greater 

cardiac work and mechanical strain on the downstream blood vessels, organs, and tissues. Sex 
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differences exist in the age-related increase in arterial stiffness, such that arterial stiffness and the 

risk of cardiovascular (CV) events both increase drastically in females following menopause 

compared to males of the same age 44. Aging has been identified as an independent predictor of 

CVD, and the presence of additional risk factors associated with aging, including hypertension, 

obesity, inflammation, and diabetes, can exacerbate that risk, 4.   

Diabetes mellitus (DM) is a metabolic disorder characterized by chronic hyperglycemia 

resulting from impaired secretion and/or action of insulin 5. While it is considered an 

independent risk factor for developing CVD, DM can also be a precursor to hypertension, 

obesity, and chronic inflammation 5. DM is typically either Type 1 or Type 2, however less 

common forms such as gestational and monogenic diabetes also exist 59–61. Type 1 diabetes 

mellitus (T1DM), also known as insulin-dependent diabetes mellitus, is a chronic autoimmune 

disorder characterized by the selective destruction of insulin-producing pancreatic beta cells 62,63. 

Type 2 diabetes mellitus (T2DM) is characterized by insulin resistance and other health 

complications such as abdominal obesity, hypertension, dyslipidemia and hyperglycemia 5,60. In 

contrast with T1DM, most people with T2DM are either overweight or obese, which either 

causes or exacerbates, their resistance to insulin 5,70,71. Common across diabetes type is 

accelerated vascular stiffening, such that individuals with DM typically display high arterial 

stiffness relative to healthy, non-diabetic counterparts 7–9,11,74.  

Individuals who are more physically active and/or those with a higher degree of physical 

fitness may have attenuated age-induced arterial stiffening 12,13,117–121. Objectively measured 

habitual physical activity (PA) is negatively associated with arterial stiffness in healthy older 

adults 13,117. The likely mechanism by which habitual PA attenuates age-related arterial stiffening 

is via downregulation of pro-inflammatory cytokine production in adipose and muscle tissue and 



M.Sc. Thesis – C.A. Droog  McMaster – Department of Kinesiology 

 39 

upregulation of atheroprotective cytokine signalling, resulting in a cardio-protective effect 16.  

However, findings from individuals with an elevated cardiometabolic risk profile are not as 

conclusive 126,127. Königstein et al. (2020) recently demonstrated that reduced brachial-ankle 

pulse wave velocity (baPWV), an indicator of decreased arterial stiffness, was strongly 

associated with objectively measured increases in PA in 55 middle-aged adults (43.0 ± 13.8 

years; 66% women) with obesity. Of these individuals, 20 had T2DM, and only moderate-

vigorous intensity PA (MVPA), but not light-intensity PA (LPA) or cardiorespiratory fitness, 

was associated with lower baPWV126. In contrast, Stamatelopoulos et al. (2020) recently 

demonstrated that subjectively measured PA (using a modified version of the International 

Physical Activity Questionnaire) was inversely associated with carotid-femoral pulse wave 

velocity (cfPWV), the current gold standard for arterial stiffness measurement, in normal weight, 

but not obese, post-menopausal women (mean age 57.7 ± 7.6 years) supporting the concept that 

increased PA was associated with reduced arterial stiffness. This discrepancy between previous 

studies highlights the need to examine the influence of subjectively measured PA on central 

arterial stiffness in an older group of adults with an elevated cardiometabolic risk and the also 

need to include both biological sexes in these examinations.  

What is currently unknown is whether self-reported PA is associated with accelerated 

arterial stiffness in older Canadians with T2DM and whether differences between sexes exist in 

this population. The specific objectives of this study were to: evaluate the influence of self-

reported PA on arterial stiffness in older adults with T2DM and other DM2O while controlling 

for known CVD risk factors and markers, and to assess whether this relationship is modulated by 

age and sex.  It was hypothesized that, similar to healthy older adults, more physically active 

older individuals with T2DM would have attenuated arterial stiffness compared to their more 
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sedentary counterparts. Furthermore, we hypothesized that sex differences would exist in this 

relationship, such that the association with PA will be attenuated in females with DM2O.  

2.2 Methods 

2.2.1 Study Design: CLSA Data Collection Methods 

The Canadian Longitudinal Study on Aging (CLSA) consists of a national stratified 

random sample of 51,338 Canadian men and women between the ages of 45-85 at baseline 

128,129. This sample is further delineated into two cohorts: a “Tracking” cohort and a 

“Comprehensive” cohort 128,129. The Tracking cohort comprises 21,241 individuals randomly 

selected from the 10 Canadian provinces who provided questionnaire data via computer-assisted 

telephone interview (CATI) only128,129. The Comprehensive cohort comprises 30,097 participants 

randomly selected within 25-50 kilometres of data collection sites (Vancouver, Victoria, 

Calgary, Winnipeg, Hamilton, Ottawa, Montreal, Sherbrooke, Halifax, and St. Johns) 128–130. 

Data from the Comprehensive cohort was collected via detailed computer-assisted personal 

interviewing (CAPI), physical assessments and biological (blood and urine) samples 128–130. 

Baseline data for the Tracking cohort was collected between 2011 and 2014, and baseline data 

for the Comprehensive cohort was collected between 2012 and 2015 130. Data will be collected 

every three years for 20 years, or until participant death or withdrawal from the study 128. The 

Maintaining Contact questionnaire was administered 18 months after baseline via CATI software 

to both the Tracking and Comprehensive cohort 131. Physical activity data was only collected via 

the Maintaining Contact questionnaire, but the remainder of the variables in the present study are 

derived from baseline questionnaires, physical assessments, and biological samples from the 

Comprehensive cohort. Ethical clearance for this project was obtained from the McMaster 
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Research Ethics Board, and permission to access CLSA data was obtained via the Co-Applicant 

Agreement Form for data access.  

2.2.2 Participants 

 Of the 30,097 participants in the CLSA Comprehensive cohort, 5,310 participants self-

identified as having diabetes. The specific cohort of interest for this study includes individuals 

who self-identified as having diabetes. These individuals answered, ‘yes’ to the question “has a 

doctor ever told you that you have diabetes?” from the CLSA baseline questionnaire. Any 

missing values or respondents who answered “I do not know” were excluded. Of these 

individuals, 4,666 had complete biological samples taken and had ultrasound image files 

available for analysis. Of these 4,666 individuals, a total of 2,201 individuals had ultrasound 

image files that met the quality assessment criteria to be analyzed for arterial distensibility and 

were included in the final cohort.  

Physical Activity Scale for the Elderly (PASE)  

Physical activity was assessed using a modified version Physical Activity Scale for the 

Elderly (PASE), a brief and easily scored 12-item survey used to assess usual physical activity in 

adults 65 years and older 132. This scale is specifically designed for elderly individuals and this 

includes questions and activities tailored for this population. These activities include sitting, 

walking, light, moderate or strenuous sports/recreational activities, muscular strength/endurance 

activities, housework, home repairs, yard work and gardening, caring for others, and 

working/volunteering 131. The frequency, duration, and intensity level of these activities over the 

seven days before reporting are used to generate a score between 0 to 793. Higher scores indicate 

greater levels of physical activity. It has been demonstrated that this is a valid and reliable metric 

for assessing physical activity in elderly populations 132.  
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 Blood Pressure 

 As per the CLSA heart rate and blood pressure data collection protocol version 2.2, blood 

pressure was recorded on the left side of the body using an automatic blood pressure machine 

(BpTRU Vital Signs Monitor, Coquitlam, Canada). A total of six measurements were taken, and 

the systolic and diastolic blood pressure used in the present study was the average of those 

measurements, excluding the first reading. Pulse pressure was calculated as the difference 

between the average systolic and diastolic blood pressures.  

2.2.2 Data Analysis  

Ultrasound Image Analysis  

 As per the CLSA data collection protocol for cIMT version 4.1, participants were asked 

to lie in a supine position for 5-10 minutes prior to beginning the test. During this time, 

participants were instrumented with three electrodes to assess the electrical activity of the heart 

via electrocardiogram (ECG) (GE MAC 1600 ECG Analysis System). Following the 5–10-

minute rest period, longitudinal brightness mode video clips of 3 consecutive heart cycles 

(cineloops) were captured from images obtained at a depth of 4 cm from the skin surface at the 

site of the common carotid artery bifurcation using an 11Mhz probe connected to a commercial 

ultrasound unit (VIVIDi; GE Medical Systems, Horten, Norway). The cineloops were analyzed 

to calculate the average posterior wall thickness (IMT) of both the right and left carotid arteries. 

The cineloop considered the best quality was labelled a “parent” file, meaning the cIMT value 

associated with that participant is derived from that cineloop. Any other cineloops are considered 

“childless.” cIMT was also calculated during the arterial stiffness analysis protocol, expressed as 

an average of the far wall IMT over the 3 heart cycles.  
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The same ultrasound images (cineloops) were stored on external hard drives in Digital 

Image and Communications in Medicine (DICOM) format to determine arterial stiffness 

calculated as arterial distensibility. Distensibility was calculated using the equation below:  

(1) Distensibility = 
∆Cross- Sectional Area

Pulse Pressure × Minimum Cross- Sectional Area 
 

Wherein CSA is the difference between the maximum CSA and minimum CSA, and 

pulse pressure is the difference between resting systolic and diastolic blood pressure. 

Distensibility represents the relative change in arterial diameter for a given change in pulse 

pressure 51. Image analysis was conducted using a semi-automated edge-detection software 

[AMS (Artery Measurement System) Image and Data Analysis; Gothenburg, Sweden] used to 

detect the walls of the carotid artery lumen and intima-media based on contrasting brightness 

intensities. A total of 6 frames were captured at an estimated frame rate of 27 frames per second 

(fps). A single cardiac cycle consisted of two frames, which corresponded to the minimum 

diastolic and peak systolic diameters, respectively, as calculation of arterial distensibility 

requires the minimum and maximum arterial diameters 51. A region of interest was selected 

based on clarity of artery and far-arterial wall IMT, and the quality of all 6 frames needed to be 

considered. Prior to image analysis, a quality control protocol was performed to ensure the image 

was analyzable for distensibility. Images did not pass quality control if the artery was not visible, 

the far wall cIMT was not visible, or nothing was identifiable for 4 of 6 frames. Images were also 

not analyzed if the ECG data was incorrectly recorded or not present as it is required to 

determine systole and diastole. If the cineloop passed quality control, each frame was scanned 

for the region of interest placement and any necessary manual edge-detection adjustments were 

made 133. Minimum, maximum, and mean lumen diameters, as well as mean IMT of the opposite 

arterial wall, were calculated for each frame.  
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Diabetes Classification 

 Individuals were stratified based on diabetes type based on self-reported data from the 

data collection site interview questionnaire, in which participants were asked the type of diabetes 

with which they were previously diagnosed. The possible responses were: “Type 1, Type 2, 

neither, don’t know/no answer, and refused.” For this study, diabetes type was considered either 

“Type 1” or “DM2O” which encompasses Type 2, gestational diabetes, and other variants that 

were not discernable within this data set,  including individuals who indicated they had been 

diagnosed with diabetes, but when asked about the type, indicated “neither,” or “don’t know/no 

answer.”  Type 1 diabetes is an autoimmune condition characterized by the destruction of 

insulin-producing pancreatic beta cells, resulting in insulin deficiency 5. Individuals with Type 1 

diabetes require exogenous insulin to maintain healthy blood glucose levels 62. Four individuals 

who indicated that they had been diagnosed with type 1 diabetes were re-distributed to the 

“DM2O” category based on current classification for type 1 diabetes. All four individuals 

indicated that they were not currently taking any form of drug for their diabetes and did not 

indicate that they were taking any form of insulin. Two were considered class 2 obese based on 

BMI, and three had an age of diagnosis above 40 years of age 5. To allow for greater specificity 

in the interpretation and generalizability of results, and to align with the purpose of this research 

project, individuals with Type 1 diabetes were also removed from the final model. 

2.2.3 Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics for MacOS (version 28.0; 

Chicago, IL). All variables were assessed for normality before data analysis. Normality of data 

was assessed via visual assessment of the distribution, assessing the range of skewness and 

kurtosis, and the Shapiro-Wilks test for normality. The main dependent variable of interest, 
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arterial distensibility, was non-normal. For variables with missing data, a paired samples t-test 

was conducted to determine whether any difference was present between cases with a missing 

variable and cases without a missing value for the main outcome variable. To assess the impact 

of missing data, variables with missing data were dummy coded to allow for comparison 

between those with data and those without data on the main outcome variable of interest to 

ensure data was missing at random.  

A multiple linear regression within the general linear model analysis was performed to 

assess the influence of PASE score on arterial distensibility adjusting only for age and sex. 

Covariates used in the adjusted model included: smoking status, self-declared heart disease, 

systolic blood pressure (SBP), diastolic blood pressure (DBP), carotid intima media thickness 

(IMT), high-sensitivity C-reactive protein (hsCRP), glycated hemoglobin (HbA1c), triglycerides, 

high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). 

Data were assessed for multicollinearity via the correlation matrix. Total cholesterol was not 

included due to multicollinearity with LDL-C. The initial model generated a studentized residual 

score for distensibility. Outliers were identified as a studentized residual score greater, or less 

than, 3, or -3 respectively, reflective of a studentized residual score greater than three standard 

deviations away from the mean for distensibility. Linearity of the data was assessed via visual 

assessment of a scatter plot of the studentized residual and unstandardized predicted value. All 

leverage values (a measure of extreme predictor x values, used to determine outliers and 

multicollinearity) were found to be below 0.2 134. Cook’s distance was assessed, but no values 

were above 1135. Continuous variables were mean-centred before building the regression model 

to clarify the interpretation of regression coefficients without altering R2; however, this may 

reduce multicollinearity in regression analyses that include interaction terms 136,137.  
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2.3 Results 

2.3.1 Participants Characteristics 

 General participant characteristics are presented in Table 1. Characteristics are presented 

stratified by sex in Table 2, and Table 3 displays participants’ characteristics stratified by 

diabetes type. Comparison of means in Table 2 and Table 3 are presented via independent 

sample t-tests or Mann-Whitney U test, depending on the normality of the variable. Table 4 

provides a breakdown of the sample by diabetes type and sex relative to the sample included in 

the analysis of the present study (n=2,201) and the entire comprehensive cohort of the CLSA (N 

= 30,097). There were 75 individuals with T1DM, which accounted for only 3.4% of the sample 

(n = 2,201). Table 5 presents the available self-reported hypertension characteristics, stratified by 

diabetes type and sex. 56% of the sample self-reported a previous diagnosis of hypertension, and 

47% of the total sample indicated that they were taking anti-hypertensive medication at the time 

of data collection. Table 6 presents the available self-reported heart disease data stratified by sex 

and diabetes type. 17% of the sample self-reported a previous diagnosis of heart disease. Table 7 

presents the correlation matrix for the independent correlations between the dependent variable 

(arterial distensibility) and each independent variable in the entire cohort (n= 2,201). 

Correlational analysis via Spearman’s Rho revealed a weak positive correlation between PASE 

and arterial distensibility (0.151, P=<.001). Table 8 presents the correlation matrix for the 

independent correlations between the dependent variable (arterial distensibility) and each 

independent variable in the DM2O cohort (n= 2,126).  

2.3.2 Influence of PASE Score on Arterial Distensibility  

 The initial unadjusted model with possible interactions included 2,003 individuals. R2 for 

the overall model was 0.086, while the adjusted R2 was 0.084 (Table 9). No significant 
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interactions were noted between age and sex, age and PASE, or sex and PASE. The second 

unadjusted model with outliers and non-significant interactions removed included 1,979 

individuals. R2 for the overall model was 0.107, while the adjusted R2 was 0.106 (Table 10). The 

final sample included in a general linear model was 1,727. R2 for the overall model was 0.248%, 

while the adjusted R2 was 0.242% (Table 11).  

The main finding of the present study is that there was no main effect of PASE score on 

arterial distensibility before (P = 0.143) and after (P = 0.998) adjusting for known CV risk 

factors and markers. There was a main effect of age on arterial distensibility in both models 

(P=<0.001). The addition of the covariates in the final adjusted model allowed for the small but 

significant detection of a main effect of age (P=0.040). Main effects of the other independent 

variables in the model are presented in Table 9.  Notably, no main effect was found for hsCRP 

on arterial distensibility (P=0.595).  
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Table 1: Sample Characteristics  
 

 

a Variable was missing for less than 9% of participants; b Data was identified as non-normal.  

 Total 

(n = 2201) 
 Mean (SD)  Median (IQR) 

Age (years) 65 (10) 65 (58-72) 

Age of Diagnosis (years) a, b 56 (14) 57 (49-65) 

Distensibility (mmHg-1) b 0.0022 (.0010) 0.0020 (.0014-.0027) 

cIMT (mm) 0.77 (0.17) 0.74 (0.64-0.86) 

BMI a 29.5 (5.2) 28.9 (25.7-32.4) 

hs-CRP (mg/L) b 2.8 (5.3) 1.3 (.7-2.9) 

HbA1c (%) b 6.4 (1.2) 6.1 (5.6-6.8) 

Triglycerides (mM) b 1.99 (1.11) 1.7 (1.22-2.46) 

HDL (mM) b 1.35 (.44) 1.28 (1.03-1.59) 

LDL (mM) a 2.41 (.99) 2.25 (1.66-3.09) 

Cholesterol (mM) 4.65 (1.18) 4.50 (3.75-5.42) 

TC/HDL Ratio b 3.70 (1.33) 3.44 (2.76-4.30) 

SBP (mmHg) 123.4 (16.2) 121.6 (112.6-132.7) 

DBP (mmHg) 73.4 (10.0) 73.4 (66.3-79.6) 

Maximal Grip Strength (kg) a 34.93 (11.18) 33.86 (25.93-42.82) 

PASE Score a, b 131.4 (69.3) 119.6 (82.1-171.0) 

Get Up and Go Time (seconds) a, b 10.04 (2.39) 9.65 (8.53-11.03) 

4 Metre Walk Time (seconds) a, b    4.42 (1.04) 4.22 (3.72-4.91) 

Total Chair Rise Time (seconds) a, b 13.87 (3.73) 13.40 (11.37-15.82) 
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Table 2: Characteristics for participants with diabetes (male vs. female)  

 
p-Values <.050 were considered statistically significant. a p-Value determined by an independent samples t-test, 

males vs. females; b p-value determined by a Mann-Whitney U test; c Variable was missing for less than 9% of 

participants. 

 

 Males 

(n = 1251) 

Females  

(n = 950) 

p-

Value 
N = 2201 Mean (SD)  Median (IQR) Mean (SD)  Median (IQR)  

Age (years) 66 (9) 66 (59-73) 64 (10) 64 (57-72) .006a 

Age of Diagnosis 

(years) c 

57 (13) 57 (50-65) 54 (16) 56 (46-65) .002b 

Distensibility 

(mmHg-1) 

.0021 (.0010) .0020 (.0014-

.0027) 

.0022 (.0010) .0020(.0014-.0027) .972b 

cIMT (mm) .77 (.18) .75 (.65-.88) .74 (.16) .73 (.63-.83) <.001a 

BMI c 29.1 (4.6) 28.8 (25.9-31.6) 29.9 (6.0) 29.4 (25.4-33.6) <.001a 

hs-CRP (mg/L) 2.3 (4.6) 1.1 (.7-2.4) 3.4 (6.1) 1.8 (.9-3.7) <.001b 

HbA1c (%) 6.6 (1.2) 6.2 (5.7-7.0) 6.3 (1.1) 5.9 (5.6-6.6) <.001b 

Triglycerides 

(mmol/L) 

2.02 (1.17) 1.69 (1.20-2.55) 1.95 (1.03) 1.72 (1.24-2.39) .985 b 

HDL (mM) 1.23 (.39) 1.16 (.96-1.44) 1.52 (.45) 1.43 (1.19-1.76) <.001b 

LDL (mM) c 2.24 (.94) 2.06 (1.54-2.87) 2.63 (1.02) 2.55 (1.87-3.33) <.001a 

Cholesterol (mM) 4.36 (1.09) 4.21 (3.54-5.05) 5.03 (1.18) 4.97 (4.17-5.78) <.001 a 

TC/HDL Ratio  3.82 (1.39) 3.55 (2.80-4.50) 3.56 (1.24) 3.33 (2.70-4.08) <.001a 

SBP (mmHg) 124.1 (16.0) 122.4 (113.2-

133.6) 

122.3 (16.4) 121.0 (111.2-

131.6) 

.009a 

DBP (mmHg) 74.9 (10.1) 74.6 (68.0-81.2) 71.4 (9.6) 71.6 (64.6-77.9) <.001a 

Maximal Grip 

Strength (kg) c 

41.40 (9.46) 41.13 (35.18-

47.32) 

26.07(6.13) 25.57 (21.99-

29.80) 

<.001a 

PASE Score c 138.9 (70.6) 127.3 (88.6-

179.6) 

121.4 (66.4) 111.00 (72.1-

159.5) 

<.001b 

Get Up and Go 

Time (seconds) c 

10.03 (2.32) 9.67 (8.56-

10.98) 

10.05 (2.48) 9.60 (8.49-11.16) .707b 

4 Metre Walk Time 

(seconds) c   

4.37 (1.01) 4.19 (3.71-4.81) 4.49 (1.09) 4.28 (3.75-5.04) .005b 

Total Chair Rise 

Time (seconds)  c 

13.76 (3.60) 13.37 (11.3-

15.62) 

14.02 (3.9) 13.52 (11.47-

16.09) 

.267b 
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Table 3: Characteristics for participants with T1DM vs. participants with DM2O 

 

 

p-Values <0.050 were considered statistically significant. a p-Value determined by an independent samples t-test, 

type 1 vs. other; b p-value determined by a Mann-Whitney U test; c Variable was missing for less than 9Ind% of 

participants.  

 

 T1DM 

(n = 75) 

DM2O 

(n = 2126) 

p-

Value 
N = 2201 Mean (SD)  Median (IQR) Mean (SD)  Median (IQR)  

Age (years) 62 (10) 62 (54-70) 65 (10) 65 (58-72) .016a 

Age of Diagnosis c 

(years) 

35 (19) 30 (18-51) 56 (13) 57 (50-65) <.001b 

Distensibility 

(mmHg-1) 

.0025 

(.0011) 

.0019 (.0016-

.0027) 

.0021 (.0010) .0020 (.0014-

.0027) 

.792b 

cIMT (mm) .75 (.16) .72 (.63-.86) .76 (.17) .74 (.64-.86) .755a 

BMI c 27.2 (4.9) 26.5 (23.3-29.8) 29.6 (5.2) 29.0 (25.8-32.4) <.001a 

hs-CRP (mg/L) 3.1 (6.3) 1.0 (.7-3.0) 2.8 (5.3) 1.3 (.7-2.9) .476b 

HbA1c (%) 7.7 (1.2) 7.5 (6.8-8.5) 6.4 (1.2) 6.0 (5.6-6.8) <.001b 

Triglycerides (mM) 1.48 (1.01) 1.16 (.87-1.69) 2.01 (1.11) 1.72 (1.24-2.47) <.001b 

HDL (mM) 1.61 (.53) 1.60 (1.16-1.94) 1.34 (.44) 1.27 (1.03-1.57) <.001b 

LDL (mM) c 2.01 (.72) 1.85 (1.62-2.41) 2.43 (1.00) 2.28 (1.66-3.10) <.001a 

Cholesterol (mM) 4.27 (.82) 4.19 (3.63-4.75) 4.66 (1.19) 4.52 (3.76-5.45) <.001a 

TC/HDL Ratio  2.91 (1.04) 2.64 (2.18-3.32) 3.73 (1.33) 3.47 (2.78-4.33) <.001b 

SBP (mmHg) 121.9 (16.7) 118.8 (108.2-

135.0) 

123.4 (16.2) 121.8 (112.6-

132.6) 

.421a 

DBP (mmHg) 69.7 (10.0) 68.2 (62.8-75.6) 73.6 (10.0) 73.6 (66.4-80.0) <.001a 

Maximal Grip 

Strength (kg) c 

31.59 (9.38) 29.94 (24.95-

38.22) 

35.04 (11.22) 34.06 (26.04-

42.95) 

.005a 

PASE Score c 134.3 (79.6) 120.3 (67.4-

190.2) 

131.3 (69.0) 119.6 (82.8-

171.0) 

.960b 

Get Up and Go 

Time (seconds) c 

10.12 (2.44) 9.74 (8.79-11.13) 10.04 (2.39) 9.63 (8.53-11.03) .562b 

4 Metre Walk Time 

(seconds) c 

4.47 (.95) 4.40 (3.93-4.88) 4.42 (1.05) 4.22 (3.72-4.91) .674a 

Total Chair Rise 

Time (seconds) c 

13.69 (3.31) 13.31 (11.42-

15.47) 

13.88 (3.74) 13.41 (11.37-

15.82) 

.671a 
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Table 4: Sample breakdown by diabetes type and sex 

 T1DM DM2O 

 Sample 

n  

Sample % Total Cohort % a Sample 

n  

Sample 

% 

Total Cohort % a 

Total 75 3.4% 0.3% 2126 96.6% 7.1% 

Male 38 1.7%  0.1% 1213 55.1% 4.0% 

Female 37 1.7% 0.1% 913 41.5% 3.0% 

a Total cohort refers to the total CLSA Comprehensive data set (N= 30,097).  

 

Table 5: Sample breakdown for Hypertension Data  

N = 2,201 % of Sample with 

Hypertension 

 

% of Sample taking 

medication for 

Hypertension 
 n % n % 

Total  1,222 55.6% 1035 47.0% 

    Type 1  39 1.8% 37 1.7% 

    DM2O 1183 53.7% 998 45.3% 

Male 704 31.99% 635 28.9% 

    Type 1 19 0.9% 15 0.7% 

    DM2O 685 31.2% 620 28.2% 

Female  518 23.5% 400 18.2% 

    Type 1 20 0.9% 22 0.99% 

    DM2O 498 22.6% 378 17.2% 

Percentages are expressed relative to the total sample of 2,201. 
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Table 6: Sample Breakdown for Self-Reported Heart Disease Data 

N = 2,201 % of Sample with Heart 

Disease 

 
 n % 

Total 381 17.3% 

Type 1 18 .8% 

DM2O 363 16.5% 

Male 215 9.8% 

Type 1 9 .4% 

DM2O 206 9.4% 

Female 166 7.5% 

Type 1 9 0.4% 

DM2O 157 7.1% 

 

Percentages are expressed relative to the total sample of 2,201. 
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Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1.Distensibility 

(mm) 

1                      

2. Sex   .001 1                     

3. Age (years) -.317** .061* 1                    

4. Age of 

Diagnosis 

(years) (n=2190) 

-.199** .065** .696** 1                   

5. cIMT (mm) 

(n=2015) 

-.109** .084** .398** .257** 1                  

6. BMI (n=2197) -.117** -.054** -.125** -.047** .063** 1                 

7. hs-CRP 

(mg/L) 

-.087** -.185** -.039* -.011 .012 .410** 1                

8. HbA1c (%) -.176** .137** .153** .030 .128** .174** .132** 1               

9.Triglycerides 

(mmol/L) 

-.138** -.000 -.082** -.000 -.006 .298** .207** .184** 1              

10. HDL 

(mmol/L) 

.085** -.338** .067** .021 -.060* -.320** -.161** -.265** -.550** 1             

11. LDL 

(mmol/L) 

(n=2122) 

.079** -.200** -.222** -.091** -.078** -.053** .113** -.334** .061** .191** 1            

12.Cholesterol 

(mmol/L)  

.047* -.288** -.203** -.081** -.088** -.067** .106** -.301** .210** .313** .924** 1           

13. SBP (mmHg)   -.364** .054* .179** .130** .151** .197** .143** .105** .094** -.047* .017 .034 1          

14. DBP 

(mmHg) 

-.119** .165** -.314** -.140** -.118** .206** .115** -.027 .141** -.112** .200** .178** .553** 1         

15. TC/HDL 

Ratio  

-.048* .096** -.206** -.070** -.008** .264** .243** .018 .685** -.678** .535* .438** .074** .240** 1        

16. Max Grip 

Strength (kg) 

(n=2053) 

.096** .711** -.255** -.115** -.035 .040 -.163** -.016 .019 -.247** -.014 -.085** .038 .274** .165** 1       

17. PASE Score 

(n=2074) 

.151** .129** -.335** -.185** -.137** -.026 -.116** -.138** -.056* .021 .130** .090** -.055* .149** -.048* .299** 1      

18. Diagnosed 
with 

Hypertension 

(n=2195) 

.148** -.019 -.201** -.135** -.126** -.183** -.098** -.125** -.082** .090** .196** .177** -.256** -.039 .029 .082** .142** 1     

19. Current Tx 

for Hypertension 

(n=2149) 

-.096** .090** .219** .143** .102** .114** .034 .198** .023 -.098** -.310** -.297** .061** -.088** -.123** -.037 -.123** -.423** 1    

20. Get Up and 

Go Time 

(seconds) 

(n=2185) 

-.160** .008 .352** .205** .179** .165** .146** .178** .045* -.097** -.144** -.137** .118** -.118** -.010 -.243** -.253** -.169** .149** 1   

21. 4- Metre 
Walk Test Time 

(seconds) 

(n=2191)  

-.166** -.060** .318** .183** .161** .134** .148** .166** .055* -.063** -.125** -.111** .095** -.144** -.017 -.297** 

 

-.262** -.135** .118** .740** 1  

22. Total Chair 

Rise Test Time 

(seconds) 

(n=2092) 

-.092** -.024 .193** .118** .080** .077** .077** .127** .038 -.078** -.095** -.091** .087** -.047* .004 -.185** -.164** -.102** .051** .521** .373** 1 

Table 7: Spearman’s Rho Correlation Matrix 

** Correlation is significant at the .010 level (2-tailed). * Correlation is significant at the .050 level (2-tailed). 
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Table 8: Initial Unadjusted Model for PASE and Distensibility  

Distensibility B T Sig. R2 ∆R2 

Model     .086 .084 

   Intercept 3.911E-3 17.959 <.001   

   Age  -2.683E-5 -8.196 <.001   

   Sex  5.89E-4 1.799 .072   

   PASE score 1.882E-6 .848 .397   

Age*sex -9.532E-6 -1.904 .057   

Age*PASE -2.815E-8 -.807 .420   

Sex*PASE -1.088E-7 -.152 .879   

 
P-value significant at the .050 level.  

 

 

Table 9: Unadjusted Model (outliers and interactions removed)  

Distensibility B T Sig. R2 ∆R2 

Model     .107 .106 

   Intercept 4.068E-3 27.871 <.001   

   Age -2.990E-5 -13.472 <.001   

   Sex  -2.679E-5 -.674 .500   

   PASE score 4.457E-7 1.466 .143   

 

 
P-value significant at the .050 level.  
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Table 10: Adjusted Model  

Distensibility B T Sig. R2 ∆R2 

Model     .248 .242 

   Intercept 4.233E-3 31.511 <.001   

   Age -3.333E-5 -12.317 <.001   

   Sex  -9.370E-5 -2.060 .040   

   PASE 7.331E-10 .002 .998   

   cIMT 3.070E-4 2.510 .012   

   HBA1C -8.063E-5 -4.286 <.001   

   hsCRP -1.907E-6 -.532 .595   

   Triglycerides -9.396E-5 -3.585 <.001   

   HDL-C 2.367E-6 -.041 .967   

   LDL-C 2.850E-5 1.318 .188   

   SBP -1.321E-5 -7.770 <.001   

   DBP -6.857E-6 -2.385 .017   

   BMI -1.406E-5 -3.382 <.001   

   Self-reported 

   heart disease 

-9.765E-5 -1.911 .056   

   Smoker/previous  

   smoker 

1.170E-4 1.716 .086   

 
P-value significant at the .050 level.  
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2.4 Discussion 

 In the current study, we sought to examine the influence of PA on carotid artery stiffness 

as measured in the baseline data sets from a large cohort of older Canadians with DM classified 

as DM2O after controlling for known CVD risk factors and markers, and whether any 

differences across age and sex existed. The main findings of this project are two-fold: (1) 

physical activity as assessed by the PASE is not associated with arterial distensibility in older 

adults with DM2O, and (2) these results did not differ based on age or sex.  

It was hypothesized that PASE would be associated with accelerated carotid arterial 

distensibility, a direct measure of arterial stiffness, in older adults with DM2O. This hypothesis 

was grounded on a breadth of literature supporting the notion that higher levels of habitual 

physical activity and physical fitness are associated with attenuated age-related arterial stiffening 

in healthy older adults 12,13,117–121. The present study found that PASE was not associated with 

arterial distensibility in older adults with DM2O. While PASE was significantly correlated with 

arterial distensibility, there was no main effect of PASE on arterial distensibility before and after 

adjustment for known CVD risk factors and markers. 

 The findings of the present study do not necessarily suggest that increased physical 

activity is unrelated to favourable outcomes regarding improved vascular health. Instead, it is 

important to consider that the indices with which both arterial stiffness and physical activity were 

assessed differ from much of the previously cited literature 117,122. Tanaka et al. (1998) 

demonstrated attenuated age-related arterial stiffening via aortic pulse-wave velocity (PWV) in 

post-menopausal females. Similar findings were corroborated by Kozakova et al. (2007), who 

assessed carotid-femoral (cfPWV) and objectively measured PA in middle-aged males and 

females and found attenuations in age-related vascular stiffening in more physically active 
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individuals. Carotid arterial distensibility measures local arterial stiffness of an elastic artery, 

while cfPWV reflects the properties of multiple segments, including elastic and muscular arteries 

89. As such, it is possible that a greater representation of the arterial tree including more than just 

the central arterial regions is necessary to detect changes due to PA. Indeed, higher levels of 

moderate-vigorous PA were associated with lower levels of baPWV, a composite metric of 

arterial stiffness, in middle-aged adults with obesity 126.   

While Königstein et al. (2020) recently demonstrated that arterial stiffness was strongly 

associated with objectively measured MVPA in middle-aged adults with obesity, 

Stamatelopoulos et al. (2020) recently found that subjectively measured PA was inversely 

associated with arterial stiffness in normal weight but not obese, post-menopausal women126,127. 

Several methodological differences exist between these two studies. Königstein et al. (2020) 

assessed baPWV, which indicates peripheral arterial stiffness, while Stamatelopoulos et al. 

(2020) assessed cfPWV, which indicates central arterial stiffness. It is known that central arterial 

stiffness is more strongly associated with of CVD risk compared to peripheral arterial stiffness 

138. Furthermore, PA was assessed differently between studies (objective vs. subjective 

assessment of PA). Finally, differences in sample characteristics may account for the discrepant 

findings, as Stamatelopoulos et al. (2020) examined women only and an older age group. This 

discrepancy highlights the need to examine the influence of subjectively measured PA on central 

arterial stiffness in an older group of adults with an elevated cardiometabolic risk, including both 

biological sexes.  

Like the present study, Schmitz et al. (2002) assessed arterial distensibility and 

subjectively measured PA in older males and females but found only a weak association between 

work-related PA and arterial distensibility. It was suggested that habitual PA might not be 
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associated with arterial stiffness 118. In contrast, Tanaka et al. (2018) found higher PA in later 

life, and habitual PA from mid- to later life was associated with lower central arterial stiffness. 

Despite minor attenuation, these findings persisted after adjusting for diabetes and hypertension 

12. A strength of the study from Tanaka et al. (2018) used the same Baecke questionnaire in a 

repeated measures design, which allowed for the assessment of long term (6- year follow-up) 

habitual PA. Schmitz et al. (2001) presented PA data using a modified Baecke questionnaire, 

which accounted for PA of different intensities over the last 10 months 123. The PASE used in the 

present study accounts for PA performed over 7 days 132. Both studies using subjective 

assessments are cross-sectional, and thus causality cannot be inferred. As such, the results of 

Tanaka et al. (2018), most notably the finding that mid-late life high PA was associated with 

lower arterial stiffness even after adjustment for diabetes, are promising and highlight the need to 

perform follow-up analysis on PASE and carotid arterial distensibility in this group once these 

data become available.  

The PASE is designed to assess PA habits in older adults aged 65 and older, accounting 

for PA typically performed by older persons 132. The mean age of the present study was 

approximately 65 years, with a range of 45-85 years. One thousand seventy individuals were 

between the ages of 45 and 64. As such, it is possible that the PASE was not the most 

appropriate assessment of PA in a portion of this population for a cross-sectional analysis of 

baseline data. However, the present study is part of a larger, longitudinal study on aging 128. As 

such, PASE was selected to assess PA throughout aging, as many individuals included in the 

baseline study will eventually be over the age of 65, at which point PASE will be an appropriate 

metric. Furthermore, it may be postulated that PASE scores were simply too low and tightly 

scattered about the mean to detect any linear relationship. However, Logan et al. (2013) 
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suggested via correlational data that a minimum PASE score of ~140 for males and ~120 for 

females was associated with a favourable waist circumference, a known predictor of arterial 

stiffness in middle-older adults 115,139. The mean PASE scores in the present study were 

approximately 139 in males and 121 in females, nearly equivalent to the recommendations of 

Logan et al. (2013), thus suggestive that PASE scores were sufficient to result in favourable 

health outcomes related to arterial stiffness. Finally, the PASE is a subjective assessment of PA. 

It is unlikely that the lack of relationship between PASE and arterial distensibility in the present 

study is limited by the PASE scale and more likely limited by the cross-sectional nature of the 

present study. 

Duration of diabetes was not considered in the present study, but has been shown to be 

associated with arterial stiffness in older adults with T2DM 140. Diabetic complications are 

known to increase with a greater duration of disease, and the risk of coronary heart disease was 

1.38 times higher and risk of CHD death was 1.8 times higher for each decade of diabetes 

duration 140,141. In individuals with a shorter disease duration (0.3-6.2 years), increased risk of 

mortality was attributed to other CVD risk factors, such as prior myocardial infarction and 

microalbuminuria. However, in individuals with a longer duration of diabetes (6.3-29.0 years), 

the elevated risk of mortality was almost completely attributed to the length of disease, 

independent of other CVD factors 142. As such, follow up analysis should include diabetes 

duration as an independent risk factor.  

It was hypothesized that sex differences would modulate any observed relationships 

between PA and arterial distensibility. While we did not observe any main effect of sex in the 

initial model that included only age, sex and PASE (P=.536), there was a main effect for sex that 

approached insignificance and should be interpreted with caution (P=.040) when adjusting for 
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age, PASE, heart disease, smoking status, hsCRP, HbA1c, SBP, DBP, cIMT, Triglycerides, 

HDL-C, and LDL-C. In our baseline characteristics comparisons, arterial distensibility did not 

differ significantly between males and females (P=.972). It is known that sex differences exist in 

older adults with regards to arterial stiffness, such that increases in arterial stiffness are typically 

greater in older females compared to older males as assessed by both PWV 44 and carotid arterial 

distensibility 143. The greater arterial stiffness in older women  is typically attributed to 

menopause and the resulting loss of the cardioprotective effects of estrogen 19. In a cohort of 

middle-aged adults with, and without, T2DM, the age-related increase in arterial stiffness was 

more pronounced in females with T2DM than females without T2DM, and no difference was 

found in males 144. The current findings regarding a lack of sex differences in the relationships 

between arterial stiffness and PA in DM2O do not necessarily refute previous findings in this 

area; however, they highlight a limitation of the cross-sectional nature of the present study. 

Longitudinal analysis will likely be required to detect any sex differences in the progression of 

arterial stiffness over time.  

It is important to consider the characteristics of the sample with self-reported 

hypertension and heart disease. It was found that 1,183 (56%) of the 2,126 individuals in the 

DM2O cohort self-reported a diagnosis of hypertension, and 998 (47%) individuals in the DM2O 

cohort self-reported that they were currently taking anti-hypertensive medication. The fact that 

over 50% of this sample reported a diagnosis of hypertension is unsurprising, as it has been 

suggested that stiffening of the arterial wall can a precursor to the development of hypertension 

145. Furthermore, 363 (17%) of the 2126 self-reported a diagnosis of heart disease, which is also 

unsurprising in the aging and diabetic population in the present study, as diabetes and aging are 

both implicated in the progression of arterial stiffness. With aging, arterial walls thicken and lose 
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elasticity, resulting in impaired vascular function, especially in the central arteries located 

proximally to the heart.6, and this process is accelerated in the diabetic state 7–11. 

A weak negative correlation between the serum inflammatory marker hsCRP and arterial 

distensibility was observed, in the present study. However, no main effect of hsCRP on arterial 

distensibility was found in the adjusted general linear model. hsCRP is involved in the synthesis 

of tissue factors, cytokines, and platelet aggregation, and as such, it is heavily involved in the 

atherosclerotic development process. This inflammatory marker is elevated in acute and chronic 

inflammation, peripheral vascular diseases, diabetes, and hypertension 86. In a large sample of 

adults with diabetes (n = 1614; age 17-66+), it was found that increased HbA1c was associated 

with higher levels of hsCRP, and thus chronic inflammation 79, which is consistent with the 

present study. This relationship suggests accelerated vascular stiffness in diabetic populations 78. 

In a group of 362 middle-aged and elderly males (mean age 60  11 years), Nakhai-Pour et al. 

(2007) assessed aortic PWV and hsCRP. It was found that individuals with diabetes mellitus who 

were older had higher levels of hsCRP. Furthermore, it was found that hsCRP was predictive of 

PWV and thus arterial stiffness, such that aortic PWV increased significantly with higher levels 

of hsCRP 78, a finding that is inconsistent with the present study, and results regarding carotid 

arterial distensibility and hsCRP in adults with diabetes of any type are extremely limited, 

highlighting the need for further research in this area.  

2.4.1 Strengths and Limitations  

Several strengths of the present study exist that make the findings of this thesis a valuable 

contribution to the literature in this area. Using a national longitudinal database (CLSA) 128 

allowed for the inclusion of a sample size (n=2,201) that would have been otherwise unfeasible. 

Regarding the analysis of sex differences, this study included a sample of both males (57% of the 
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sample) and females (43% of the sample) and was therefore not limited by including both men 

and women. Furthermore, the use of the CLSA database, with follow-up collection is planned for 

every 3 years for 20 years 128, should be considered a strength. In the future, this will provide 

several follow-up points, allowing for comparative analysis with the present findings and the 

detection of longitudinal, within-subject comparisons, and potential sex-based differences. 

The present study also used empirical diagnostic criteria 5 to discriminate individuals 

with T1DM from the DM2O individuals. Differences exist in both the pathophysiology and 

manifestation of the two types of diabetes, and it is important to distinguish between them in 

many investigations5. Individuals with T1DM are typically not overweight, while over 90% of 

individuals with T2DM are at least overweight, if not obese 5. As such, the associated risk factors 

and markers of the two diseases can differ, as noted in the differing BMI, HbA1c, triglyceride, 

and cholesterol variables observed between disease groups in the present study (Table 3). As 

such, the isolated analysis of DM2O is a strength of the present study. Furthermore, a full profile 

of cardiovascular risk factors and markers typically associated with diabetes was included in the 

present study. With access to the cardiovascular disease risk profile, the findings of the present 

study regarding the lack of relationship between PASE and arterial distensibility in this 

population are likely independent of the influence of other common risk factors and markers. 

Use of a weighted score, such as the INTERHEART Risk Score146 , may have allowed for a 

more appropriate determination of the effect of several CVD risk factors and markers. The 

INTERHEART Risk Score is a valid composite CVD risk score that includes age, sex, smoking 

status, diabetes, high blood pressure, familial history of heart disease, waist-to-hip ratio, 

psychosocial factors, diet, and physical activity. Greater scores indicate a greater CVD risk 147.  
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Several limitations of the present study cannot be overlooked. In the CLSA, BP was 

assessed at the brachial artery before ultrasound imaging with the participant in a seated position, 

while the ultrasound images used to calculate arterial distensibility were obtained at the carotid 

artery with the participant in the supine position. In assessing arterial distensibility, blood 

pressure can be assessed locally via applanation tonometry on the carotid artery opposite to the 

one being imaged, or peripherally, using a standard brachial blood pressure cuff 32,54. It is 

typically recommended that BP as an independent metric be assessed in a seated position, as 

supine BP measurements can be lower on average 148. Local BP values can differ from brachial 

BP values due to pulse amplification 32. BP is required to calculate pulse pressure, which is used 

in the calculation of arterial distensibility 51. Arterial distensibility is itself a measurement of 

local arterial stiffness within a certain region, and the change in arterial diameter depends on the 

change in arterial pressure 32. As such, local assessment of BP is typically recommended when 

assessing arterial distensibility; however, this study may be limited by equipment availability, 

and tonometry can be difficult to assess in certain clinical populations, such as DM 32,55.  

This study is also limited by the inability to distinguish between Type 2 and “other” 

diabetes. Diabetes type was assessed via self-report during baseline assessment. T2DM accounts 

for 90-95% of diabetes cases, and this is consistent with the present study, in which “other” 

diabetes accounted for almost 97% of cases. The DM2O category may also include females who 

previously had gestational diabetes, which can occur during pregnancy 5. However, the mean age 

of diagnosis was 56 years in the present study, and BMI was significantly greater in the DM2O 

category (29.6 vs. 27.2 P= <.001). These findings would place the mean BMI in the other 

category as overweight/obese, as a BMI between 25.0 to <30 kg/m2 is considered overweight 113. 

A BMI of 30.0 kg/m2 or higher is considered obese 113. Punthakee et al. (2018) reported that the 
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mean age of diagnosis is typically older in T2DM (>25 years) compared to T1DM, and roughly 

90% of T2DM cases are overweight. Furthermore, the mean HbA1c in the DM2O group was 

6.4%, which is considered pre-diabetic 5. However, HbA1c is an indirect measure of average 

blood glucose levels, and other factors should be considered that may impact hemoglobin 

glycation independently of glycemia, including age, race/ ethnicity, pregnancy status, genetic 

background, and anemia/hemoglobinopathies 59. As such, further criteria would be required to 

properly ascertain Type 2 diabetics from the rest of the sample, such as fasting plasma glucose 

(FPG), 2-hour (2-h) post-load plasma glucose after a 75 g oral glucose tolerance test (2hPG in a 

75 g OGTT), or a random blood glucose test 56.  

2.4.2 Future Directions 

As further data is collected in the CLSA sample, longitudinal measures of  carotid artery 

distensibility will become. available. Future research should examine both changes in PA over 

time, as well between group comparisons. It was previously mentioned that the cross-sectional 

nature of the current study might have limited interpretations of PA data and repeat measures of 

both PA and distensibility would allow for the detection of a relationship in either direction. 

Furthermore, the present study did not seek to compare diabetes vs. non-diabetes. Future 

research should examine the cross-sectional baseline data to compare relationships between 

PASE and distensibility in diabetics vs. non-diabetics, which would allow for mechanistic insight 

regarding the metabolic syndrome and arterial distensibility.  

2.5 Conclusion 

 The results of this study suggest that, despite a weak negative correlation, PA, as 

measured by the PASE tool was not associated with arterial distensibility in older adults with 

DM2O before and after adjustment for known CVD risk factors and markers. These results did 
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not differ based on age or sex, and no sex differences were found for arterial distensibility in this 

population. Follow-up analysis is recommended to assess the influence of long-term PA on 

arterial distensibility and whether any progression rather than the absolute values of arterial 

stiffness differ based on sex in this population.  
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APPENDIX A: SPSS OUTPUT 

 

Descriptive Statistics  

 

Statistics 

 Age 

Age of 

diagnosis Distensibility cIMT BMI hs-CRP HBA1c 

N Valid 2201 2189 2201 2015 2196 2201 2201 

Missi

ng 

0 12 0 186 5 0 0 

Mean 65.08 55.5007 .00215116076

1 

.7599799

8 

29.4698 2.762 6.423 

Median 65.00 57.0000 .00199782300

0 

.7398850

0 

28.9331 1.300 6.100 

Std. Deviation 9.629 14.16257 .00102590186

96 

.1715752

75 

5.23280 5.3238 1.1973 

Skewness .031 -.745 1.319 .715 .799 8.822 2.057 

Std. Error of 

Skewness 

.052 .052 .052 .055 .052 .052 .052 

Kurtosis -.817 .752 3.601 1.263 1.316 112.465 6.193 

Std. Error of 

Kurtosis 

.104 .105 .104 .109 .104 .104 .104 

Minimum 45 .00 .0003371460 .235172 15.76 .2 4.7 

Maximum 85 85.00 .0088971900 1.654660 54.88 101.1 14.2 

Percentiles 25 58.00 49.0000 .00142479550

0 

.6390370

0 

25.7357 .700 5.600 

50 65.00 57.0000 .00199782300

0 

.7398850

0 

28.9331 1.300 6.100 

75 72.00 65.0000 .00270264300

0 

.8585720

0 

32.3608 2.900 6.800 
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Statistics 

 Triglycerides HDL-C LDL-C Cholesterol 

TC/HDL 

Ratio 

Systolic 

Blood 

Pressure 

N Valid 2201 2201 2121 2201 2201 2201 

Missing 0 0 80 0 0 0 

Mean 1.9872 1.3522 2.4105 4.6492 3.7099 123.3620324

09510770 

Median 1.7000 1.2800 2.2500 4.5000 3.4366 121.6000000

00000000 

Std. Deviation 1.11438 .44248 .99849 1.17890 1.33115 16.17806666

0996180 

Skewness 1.641 1.038 .611 .536 1.272 .659 

Std. Error of 

Skewness 

.052 .052 .053 .052 .052 .052 

Kurtosis 3.946 1.669 .090 .006 2.245 1.250 

Std. Error of Kurtosis .104 .104 .106 .104 .104 .104 

Minimum .39 .41 .14 1.80 1.43 70.80000000

00000 

Maximum 9.44 3.70 6.54 9.02 12.07 199.0000000

000000 

Percentiles 25 1.2200 1.0300 1.6600 3.7500 2.7564 112.6000000

00000000 

50 1.7000 1.2800 2.2500 4.5000 3.4366 121.6000000

00000000 

75 2.4550 1.5900 3.0900 5.4200 4.2972 132.7000000

00000000 
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Statistics 

 Diastolic 

Blood 

Pressure 

Maximal 

Grip 

Strength 

PASE 

score 

Get up and 

Go Test 

4-metre 

walk Time 

Chair rise 

test Time 

N Valid 2201 2052 2073 2184 2190 2091 

Missing 0 149 128 17 11 110 

Mean 73.4192185

37028640 

34.9292 131.3622 10.0396 4.4215 13.8720 

Median 73.4000000

00000000 

33.8638 119.5714 9.6500 4.2200 13.4000 

Std. Deviation 10.0445224

74591481 

11.17756 69.33213 2.39253 1.04370 3.73437 

Skewness .243 .395 .825 2.166 2.083 1.387 

Std. Error of 

Skewness 

.052 .054 .054 .052 .052 .054 

Kurtosis .250 -.380 .612 10.328 10.919 6.115 

Std. Error of 

Kurtosis 

.104 .108 .107 .105 .105 .107 

Minimum 44.8000000

000000 

9.21 2.14 3.22 1.97 3.66 

Maximum 119.000000

0000000 

71.87 427.18 30.16 15.13 44.10 

Percentile

s 

25 66.3000000

00000010 

25.9318 82.1429 8.5350 3.7200 11.3700 

50 73.4000000

00000000 

33.8638 119.5714 9.6500 4.2200 13.4000 

75 79.6000000

00000000 

42.8182 171.0000 11.0300 4.9100 15.8200 
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Independent Samples T-test for Normal Data; Stratified by Sex  

Independent Samples Test 

 

Levene's Test for 

Equality of Variances t-test for Equality of Means 

F Sig. t df 

Significance 

One-Sided p 

Age Equal variances 

assumed 

2.443 .118 -2.774 2199 .003 

Equal variances not 

assumed 

  -2.760 2005.191 .003 

cIMT Equal variances 

assumed 

8.347 .004 -3.680 2013 <.001 

Equal variances not 

assumed 

  -3.723 1885.115 <.001 

BMI Equal variances 

assumed 

79.478 <.001 3.580 2194 <.001 

Equal variances not 

assumed 

  3.453 1714.820 <.001 

LDL-C Equal variances 

assumed 

6.993 .008 9.252 2119 <.001 

Equal variances not 

assumed 

  9.162 1913.690 <.001 

Cholesterol Equal variances 

assumed 

6.977 .008 13.916 2199 <.001 

Equal variances not 

assumed 

  13.773 1958.628 <.001 

Systolic Blood 

Pressure 

Equal variances 

assumed 

1.254 .263 -2.599 2199 .005 

Equal variances not 

assumed 

  -2.590 2015.019 .005 

Diastolic Blood 

Pressure 

Equal variances 

assumed 

.563 .453 -8.272 2199 <.001 

Equal variances not 

assumed 

  -8.325 2088.873 <.001 

Maximal Grip 

Strength 

Equal variances 

assumed 

134.813 <.001 -41.689 2050 <.001 

Equal variances not 

assumed 

  -44.436 2023.272 <.001 

4-metre Walk Time Equal variances 

assumed 

3.513 .061 2.664 2188 .004 
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Equal variances not 

assumed 

  2.637 1953.268 .004 

Chair Rise Test 

Time 

Equal variances 

assumed 

4.092 .043 1.539 2089 .062 

Equal variances not 

assumed 

  1.521 1843.685 .064 

 

Independent Samples Test 

 

t-test for Equality of Means 

Significance Mean 

Difference 

Std. Error 

Difference 

95% 

Confidence 

Interval of 

the 

Difference 

Two-Sided p Lower 

Age Equal variances 

assumed 

.006 -1.148 .414 -1.959 

Equal variances not 

assumed 

.006 -1.148 .416 -1.963 

cIMT Equal variances 

assumed 

<.001 -.028424550 .007724434 -.043573271 

Equal variances not 

assumed 

<.001 -.028424550 .007635560 -.043399589 

BMI Equal variances 

assumed 

<.001 .80493 .22484 .36401 

Equal variances not 

assumed 

<.001 .80493 .23311 .34772 

LDL-C Equal variances 

assumed 

<.001 .39645 .04285 .31242 

Equal variances not 

assumed 

<.001 .39645 .04327 .31159 
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Cholesterol Equal variances 

assumed 

<.001 .67700 .04865 .58160 

Equal variances not 

assumed 

<.001 .67700 .04915 .58060 

Systolic Blood 

Pressure 

Equal variances 

assumed 

.009 -

1.807446968

740976 

.6953102973

96581 

-

3.170980613

328140 

Equal variances not 

assumed 

.010 -

1.807446968

740976 

.6978138836

16988 

-

3.175959066

368648 

Diastolic Blood 

Pressure 

Equal variances 

assumed 

<.001 -

3.522040052

168648 

.4257885187

90797 

-

4.357029801

384235 

Equal variances not 

assumed 

<.001 -

3.522040052

168648 

.4230727569

27193 

-

4.351728163

574751 

Maximal Grip 

Strength 

Equal variances 

assumed 

<.001 -15.32623 .36763 -16.04720 

Equal variances not 

assumed 

<.001 -15.32623 .34491 -16.00264 

4-metre Walk Time Equal variances 

assumed 

.008 .11975 .04496 .03159 

Equal variances not 

assumed 

.008 .11975 .04541 .03068 

Chair Rise Test Time Equal variances 

assumed 

.124 .25383 .16493 -.06961 

Equal variances not 

assumed 

.128 .25383 .16683 -.07337 
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Independent Samples Test 

 

t-test for Equality of 

Means 

95% Confidence 

Interval of the 

Difference 

Upper 

Age Equal variances assumed -.336 

Equal variances not assumed -.332 

cIMT Equal variances assumed -.013275830 

Equal variances not assumed -.013449512 

BMI Equal variances assumed 1.24585 

Equal variances not assumed 1.26215 

LDL-C Equal variances assumed .48049 

Equal variances not assumed .48132 

Cholesterol Equal variances assumed .77240 

Equal variances not assumed .77340 

Systolic Blood Pressure Equal variances assumed -.443913324153811 

Equal variances not assumed -.438934871113304 

Diastolic Blood Pressure Equal variances assumed -2.687050302953062 

Equal variances not assumed -2.692351940762545 

Maximal Grip Strength Equal variances assumed -14.60526 

Equal variances not assumed -14.64982 

4-metre Walk Time Equal variances assumed .20791 

Equal variances not assumed .20882 

Chair Rise Test Time Equal variances assumed .57727 
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Equal variances not assumed .58103 

 
 
Mann-Whitney U Non-Parametric Independent Samples Test for Non-Normal Data; 

Stratified by Sex  

 

 
Hypothesis Test Summary 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of Age of 

diagnosis_ is the same 

across categories of Sex. 

Independent-Samples 

Mann-Whitney U Test 

.002 Reject the null 

hypothesis. 

2 The distribution of 

Distensibility is the same 

across categories of Sex. 

Independent-Samples 

Mann-Whitney U Test 

.972 Retain the null 

hypothesis. 

3 The distribution of hs-

CRP is the same across 

categories of Sex. 

Independent-Samples 

Mann-Whitney U Test 

.000 Reject the null 

hypothesis. 

4 The distribution of 

HBA1c is the same across 

categories of Sex. 

Independent-Samples 

Mann-Whitney U Test 

<.001 Reject the null 

hypothesis. 

5 The distribution of 

Triglycerides is the same 

across categories of Sex. 

Independent-Samples 

Mann-Whitney U Test 

.985 Retain the null 

hypothesis. 

6 The distribution of HDL-

C is the same across 

categories of Sex. 

Independent-Samples 

Mann-Whitney U Test 

.000 Reject the null 

hypothesis. 

7 The distribution of 

TC/HDL Ratio is the same 

across categories of 

Sex/Gender. 

Independent-Samples 

Mann-Whitney U Test 

<.001 Reject the null 

hypothesis. 

8 The distribution of PASE 

score is the same across 

categories of Sex/Gender. 

Independent-Samples 

Mann-Whitney U Test 

<.001 Reject the null 

hypothesis. 

9 The distribution of Get up 

and Go Test is the same 

across categories of Sex. 

Independent-Samples 

Mann-Whitney U Test 

.707 Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 
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Age of Diagnosis across Sex/Gender 

 
Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2189 

Mann-Whitney U 632292.500 

Wilcoxon W 1409173.500 

Test Statistic 632292.500 

Standard Error 14638.195 

Standardized Test 

Statistic 

3.061 

Asymptotic Sig.(2-sided 

test) 

.002 

 
Distensibility across Sex/Gender 

 
Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 594743.000 

Wilcoxon W 1377869.000 

Test Statistic 594743.000 

Standard Error 14767.551 

Standardized Test 

Statistic 

.035 

Asymptotic Sig.(2-sided 

test) 

.972 

 

 

hs-CRP across Sex/Gender 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 466183.500 

Wilcoxon W 1249309.500 

Test Statistic 466183.500 

Standard Error 14757.679 

Standardized Test 

Statistic 

-8.676 

Asymptotic Sig.(2-sided 

test) 

.000 
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HBA1c across Sex/Gender 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 689227.500 

Wilcoxon W 1472353.500 

Test Statistic 689227.500 

Standard Error 14754.386 

Standardized Test 

Statistic 

6.439 

Asymptotic Sig.(2-sided 

test) 

<.001 

 

Triglycerides across Sex/Gender 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 594510.000 

Wilcoxon W 1377636.000 

Test Statistic 594510.000 

Standard Error 14767.414 

Standardized Test 

Statistic 

.019 

Asymptotic Sig.(2-sided 

test) 

.985 

 

HDL-C across Sex/Gender 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 360159.500 

Wilcoxon W 1143285.500 

Test Statistic 360159.500 

Standard Error 14767.037 

Standardized Test 

Statistic 

-15.851 

Asymptotic Sig.(2-sided 

test) 

.000 
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TC/HDL Ratio across Sex/Gender 
 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 660390.500 

Wilcoxon W 1443516.500 

Test Statistic 660390.500 

Standard Error 14767.551 

Standardized Test 

Statistic 

4.480 

Asymptotic Sig.(2-sided 

test) 

<.001 

 

PASE score across Sex/Gender 
 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2073 

Mann-Whitney U 606013.500 

Wilcoxon W 1305166.500 

Test Statistic 606013.500 

Standard Error 13491.445 

Standardized Test 

Statistic 

5.888 

Asymptotic Sig.(2-sided 

test) 

<.001 

 

Get Up and Go Test_ across Sex/Gender 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2184 

Mann-Whitney U 591055.000 

Wilcoxon W 1357996.000 

Test Statistic 591055.000 

Standard Error 14602.851 

Standardized Test 

Statistic 

.375 

Asymptotic Sig.(2-sided 

test) 

.707 
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Independent Samples T-test for Normal Data; Stratified by Diabetes Type  

 

Independent Samples Test 

 

Levene's Test for Equality 

of Variances t-test for Equality of Means 

F Sig. t df 

Significance 

One-Sided p 

Age Equal variances 

assumed 

.733 .392 2.405 2199 .008 

Equal variances not 

assumed 

  2.276 78.709 .013 

cIMT Equal variances 

assumed 

.050 .822 .312 2013 .377 

Equal variances not 

assumed 

  .329 77.014 .372 

BMI Equal variances 

assumed 

.260 .610 3.872 2194 <.001 

Equal variances not 

assumed 

  4.087 78.826 <.001 

LDL-C Equal variances 

assumed 

18.319 <.001 3.503 2119 <.001 

Equal variances not 

assumed 

  4.744 82.200 <.001 

Cholesterol Equal variances 

assumed 

15.512 <.001 2.818 2199 .002 

Equal variances not 

assumed 

  3.955 85.236 <.001 

Systolic Blood 

Pressure 

Equal variances 

assumed 

.736 .391 .804 2199 .211 

Equal variances not 

assumed 

  .782 78.994 .218 

Diastolic Blood 

Pressure 

Equal variances 

assumed 

.003 .956 3.302 2199 <.001 

Equal variances not 

assumed 

  3.314 79.353 <.001 

Maximal Grip 

Strength 

Equal variances 

assumed 

6.419 .011 2.471 2050 .007 

Equal variances not 

assumed 

  2.921 71.317 .002 

4-metre Walk Time Equal variances 

assumed 

1.718 .190 -.421 2188 .337 

Equal variances not 

assumed 

  -.462 80.556 .323 
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Chair Rise Test Time Equal variances 

assumed 

.489 .484 .424 2089 .336 

Equal variances not 

assumed 

  .477 75.277 .317 

 

Independent Samples Test 

 

t-test for Equality of Means 

Significance Mean 

Difference 

Std. Error 

Difference 

95% 

Confidence 

Interval of 

the 

Difference 

Two-Sided p Lower 

Age Equal variances 

assumed 

.016 2.718 1.130 .502 

Equal variances not 

assumed 

.026 2.718 1.194 .341 

cIMT Equal variances 

assumed 

.755 .006428303 .020596191 -.033963777 

Equal variances not 

assumed 

.743 .006428303 .019535076 -.032470889 

BMI Equal variances 

assumed 

<.001 2.38816 .61685 1.17848 

Equal variances not 

assumed 

<.001 2.38816 .58436 1.22499 

LDL-C Equal variances 

assumed 

<.001 .41546 .11861 .18285 

Equal variances not 

assumed 

<.001 .41546 .08758 .24124 

Cholesterol Equal variances 

assumed 

.005 .38970 .13829 .11851 

Equal variances not 

assumed 

<.001 .38970 .09852 .19381 

Systolic Blood 

Pressure 

Equal variances 

assumed 

.421 1.528793352

148185 

1.900899881

143613 

-

2.198953745

278599 

Equal variances not 

assumed 

.437 1.528793352

148185 

1.955104751

394411 

-

2.362749874

470220 

Diastolic Blood 

Pressure 

Equal variances 

assumed 

<.001 3.887693320

790050 

1.177475695

653094 

1.578612421

631537 

Equal variances not 

assumed 

.001 3.887693320

790050 

1.173132080

271146 

1.552793690

880154 
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Maximal Grip 

Strength 

Equal variances 

assumed 

.014 3.45214 1.39680 .71285 

Equal variances not 

assumed 

.005 3.45214 1.18200 1.09548 

4-metre Walk Time Equal variances 

assumed 

.674 -.05162 .12266 -.29215 

Equal variances not 

assumed 

.645 -.05162 .11165 -.27379 

Chair Rise Test Time Equal variances 

assumed 

.671 .19275 .45410 -.69778 

Equal variances not 

assumed 

.635 .19275 .40388 -.61177 

 

Independent Samples Test 

 

t-test for Equality of 

Means 

95% Confidence 

Interval of the 

Difference 

Upper 

Age Equal variances assumed 4.934 

Equal variances not assumed 5.095 

cIMT Equal variances assumed .046820382 

Equal variances not assumed .045327494 

BMI  Equal variances assumed 3.59784 

Equal variances not assumed 3.55133 

LDL-C Equal variances assumed .64807 

Equal variances not assumed .58968 

Cholesterol Equal variances assumed .66089 

Equal variances not assumed .58558 
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Systolic Blood Pressure Equal variances assumed 5.256540449574969 

Equal variances not assumed 5.420336578766589 

Diastolic Blood Pressure Equal variances assumed 6.196774219948561 

Equal variances not assumed 6.222592950699944 

Maximal Grip Strength Equal variances assumed 6.19144 

Equal variances not assumed 5.80881 

4-metre Walk Time  Equal variances assumed .18892 

Equal variances not assumed .17056 

Chair Rise Test Time Equal variances assumed 1.08327 

Equal variances not assumed .99727 

  

 

Mann-Whitney U Non-Parametric Independent Samples Test for Non-Normal Data; 

Stratified by Sex  

 
Hypothesis Test Summary 

 Null Hypothesis Test Sig.a,b Decision 

1 The distribution of Age of 

diagnosis is the same 

across categories of Type1 

vs other. 

Independent-Samples 

Mann-Whitney U Test 

.000 Reject the null 

hypothesis. 

2 The distribution of 

Distensibility is the same 

across categories of Type1 

vs other. 

Independent-Samples 

Mann-Whitney U Test 

.792 Retain the null 

hypothesis. 

3 The distribution of hs-

CRP is the same across 

categories of Type1 vs 

other. 

Independent-Samples 

Mann-Whitney U Test 

.476 Retain the null 

hypothesis. 

4 The distribution of 

HBA1c is the same across 

categories of Type1 vs 

other. 

Independent-Samples 

Mann-Whitney U Test 

.000 Reject the null 

hypothesis. 
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5 The distribution of 

Triglycerides is the same 

across categories of Type1 

vs other. 

Independent-Samples 

Mann-Whitney U Test 

<.001 Reject the null 

hypothesis. 

6 The distribution of HDL-

C is the same across 

categories of Type1 vs 

other. 

Independent-Samples 

Mann-Whitney U Test 

<.001 Reject the null 

hypothesis. 

7 The distribution of 

TC/HDL Ratio is the same 

across categories of Type1 

vs other. 

Independent-Samples 

Mann-Whitney U Test 

<.001 Reject the null 

hypothesis. 

8 The distribution of PASE 

score is the same across 

categories of Type1 vs 

other. 

Independent-Samples 

Mann-Whitney U Test 

.960 Retain the null 

hypothesis. 

9 The distribution of Get up 

and Go Test is the same 

across categories of Type1 

vs other. 

Independent-Samples 

Mann-Whitney U Test 

.562 Retain the null 

hypothesis. 

a. The significance level is .050. 

b. Asymptotic significance is displayed. 

 

Independent-Samples Mann-Whitney U Test 

 

Age of diagnosis across Type1 vs other 

 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2189 

Mann-Whitney U 31447.000 

Wilcoxon W 34297.000 

Test Statistic 31447.000 

Standard Error 5377.195 

Standardized Test 

Statistic 

-8.895 

Asymptotic Sig.(2-sided 

test) 

.000 

 

Distensibility across Type1 vs other 
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Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 81154.000 

Wilcoxon W 84004.000 

Test Statistic 81154.000 

Standard Error 5409.166 

Standardized Test 

Statistic 

.264 

Asymptotic Sig.(2-sided 

test) 

.792 

 

hs-CRP across Type1 vs other 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 75874.000 

Wilcoxon W 78724.000 

Test Statistic 75874.000 

Standard Error 5405.550 

Standardized Test 

Statistic 

-.712 

Asymptotic Sig.(2-sided 

test) 

.476 

 

HBA1c across Type1 vs other 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 131319.500 

Wilcoxon W 134169.500 

Test Statistic 131319.500 

Standard Error 5404.343 

Standardized Test 

Statistic 

9.547 

Asymptotic Sig.(2-sided 

test) 

.000 

Triglycerides across Type1 vs other 
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Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 49731.000 

Wilcoxon W 52581.000 

Test Statistic 49731.000 

Standard Error 5409.116 

Standardized Test 

Statistic 

-5.545 

Asymptotic Sig.(2-sided 

test) 

<.001 

 

HDL-C across Type1_vs_other 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 103431.000 

Wilcoxon W 106281.000 

Test Statistic 103431.000 

Standard Error 5408.977 

Standardized Test 

Statistic 

4.383 

Asymptotic Sig.(2-sided 

test) 

<.001 

TC/HDL Ratio across Type1 vs other 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2201 

Mann-Whitney U 45614.500 

Wilcoxon W 48464.500 

Test Statistic 45614.500 

Standard Error 5409.166 

Standardized Test 

Statistic 

-6.306 

Asymptotic Sig.(2-sided 

test) 

<.001 
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PASE score across Type1 vs other 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2073 

Mann-Whitney U 69859.000 

Wilcoxon W 72344.000 

Test Statistic 69859.000 

Standard Error 4922.666 

Standardized Test 

Statistic 

-.050 

Asymptotic Sig.(2-sided 

test) 

.960 

 

Get up and Go Test across Type1 vs other 

 

Independent-Samples Mann-Whitney U Test 

Summary 

Total N 2184 

Mann-Whitney U 81162.000 

Wilcoxon W 83937.000 

Test Statistic 81162.000 

Standard Error 5331.984 

Standardized Test 

Statistic 

.580 

Asymptotic Sig.(2-sided 

test) 

.562 

 
General Linear Model: Unadjusted Model 1 with Interactions (PASE, Age, and Sex) 

 

Between-Subjects Factors 

 N 

Sex/Gender 0 857 

1 1146 

 

Levene's Test of Equality of Error 

Variancesa 

Dependent Variable: Distensibility 

F df1 df2 Sig. 

.769 1 2001 .381 
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Tests the null hypothesis that the error 

variance of the dependent variable is equal 

across groups.a 

a. Design: Intercept + PASE_centred + 

Sex_A + Age + Sex_A * PASE_centred + 

PASE_centred * Age + Sex_A * Age 

 

 

Tests for Heteroskedasticity 

 

 

White Test for Heteroskedasticitya,b,c 

Chi-Square df Sig. 

10.566 16 .835 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Design: Intercept + PASE_centred + Sex_A + 

Age + Sex_A * PASE_centred + PASE_centred 

* Age + Sex_A * Age + PASE_centred * 

PASE_centred + Sex_A * PASE_centred * 

PASE_centred + PASE_centred * PASE_centred 

* Age + Sex_A * PASE_centred * Age + Age * 

Age + PASE_centred * Age * Age + Sex_A * 

Age * Age + Sex_A * PASE_centred * 

PASE_centred * Age + PASE_centred * 

PASE_centred * Age * Age + Sex_A * 

PASE_centred * Age * Age 

 

Modified Breusch-Pagan Test for 

Heteroskedasticitya,b,c 

Chi-Square df Sig. 

2.699 1 .100 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Predicted values from design: Intercept + 

PASE_centred + Sex_A + Age + Sex_A * 

PASE_centred + PASE_centred * Age + Sex_A 

* Age 
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Breusch-Pagan Test for 

Heteroskedasticitya,b,c 

Chi-Square df Sig. 

8.975 1 .003 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Predicted values from design: Intercept + 

PASE_centred + Sex_A + Age + Sex_A * 

PASE_centred + PASE_centred * Age + Sex_A 

* Age 

 

F Test for Heteroskedasticitya,b,c 

F df1 df2 Sig. 

2.700 1 2001 .101 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of the errors 

does not depend on the values of the independent variables. 

c. Predicted values from design: Intercept + PASE_centred 

+ Sex_A + Age + Sex_A * PASE_centred + PASE_centred 

* Age + Sex_A * Age 

 

Tests of Between-Subjects Effects 

Dependent Variable: Distensibility 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model .000a 6 3.013E-5 31.405 <.001 .086 

Intercept .001 1 .001 661.560 <.001 .249 

PASE_centred 6.832E-7 1 6.832E-7 .712 .399 .000 

Sex_A 3.107E-6 1 3.107E-6 3.238 .072 .002 

Age .000 1 .000 157.518 <.001 .073 

Sex_A * 

PASE_centred 

2.231E-8 1 2.231E-8 .023 .879 .000 

PASE_centred * Age 6.241E-7 1 6.241E-7 .650 .420 .000 

Sex_A * Age 3.479E-6 1 3.479E-6 3.626 .057 .002 

Error .002 1996 9.595E-7    

Total .011 2003     

Corrected Total .002 2002     

a. R Squared = .086 (Adjusted R Squared = .084) 
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Parameter Estimates 

Dependent Variable: Distensibility 

Parameter B 

Std. 

Error t Sig. 

95% Confidence 

Interval 

Partial Eta 

Squared 

Lower 

Bound 

Upper 

Bound 

Intercept .004 .000 17.959 <.001 .003 .004 .139 

PASE_centred 1.882E-6 2.220E-6 .848 .397 -2.472E-6 6.237E-6 .000 

[Sex_A=0] .001 .000 1.799 .072 -5.292E-5 .001 .002 

[Sex_A=1] 0a . . . . . . 

Age -2.683E-5 3.274E-6 -8.196 <.001 -3.325E-5 -2.041E-5 .033 

[Sex_A=0] * 

PASE_centred 

-1.088E-7 7.133E-7 -.152 .879 -1.508E-6 1.290E-6 .000 

[Sex_A=1] * 

PASE_centred 

0a . . . . . . 

PASE_centred * 

Age 

-2.815E-8 3.491E-8 -.807 .420 -9.661E-8 4.030E-8 .000 

[Sex_A=0] * Age -9.532E-6 5.006E-6 -1.904 .057 -1.935E-5 2.855E-7 .002 

[Sex_A=1] * Age 0a . . . . . . 

 

a. This parameter is set to zero because it is redundant. 
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General Linear Model: Unadjusted Model 2 with No Interactions and Outliers Removed 

(PASE, Age, and Sex) 

 

Univariate Analysis of Variance 

 

Between-Subjects Factors 

 N 

Sex/Gender 0 846 

1 1133 

 

Levene's Test of Equality of Error 

Variancesa 

Dependent Variable: Distensibility 

F df1 df2 Sig. 

1.433 1 1977 .231 

Tests the null hypothesis that the error 

variance of the dependent variable is equal 

across groups.a 

a. Design: Intercept + PASE_centred + 

Sex_A + Age 
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Tests for Heteroskedasticity 

 

 

White Test for Heteroskedasticitya,b,c 

Chi-Square df Sig. 

26.281 8 <.001 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Design: Intercept + PASE_centred + Sex_A + 

Age + PASE_centred * PASE_centred + Sex_A 

* PASE_centred + PASE_centred * Age + 

Sex_A * Age + Age * Age 

 

Modified Breusch-Pagan Test for 

Heteroskedasticitya,b,c 

Chi-Square df Sig. 

15.071 1 <.001 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Predicted values from design: Intercept + 

PASE_centred + Sex_A + Age 

 

Breusch-Pagan Test for 

Heteroskedasticitya,b,c 

Chi-Square df Sig. 

16.706 1 <.001 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Predicted values from design: Intercept + 

PASE_centred + Sex_A + Age 
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F Test for Heteroskedasticitya,b,c 

F df1 df2 Sig. 

15.171 1 1977 <.001 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of the errors 

does not depend on the values of the independent variables. 

c. Predicted values from design: Intercept + PASE_centred 

+ Sex_A + Age 

 

Tests of Between-Subjects Effects 

Dependent Variable: Distensibility 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model .000a 3 5.874E-5 79.024 <.001 .107 

Intercept .001 1 .001 805.329 <.001 .290 

PASE_centred 1.597E-6 1 1.597E-6 2.148 .143 .001 

Sex_A 3.380E-7 1 3.380E-7 .455 .500 .000 

Age .000 1 .000 188.852 <.001 .087 

Error .001 1975 7.433E-7    

Total .010 1979     

Corrected Total .002 1978     

a. R Squared = .107 (Adjusted R Squared = .106) 

 

Parameter Estimates 

Dependent Variable: Distensibility 

Parameter B Std. Error t Sig. 

95% Confidence Interval 

Partial Eta 

Squared 

Lower 

Bound 

Upper 

Bound 

Intercept .004 .000 27.871 <.001 .004 .004 .282 

PASE_centr

ed 

4.457E-7 3.041E-7 1.466 .143 -1.507E-7 1.042E-6 .001 

[Sex_A=0] -2.679E-5 3.973E-5 -.674 .500 .000 5.113E-5 .000 

[Sex_A=1] 0a . . . . . . 

Age -2.990E-5 2.176E-6 -13.742 <.001 -3.417E-5 -2.563E-5 .087 

a. This parameter is set to zero because it is redundant. 

 

 

 

 

 

 

 

 

General Linear Model: Adjusted Model with No Interactions and No Outliers  
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Univariate Analysis of Variance 

 

Between-Subjects Factors 

 N 

Sex/Gender 0 726 

1 997 

Heart_disease_no_missi

ng 

1.00 296 

2.00 1427 

Smoking_Status_1 1.00 716 

2.00 831 

3.00 176 

 

Levene's Test of Equality of Error 

Variancesa 

Dependent Variable: Distensibility 

F df1 df2 Sig. 

1.072 11 1711 .380 

Tests the null hypothesis that the error 

variance of the dependent variable is equal 

across groups.a 

a. Design: Intercept + PASE_centred + 

Sex_A + Age + Heart_disease_no_missing 

+ Smoking_Status_1 + SBP_centred + 

hsCRP_centred + cIMT_centred + 

HBA1c_centred + Trig_centred + 

HDL_centred + LDL_centred + 

DBP_centred + BMI_centred 
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Tests for Heteroskedasticity 

 

 

White Test for Heteroskedasticitya,b,c 

Chi-Square df Sig. 

159.337 130 .041 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Design: Intercept + PASE_centred + Sex_A + 

Age + Heart_disease_no_missing + 

Smoking_Status_1 + SBP_centred + 

hsCRP_centred + cIMT_centred + 

HBA1c_centred + Trig_centred + HDL_centred 

+ LDL_centred + DBP_centred + BMI_centred + 

PASE_centred * PASE_centred + Sex_A * 

PASE_centred + PASE_centred * Age + 

Heart_disease_no_missing * PASE_centred + 

Smoking_Status_1 * PASE_centred + 

PASE_centred * SBP_centred + PASE_centred * 

hsCRP_centred + PASE_centred * cIMT_centred 

+ PASE_centred * HBA1c_centred + 

PASE_centred * Trig_centred + PASE_centred * 

HDL_centred + PASE_centred * LDL_centred + 

PASE_centred * DBP_centred + PASE_centred 

* BMI_centred + Sex_A * Age + Sex_A * 

Heart_disease_no_missing + Sex_A * 

Smoking_Status_1 + Sex_A * SBP_centred + 

Sex_A * hsCRP_centred + Sex_A * 

cIMT_centred + Sex_A * HBA1c_centred + 

Sex_A * Trig_centred + Sex_A * HDL_centred 

+ Sex_A * LDL_centred + Sex_A * 

DBP_centred + Sex_A * BMI_centred + Age * 

Age + Heart_disease_no_missing * Age + 

Smoking_Status_1 * Age + Age * SBP_centred 

+ Age * hsCRP_centred + Age * cIMT_centred 

+ Age * HBA1c_centred + Age * Trig_centred + 

Age * HDL_centred + Age * LDL_centred + 

Age * DBP_centred + Age * BMI_centred + 

Heart_disease_no_missing * Smoking_Status_1 

+ Heart_disease_no_missing * SBP_centred + 

Heart_disease_no_missing * hsCRP_centred + 

Heart_disease_no_missing * cIMT_centred + 

Heart_disease_no_missing * HBA1c_centred + 

Heart_disease_no_missing * Trig_centred + 
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Heart_disease_no_missing * HDL_centred + 

Heart_disease_no_missing * LDL_centred + 

Heart_disease_no_missing * DBP_centred + 

Heart_disease_no_missing * BMI_centred + 

Smoking_Status_1 * SBP_centred + 

Smoking_Status_1 * hsCRP_centred + 

Smoking_Status_1 * cIMT_centred + 

Smoking_Status_1 * HBA1c_centred + 

Smoking_Status_1 * Trig_centred + 

Smoking_Status_1 * HDL_centred + 

Smoking_Status_1 * LDL_centred + 

Smoking_Status_1 * DBP_centred + 

Smoking_Status_1 * BMI_centred + 

SBP_centred * SBP_centred + SBP_centred * 

hsCRP_centred + SBP_centred * cIMT_centred 

+ SBP_centred * HBA1c_centred + SBP_centred 

* Trig_centred + SBP_centred * HDL_centred + 

SBP_centred * LDL_centred + SBP_centred * 

DBP_centred + SBP_centred * BMI_centred + 

hsCRP_centred * hsCRP_centred + 

hsCRP_centred * cIMT_centred + 

hsCRP_centred * HBA1c_centred + 

hsCRP_centred * Trig_centred + hsCRP_centred 

* HDL_centred + hsCRP_centred * 

LDL_centred + hsCRP_centred * DBP_centred + 

hsCRP_centred * BMI_centred + cIMT_centred 

* cIMT_centred + cIMT_centred * 

HBA1c_centred + cIMT_centred * Trig_centred 

+ cIMT_centred * HDL_centred + cIMT_centred 

* LDL_centred + cIMT_centred * DBP_centred 

+ cIMT_centred * BMI_centred + 

HBA1c_centred * HBA1c_centred + 

HBA1c_centred * Trig_centred + 

HBA1c_centred * HDL_centred + 

HBA1c_centred * LDL_centred + 

HBA1c_centred * DBP_centred + 

HBA1c_centred * BMI_centred + Trig_centred * 

Trig_centred + Trig_centred * HDL_centred + 

Trig_centred * LDL_centred + Trig_centred * 

DBP_centred + Trig_centred * BMI_centred + 

HDL_centred * HDL_centred + HDL_centred * 

LDL_centred + HDL_centred * DBP_centred + 

HDL_centred * BMI_centred + LDL_centred * 

LDL_centred + LDL_centred * DBP_centred + 

LDL_centred * BMI_centred + DBP_centred * 
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DBP_centred + DBP_centred * BMI_centred + 

BMI_centred * BMI_centred 

 

Modified Breusch-Pagan Test for 

Heteroskedasticitya,b,c 

Chi-Square df Sig. 

52.940 1 <.001 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Predicted values from design: Intercept + 

PASE_centred + Sex_A + Age + 

Heart_disease_no_missing + Smoking_Status_1 

+ SBP_centred + hsCRP_centred + 

cIMT_centred + HBA1c_centred + Trig_centred 

+ HDL_centred + LDL_centred + DBP_centred 

+ BMI_centred 

 

Breusch-Pagan Test for 

Heteroskedasticitya,b,c 

Chi-Square df Sig. 

58.035 1 <.001 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of 

the errors does not depend on the values of the 

independent variables. 

c. Predicted values from design: Intercept + 

PASE_centred + Sex_A + Age + 

Heart_disease_no_missing + Smoking_Status_1 

+ SBP_centred + hsCRP_centred + 

cIMT_centred + HBA1c_centred + Trig_centred 

+ HDL_centred + LDL_centred + DBP_centred 

+ BMI_centred 

 

F Test for Heteroskedasticitya,b,c 

F df1 df2 Sig. 

54.555 1 1721 <.001 

a. Dependent variable: Distensibility 

b. Tests the null hypothesis that the variance of the errors 

does not depend on the values of the independent variables. 

c. Predicted values from design: Intercept + PASE_centred 

+ Sex_A + Age + Heart_disease_no_missing + 

Smoking_Status_1 + SBP_centred + hsCRP_centred + 

cIMT_centred + HBA1c_centred + Trig_centred + 
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HDL_centred + LDL_centred + DBP_centred + 

BMI_centred 

 

Tests of Between-Subjects Effects 

Dependent Variable: Distensibility 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model .000a 15 2.379E-5 37.552 <.001 .248 

Intercept .000 1 .000 571.361 <.001 .251 

PASE_centred .000 1 .000 .000 1.000 .000 

Sex_A 2.689E-6 1 2.689E-6 4.244 .040 .002 

Age 9.611E-5 1 9.611E-5 151.701 <.001 .082 

Heart_disease_no_miss

ing 

2.313E-6 1 2.313E-6 3.650 .056 .002 

Smoking_Status_1 1.889E-6 2 9.445E-7 1.491 .226 .002 

SBP_centred 3.825E-5 1 3.825E-5 60.375 <.001 .034 

hsCRP_centred 1.794E-7 1 1.794E-7 .283 .595 .000 

cIMT_centred 3.990E-6 1 3.990E-6 6.298 .012 .004 

HBA1c_centred 1.164E-5 1 1.164E-5 18.366 <.001 .011 

Trig_centred 8.142E-6 1 8.142E-6 12.851 <.001 .007 

HDL_centred 1.060E-9 1 1.060E-9 .002 .967 .000 

LDL_centred 1.101E-6 1 1.101E-6 1.738 .188 .001 

DBP_centred 3.603E-6 1 3.603E-6 5.687 .017 .003 

BMI_centred 7.247E-6 1 7.247E-6 11.439 <.001 .007 

Error .001 1707 6.336E-7    

Total .009 1723     

Corrected Total .001 1722     

a. R Squared = .248 (Adjusted R Squared = .242) 
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Parameter Estimates 

Dependent Variable: Distensibility 

Parameter B 

Std. 

Error t Sig. 

95% Confidence 

Interval 

Partial Eta 

Squared 

Lower 

Bound 

Upper 

Bound 

Intercept .004 .000 23.284 <.001 .004 .005 .241 

PASE_centred 7.331E-

10 

3.053E-7 .002 .998 -5.981E-7 5.996E-7 .000 

[Sex_A=0] -9.370E-5 4.548E-5 -2.060 .040 .000 -4.492E-6 .002 

[Sex_A=1] 0a . . . . . . 

Age -3.333E-5 2.706E-6 -12.317 <.001 -3.864E-5 -2.802E-5 .082 

[Heart_disease_no_

missing=1.00] 

-9.765E-5 5.111E-5 -1.911 .056 .000 2.593E-6 .002 

[Heart_disease_no_

missing=2.00] 

0a . . . . . . 

[Smoking_Status_1

=1.00] 

8.810E-5 6.831E-5 1.290 .197 -4.587E-5 .000 .001 

[Smoking_Status_1

=2.00] 

.000 6.806E-5 1.716 .086 -1.670E-5 .000 .002 

[Smoking_Status_1

=3.00] 

0a . . . . . . 

SBP_centred -1.321E-5 1.700E-6 -7.770 <.001 -1.654E-5 -9.875E-6 .034 

hsCRP_centred -1.907E-6 3.584E-6 -.532 .595 -8.936E-6 5.122E-6 .000 

cIMT_centred .000 .000 2.510 .012 6.707E-5 .001 .004 

HBA1c_centred -8.063E-5 1.882E-5 -4.286 <.001 .000 -4.373E-5 .011 

Trig_centred -9.396E-5 2.621E-5 -3.585 <.001 .000 -4.255E-5 .007 

HDL_centred 2.367E-6 5.788E-5 .041 .967 .000 .000 .000 

LDL_centred 2.850E-5 2.162E-5 1.318 .188 -1.390E-5 7.090E-5 .001 

DBP_centred -6.857E-6 2.876E-6 -2.385 .017 -1.250E-5 -1.217E-6 .003 

BMI_centred -1.406E-5 4.156E-6 -3.382 <.001 -2.221E-5 -5.906E-6 .007 

a. This parameter is set to zero because it is redundant. 
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