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Abstract 

High blood pressure (or hypertension) is an epidemic medical condition affecting one-

third of Australian adults. The high disease-related mortality and economic burden 

associated with hypertension have prompted extensive scientific interest. The 

development of hypertension is largely influenced by lifestyle risk factors. Poor dietary 

habits such as a high intake of salt and saturated fats and a low intake of fruit and 

vegetables, physical inactivity, overconsumption of alcohol, smoking and stress are the 

major risk factors of hypertension. The complex nature of diet and food intake requires 

focusing on the whole food and food intake patterns, in addition to the single nutrients 

and food items, to capture their association with chronic disease. However, the literature 

exploring the dietary patterns of Australians and their association with hypertension is 

scarce. In addition, poor physical and psychological wellbeing may increase the risk of 

hypertension. However, it is not clear whether all of these factors are equally associated 

with hypertension, or whether the influences of some factors are more critical than 

others. Furthermore, although medication is commonly used for the treatment of 

hypertension, its adherence is low. Therefore, there is a need to explore the factors 

associated with poor hypertension medication adherence in the Australian population.   

This research aimed to investigate associations between lifestyle factors and dietary 

patterns with hypertension, its medication adherence and control in a sample of 

Australian adults. For this reason, a cross-sectional clinical and community-based study 

design was employed. A total of 420 adults with high and normal blood pressure 

completed a questionnaire including sections on nutrition knowledge, dietary intake, 

lifestyle, quality of life, self-management skills (blood pressure self-monitoring, 

medication adherence, self-efficacy) and anthropometric variables. Dietary intake data 

were measured using a short food frequency questionnaire developed and validated as a 

part of this research. Dietary patterns were derived using factor and cluster analyses. 

Data were analysed using bivariate analyses. The association of the above variables 

with hypertension, medication adherence and control were assessed using multiple 

logistic regression analysis method. Blood pressure self-monitoring, its medication 

adherence and control were scored and classified as good or poor.  

Three dietary patterns were derived from the sample population. The Western dietary 

pattern was loaded with bread, oil, cheese, sweets, meat and processed meat. The Snack 
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& Alcohol pattern was dominated by added salt, biscuits, chips and crisps, sugar and 

alcoholic drinks, and the Balanced diet was a moderate combination of all food groups. 

Hypertensive participants had a higher intake of the Western and a lower intake of the 

Balanced dietary pattern. The intake of discretionary (or extra) foods and oils was 

higher in individuals with hypertension. These individuals also had a lower nutrition 

knowledge score and poorer levels of physical activity. An association between both 

Western (odds ratio: 2.00, 95% confidence interval: 0.95–4.19) and Snack & Alcohol 

(odds ratio: 2.33, 95% confidence interval: 1.00–5.42) dietary patterns and the risk of 

hypertension was observed. Hypertensive individuals also had a lower quality of life 

compared to their normotensive (normal BP) counterparts. The existence of 

hypertension was a significant determinant of poorer quality of life, especially among 

females and those < 65 years of age.  

Self-efficacy and sleep duration were positively associated with medication adherence 

(odds ratio: 1.02, 95% confidence interval: 1.00–1.04, and odds ratio: 1.03, 95% 

confidence interval: 1.01–1.04, respectively). The likelihood of good adherence was 

slightly lower in individuals with Western and Snack & Alcohol dietary patterns. More 

than half of hypertensive individuals had poor blood pressure control, which was 

associated with poor self-monitoring skills (odds ratio: 5.33, 95% confidence interval: 

1.78–15.93) and a sedentary lifestyle (odds ratio: 4.69, 95% confidence interval: 1.00–

22.25).  

Collectively, this research indicates that following a Western dietary pattern, in 

combination with physical inactivity, are important predictors of hypertension. 

However, it appears that nutrition knowledge and other lifestyle variables may not be as 

equally important as the dietary pattern and physical activity factors. When 

hypertension has developed, the success of medication adherence may increase if 

individuals demonstrate the self-efficacy needed to change behaviour and have 

sufficient sleep hours. Conversely, successful blood pressure control may not be 

achieved if individuals have poor self-monitoring behaviour and are physically inactive.  

These findings highlight the need for strategies and approaches that both limit the 

consumption of Western foods and improve physical activity levels to prevent 

hypertension in Australia. Hypertensive individuals may benefit from interventions 

where they are actively involved in the self-monitoring and self-management of their 

own condition while improving their physical activity self-efficacy. Furthermore, 
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among hypertensive individuals, females and those < 65 years of age may require 

greater professional and public health attention to maintain or improve their quality of 

life. These findings may assist with the development of future interventions that aim to 

reduce the prevalence and incidence of hypertension, and the burden of uncontrolled 

hypertension in the Australian population. Future longitudinal cohorts or prospective 

studies are required to clarify the associations observed in this study. Randomised 

controlled trial studies are also needed to evaluate the possible cause-effect relationship 

between the factors explored in this study and hypertension prevention and control in 

Australia. 
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Chapter One: Introduction 

1.1 Background 

Hypertension (HTN), characterised by blood pressure (BP) ≥ 140/90 mmHg, is a chronic 

non-communicable disease responsible for 13% of all global mortality (World Health 

Organization, 2012). High BP accounts for almost half of all mortality resulting from stroke 

and coronary heart disease (World Health Organization, 2012). Hypertension is a global 

epidemic, prevalent among almost one-third of the world population, with the highest 

prevalence in Africa region, and the lowest in America region (World Health Organization, 

2012). Hypertension is prevalent among approximately 29% of American adults 18 years 

and older (Nwankwo, Yoon, Burt, & Gu, 2013). In 2012, 4.6 million Australian adults 

(32%) had HTN, with a higher prevalence in men compared to women (24% vs 19%, 

respectively) (Australian Bureau of Statistics, 2013a). The prevalence of HTN is age-

dependent and is considerably higher among older adults than younger people (Australian 

Bureau of Statistics, 2013a). In 2012, 43% of Australians older than 65, but only 6% of 

Australians aged 18-24, had HTN (Australian Bureau of Statistics, 2013a). Although the 

global prevalence of HTN has decreased in the last three decades (World Health 

Organization, 2012), it is estimated that 69% of people who have their first heart attack, or 

75% of those with chronic heart failure, have HTN as a comorbid factor (Roger et al., 

2012).  

Reduction in BP can significantly reduce the risk of stroke and ischaemic heart disease 

(Law, Wald, & Morris, 2005). There is increasing evidence suggesting that nutrition and 

diet-related factors, as well as behavioural factors, are the main causes of high BP 

(Chobanian et al., 2003). Dietary behaviours such as excess salt (sodium) intake, excess 

intake of saturated fatty acids (SFA), lack of minerals (such as potassium, calcium, 

magnesium) and low fibre intake are all examples of nutritional factors that increase the 

risk of HTN (Escott-Stump, Krause, Mahan, & Raymond, 2012). Nutrition knowledge may 

play an important role in individual’s food choices and dietary intake quality (Worsley, 

2002). As such, individuals with better nutrition knowledge may be better informed at 
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choosing and consuming healthier foods (Wardle, Parmenter, & Waller, 2000), which may 

translate into a lower risk of HTN.  

Behavioural factors such as excess alcohol consumption, smoking, and physical inactivity 

are also associated with the risk of HTN (Campbell-Scherer & Green, 2005; Chobanian et 

al., 2003; Escott-Stump et al., 2012). Individuals with HTN may also be prescribed anti-

hypertension medications (AHT), in addition to dietary and lifestyle modifications, in order 

to control their condition. Adherence to medication is crucial to prevent the progression of, 

and to relieve symptoms associated with, the disease (Ho, Bryson, & Rumsfeld, 2009; 

Morrow et al., 2005). Medication adherence refers to how well patients comply with the 

medication as prescribed (Ho et al., 2009; Horne, 2005). Medication adherence is defined 

by the continuous taking of medication as prescribed (Ho et al., 2009). Non-adherence to 

medication is common and is directly associated with the higher costs of medical treatment 

and adverse treatment outcomes (Ho et al., 2009; Nelson, Reid, Ryan, Willson, & Yelland, 

2006; Simons, Ortiz, & Calcino, 2008). Individuals with better nutrition knowledge, diet 

and lifestyle behaviours may have better adherence to medication, thus, may have more 

successful BP self-management and control (Banning, 2009; Gascón et al., 2004). 

Therefore, understanding dietary patterns, the level of nutrition knowledge and lifestyle-

related factors of individuals with high BP is a fundamental step in developing 

interventions aimed at preventing and controlling HTN. 

 

1.2 Rationale of the research 

Australia has distinctive geographic characteristics and population diversity. Considered as 

the ‘island continent’, its geographical remoteness made its cultural and lifestyle transition 

unique (Australian Institute of Health and Welfare, 2012a). Population wise, Aboriginal 

and Indigenous Australians were the first inhabitants of the country (~40,000 BC), followed 

by a White-dominated migration (the 1780s and 1790s) (Australian Institute of Health and 

Welfare, 2012a). It was by the abolishment of the ‘White Australia’ policy in 1966 that 

non-White migration started to increase. Now almost one in 4 Australians are born overseas 

(Australian Institute of Health and Welfare, 2012a). This geographical remoteness and 

cultural diversity shaped Australia’s unique dietary and lifestyle preferences. However, 
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similar to most countries, Australia has gone through a transition in dietary and lifestyle 

behaviour. Traditional foods are replaced with energy-dense ready-to-eat and convenient 

foods and individuals become less physically active (Naughton, Mathai, Hryciw, & 

McAinch, 2015). This transition contributes to the increasing rate of chronic diseases such 

as obesity and hypertension (Chobanian et al., 2003; Naughton et al., 2015).      

Hypertension is considered to be the greatest contributor to the burden of cardiovascular 

disease (CVD) in Australia (Heart Foundation Australia, 2012). As previously discussed, 

poor dietary habits and lifestyle behaviours are significant risk factors for increased BP 

(Chobanian et al., 2003). Blood pressure changes are positively associated with the intake 

of fatty acids (FA), especially SFA and trans FA (TFA), and salt (or sodium) intake, but are 

negatively associated with potassium, and polyunsaturated FA intake (Chobanian et al., 

2003; Geleijnse, Kok, & Grobbee, 2003; Reddy & Katan, 2004).  

While understanding the relationship between single nutrients and disease is important, 

typical dietary intakes do not consist of single nutrients. Instead, they consist of a 

combination of food items comprising multiple nutrients. For example, a diet high in SFAs 

(such as processed meat and take-away foods) usually also contains an excessive amount of 

salt. Therefore, in the diet-disease relationship, the combined effect of various nutrients 

existing in a diet, and their interaction, should be considered (Hu, 2008; Kerver, Yang, 

Bianchi, & Song, 2003). Thus, the term dietary pattern is defined to reflect the total usual 

intake of food items and their combinations (Tucker, 2010). Although the association 

between dietary patterns and hypertension has been studied in other populations, it deems 

necessary to explore the association among Australians, due to their unique dietary and 

lifestyle preferences. Understanding dietary patterns within each population is necessary to 

examine their relationship with chronic disease and health outcomes (Tucker, 2010).  

There is a lack of evidence from population-based studies exploring the association 

between the dietary patterns of Australians and BP changes and control. In addition, the 

association between nutrition knowledge and dietary intake, as well as the relationship 

between lifestyle risk factors and quality of life, in those with high BP, is yet to be 

explored. This thesis aims to address these significant research gaps by evaluating the 

dietary patterns, nutrition knowledge, lifestyle and quality of life of a sample of Australian 

adults, and their association with BP changes and control. Outcomes from this research 
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may assist with the development of future interventions that aim to control BP and prevent 

HTN.  

 

1.3 Statement of the problem  

In recent years, advanced therapeutic methods and medications have reduced the 

prevalence of HTN. Despite these progressions, the lifetime risk of developing HTN 

remains high (Chobanian et al., 2003). There is a 90% lifetime risk of developing HTN in 

individuals who survive up to 85 years of age but have not developed HTN at 55 to 65 

years of age (Vasan, Larson, Leip, Kannel, & Levy, 2001). As a result of the high lifetime 

risk of HTN, high BP becomes an economic burden on society. Between 1993 and 1994, a 

report on health system costs associated with CVD and its risk factors, illustrated that HTN 

is considered to be the second most expensive condition to treat in Australia (Mathers & 

Penm, 1999). In a more recent study, the financial cost of health care services, medication 

and lost productivity directly related to HTN was estimated to be $93.5 billion in the 

United States (Heidenreich et al., 2011). Furthermore, the analysis of Australian data from 

the Reduction of Atherothrombosis for Continued Health registry indicated that the annual 

cardiovascular pharmaceutical cost due to HTN is the second most costly health-related 

expense after dyslipidaemia (Ademi et al., 2010).  

In addition to the social and economic burden of HTN and its high associated chronic 

disease risk, an individual’s quality of life may be influenced by HTN (Soni, Porter, Lash, 

& Unruh, 2010; Trevisol, Moreira, Kerkhoff, Fuchs, & Fuchs, 2011). Health-related quality 

of life (HRQoL) is defined as an individual’s functioning, wellbeing and general health 

perception in physical and psychological domains (Suurmeijer, Reuvekamp, & Aldenkamp, 

2001). Poor HRQoL may itself increase the risk of chronic diseases and add to the social 

and economic burden of health care and HTN treatment (Daviglus et al., 2003; Domingo-

Salvany et al., 2002). However, it is not clear if HTN influences HRQoL in all adults 

equally, or if the association differs based on an individual’s characteristics (such as age 

and gender).      

There is increasing evidence indicating that the modification of poor diet and lifestyle plays 

a pivotal role in preventing HTN (Chobanian et al., 2003). However, the current Australian 
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dietary intake is characterised as unhealthy and is considered a great contributor to the 

burden of disease in Australia (National Public Health Partnership, 2001). The majority of 

Australians consume an excessive amount of salt (130-200 mmol sodium per day) in their 

diet; levels that are almost twice the recommended daily intake (Heart Foundation 

Australia, 2005). More than 70% of Australian males and 32% of females aged 19 years 

and older consume daily sodium amounts greater than the upper limit (2300 mg) specified 

by the Australian Dietary Guidelines (Australian Bureau of Statistics, 2015). Moreover, 

36% of Australians’ daily energy intake is derived from extra foods (Rangan, Schindeler, 

Hector, Gill, & Webb, 2009), such as fried potatoes, margarine, cakes and muffins, beer, 

sweetened drinks and meat pies. These extra foods contribute 41% of the total fat and 41% 

of SFA intake to the diet (Rangan et al., 2009).  

Exacerbating the issue, approximately 60% of Australian adults are considered to be 

insufficiently active (not performing at least 30 minutes of moderate intensity physical 

activity on most days) (Australian Bureau of Statistics, 2013b). In addition, more than 16% 

of Australian adults smoke tobacco cigarettes on a daily basis (Australian Bureau of 

Statistics, 2012b), and around 20% consume more than two standard drinks of alcohol daily 

(Australian Bureau of Statistics, 2012b). Collectively, these unhealthy dietary patterns and 

poor lifestyle behaviours contribute greatly to increased BP and the risk factors of CVD.  

Controlling high BP is pivotal in order to reduce the incidence of coronary heart disease, 

stroke, and renal and kidney disease (Chobanian et al., 2003). However, a relatively high 

rate of uncontrolled HTN exists in Australia. Data from the Greater Green Triangle Risk 

Factor Study in rural Australia indicate that 40% of women and almost 60% of men who 

were aware of their HTN were not treated, and only half of those treated had controlled BP 

(Janus et al., 2008). Similarly, in 2011/12, 32% of Australians aged 18 years and older were 

medically diagnosed with HTN, of which less than one-third controlled their BP (Heart 

Foundation Australia, 2012).  

As a primary approach to control high BP, the Australian Heart Foundation and the Seventh 

Report of the Joint National Committee to Stop Hypertension (JNC7) have recommended 

that all patients with high BP should modify their diet and lifestyle (Chobanian et al., 2003; 

Heart Foundation Australia, 2010). In addition, some individuals with high BP require 

AHT to assist with BP control. However, evidence suggests that 30 to 50% of patients do 
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not fully comply with the medication as prescribed (Horne, 2005; Morrow et al., 2005). 

Medication non-adherence is often due to a number of factors such as forgetfulness, side 

effects of medication, financial reasons, and personal preferences (Ho et al., 2009b; Nelson, 

Reid, Ryan, Willson, & Yelland, 2006). Medication non-adherence is positively associated 

with an increase in adverse chronic disease outcomes and contributes significantly to the 

economic cost and the burden of disease (Ho et al., 2009). Given the high AHT non-

adherence in Australia, it becomes a priority to understand the reasons for this non-

adherence and explore its associated factors. This will assist with understanding the 

influential factors in the control and management of high BP in Australia.   

 

1.4 Significance of the research 

This thesis provides several practical contributions for both public health and clinical 

interventions. The main components explored in this research are dietary patterns, nutrition 

knowledge, lifestyle and HRQoL and their relationship to HTN, AHT adherence and the 

control of BP. These components are important for the following reasons. Firstly, exploring 

these components and their association with HTN can enhance our understanding of 

predictors of high BP in the Australian population. This may assist health practitioners and 

researchers to develop interventions and strategies aimed at controlling the risk factors of 

HTN and reduce its prevalence in Australia.  

Secondly, there is a lack of literature on the factors affecting AHT adherence in 

hypertensive Australians. Findings from this research will enhance our understanding of the 

reasons for poor AHT adherence among hypertensive Australians. Since adherence to AHT 

is pivotal in the treatment and management of HTN, understanding the factors influencing 

poor AHT adherence can assist with the development of appropriate interventions aiming to 

improve AHT adherence.  

Thirdly, poor BP control among individuals with hypertension increases the risk of CVD 

and the social and financial burden of the disease. Few studies have investigated reasons for 

poor BP control among hypertensive individuals. Lifestyle, HRQoL and BP self-

management skill may affect BP control. Understanding associations between BP control 
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and these factors will assist with the development of clinical and public health interventions 

that aim to better control HTN in Australia.  

Fourthly, as a part of this research, a short food frequency questionnaire (FFQ) has been 

developed and validated to measure the dietary intake of hypertensive individuals in 

Australia. To the candidate’s knowledge, a validated questionnaire to measure the dietary 

intake of Australians with high BP has not been previously developed. In addition, 

currently available FFQs typically do not include questions related to added salt during the 

cooking and serving of foods that contribute greatly to overall sodium intake. Long and 

comprehensive questionnaires are burdensome and require a greater level of commitment, 

which may increase non-response rates, especially in clinical settings. Therefore, 

development of a short questionnaire may be useful in clinical and public health settings, to 

provide a reliable and valid tool to quickly measure dietary intake in hypertensive 

individuals. 

Finally, given the increasing evidence on the importance of HRQoL as an independent risk 

factor for chronic disease, this research aims to explore the influence of HTN on HRQoL in 

individuals of diverse age and gender. The findings from this study can clarify the 

association between HTN and HRQoL, and whether the association differs based on 

individuals’ age and gender. These findings may assist with the development of future 

interventions and studies to maintain, or to improve HRQoL in hypertensive adults. 

 

1.5 Study aims and objectives 

The aim of this research is to explore the differences in dietary patterns, nutrition 

knowledge, lifestyle and HRQoL between adults diagnosed with high BP and normal BP. It 

also investigates the associations between dietary patterns, nutrition knowledge, lifestyle 

and HRQoL with high BP, AHT adherence and the control of HTN in a sample of 

Australians adults.  

The series of research studies contained in this thesis will answer the following questions:  

1) Is the short version FFQ developed for use in this research a valid tool to assess 

dietary intakes of adults with high BP in Australia?  
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2) Are unhealthy dietary patterns, low level of nutrition knowledge and poor lifestyle 

factors associated with high BP in a sample of Australian adults?  

3) Is there an association between high BP and poor HRQoL in a sample of Australian 

adults? 

4) Are unhealthy dietary patterns, low level of nutrition knowledge, poor lifestyle and 

HRQoL associated with poor AHT adherence in a sample of Australian adults with 

high BP? 

5) Are unhealthy dietary patterns, low level of nutrition knowledge, poor lifestyle and 

HRQoL and lack of BP self-management skills associated with poor BP control in a 

sample of Australian adults with high BP? 

 

 

Hypotheses:  

Hypothesis 1: The short version FFQ developed is a reliable and valid tool to assess the 

dietary intake of adults with high BP in Australia. 

Hypothesis 2: Unhealthy dietary patterns, low level of nutrition knowledge and poor 

lifestyle are associated with high BP in a sample of Australian adults. 

Hypothesis 3: High BP and poor HRQoL are associated in a sample of Australian adults. 

Hypothesis 4: Unhealthy dietary patterns, low level of nutrition knowledge and poor 

lifestyle and HRQoL are associated with poor AHT adherence in a sample of Australian 

adults with high BP. 

Hypothesis 5: Unhealthy dietary patterns, low level of nutrition knowledge, poor lifestyle 

and HRQoL and lack of self-management skills are associated with poor BP control in a 

sample of Australian adults with high BP. 

 

 

 

 



 

9 
 

Chapter Two: Literature review 
 

2.1 Preface  

The focus of this literature review is on HTN, dietary patterns, behavioural factors and 

quality of life relating to HTN prevention and control. In the preparation of this literature 

review, related peer-reviewed journal articles and book chapters were searched through 

bibliographic databases including PubMed (MEDLINE), Scopus and Cochrane (Central), 

from 1990 to 2016. Related studies were excluded if they were animal studies (except for 

mechanistic studies) or were published in languages other than English. The review 

commences by defining the term HTN, exploring its relationship with chronic disease and 

highlighting the prevalence of the condition in Australia. Nutrition and dietary patterns 

influencing HTN are then described, and the association between nutrition knowledge and 

dietary behaviour is explored. The current evidence on the dietary patterns and the nutrition 

knowledge of Australian adults in relation to HTN and its control is also discussed. 

Furthermore, the association between HTN and BP control with other behavioural factors, 

including smoking, physical activity levels and alcohol intake, as well as the HRQoL, is 

described. The review is closed with a brief overview of interventions addressing the 

complex procedure of dietary and lifestyle behaviour change and their relationship with 

HTN. 

 

2.2 Hypertension definition, classification and epidemiology 

Hypertension, in general, is characterised by chronic systolic BP (SBP) ≥ 140 mmHg 

and/or diastolic BP (DBP) ≥ 90 mmHg (Chobanian et al., 2003). Systolic BP has been 

defined as the peak or maximum pressure forced against arteries, at the end of the cardiac 

cycle, when ventricles are contracting (Escott-Stump et al., 2012). Diastolic BP is the 

minimum pressure against arteries, when ventricles are filled with blood, near the 

commencement of the cardiac cycle (Escott-Stump et al., 2012). 

 

The Australian Heart Foundation classifies BP into different stages representing normal, 

high-normal, HTN grade 1, 2, 3, and isolated systolic HTN (Table 2.1) (Heart Foundation 



 

10 
 

Australia, 2010). The European Society of Hypertension (ESH), European Society of 

Cardiology (ESC) (Mancia et al., 2013) and The Joint National Committee on Prevention, 

Detection, Evaluation and Treatment of High Blood Pressure (JNC7) have also classified 

the stages of BP in a similar manner but with slightly different terminology (Table 2.1) 

(Chobanian et al., 2003; Mancia et al., 2013).  

 

Table 2.1 Classification of HTN 

 
 

 

In addition to the above-mentioned classification, HTN has also been classified based on its 

origin to primary (or essential) and secondary HTN. Primary HTN refers to elevated BP 

without the presence of secondary causes, such as renovascular disease, renal failure, 

pheochromocytoma, aldosteronism and Conn’s syndrome. Primary HTN is a heterogeneous 

disorder, which has a number of different risk factors (Table 2.2). Secondary HTN refers to 

an increase in BP as a result of other conditions and diseases (Carretero & Oparil, 2000) 

(Table 2.2). The focus of this thesis is on primary HTN and its modifiable risk factors. 

Hence, the remainder of this review will be in reference to primary HTN. 

 

Heart Foundation 

Australia classification 

(2010)  

JNC7 

classification 

(2003) 

ESH/ESC 

classification 

(2007) 

SBP (mmHg) DBP (mmHg) 

Normal Normal Optimal < 120             

and 

< 80 

High-normal Pre HTN Normal 120-129       

and/or 

80-84 

High-normal Pre HTN High-normal 130-139       

and/or 

85-89 

Grade 1 (mild) HTN Stage I HTN Grade 1 

HTN 

140-159       

and/or 

90-99 

Grade 2 (moderate) 

HTN 

Stage II HTN Grade 2 

HTN 

160-179       

and/or 

100-109 

Grade 3 (severe) HTN Stage II HTN Grade 3 

HTN 

≥ 180            

and/or 

≥ 110 

Isolated systolic HTN  Isolated 

HTN 

≥ 140              

and 

< 90 

Isolated systolic HTN 

with winded pulse 

pressure 

 Isolated 

HTN 

≥ 160              

and 

≤ 70 
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Table 2.2 Primary and secondary HTN causes and risks 

Primary HTN causes and 

risk factors 

Secondary HTN causes and risk factors 

 Obesity 

 Insulin resistance 

 High alcohol intake 

 High salt intake 

 Ageing 

 Sedentary lifestyle 

 Stress 

 Low potassium intake 

 Low calcium intake 

 Cigarette smoking 

 Dyslipidaemia 

 Family history of 

premature CVD 

 Black race 

 

 

 

 Renal: 

Diabetic renal diseases, Renal parenchymal diseases, 

Obstructive nephropathy, Chronic pyelonephritis, 

Renovascular HTN, renin-secreting tumours   

 Endocrine: 

Mineralocorticoid HTN, Conn’s syndrome, 

Bilateral/unilateral adrenal hyperplasia, 

Glucocorticoid-remediable aldosteronism, Adrenal 

carcinoma, Deoxycorticosterone excess, Congenital 

adrenal hyperplasia, Hydroxylase deficiency (11β or 

17α), Glucocorticoid receptor resistance, Cortisol 

excess, Cushing’s syndrome, 11β-Hydoxysteroid 

dehydrogenase deficiency, Apparent 

mineralocorticoid excess, Glycyrrhetinic acid, 

Phaeochromocytoma, Oral contraceptive and 

oestrogen replacement, Hypo/Hyperthyroidism, 

Acromegaly, Hyperparathyroidism, Hypercalcaemia, 

Carcinoid syndrome 

 Genetic diseases of renal tubular function: 

Liddle’s syndrome, Gordon’s syndrome, Gain of 

function mutation of the mineralocorticoid receptor 

 Other: 

Coarctation of the aorta, Psychogenic, Sleep apnoea, 

Drug-induces, Pregnancy 

(Carretero & Oparil, 2000; Chobanian et al., 2003; Ng, Stanley, & Williams, 2010) 

 

Hypertension is epidemic, with global prevalence rates of around 40% among adults 25 

years and older (World Health Organization, 2008). Hypertension can develop at any age; 

however, the prevalence of HTN tends to increase with age. In 2011-12, 3.1 million 

Australians (32%) aged 18 years and over had high BP (Australian Bureau of Statistics, 

2013a). Stratified by age demographic, approximately 15% of Australians aged 35 to 44, 

almost 25% aged 45 to 54, and approximately 33% aged 55 to 65 had HTN (Australian 

Bureau of Statistics, 2013a).  

Hypertension is also considered a costly condition. Based on a report of health system costs 

associated with CVD and risk factors, HTN is the second most expensive condition to treat 
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in Australia, estimated at $831 million annually (Mathers & Penm, 1999). Cardiovascular 

disease (with HTN as one of the major causes) accounts for the greatest cost ($7.9 billion or 

11%) of the total regular health spending in Australia (Australian Institute of Health and 

Welfare, 2012b). In the United States, HTN is estimated to cost $93.5 billion in health care 

services, medications, and lost productivity due to missed work days (Heidenreich et al., 

2011). 

 

2.3 Hypertension and its association with chronic disease  

High BP leads to a higher force on the heart and vessels, which may lead to or increase the 

risk of heart disease, stroke, vessel rupture, visual impairment and kidney disease (World 

Health Organization, 2013). Specifically, 69% of people who have their first heart attack, 

77% of those who have their first stroke or 74% of those with chronic heart failure, have 

had HTN in advance (Roger et al., 2012). Hypertension is often referred to as the silent 

killer, as it generally presents with no signs or symptoms (Center for Disease Control and 

Prevention, 2011). As a result, many people are unaware that they have high BP until they 

visit a health professional and have their BP measured, or when it leads to complications 

such as CVD (Center for Disease Control and Prevention, 2011). Overall, high BP is 

estimated to cause approximately 13% of all mortality worldwide (Center for Disease 

Control and Prevention, 2011; Winter, Tuttle, & Viera, 2013). Furthermore, around 51% of 

stroke deaths and 45% of coronary heart disease (CHD) deaths are caused by high BP 

(World Health Organization, 2012). Cardiovascular disease is the leading cause of death 

globally, with high BP being a major risk factor (World Health Organization, 2013). In 

2008, 30% of global mortality was reported to be caused by CVD, with an estimated 17.3 

million deaths (World Health Organization, 2013). Sadly, most cases of CVD could be 

prevented through the treatment and control of high BP (World Health Organization, 2013). 

It is also predicted that around 80% of CVD cases could be prevented through lifestyle 

modification (such as improvement in diet and physical activity), which often leads to an 

improvement in BP (Kelishadi et al., 2012; Stampfer, Hu, Manson, Rimm, & Willett, 

2000).     
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2.4 Hypertension awareness, treatment and control  

Individuals with HTN are often not aware of their condition unless they are diagnosed with 

high BP or it leads to other complications for which they seek medical attention. 

Hypertension awareness can be defined as when individuals are medically diagnosed with 

HTN and they are aware of their condition (Chow et al., 2013; Egan, Zhao, & Axon, 2010). 

Hypertension awareness differs between various population groups and geographic regions 

and ranges from 25% to 75% (Kearney, Whelton, Reynolds, Whelton, & He, 2004). Based 

on JNC7 reports, for the period between 1999 to 2000, only 70% of hypertensive 

Americans were aware of their condition (Chobanian et al., 2003). In Australia, the Greater 

Green Triangle Risk Factor Study showed only 62% of rural Australians with HTN were 

aware of their condition (Janus et al., 2008).  

Hypertension treatment often commences with lifestyle modification in combination with 

medication (Chobanian et al., 2003). Hypertension treatment is a crucial step in BP control. 

However, the proportion of individuals who are aware of their condition and receiving 

treatment varies from 38% to 90% around the world (Kearney et al., 2004). Data from the 

National Health and Nutrition Examination Survey showed in 1999-2000, the proportion of 

US adults with HTN receiving treatment was 59% (Bromfield et al., 2014). However, this 

trend improved in 2009-10, with 76% of those aware of their condition having started their 

treatment (Bromfield et al., 2014; Chobanian et al., 2003). More recent evidence has 

indicated that up to 82% of US adults are aware of their HTN condition, while 76% had 

started treatment and 53% had their HTN under control (Yoon, 2012). In Australia, the 

Blue Mountains Eye Study involved two cross-sectional studies analysing the prevalence, 

awareness and control of HTN among older adults in the Blue Mountains, Australia 

between 1992-1994 and 1997-2000. Surprisingly, the results of this study indicated a 

significant decrease in HTN awareness from the first study to the second (from 80% to 

73%) (Smith, Mitchell, Reay, Webb, & Harvey, 1998). This declining trend reported in 

HTN awareness can be temporal and local to the Blue Mountains region. Future studies are 

required to explore the changes in HTN awareness and treatment in Australia.   

Controlling BP is crucial for HTN individuals. Controlled BP can reduce the risk of stroke 

by 40% and the risk of heart failure by 50% (Chobanian et al., 2003). Results from a meta-

analysis indicate that each 20 or 10 mmHg reduction in SBP and DBP respectively, could 
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result in twofold changes in the mortality from stroke and from IHD, at ages 40 to 69 years 

(Lewington et al., 2002). The findings from the Heart Outcome Prevention Evaluation 

study showed that a modest reduction of BP by 3.3 and 1.4 mmHg (SBP and DBP, 

respectively) was associated with a 22% reduction in the relative risk of cardiovascular 

mortality, myocardial infarction or stroke (Sleight et al., 2001). Blood pressure control also 

reduces the risk associated with both primary and recurrent stroke by 32% and 30%, 

respectively (Qureshi & Sapkota, 2011).  

Among hypertensive individuals who start treatment, those who are able to control their 

condition (maintained BP < 140/90 mmHg) varies significantly from 5% to 75% (Kearney 

et al., 2004; Oliveria, Chen, McCarthy, Davis, & Hill, 2005). In 2011/12, of all Australian 

adults with HTN, 68% had not controlled their condition (Heart Foundation Australia, 

2012). In a study of rural Australian populations, 62% of the hypertensive population were 

aware of their condition, but only 24% had controlled their BP (Janus et al., 2008). 

Similarly, in a US-based population study only 53% of those who had started their HTN 

treatment had controlled their condition (Yoon, 2012). 

Collectively, the evidence suggests that individuals with HTN have a low awareness of 

their condition and they are not always receiving treatment to control their condition. Also, 

among those who commenced treatment for HTN, the BP control is poor. Therefore, there 

is a need to address factors influencing the prevention and control of HTN to reduce the 

related mortality and the associated risk of chronic diseases.   

 

2.5 Medication adherence 

Pharmacologic treatment is an important complementary therapeutic strategy in the 

management of HTN. A range of AHTs is available for the treatment of HTN. Diuretics 

(thiazide, loop, potassium-sparing); beta-blockers; alpha-blockers; aldosterone receptor 

blockers and angiotensin converting enzyme (ACE) blockers are the examples of AHT 

classes prescribed for BP treatment and control (Chobanian et al., 2003). Most often a 

combination of AHTs is required. Almost 70% of hypertensive individuals needing two or 

more AHTs to control their condition (Chobanian et al., 2003).  
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The effectiveness of therapeutic regimens is related to their adherence (Ho et al., 2009). 

Adherence is defined as the active, voluntary and collaborative involvement of the patient 

in a mutually acceptable course of behaviour to produce a therapeutic result (Delamater, 

2006; Ho et al., 2009). With regard to medication, adherence often refers to how well 

individuals comply with the medication regimen as prescribed (Ho et al., 2009; Horne, 

2005). Poor adherence to medication is associated with a higher cost of therapy and adverse 

outcomes (Ho et al., 2009). Adherence to the medication is crucial in order to prevent the 

progression and relieve the symptoms of the disease (Morrow et al., 2005). However, some 

reports indicate that 30% to 50% of medications are not taken by patients as prescribed 

(Horne, 2005; Morrow et al., 2005). The Second Australian National Blood Pressure Study 

reported that more than one-third of participants (65 – 84 years of age) with HTN were not 

adhered to their medication (Nelson et al., 2006). Although this study indicates that high 

rate of AHT non-adherence exists in older Australians, the risk factors of AHT non-

adherence are not explored. In addition, the focus of this study was on the clinical sample 

of hypertensive individuals in general practices, lacking the inclusion of individuals from 

the community settings.  

Non-adherence to medication can be classified as intentional non-adherence or 

unintentional non-adherence (Banning, 2009). Intentional non-adherence is often due to 

side effects associated with taking the medication and individuals attempting to avoid these 

side effects. Personal preference for alternative or natural therapies may also contribute to 

intentional non-adherence. Unintentional non-adherence is usually due to forgetfulness, 

impaired or poor cognition, and/or poor education and knowledge (Banning, 2009). The 

World Health Organization has defined five categorised reasons for medication non-

adherence: patient/individual, condition, therapy, socioeconomics, and health system-

related factors (Ho et al., 2009; World Health Organization, 2003). Patient or individual 

characteristics such as non-Caucasian race and younger age; depression and chronic 

disease; the complexity of therapy; the high cost of medication and poor health care 

education can all affect individuals’ medication non-adherence (Ho et al., 2009).  

Medication non-adherence can also be associated with poor general health knowledge 

(Morrow et al., 2005). A recent study examining the effect of a six-month education 

intervention on medication adherence and healthy lifestyle behaviour for hypertensive 
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individuals reported that self-efficacy of medication adherence and lifestyle improved 

significantly and BP reduced (Hacihasanoğlu & Gözüm, 2011). Results of a study on 

African-American hypertensive patients, who were taking at least one AHT, indicate that 

receiving educational and telephone follow-ups significantly improved AHT adherence 

(Samantha, Katie, Casey, & Emily, 2012). These two studies confirm the influential role 

that education and knowledge can play in improving AHT adherence. Overall, the evidence 

suggests that low AHT adherence exists among hypertensive adults in Australia, and that 

knowledge may play an important role in improving AHT adherence. Given the importance 

of AHT medication in HTN control it is important to explore the factors determining the 

poor AHT adherence in Australian hypertensive individuals.  

 

2.6 Risk factors of high blood pressure 

Despite the fact that the exact causes of primary HTN are still not clearly defined, there are 

a number of behavioural factors that affect BP changes. Poor dietary patterns (high sodium, 

high fat and low fruit and vegetable dietary intake), as well as smoking, physical inactivity, 

stress and overconsumption of alcohol can all influence BP and contribute to the 

development of HTN (Chobanian et al., 2003; Nguyen, Odelola, Rangaswami, & 

Amanullah, 2013). These factors influence BP changes through a number of different 

mechanisms and it is important to briefly explain these pathophysiological mechanisms. 

Blood pressure is inversely associated with the diameter of blood vessels and resistance to 

blood flow (Escott-Stump et al., 2012). In atherosclerosis, hardening and narrowing of 

blood vessels due to the accumulation of fat (especially cholesterol and triglycerides) can 

cause the artery walls to become thicker. Therefore, the diameter of blood vessels decreases 

and BP increases (Escott-Stump et al., 2012).  

Blood pressure can be regulated by pathophysiological systems such as the Sympathetic 

Nervous System (SNS), the Renin-Angiotensin System (RAS) and the renal system. When 

BP is low, the SNS secretes norepinephrine, which acts as a vasoconstrictor, reducing the 

diameter of small arteries and increasing BP (Escott-Stump et al., 2012). Overstimulation 

of the SNS (by factors such as stress, adrenal disorders and sleep apnoea) results in an 
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increased secretion of norepinephrine; thereby, an increase in BP (Escott-Stump et al., 

2012; Khayat, Patt, & Hayes, 2009).  

The kidneys and the RAS act together to regulate BP. The kidneys control the levels of 

extracellular fluid and renin secretion; when BP is low, the kidneys secrete renin, which 

acts on the RAS and stimulates the conversion of angiotensinogen to angiotensin I (Escott-

Stump et al., 2012). Angiotensin I can be converted to angiotensin II by the action of ACE. 

Angiotensin II has a vasoconstriction effect on the arteries and can lead to low-grade 

inflammation in artery walls, which can in turn increase BP (Escott-Stump et al., 2012; 

Norton, Brooksbank, & Woodiwiss, 2010; Savoia & Schiffrin, 2007). Most AHTs act on 

the above-mentioned pathways to reduce BP. For instance, Perindopril is an ACE inhibitor 

drug, inhibiting the ACE enzyme responsible for the conversion of angiotensin I to 

angiotensin II (a vasoconstrictor agent) (Norton et al., 2010; Savoia & Schiffrin, 2007). 

There are other physiological factors that can influence BP, including obesity, insulin 

resistance, high triglyceride (TG), total cholesterol (TC), low-density lipoprotein 

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

Obesity increases the amount of circulating leptin and lowers the level of circulating 

adiponectin (Després & Lemieux, 2006; Escott-Stump et al., 2012). Both these factors can 

activate the SNS and increase BP (Després & Lemieux, 2006; Escott-Stump et al., 2012). 

Increased visceral fat can also increase the amount of angiotensinogen, stimulate the RAS 

system and further increase BP (Escott-Stump et al., 2012; Mathieu, Poirier, Pibarot, 

Lemieux, & Després, 2009). Insulin resistance can increase BP in two main mechanistic 

ways; by impairing endothelium-dependent vasodilation and by up-regulating the 

sympathetic and antinatriuretic tone (Lye, Kuan, Ewe, Fung, & Liong, 2009; Natali & 

Ferrannini, 2004). An imbalance in the hormones oestrogen, progesterone and aldosterone 

can also influence BP (Lye et al., 2009). Oestrogen and phytoestrogens (plants sterols such 

as flavonoids that mimic oestrogen function in the body) are vasodilators and can reduce 

BP (Oelkers, 1996).  

Overall, the thickness of the blood vessels, the lipid profile and cholesterol level, renin-

angiotensin and SNS activity, insulin resistance and the amount of circulating leptin and 

oestrogen can all influence BP. Behavioural factors (diet and lifestyle) can regulate BP by 

influencing these variables. Since the focus of this thesis is on behavioural factors, 
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especially dietary patterns, the effect of these factors on BP is explained in detail in the 

following sections. 

 

 2.6.1 Behavioural factors  

Hypertension develops gradually due to poor lifestyle (Chobanian et al., 2003). Following a 

healthy lifestyle is pivotal in order to prevent and control HTN and other chronic diseases 

(Chobanian et al., 2003). Poor dietary patterns, physical inactivity, smoking, excessive 

alcohol consumption, stress and poor HRQoL can all lead to an increase in BP and to the 

development of HTN (Chobanian et al., 2003; Escott-Stump et al., 2012).  

Dietary and behavioural factors affecting HTN can be modified and improved. Healthier 

lifestyles (such as being more physically active, weight loss, smoking cessation and 

moderate alcohol consumption) can lead to a healthier physical and mental wellbeing, and 

can improve overall health and HTN (Chobanian et al., 2003). Reports also indicate that 

lifestyle modification in individuals prescribed with AHT improve their chances of 

reducing or even ceasing the need for medication therapy (Reid, Maher, & Jennings, 2000). 

Dietary patterns and the likelihood of choosing healthier foods may be improved by 

increased nutrition knowledge (Harnack, Block, Subar, Lane, & Brand, 1997; Wardle et al., 

2000). The following sections discuss the association between dietary patterns, nutrition 

knowledge, lifestyle and HRQoL with HTN, AHT adherence and the control of BP. In 

addition, some examples of lifestyle modifications to control high BP and prevent HTN are 

described.             

 

2.7 Dietary patterns and their correlation with hypertension 

Dietary pattern is characterised by the combination of types of food and their preparation 

methods. In recent decades, globalisation has drastically changed the dietary patterns and 

lifestyles of individuals. Changes in the food supply, the production and processing of food, 

food marketing, industrialisation and urbanisation, cultural changes and the time 

individuals spend on food preparation have shifted lifestyles and dietary intakes towards a 
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more Westernised pattern (Golzarand et al., 2012). The Western dietary pattern, which is 

characterised by high intakes of red meat, processed food, salt, SFA and take-away foods 

has been linked to many chronic diseases, such as obesity, CVD, HTN and diabetes (Fung 

et al., 2001; Kerver et al., 2003; Qi, Cornelis, Zhang, van Dam, & Hu, 2009). In contrast, a 

dietary pattern high in fruit, vegetables, legumes, whole grains, fish and poultry has been 

associated with a lower risk of coronary heart disease (Fung et al., 2001; Hu et al., 2000).   

Although the analysis of the relationship of a single nutrient to disease is of great 

importance, there are several limitations associated with single nutrient analysis in 

epidemiological studies. Firstly, daily dietary intakes do not consist of single nutrients, 

rather it is the combination of food items and nutrients that are likely to have cumulative or 

interactive effects (Hu, 2008). Next, the intake of some nutrients may be highly associated 

with certain dietary patterns, and the association observed between these nutrients and 

disease may not be due to the nutrients alone. For instance, a low fat intake can be 

associated with a higher intake of fruit and vegetables or with an overall healthier diet. 

Therefore, its association with lower CVD risk may not be a result of low fat intake in 

isolation (Hu, 2008; Ursin et al., 1993).  

Thus, in nutrition epidemiological studies, an analysis of dietary patterns and food 

behaviour, and their relationship with chronic diseases may offer a more comprehensive 

understanding of the approaches needed to prevent and control the condition at a population 

level. It may also highlight more public health implications, since understanding and 

translating dietary patterns can be easier for the general public than knowing which nutrient 

they need to consume in their diet (Hu, 2008).  

In this section, the effects of the main macro- and micronutrients on BP are discussed first, 

followed by evidence on the current dietary intake of Australians. This is followed by an 

examination of evidence describing the association between different dietary patterns and 

high BP.            

 

2.7.1 Macronutrients and blood pressure  

Dietary fat, protein and carbohydrate are associated with BP and cardiovascular health. The 

relationship between dietary fat intake and risk of HTN has been well investigated (Carrillo 
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Fernández, Dalmau Serra, Martínez Álvarez, Solà Alberich, & Pérez Jiménez, 2011; 

Lamarche, 2013). However, the effect of dietary protein and carbohydrate intake on BP is 

less clear. Although, it appears that the source of protein may play an important role in BP 

(Escott-Stump et al., 2012) (Table 2.3).  

Dietary fats are classified into SFA, monounsaturated FA (MUFA) and polyunsaturated FA 

(PUFA). These three groups are different in their structure, function and effect on blood 

lipids (Reddy & Katan, 2004). Among SFAs, myristic and lauric acid, as well as palmitic 

acid can greatly increase TC and LDL-C, which can lead to the blockage of arteries 

(atherosclerosis) and an increase in BP (Escott-Stump et al., 2012). At the first stage of 

atherosclerosis, as the injury to arterial endothelial cells occurs, phagocytic cells are 

attracted to the injury site by the action of cytokines. The cytokines uptake LDL-C 

particles, produce foam cells and cause blockage and the narrowing of blood vessels, 

leading to an increase in BP and the development of sclerosis (Escott-Stump et al., 2012). 

Therefore, an improvement in the lipid profile may beneficially affect BP (Lye et al., 2009). 

Coconut oil, palm oil, butter, cream and lard are examples of fats and oils high in SFAs 

(especially myristic, lauric and palmitic) (Escott-Stump et al., 2012).  

Unsaturated FA (UFA), classified into MUFAs and PUFAs respectively, affect the blood 

lipid profile and BP differently (Table 2.3). Poly UFAs such as linoleic acid (n-6 or omega-

6 PUFAs) and α-linolenic acid (n-3 or omega-3 PUFAs) are abundant in nuts (such as 

walnut), seeds (such as flaxseed and sunflower seeds) and fish (Escott-Stump et al., 2012). 

An intake of total fat higher in PUFAs can increase the HDL-C and reduce TC (Richard et 

al., 2011). Trans fatty acids (TFAs), geometric isomers of UFAs, are believed to increase 

TC and LDL-C, and have atherogenic effects even more than SFAs (Reddy & Katan, 

2004). Ruminant meat, fried foods, fast foods, hydrogenated vegetable oil, spreads, instant 

soups and packaged food can have a high level of TFAs. Table 2.3 summarises the 

evidence from selected studies on the effect of dietary fats, protein and carbohydrate on BP 

and CVD risks.  

The health benefits of dietary fibre on BP have been previously investigated (Table 2.5). 

Populations with a higher intake of fibre are generally healthier and have lower BP (Beilin, 

1994; Whelton et al., 2005). Dietary fibre may reduce inflammation by changing 

adipocytokines in adipose tissue, and reducing insulin resistance and insulin levels and 
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body weight, all of which can be risk factors for high BP and HTN (Keller et al., 2006; 

Whelton et al., 2005). Soluble fibre can bind lipids and absorb bile acid (a derivative of 

cholesterol) and can reduce the absorption or reabsorption of lipids, consequently lowering 

the blood lipids and improving BP (King, 2005). The effect of dietary protein and 

carbohydrate on BP has remained unclear. It appears that the source of protein plays an 

important role in BP control (Escott-Stump et al., 2012) (Table 2.3). 

 

Table 2.3 The effect of dietary macronutrients on BP and other risks of CVD 

Macronutrients Effect and evidence  Reference 

Dietary Fats   

SFAs Increase TC and LDL-C and reduce HDL-C. (Escott-Stump 

et al., 2012; 

Reddy & Katan, 

2004) 

 MUFAs A meta-analysis showed replacement of SFAs with 

UFAs increases the ratio of HDL-C:LDL-C.  

Mediterranean diet containing MUFAs, especially 

oleic acid (e.g. olive oil, safflower oil and nuts) can 

improve blood lipid profile. 

(Mensink & 

Katan, 1992; 

Richard et al., 

2011) 

 PUFAs PUFAs along with EPA and DHA can improve 

lipid profile and reduce the risk of CVD. 

(Campbell, 

Dickinson, 

Critchley, Ford, 

& Bradburn, 

2013) 

 Meta-analysis of fish oil (a rich source of omega-3 

fatty acids) reduced SBP by 2.56 mmHg and DBP 

by 1.47 mmHg.   

TFA A cross-sectional study in eight European countries 

did not show any association between the intake of 

TFAs and lipid profile. 

In a large cohort study based in the US, TFAs were 

positively associated with the risk of coronary 

disease.  

(Ascherio et al., 

1996; van de 

Vijver et al., 

2000) 

Dietary protein A systematic review of 46 trials showed protein 

from specific sources such as fish, dairy, grain, soy 

and nuts improves BP. 

(Altorf – van 

der Kuil et al., 

2010) 

 A randomised controlled trial showed 

supplementation with protein from pea, soy, egg 

and milk reduced SBP and DBP by 4.9±1.7 mmHg 

and 2.7±1.3 mmHg, respectively.  

(Teunissen-

Beekman et al., 

2012) 

Dietary 

carbohydrate  

 

High carbohydrate intake, particularly refined 

carbohydrate, can increase insulin resistance, LDL-

C, TG and obesity, reduce HDL-C and have 

(Mann, 2007; 

Siri-Tarino, 

Sun, Hu, & 
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adverse cardiovascular and BP outcomes. 

 

Krauss, 2010) 

Fibre 

 
A meta-analysis of 24 randomised trials showed 

average consumption of 11.5 g/d fibre resulted in 

mean 1.13 mmHg reduction in SBP and 1.26 

mmHg reduction in DBP. 

(Streppel, 

Arends, & 

van’tVeer, 

2005) 

 

2.7.2 Micronutrients and blood pressure  

Among micronutrients, the association between sodium, potassium and calcium with BP 

and HTN is well studied. This section briefly describes these associations and the possible 

mechanisms involved in the association.  

Sodium: A high intake of sodium, particularly in the form of salt (NaCl), is one of the most 

important dietary causes of high BP (Geleijnse et al., 2003; Midgley, Matthew, Greenwood, 

& Logan, 1996). The proposed mechanism in which salt increases BP is presented in 

Figure 2.1. The effect of sodium intake on BP changes is positively dependent on age. With 

the same level excessive salt intake, BP level increases with age (Franklin et al., 1997).    

 

 

 

 

 

 

Figure 2.1 Proposed mechanism for the effect of salt intake on BP (Machnik et al., 2009) 

 

 

In addition to age, sensitivity to salt and salt resistance can also influence the magnitude of 

changes in BP caused by sodium intake. Weinberger (1996, p. 482) defined salt sensitivity 

in  normotensive subjects as a “decrease in mean arterial pressure of at least 3 mmHg 

following the period of dietary salt restriction and defined salt resistance as an increase of 
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the same magnitude”. It appears that higher salt sensitivity is associated with older age, 

female gender, and African-Americas ethnicity (Stamler et al., 1991).  

In general, individuals with high BP are strongly advised to control and limit their sodium 

intake. An intake of 2300 mg/day sodium (6 g salt) for individuals with normal BP and 

without risk of HTN, and 1500 mg/day (approximately 4 g salt) for those with increased 

BP, over 51 years of age, African-Americans, or with other complications (e.g. CVD, 

diabetes) is recommended (Escott-Stump et al., 2012; National Health and Medical 

Research Council, 2013). Dietary patterns high in take-away and processed foods (Western 

dietary patterns) usually contain an excessive amount of salt and should be avoided to 

prevent and control BP (Bailey et al., 2007).     

Potassium: An inverse relationship exists between dietary potassium intake and the level of 

both SBP and DBP (Geleijnse et al., 2003; Whelton et al., 1997). A reduction in potassium 

excretion by 50 mmol/day may increase SBP and DBP by 3.4 and 1.9 mmHg, respectively 

(Intersalt Cooperative Research Group, 1988; Kanbay, Chen, Solak, & Sanders, 2011). 

Potassium intake may affect BP via several mechanistic actions (Haddy, Vanhoutte, & 

Feletou, 2006). The inhibition of sodium reabsorption in renal tubules and the reduction in 

renin secretion; an increase in urine excretion; an increase in nitric oxide production and the 

relaxation of smooth muscles; the stimulation of membrane hyperpolarisation and 

vasodilation are proposed mechanisms for the action of potassium in relation to BP 

changes. Dietary patterns high in fruit and vegetables (such as Mediterranean and Prudent 

dietary patterns) are rich in potassium and are proposed to prevent and control high BP 

(Escott-Stump et al., 2012; National Health and Medical Research Council, 2013). An 

increase in potassium intake to 4.7 g/day is proposed to reduce BP and prevent HTN 

(Escott-Stump et al., 2012).  

Calcium: Evidence for the effect of calcium intake on BP is conflicting. A number of 

studies have reported an inverse association between calcium intake and BP (Van Leer, 

Seidell, & Kromhout, 1995; Wang, Manson, Buring, Lee, & Sesso, 2008), while some 

evidence suggests there is no such relationship (Hazari, Arifuddin, Muzzakar, & Reddy, 

2012). The National Health and Nutrition Examination Survey reported that a higher 

calcium intake is associated with a lower age-related increase in BP (Hajjar, Grim, & 

Kotchen, 2003). The mechanisms proposed for the BP lowering effect of calcium include 
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inhibiting renin-angiotensin system activity, improving sodium-potassium balance, and 

lowering the constriction of smooth muscle cells (Wang et al., 2008). Recommended daily 

intake of calcium for adults is 1000-1300 mg/day (National Health and Medical Research 

Council, 2014).  

 

2.7.3 Food items, dietary constituents and blood pressure  

It is clear that certain types of foods can affect BP changes due to their unique 

characteristics and nutrient constituents. Food items such as fish; garlic; green tea; seeds 

and nuts such as flaxseed, walnuts and sesame; herbs and spices such as cinnamon; as well 

as other dietary constituents such as probiotics and prebiotics have been linked to a 

reduction in BP from both observational and intervention studies (Table 2.4). Therefore, 

dietary patterns high in these beneficial foods and low in SFAs and sodium may prevent 

and improve BP. This may be the reason that Prudent and Mediterranean dietary patterns, 

with a focus on fish, nuts and UFAs are linked to lower BP and incidence of HTN (Estruch 

et al., 2006; Hu et al., 2000; Psaltopoulou et al., 2004). In contrast, higher intakes of red 

meat, processed food and fast food (characteristics typical of a Western dietary pattern) 

have been associated with a higher risk of HTN and other chronic diseases (Karppanen & 

Mervaala, 2006; Odegaard, Koh, Yuan, Gross, & Pereira, 2012). 

The importance of modifying macro- and micronutrients and dietary constituents led 

scientists to develop programs and approaches aimed at reducing BP and preventing HTN. 

The Dietary Approaches to Stop Hypertension (DASH) (Appel et al., 2006) is possibly one 

of the most well-known approaches in this area. There is compelling evidence indicating 

that a balanced diet low in fat, rich in fruit, vegetables, nuts, seeds and non-refined grains, 

and low in processed products can effectively reduce BP (Appel et al., 2006; Escott-Stump 

et al., 2012).  
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Table 2.4 Some important food items and dietary constituents and their effect on BP 

Food items or 
dietary constituents  

Main beneficial 
nutrients  

Mechanisms of BP reduction and CVD 
protection 

References  

Fish (oily fish, e.g. 

salmon, tuna, sardine) 

Omega-3 PUFA  Improve lipid profile (especially reduces TG) 

 Decrease inflammation and platelet 

aggregation  

(Cabo, Alonso, & Mata, 

2012; Rizos, Ntzani, Bika, 

Kostapanos, & Elisaf, 2012) 

Garlic  Allicin (and other 

phytochemicals) 
 Antioxidant and anti-inflammation 

 Reduce cholesterol by inhibiting enzymes 

involved in cholesterol production 

 Produce nitric oxide (NO) an endothelium-

derived relaxing factor   

(Benavides et al., 2007; 

Rahman & Lowe, 2006) 

Green tea Catechin or flavan-3-

ols (and other 

phytochemicals) 

 Antioxidant and anti-inflammation 

 Reduce LDL-C 

 Weight management  

 Reduce insulin resistance 

(Bogdanski et al., 2012; 

Khalesi, Sun, Buys, 

Jamshidi, et al., 2014) 

Flaxseed  α-linolenic PUFA, and 

lignans 

(phytoestrogen) 

 Antioxidant and anti-inflammation  

 Improve lipid profile  

 Reduce body weight 

 Improve gut flora 

(Khalesi, Irwin, & Schubert, 

2015; Pan, Yu, Demark-

Wahnefried, Franco, & Lin, 

2009) 

Walnuts  α-linolenic PUFA  Improve lipid profile  

 Vasodilation 

(Banel & Hu, 2009; Katz et 

al., 2012) 

Fermented foods and 

probiotics 

Probiotics (e.g. 

Lactobacillus and 

Bifidobacterium  

bacteria) 

 Improve lipid profile 

 Inhibit renin-angiotensin system (RAS) 

 Reduce insulin resistance and sensitivity  

(Khalesi, Sun, Buys, & 

Jayasinghe, 2014; Lye et al., 

2009) 

Dietary fibre and 

prebiotics  

Prebiotics (inulin, 

resistant starch, 

oligosaccharides) 

 Improve gut flora 

 Reduce blood cholesterol  

 Anti-inflammation  

 Weight management  

(Iannitti & Palmieri, 2010; 

Tzounis et al., 2011) 
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2.7.4 Current dietary pattern of Australians   

Similar to many other countries, Australia has gone through a dietary pattern change 

process known as nutrition transition, resulting in the adaptation of the Western dietary 

pattern (Naughton et al., 2015). Nutrition transition is identified as having two steps: first, 

an increase in energy availability from cheap refined carbohydrate products; and second, a 

change from high carbohydrate products to foods high in oil, animal products, processed 

food and sugar (Kearney, 2010; Naughton et al., 2015). Urbanisation in combination with 

industrialisation promoted the consumption of convenient ready-to-eat and fast foods 

(Finkelstein, 2003). As a result, the proportion of take-away meals and dining out is now 

considered to be approximately 24% of the average Australian household expenditure 

(Espinel & Innes-Hughes, 2010).  

The introduction of cultural diversity and advanced food technology has led to an increase 

in the variety of imported foods, and promoted convenience, processed and ultra-processed 

food consumption (Naughton et al., 2015). Moreover, economic changes have led to an 

increase in work time and the number of dual-income families with less time for 

preparation of food at home, which have further promoted dining out, ready-to-eat, fast 

foods, and take-away dietary behaviours (Finkelstein, 2003; Naughton et al., 2015).  

The food industry, restaurants and fast food chains have also played a role in nutrition 

transition. Tasty exotic dishes have become more accessible, food presentation and 

advertisements have become more engaging, more fast food franchises have been 

introduced and restaurant environments have become more attractive; all in an effort to 

engage more customers, promote food products and increase profit margins (Finkelstein, 

2003; Naughton et al., 2015). This transition has also affected the price of food. Highly 

processed, manufactured, ready-to-eat and fast foods are now even less expensive than 

unrefined products and fresh fruit and vegetables. In fact, a high fat, highly processed and 

high sugar meal is now more affordable than a nutrient-rich healthy meal (Kearney, 2010; 

Naughton et al., 2015).  

These changes have adversely affected Australian dietary patterns and food intakes. From 

1961 to 2009, an increase of 16.7% in energy intake from fats has been reported among 

Australians (Naughton et al., 2015). This is largely a result of a shift to a more Westernised 
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dietary pattern and an increase in the availability and accessibility of high fat foods 

(Naughton et al., 2015). Although Australian Dietary Guidelines have focused on reducing 

fat intake (National Health and Medical Research Council, 2013), the transition to a 

Western dietary pattern prevents compliance with these guidelines. Foods high in invisible 

fats are often abundant in the Western dietary pattern (Naughton et al., 2015). Processed 

foods such as meat patties, pies, burgers and deep fried foods are inseparable components 

of a Western dietary pattern, leading to the high fat and salt intake observed among 

Australians today (Kearney, 2010).    

Although there is a lack of evidence on the dietary patterns of Australians with HTN, the 

general dietary pattern of Australians has been characterised in several reports. The 2011-

12 Australian Health Survey (Australian Bureau of Statistics, 2014) is an example of these 

reports. The survey involved the collection of 24-hour dietary recall data for food, 

beverages and supplements consumed by 12,000 Australians, and individual dietary 

behaviour. While there are limitations in data collected using 24-hour recall dietary 

assessment techniques, (i.e. inability to recognise day-to-day variation in intake) (Cade, 

Burley, Warm, Thompson, & Margetts, 2004), the results of the survey provide valuable 

information on the population’s dietary behaviour.  

Findings indicated that compared with the Australian Dietary Guidelines, only 7% of the 

population met the recommendations for vegetables and legumes intake at 5 servings a day, 

and only half (54%) followed the recommended level of fruit intake (2 servings per day). 

While Australian Dietary Guidelines recommend limiting discretionary items to the 

minimum possible (up to 2% of daily energy intake), more than 35% of total daily energy 

intake in this population group was attributed to such foods (Australian Bureau of 

Statistics, 2014). Discretionary items are defined as foods and drinks that often do not 

provide the required nutrients for the body, and their consumption is recreational. 

Discretionary foods are energy-dense and nutrient-poor, often high in SFA, sugars, salt 

and/or alcohol, greatly contributing to the risk of overweight and obesity, as well as CVD 

(Cohen, Sturm, Lara, Gilbert, & Gee, 2010). However, while discretionary items are not a 

necessary part of the diet, they can add variety for those who are physically active or have 

higher energy requirements (National Health and Medical Research Council, 2013). Among 

all discretionary foods, Australians consume alcoholic beverages in the greatest quantity 
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(4.8% of energy), followed by cakes, muffins and desserts (3.4% of energy) (Australian 

Bureau of Statistics, 2014).  

An unhealthy dietary pattern is a major risk factor for chronic non-communicable diseases 

such as obesity, diabetes and CVD (Escott-Stump et al., 2012). The National Health and 

Medical Research Council (NHMRC) developed the Australian Dietary Guidelines together 

with other organisations such as the Heart Foundation of Australia, and provide 

recommendations for daily intakes of each of the food groups, as well as macro- and 

micronutrients. Following these guidelines is important to improve the dietary patterns of 

individuals and reduce the risk of HTN and other chronic non-communicable diseases 

(Heart Foundation Australia, 2010; National Health and Medical Research Council, 2006).  

The Australian Dietary Guidelines recommend consuming 2 servings of fruit and 5 servings 

of vegetables food groups per day for Australian adults (National Health and Medical 

Research Council, 2013). However, despite these clear recommendations, it appears that 

Australian adults are not consuming enough of either of these food groups. In 2011-12, 

more than 50% of Australian adults reported an intake of fewer than 2 servings of fruit per 

day, and more than 90% ate less than 5 servings of vegetables per day (Australian Bureau 

of Statistics, 2012c), confirming the poor dietary fruit and vegetable intake among 

Australian adults.  

This is unfortunate, as an adequate intake of fruit and vegetables may reduce the risk of 

HTN and other chronic diseases by providing necessary nutrients such as potassium, 

magnesium, calcium, vitamins, antioxidants and fibre (World Health Organization, 2014b). 

The Nutrient Reference Values for Australia and New Zealand recommends a daily intake 

of 25 to 30 g fibre (National Health and Medical Research Council, 2005). However, most 

Westernised countries consume half the recommended amount of fibre per day (Van Horn, 

1997). In addition, higher intake of fibre and fruit and vegetables can reduce the intake of 

high energy-dense foods (loaded in fats and low in fruit and vegetables) (Yao & Roberts, 

2001). This can improve lipid profile, lower body weight and lead to HTN prevention or 

improvement (Yao & Roberts, 2001).   

Australians also consume too much salt (Blumfield et al., 2011; Crichton, Howe, Buckley, 

Coates, & Murphy, 2012). Based on data from the Australian Heart Foundation and the 
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National Health and Medical Research Council of Australia (NHMRC), the salt intake of 

Australians is around 10 g/day, almost twice the recommended intake for reducing 

cardiovascular risk (Heart Foundation Australia, 2005; National Health and Medical 

Research Council, 2006).  

There are several reasons for this high salt consumption pattern. At the individual level, the 

lack of knowledge regarding health consequences of high salt intake, healthy food 

preparation methods, label reading, salt/sodium differentiation and healthy food choices can 

lead to high salt intake (Ekmekcioglu, Blasche, & Dorner, 2013). Individuals can also lack 

the motivation to eat low salt foods, simply because they are used to the taste of salt and 

find it difficult to reduce sodium intake (Morris, Na, & Johnson, 2008). In addition, food 

advertisements, food recipes and commercial foods promote the consumption of salty foods 

(Webster, Dunford, Barzi, & Neal, 2010).  

The results from an Australian survey of 1084 individuals showed that although two-thirds 

of the population recognised high salt consumption as being poor for health, 86% did not 

know what the recommended level of salt intake was (Webster, Li, Dunford, Nowson, & Neal, 

2010). In addition, only 25% of all individuals regularly checked the salt content of food 

labels, and only 20% reported that the salt content of food affects their food purchases 

(Webster, Li, et al., 2010). Cereal-based products, as well as meat products, processed 

products and ready-to-eat foods contribute to over 50% of total salt intake in Australians’ 

dietary intake (Webster et al., 2009). The evidence collectively suggests that Australians 

consume too much salt, which can be due to various reasons such as: lack of nutrition 

knowledge, the consumption of ready-to-eat and comfortable foods or simply food 

preferences and habits (Popkin, Adair, & Ng, 2012). Given the important role that 

excessive salt intake plays in HTN, there is a need to further explore the factors influencing 

high salt intake among Australians.     

There is also a lack of several important nutrients in Australians’ diets. Pasco et al. (2000) 

reported women aged 20-54 years only consume 615 mg/d calcium, although the 

recommended intake is 1000 mg per day. Around 76% to 87% of Australian women aged 

20 and older have calcium intakes lower than the recommended dietary intake. More 

recently, analysis of data from the 2011-12 Australian Health Survey found that females on 

average consume 745 mg of calcium from foods and beverages, an increase on that from 
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previous reports. Although this value was slightly higher for males (865 mg), consumption 

was still below that recommended for any age group (Australian Bureau of Statistics, 

2014). The same data indicated that dairy milk, cheese and yoghurt were the main sources 

of calcium, followed by cereal-based products. The Australian Dietary Guidelines 

recommend the intake of 2 to 4 serves of dairy products per day to provide calcium 

requirements (National Health and Medical Research Council, 2013). Consumption of at 

least 1 serving of dairy per day has been associated with lower BP (Crichton, Elias, Dore, 

Abhayaratna, & Robbins, 2012). 

The iron intake of Australians is also below that of recommended levels, especially among 

females. The Australian Dietary Guidelines suggest an iron intake of 8 mg/day for males 

and 18 mg/d for females. Based on the 2011-12 Australian Health Survey, although iron 

intake from food and beverages in males is higher than the recommended level (around 12 

mg/day), females consume far less iron than recommended (only 9.4 mg/d). The major 

sources of iron among Australians were from cereal-based products, followed by meat 

products and meat dishes (National Health and Medical Research Council, 2013). Table 2.5 

summarises the actual intake and the recommended daily intake of major nutrients affecting 

HTN in the Australian population. A list of recommended dietary modifications required to 

improve dietary intake of these core nutrients is also described. 

The Australian Dietary Guidelines also have recommendations for the level of 

macronutrients that individuals should consume. Accordingly, only 25-35% of total energy 

intake should be sourced from fats, with a preference for MUFAs and PUFAs (National 

Health and Medical Research Council, 2013). To prevent CVD and reduce the risk of many 

chronic diseases, evidence suggests keeping SFA intake to less than 7% of the total energy, 

and to reduce the consumption of TFA to zero or as low as possible (Escott-Stump et al., 

2012; National Health and Medical Research Council, 2013). Although it appears that 

Australians on average consume 31% of their total energy from fat, intake of SFA and TFA 

is greater than the levels recommended (Blumfield et al., 2011; Crichton, Howe, et al., 

2012). In a crossover study by Crichton et al. (2012) on 30 overweight and obese 

Australians with SBP greater than 120 mmHg, 33% of total energy intake was from fat, 

with around 14% of total energy from SFA (twice the upper limit recommended for SFAs 

intake).  
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Similarly, the 2011-12 Australian Health Survey reported that the Australians intake of 

SFA and TFA is on average more than 12% of their total energy intake (Australian Bureau 

of Statistics, 2014). The intake of processed foods, fast foods and other discretionary foods 

(such as cake, soft drinks, pies) greatly contributes to SFA and TFA intake. The Australian 

Dietary Guidelines recommend limiting the intake to no more than 2-3 servings of 

discretionary foods per day. Based on the study by Blumfield et al. (2011) Australian 

women between 19 to 60 years of age consume discretionary foods in amounts of 60% 

greater than the recommended maximum daily intake. In the 2011-2012 Australian Health 

Survey, more than one-third of individuals daily energy intake was from discretionary 

foods (Australian Bureau of Statistics, 2014). Discretionary foods and manufactured foods 

are the primary sources of SFA and salt intake in developed countries (Nowson et al., 

2015).  

Overall, the evidence suggests that Australians generally follow a poor dietary pattern—

high in discretionary foods and low in fruit and vegetables. The current dietary pattern of 

Australians is responsible for their high salt, SFA, TFA intake and the low fibre, potassium, 

and other beneficial nutrients intake (Popkin et al., 2012). It is critical to understand the 

reasons for these poor dietary patterns and their associated risks with chronic disease in the 

Australian population. This is essential for developing strategies and interventions to 

prevent and reduce the risk of chronic diseases such as HTN. In the next section, the current 

evidence on the association of dietary patterns and HTN is explored. 
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Table 2.5 Selected nutrient intakes in the Australian population, their recommended intake levels and the dietary modification 

required in order to improve nutrient intake 

Nutrients Daily recommended 

intake in Australia 

(National Health and 

Medical Research 

Council, 2006) 

Actual intake in 

Australia 

Changes 

needed 

Recommended dietary modification  

SFAs and 

TFAs 

No more than 7% of total 

energy intake for SFA 

and zero or close to zero 

for TFA 

Around 14% of total 

energy intake 

(Blumfield et al., 

2011); Crichton, 

Howe, et al. (2012) 

Reduce 

intake 

Reduce the intake of high SFA foods such as: 

- Full-fat dairy products; 

- Butter and lard; 

- Processed meat; 

- Extra foods (cake, pastry, chips); 

- Fast foods. 

Trim the visible fat from meat, remove chicken 

skin; 

Increase the consumption of oily fish to increase 

PUFA intake. 

Sodium 

(salt) 

1600 mg/d (70 mmol; 4 g 

salt) 

Upper Limit: 2300 mg 

sodium (100 mmol; 6 g 

salt) 

Around 150 

mmol/day  

(Heart Foundation 

Australia, 2005; 

National Health and 

Medical Research 

Council, 2006) 

Reduce 

intake 

Reduce intake of salty foods such as: 

- Ham, bacon, sausage and other processed 

meat; 

- Commercial sauces; 

- Canned soups, canned fish in brine; pickles; 

chips;   

- Fast foods.  

Avoid using salt in cooking or at the table 

Choosing reduced salt and low salt foods (less 

than 12 mg sodium per 100 g food) 

Potassium  3800 mg (100 mmol) 

adult male; 2800 mg (72 

mmol) adult female 

Around 72 mmol in 

male and 62 mmol in 

female  

(Ekinci et al., 2011) 

Increase 

intake 

Increase intake of: 

- Leafy vegetables such as spinach; 

- Fruit such as oranges and bananas; 

- Root vegetables such as potatoes.  

*Potassium in milk and meat will not be absorbed 

as well as potassium in fruit and vegetables 

(Escott-Stump et al., 2012) 
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Magnesium 420 mg for adult male; 

320 mg for adult female 

380-392 mg among 

male; 240-297 

among female 

(Australian Bureau 

of Statistics, 1999) 

Increase 

intake 

Increase the intake of: 

- Dark leafy green vegetables; 

- Nuts and seeds and beans; 

- Fruit such as banana, avocado;  

- Fish and low-fat dairy products. 

Calcium 1000 mg  615 mg among 

female 

(Pasco et al., 2000) 

Increase 

intake 

Increase the intake of: 

- Low-fat dairy products; 

- Dark leafy vegetables; 

- Fortified products with calcium; 

- Almonds;  

- Reduce the intake of sodium. 

Fibre 30 g for adult male; 25 g 

for adult female 

Around 23g  

(Australian Bureau 

of Statistics, 1999) 

Increase 

intake 

Increase intake of: 

- Fruit and vegetables; 

- Wholemeal and wholegrain bread, rice and 

flour.  
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2.7.5 Dietary pattern and high blood pressure   

Despite a large body of evidence exploring the association between single nutrients and the 

risk of chronic diseases, research into understanding dietary patterns (which includes the 

combination effect of nutrients and food groups) has emerged in nutrition epidemiology 

studies. Although understanding the mechanisms and effects of single nutrients is important 

for developing therapeutic interventions, the diet-disease relationship is often the result of 

an interaction between all foods and nutrients (Kerver et al., 2003). This is because of the 

high correlation between nutrients in foods, which makes them inseparable in the effect 

analysis. For example, although no association has been found between beta-carotene 

consumption and chronic disease risk, fruit and vegetable consumption has been associated 

with a lower risk of chronic disease (Hennekens et al., 1996; Kerver et al., 2003).    

Consequently, it is important to explore dietary patterns and their association with HTN to 

better understand the dietary modifications required to prevent and control high BP. 

Although several studies have focused on the dietary patterns of Australian adults, 

exploring the association between current dietary patterns and high BP in the Australian 

population has received limited scientific attention. Therefore, this section will first 

summarise the key findings from several dietary pattern analyses and their association with 

BP. Evidence related to the Australian population will then be explored in more detail.   

As previously mentioned, one of the most important dietary pattern studies to date focusing 

on BP is the Dietary Approach to Stop Hypertension (DASH) study (Appel et al., 2003). 

Results from this study indicate that a diet high in whole grains, fruit and vegetables, low-

fat dairy products, lean meat, poultry and fish, nuts and legumes can be beneficial for 

individuals with high BP. Similarly, several studies suggest that a dietary pattern rich in 

fruit and vegetables, nuts and legumes, as well as fish and lean meat is associated with 

lower BP and reduced risk of CVD (Arisawa et al., 2014; Esmaillzadeh, Mirmiran, & 

Azizi, 2005; Gingras et al., 2015; Sun, Buys, & Shen, 2013; van Dam, Grievink, Ocke, & 

Feskens, 2003). The Mediterranean-style, Prudent, Balanced, and Healthy dietary patterns 

are all defined as having such dietary characteristics (Lau et al., 2015; Suliga, Koziel, 

Ciesla, & Gluszek, 2015).  
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Conversely, dietary patterns high in processed meats, sugary products and sweetened 

beverages, refined cereals, snacks and alcohol are associated with a higher risk of HTN and 

CVD (Kerver et al., 2003; Sadakane et al., 2008; Sun, Buys, & Hills, 2014; van Dam et al., 

2003). These are the common characteristics of a Western dietary pattern (McNaughton, 

Mishra, & Brunner, 2008).    

In contrast to the Western dietary pattern, the DASH, Mediterranean, Prudent and Balanced 

dietary patterns are often high in potassium, magnesium, calcium, fibre, PUFA, and low in 

salt (sodium), TC and SFA (Kwan et al., 2013). These dietary patterns are also usually high 

in fish, nuts and seeds (good sources of PUFA). As explained in Sections 2.7.1 - 2.7.3, 

these are the main nutrients and dietary constituents responsible for the lower risk of HTN 

and CVD observed in the populations with a higher intake of such dietary patterns. For 

example, a cross-sectional study of 510 female nurses showed that a higher adherence to 

the DASH dietary pattern was associated with 80% less risk of high BP (Saneei et al., 

2015). In another study of 513 Japanese subjects, a negative association between the 

Prudent dietary pattern and BP was found (Arisawa et al., 2014). Similarly, in a cross-

sectional study of Chinese older adults, higher intakes of healthy and balanced dietary 

patterns were associated with lower BP and reduced risk of CVD (Sun et al., 2013; Sun et 

al., 2014). The association between Mediterranean-style dietary patterns and BP is also 

similar, indicating that a higher intake of Mediterranean foods is associated with lower BP 

(Gingras et al., 2015; Lau et al., 2015). 

Consistent findings have also been observed with the association between Western dietary 

patterns and the risk of BP and CVD. Analysis of data from the third National Health and 

Nutrition Examination Survey in US adults indicated that the Western dietary pattern was 

associated with higher risk factors of CVD (Kerver et al., 2003). In a similar Dutch study, a 

higher intake of Western diet was positively associated with BP (van Dam et al., 2003). The 

association was similar in a population of older adults in China (Sun et al., 2014), and in 

the cohort of White-hall II study of 10,308 British adults (McNaughton, Mishra, et al., 

2008).    

There is a scarcity of studies exploring the association between dietary patterns and BP in 

Australian adults. However, the analysis of the data from the 1995 Australian National 

Nutrition Survey of 764 adolescents (12-18 years of age) suggested an association exists 
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between different dietary patterns and BP. Three dietary patterns of (1) fruit, salad, cereals 

and fish; (2) high fat and sugar; and (3) vegetables were identified. The results suggested 

that a diet higher in fruit, salad, cereal and fish was associated with a lower DBP 

independent of confounding effects of age, sex and physical activity (McNaughton, Ball, 

Mishra, & Crawford, 2008). In another study focusing on lifetime dietary patterns, a trend 

for lower SBP in older ages was observed when a higher intake of a vegetable rich dietary 

pattern was followed during childhood (Hosking & Danthiir, 2013). However, the focus of 

this study was not on current dietary patterns. Other studies have focused on dietary 

patterns of the Australian population and their association with the risk of CVD and 

metabolic syndrome (Ambrosini et al., 2010; Bell, Edwards, & Grieger, 2015). 

Collectively, these studies suggest that Western dietary pattern is associated with a higher 

risk of CVD and increased odds of having a metabolically unhealthy profile (such as high 

waist circumference, LDL-C, TC, and TG) (Ambrosini et al., 2010; Bell et al., 2015).      

In summary, there is consistent evidence on the positive association between Western 

dietary patterns and high BP. However, information on the current dietary patterns of 

Australians and their association with BP changes, control and management is limited. 

Moreover, there are several other behavioural factors that can confound the association 

between dietary patterns and BP. Nutrition knowledge, lifestyle (physical activity, 

smoking, alcohol consumption pattern), and HRQoL may all influence BP and HTN status. 

The following sections will explore the association between these behavioural factors and 

BP changes, HTN management and control.  

 

2.8 Nutrition knowledge and its correlation with hypertension   

An individual’s dietary pattern is influenced by numerous factors, from the knowledge of 

food choices and the relationship between food choices and disease, to food availability, 

cultural or religious beliefs, preferences and financial matters (Breen, Ryan, Gibney, & 

O'Shea, 2015; Spronk, Kullen, Burdon, & O'Connor, 2014). While a combination of all 

these factors influences food choices, nutrition knowledge plays a critical role in the 

process of acquiring dietary behaviour (Spronk et al., 2014). Nutrition knowledge can be 

defined as the individual’s understanding of the diet-disease relationship, healthy food 
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choices and the ability to make appropriate dietary decisions (Spronk et al., 2014; Zoellner, 

Connell, Bounds, Crook, & Yadrick, 2009). Nutrition knowledge generally refers to both 

practical and declarative (fact-based) knowledge (Worsley, 2002). Practical nutrition 

knowledge is more effective in shaping dietary behaviour and is one step beyond the 

knowledge of what healthy food is. Here, the focus is on how to make food choices when a 

variety of food options is available. Individuals with a better nutrition knowledge may 

make healthier food choices, therefore, may have a lower risk of HTN and CVD 

(Chobanian et al., 2003; Wardle et al., 2000).   

Several studies have analysed the association between nutrition knowledge and healthy 

eating. In a systematic review of nutrition knowledge among athletes, 5 out of 9 included 

studies reported a weak but positive association between nutrition knowledge and a 

healthier dietary intake (Heaney, O'Connor, Michael, Gifford, & Naughton, 2011). A 

review of 29 studies reported that a weak, but significant and positive association, exists 

between better nutrition knowledge and a healthier diet, especially if there is a higher intake 

of fruit and vegetables (Spronk et al., 2014). The importance of increasing nutrition 

knowledge through education is also reported in the literature (Wardle et al., 2000). A 25 

times higher likelihood of eating healthy foods was observed among individuals when 

dietary recommendations were provided (Wardle et al., 2000). Overall, nutrition knowledge 

may be a predictor of dietary behaviour and food intake (fat, fibre, fruit and vegetables) 

(Harnack et al., 1997). Individuals with a better nutrition knowledge may choose healthier 

dietary patterns and better adhere to their dietary modifications (Bonaccio et al., 2013), 

which is fundamental to the prevention and control of HTN. 

Nutrition knowledge, however, may not always translate to healthy eating. In Australia, 

results from a study in an Adelaide community showed that 90% of the participants were 

aware of the recommendations to eat more fruit and vegetables, but 56-62% did not know 

how many servings of fruit and vegetables they should consume daily, hence did not meet 

the requirements (Hendrie, Coveney, & Cox, 2008). A survey conducted in 2007 in New 

South Wales (Cotter et al., 2008) observed that although 88% of adults knew how many 

servings of fruit are recommended, only 56% met that recommendation. Also, 35% of 

adults knew how many serves of vegetables they were required to consume, but only 10% 

met this recommendation (Cotter et al., 2008).  
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These findings suggest that in the process of translating nutrition knowledge to healthy 

eating, there are other factors that need to be accounted for. In fact, food choice is a 

complex process influenced by sensory factors, food availability and affordability and skills 

and motivation to choose and cook healthy foods, as well as nutrition knowledge (Spronk et 

al., 2014). The cost of food is an important factor in food choices and often food with a 

higher energy density (such as fast foods and processed foods) have a lower cost 

(Drewnowski & Darmon, 2005). Taste, smell and presentation of food also lead to food 

satisfaction and promote food choices (Pollard, Kirk, & Cade, 2002). Food availability 

refers to the availability of shops and supermarkets and how accessible they are 

(transportation and physical efforts needed to obtain food from stores) (Pollard et al., 2002). 

Poor cooking skills can also be a predictor of higher convenience, ready-to-eat and fast 

food intake (Hartmann, Dohle, & Siegrist, 2013). All these factors in addition to a poor 

knowledge of healthy dietary behaviours can influence individual’s poor eating habits and 

food choices (Pollard et al., 2002). In addition, individuals need to feel self-efficient and 

believe in their capability to use the knowledge they have and make appropriate food-

related decisions (Bohanny et al., 2013). Health-related knowledge itself may also improve 

self-efficacy to execute the necessary lifestyle changes to improve health (Bohanny et al., 

2013).      

Collectively, having a good knowledge of foods and understanding the diet-disease 

relationship may increase the likelihood of healthy food choices. Individuals need to be 

aware of risky dietary behaviours and their relationship with BP in order to commence 

behavioural changes and comply with required dietary modifications. However, in order to 

translate nutrition knowledge to healthy eating, knowledge should be more practical and 

skill-based rather than nutrition fact-based. Being able to choose healthy foods among a 

variety of food options is the knowledge required in order to maintain good health, and 

prevent and control HTN and all diet-related diseases (Knight et al., 2001).  
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2.9 Lifestyle factors and their correlation with hypertension 

This section discusses lifestyle factors such as physical activity, alcohol consumption, 

smoking and stress and their relationship with BP changes, HTN control and HTN 

management.  

 

Physical activity 

The American College of Sports Medicine recommends at least 30 minutes of daily aerobic 

endurance exercise combined with resistance exercise to reduce and improve BP 

(Blumenthal, Siegel, & Appelbaum, 1991). The Australia’s Physical Activity and 

Sedentary Behaviour Guidelines suggest 150-300 minutes per week of moderate intensity 

physical activity or 75 to 150 minutes per week of vigorous intensity activity, or an 

equivalent combination of both moderate and vigorous activity to provide health benefits 

and reduce the risk of chronic disease (Australian Government Department of Health, 

2014).  

Almost 70% of Australians older than 15 years are sedentary or have low levels of exercise 

behaviour. Overall, based on a 2011-12 Australian National Health Survey, only 43% of all 

Australian adults met the National Physical Activity Guidelines of at least 30 minutes of 

moderate intensity physical activity on most days (Australian Bureau of Statistics, 2013b). 

New South Wales, Tasmania and Queensland have the highest prevalence of sedentary 

lifestyle (68.3%, 68.2% and 68.1%, respectively) (Australian Bureau of Statistics, 2013b). 

This low level of activity among Australians is a significant risk factor for many chronic 

diseases including HTN, obesity and CVD.  

There is compelling evidence from both epidemiological and intervention studies that 

physical activity is inversely associated with HTN and CVD incidence (Fagard, 2006; 

Moeini, Salehi, Sadeghi, Kargarfard, & Salehi, 2015). Physical activity may decrease 

circulating catecholamines and reduce peripheral vascular resistance (Zortéa & Tartari, 

2009). It may also decrease the activity of the autonomic nervous system by lowering the 

level of plasma noradrenaline and renin activity (Fagard, 2006). A significant reduction in 

body weight, body fat and visceral fat, an increase in HDL-C and a decrease in TG, glucose 

and insulin have also been observed in response to physical activity (Fagard, 2006; Zortéa 
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& Tartari, 2009). These changes can lead to a reduction in BP and to the control and 

management of HTN (Chobanian et al., 2003; Landsberg, 2001). In a meta-analysis of 

randomised controlled trials, regular moderate intensity physical activity, three to five times 

per week (30 to 60 minutes duration), was related to a 3.4 mmHg and 2.4 mmHg reductions 

in SBP and DBP, respectively (Fagard, 2001). Physical activity can also improve body 

weight and BMI (Maffeis, Talamini, & Tato, 1998; Nocon et al., 2008). Improving body 

weight in hypertensive individuals can lead to significant BP reduction between 2 to 7 

mmHg (Appel, 2000; Lazarou & Kouta, 2008).  

Alcohol intake 

In Australia, 20% of individuals consume alcohol regularly at levels considered risky, and 

28% consume alcohol excessively in any single drinking occasion at least once a month 

(Australian Institute of Health and Welfare, 2011). On average Australians drink 2.3 

standard drinks per day.   

Evidence from epidemiological studies on the association between light and moderate 

alcohol consumption and BP is controversial (Appel et al., 2006; Briasoulis, Agarwal, & 

Messerli, 2012; Chobanian et al., 2003; Fuchs, Chambless, Whelton, Nieto, & Heiss, 2001). 

Some evidence suggests that moderate alcohol consumption (a maximum of 2 standard 

alcoholic drinks (20 g ethanol) per day for men and 1 standard alcoholic drink (10 g of 

ethanol) per day for women, may have cardiovascular protective effects and may improve 

BP (Appel et al., 2006; Chobanian et al., 2003). However, the protective effect of low alcohol 

consumption reported in studies may be confounded by other variables, such as poor diet, 

lifestyle and patterns of drinking (Puddey & Beilin, 2006). Moreover, the majority of 

evidence suggesting a BP or CVD protective effect of low alcohol consumption are from 

studies involving older adults or high CVD risk population groups (Puddey & Beilin, 

2006).  

Despite the proposed cardiovascular benefit of light to moderate alcohol consumption, 

compelling evidence suggests that heavy alcohol consumption can increase high BP 

(Briasoulis et al., 2012; Nagao, Hase, & Tokimitsu, 2007). The alcohol-related risk of HTN 

is approximately 16% worldwide (Puddey & Beilin, 2006). Men and women who drink 

more than 300 ml of alcohol per week tend to have a higher BP compared to non-alcohol 

drinkers (Marmot et al., 1994; Nagao et al., 2007). Each standard drink of alcohol 
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(containing 10 grams ethanol) can be associated with a reversible average of 1 mmHg 

increase in BP (Puddey & Beilin, 2006). This linear association is independent of the type 

of alcoholic beverage (Puddey & Beilin, 2006). A recent systematic review and meta-

analysis of 16 prospective studies suggests that there is a linear increase in the relative risk 

of HTN from alcohol consumption in men (Briasoulis et al., 2012). However, the 

association was only significant when alcohol consumption was heavy, with an increased 

risk of 1.77 mmHg for 31 to 40 g/d alcohol, and 1.61 mmHg for > 50 g/d alcohol 

consumption (Briasoulis et al., 2012). Among women, while a protective effect of < 10 g/d 

alcohol against risk of HTN was observed (relative risk (RR) = 0.87), heavy alcohol 

consumption (> 21 g/d) was significantly associated with increased risk of HTN (RR = 

1.16) (Briasoulis et al., 2012).    

The mechanism of the adverse effect of alcohol on BP is unclear. However, an increase in 

plasma renin and its effect on the RAS system, cortisol secretion, aldosterone secretion 

inhibition, insulin sensitivity, an increase in the level of blood TG, and LDL-C, as well as 

plasma homocysteine is reported from excessive alcohol intake (Fuchs et al., 2001; Jacques 

et al., 2001; Toffolo, de Aguiar-Nemer, & da Silva-Fonseca, 2012).  

Thus, based on the collective evidence, it appears that hypertensive patients should avoid 

alcohol consumption altogether, or at least limit alcohol intake to the governmental 

recommendations of 1-2 standard drinks per day with two alcohol-free days per week to 

reduce the risks associated with alcohol intake.  

Smoking 

The impact of smoking on the risk of developing chronic disease has received enormous 

scientific attention. Evidence of the link between smoking, an increase in BP and a greater 

risk of developing HTN is compelling. In addition to the effect of nicotine on the SNS, 

smoking appears to stimulate the adrenal glands to increase the secretion of 

catecholamines, which cause rapid heartbeat and vasoconstriction (Hering, Kucharska, 

Kara, Somers, & Narkiewicz, 2010; Huang et al., 2011; Omvik, 1996). High BP, as a result 

of smoking, can also increase the risk of sclerosis in arteries and heart failure (Ansari et al., 

2012). In Australia, 15% of the population aged 14 years and older smoke daily (Australian 

Institute of Health and Welfare, 2011). Smoking is the single most important cause of ill 
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health and death in Australia and is a significant contributing risk factor to the development 

of HTN (Australian Bureau of Statistics, 2012a).  

Stress  

Psychosocial stress is a major independent risk factor for HTN and CVD (Ho et al., 2015). 

In a longitudinal study of more than 3000 Europeans, chronic stress was significantly 

associated with high BP (Steptoe, Brydon, & Kunz-Ebrecht, 2005). Stressful life or 

working situations can also affect BP changes. Workers in stressful jobs are more likely to 

have higher BP than those in less stressful job environments (Tennant, 2001). Stressful 

environments or conditions such as poor economic situations or living in high-stress cities 

can all increase the likelihood of developing HTN (Tennant, 2001). Stress affects SNS 

activity and the hypothalamus, and increases heart rate, cardiac output and peripheral 

resistance (Ho et al., 2015; Moseley & Linden, 2006).  

In 2011-12, 70% of Australian adults experienced low levels, and 11% experienced high or 

very high levels of psychological distress (Australian Bureau of Statistics, 2012c). The 

psychological stress experienced by females was more than men (Australian Bureau of 

Statistics, 2012c). A systematic review of the literature reported that results obtained from 

stress management among hypertensive individuals are comparable to the effect of weight 

loss or AHT in terms of BP control and management (Spence, Barnett, Linden, Ramsden, 

& Taenzer, 1999). These findings further confirm the influence of stress on BP changes, 

management and control.     

 

2.10 Quality of life and its correlation with hypertension 

The World Health Organization (WHO) defines HRQoL as complete physical, mental and 

social wellbeing (Rapley, 2003). Health-related quality of life generally applies to patients’ 

functioning, wellbeing and general health perception in physical, psychological and social 

domains (Suurmeijer et al., 2001). Quality of life is measured using both qualitative 

(interviews and conversation analysis) and quantitative (e.g. Short Form Health Surveys) 

approaches (Rapley, 2003).   
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There are several individual, psychological and environmental factors that may influence 

HRQoL. Feelings of hopefulness, believing in individual’s own ability to self-manage a 

healthy lifestyle, strong family and friend bonds and support, as well as a protective and 

supportive society are the examples of psychological and environmental factors affecting 

HRQoL (Adams et al., 2004; Rustøen, 1995; Wittkowski, Richards, Griffiths, & Main, 

2004). Having a healthy and balanced diet, active lifestyle, avoiding excessive alcohol 

intake and not smoking are individual factors positively related to HRQoL (Amarantos, 

Martinez, & Dwyer, 2001; Gill et al., 2013; Mitra, Chung, Wilber, & Klein Walker, 2004).  

Healthy eating can improve HRQoL by preventing diet-related diseases, and enhancing the 

psychological pleasure and satisfactory feeling of being healthier (Amarantos et al., 2001). 

Numerous studies have reported associations between nutrition and HRQoL (Campbell, 

Ash, & Bauer, 2008; Ravasco, Monteiro-Grillo, Vidal, & Camilo, 2004). A study of pre-

dialysis chronic kidney disease patients undergoing 12 weeks of individual counselling 

with regular follow-up examined the efficacy of nutrition interventions on HRQoL and 

symptoms of kidney disease. The study indicated that cognitive functioning and vitality 

were significantly improved in the nutrition intervention group compared with the control 

group (Campbell et al., 2008). This suggests that HRQoL could be positively related to the 

nutritional status of patients.  

The level of physical activity is also positively associated with HRQoL (McAuley et al., 

2006). A sedentary lifestyle is associated with lower HRQoL compared to lifestyles that 

incorporate moderate to vigorous physical activity (Macaluso, Marcus, Rigassio-Radler, 

Byham-Gray, & Touger-Decker, 2015; Neto, Pereira-Junior, Mura, Carta, & Machado, 

2015). In a study on high BP individuals, moderate intensity physical activity significantly 

improved HRQoL (Tsai et al., 2004). The inverse association between smoking and 

HRQoL has also been well studied (Duffy et al., 2007; Duffy et al., 2002). Heavy alcohol 

consumption has also been inversely associated with HRQoL (Mathiesen, Nome, 

Eisemann, & Richter, 2012).   

Hypertension is negatively related to HRQoL (Alonso et al., 2004; Poljicanin et al., 2010; 

Trevisol et al., 2011). Systolic BP, the duration of HTN, the number of symptoms and the 

number of prescribed medications are positively and significantly associated with poor 

HRQoL (Oza, Patel, Malhotra, & Patel, 2014). In a prospective study of 375 individuals, 
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poorer HRQoL was observed among hypertensive individuals compared to their 

normotensive counterparts (Roca-Cusachs, Dalfo, Badia, Aristegui, & Roset, 2001). 

Similar findings have also previously been reported (Alonso et al., 2004). A recent meta-

analysis of 20 studies analysed the results of Short Form Health Surveys (SF-12 and SF-

36). All eight domains of the physical and mental components of the Short Form Health 

Survey, including physical functioning, role limitation because of physical problems, 

bodily pain, general health, vitality, social functioning, role limitation because of emotional 

problems and mental health were lower in high BP patients compared with patients that had 

normal BP (Trevisol et al., 2011).  

There is no clear explanation for the influence of HTN on HRQoL. An individual’s 

perception of health can define their HRQoL (Wang et al., 2009). Based on the Health 

Belief Model (HBM) (Rosenstock, Strecher, & Becker, 1988), individuals can react 

differently to their health condition, and their level of vulnerability to a health problem is 

different (Rosenstock et al., 1988). Since HTN is asymptomatic, especially at early stages 

(Wang et al., 2009), individuals may not experience any symptoms and may not feel they 

are sick. However, the diagnosis of HTN may lead to individuals perceive they are ill, 

hence rating their HRQoL at a lower level (Bremner, 2002). In addition, HTN progresses to 

other complications (such as CVD and renal and kidney disease) due to a poor BP control, 

or the adverse effects of medications may worsen health perception and HRQoL 

(Gonçalves, Moreira, Gus, & Fuchs, 2007; Soni et al., 2010). Literature suggests HTN 

treatment including AHT therapy may significantly improve HRQoL in hypertensive 

individuals (Roca-Cusachs et al., 2001). 

Overall, the literature supports that an association exists between HRQoL and HTN (and 

vice versa) and its control (Roca-Cusachs et al., 2001; Trevisol et al., 2011). The 

association may follow a mutual influential pathway, where improvement of one can 

positively affect the other. Having a better HRQoL can improve the management and 

control of chronic conditions (Alonso et al., 2004). In addition, an individual’s ability to 

cope with the existence of the condition, and to self-manage their condition may increase 

their self-efficacy to control it, further benefiting HRQoL (Bodenheimer, Lorig, Holman, & 

Grumbach, 2002). Nevertheless, improving HRQoL is pivotal in the prevention and 

management of chronic diseases (Daviglus et al., 2003; Domingo-Salvany et al., 2002).   
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2.11 Blood pressure self-management skills and their correlation with hypertension  

Currently, there is a shift in the treatment of chronic disease from being managed solely by 

health professionals to more actively engaging patients into the self-management of their 

condition (Barlow, Wright, Sheasby, Turner, & Hainsworth, 2002; Ryan & Sawin, 2009). 

Self-management of disease is described as an “individual’s ability to manage the 

symptoms, treatment, physical and psychosocial consequences and lifestyle changes 

inherent in living with a chronic condition” (Barlow et al., 2002, p. 178). Hypertension 

treatment requires a great deal of patient involvement in lifestyle changes and treatment 

adherence. Patient engagement in self-management requires skills in self-evaluation and 

self-monitoring of changes, self-efficacy and confidence to carry out the behavioural 

change, and ability to adhere to the treatment regimen in challenging situations (Barlow et 

al., 2002; Bodenheimer et al., 2002). Effective self-management can lead to better 

treatment and control of HTN (Norris, Engelgau, & Narayan, 2001). Furthermore, self-

monitoring BP in hypertensive individuals can increase an awareness of the condition and 

of the BP changes (Cappuccio, Kerry, Forbes, & Donald, 2004). This, in turn, can improve 

self-efficacy and confidence towards behavioural change or increase adherence to BP 

treatment (Cappuccio et al., 2004). 

Individuals with greater levels of confidence and self-efficacy to follow the required dietary 

and lifestyle changes may also better adhere to treatment regimens in challenging emotional 

and physical situations, and better control their HTN (Barlow et al., 2002; Bodenheimer et 

al., 2002; Warren-Findlow, Seymour, & Huber, 2012). Therefore, HTN self-management 

skills, including self-monitoring of BP, self-efficacy in lifestyle changes, and adherence to 

treatment are pivotal in order to improve HTN treatment and reduce the level of 

uncontrolled HTN. In a meta-analysis of randomised controlled trials, hypertensive 

individuals who self-monitored their BP had a 4.2 mmHg reduction in SBP and a 2.4 

mmHg reduction in DBP compared to those who did not self-monitor their BP (Cappuccio 

et al., 2004).     
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2.12 Demographic factors and their correlations with hypertension 

Age, gender, ethnicity, education and social economic status (SES) may all influence BP 

changes and the incidence of HTN. Health-damaging lifestyles that include behaviours such 

as following poor dietary patterns, smoking, excessive alcohol intake and physical 

inactivity are more common in low SES populations (Leng, Jin, Li, Chen, & Jin, 2015). 

Although most socioeconomic and demographic factors are not classified as modifiable risk 

factors for high BP, it is important to identify these factors and monitor HTN status among 

vulnerable and high-risk groups in the society (Leng et al., 2015). 

The prevalence of HTN positively increases with age (Ng et al., 2010). Diastolic HTN is 

more common in people younger than 40-50 years of age, however, systolic HTN is more 

common in older adults (Ng et al., 2010). In 1997, the Framingham Heart Study reported a 

linear increase in SBP from age 30 to age 84. Diastolic BP also increased from age 30 but 

faced a reduction between the ages 50 to 60 years (Franklin et al., 1997). The study 

reported that the fall in DBP (between 50 to 60 years of age) was concurrent with the 

increase in SBP, and this can only be explained by the large artery stiffness caused by 

untreated SBP (Franklin et al., 1997). Data from the Framingham Heart Study in 2001 

indicated that before the age of 50, DBP can provide a stronger prediction of the risk of 

CHD than SBP. Between 50 to 59 years of age, both indicators share the same strength in 

predicting CHD risk, but after the age of 60, SBP is directly and more strongly associated 

with the risk of CHD (Franklin et al., 2001). Reports indicate that, more than half of people 

aged 60 to 69 and about 75% of people older than 70 years of age worldwide have high BP 

(Chobanian et al., 2003). 

Gender also seems to be associated with BP changes and control (He & Whelton, 1997). 

Results from the third National Health and Nutrition Examination Survey showed that a 

higher prevalence of HTN exists among white males than females (25.4% and 21%, 

respectively). Similar findings have been reported among the African-American and 

Mexican-American male and female populations (He & Whelton, 1997). Ethnicity is also 

an important issue. The American/Caribbean races have a high prevalence of HTN and the 

likelihood of developing hypertensive renal failure is 20 times more likely in this ethnic 

group than the Caucasian population (Ng et al., 2010). Moreover, BP and HTN-related 
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mortality rates tend to be higher in African-Americans (Staessen, Wang, Bianchi, & 

Birkenhäger, 2003).  

Education level is also reported to have an inverse relationship with BP, with higher BP 

and HTN prevalence observed among people with lower education status (Perez-Fernandez 

et al., 2007; Wyatt et al., 2008). Results on the income level of individuals and HTN are not 

consistent. Some studies indicate an association exists between lower income level and 

higher HTN prevalence (Erem, Hacihasanoglu, Kocak, Deger, & Topbas, 2009; Wyatt et 

al., 2008), while others have not found such an association (da Costa et al., 2007; Le, Jun, 

Yichun, Zhankun, & Keying, 2011). It is possible that the association of income and HTN 

is influenced by other variables such as education, age and gender, which may confound the 

relationship between high BP and income.  

A recent systematic review and meta-analysis confirmed the association between 

demographic variables of education and income, and the prevalence of HTN (Leng et al., 

2015). Fifty-one studies were included in the meta-analysis. The results suggested that 

HTN risk increases with lower income and lower education levels. Results indicated a 

twofold increase in the likelihood of being hypertensive in the lowest education group 

compared to the highest (Leng et al., 2015). Education may increase the knowledge of 

disease and health; therefore, improves the likelihood of adherence to a healthier lifestyle 

(Huang et al., 2011; Leng et al., 2015). Individuals with higher education and knowledge 

are more likely to follow a healthier diet, be physically active, adhere to medication and 

treatment, and are less likely to drink alcohol excessively or smoke (Ross & Wu, 1995). 

Moreover, poor physical activity status, low health care service availability and 

accessibility, higher alcohol consumption, a higher rate of smoking, stress and poorer work 

environmental conditions are more prevalent among the low SES population (Cutler & 

Lleras-Muney, 2010; Kaplan & Keil, 1993). In addition, energy-dense nutrient-poor foods 

are cheaper, more accessible and are more common in most low SES population areas, 

especially among low-income groups (Gomez-Arbelaez et al., 2014).   

Evidence from a cross-sectional study of 2479 adults suggests that individuals following 

Healthy and Prudent dietary patterns are often women with better lifestyles and SES. They 

often are non-smokers, with university level education and are usually more physically 

active (Suliga et al., 2015). In contrast, red meat consumption and alcohol intake appear to 
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be higher among those with the lowest level of education and in the younger demographic 

groups (Monsivais, Aggarwal, & Drewnowski, 2012; Suliga et al., 2015).  

Along these lines, evidence suggests that smokers are more likely to follow a Western 

dietary pattern than non-smokers and this was associated with a lower SES (Deshmukh-

Taskar et al., 2009). Supporting these findings, the third National Health and Nutrition 

Examination Survey of 13,130 healthy US adults reported a higher intake of the Western 

dietary pattern among smokers, in those that were less educated, and in those from lower 

SES backgrounds (Kerver et al., 2003). Similarly, the Australian Longitudinal Study on 

Women’s Health showed that a higher intake of healthier dietary patterns was associated 

with a better SES (Mishra et al., 2010).  

Medication adherence can also be related to demographic variables (Balkrishnan, 1998). 

Among elderly patients, being Caucasian, and having insurance coverage or ability to 

afford the medication price are associated with better adherence to medication 

(Balkrishnan, 1998). In addition, findings from a cross-sectional study of 439 African-

American adults showed that younger age and stress are associated with lower medication 

adherence (Schoenthaler, Ogedegbe, & Allegrante, 2009).  

Sociodemographic variables can also influence HTN control. In a study of more than 6000 

hypertensive American adults, the proportion of individuals with controlled HTN was 

significantly higher for women, married individuals, those with private health care cover, 

and those with the greatest compliance to lifestyle modifications (He et al., 2002). These 

findings suggest that sociodemographic status may be considered as a mediating variable 

influencing the success of HTN control.      

 

2.13 Interventions to modify diet and lifestyle among hypertensive individuals 

Among all of the factors described that may affect HTN, dietary and lifestyle factors can be 

most easily modified and improved. Healthier lifestyles can lead to a healthier physical and 

mental wellbeing, and can improve overall health, HTN control and management. 

Behavioural change is a complicated process, which requires an understanding of risky 
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behaviours and barriers to change, as well as accurately planned strategies and approaches 

to change the behaviour.   

Although interventions to prevent and control HTN are not the focus of this study, it is 

important to briefly discuss the characteristics of successful interventions that have aimed 

to change behaviour, and promote healthier lifestyles. The knowledge of the condition and 

risky behaviours is recognised as a basic factor for a successful lifestyle modification 

(Lindström et al., 2006; Orozco et al., 2008). Moreover, tailoring an intervention based on 

behaviour change requirements and the needs of an individual can increase the success of 

behaviour change strategies. As an example, a behaviour assessment conducted by the 

Evergreen Action Nutrition group (Hedley, Keller, Vanderkooy, & Kirkpatrick, 2002; 

Keller & Hedley, 2002; Keller et al., 2006) showed that improvements in fruit and 

vegetable consumption, attitudes towards eating, knowledge of the nutrition-disease 

relationship, and healthy cooking methods, were the priority dietary modifications needed 

for an older adult population group in Canada to improve health outcomes and prevent 

chronic disease. Therefore, the intervention was tailored and focused on strategies to 

improve these behaviours and led to significant improvements in the health status of the 

older adults involved in this program. Table 2.6 summarises some of the interventions that 

have been developed to improve diet and lifestyle factors of HTN individuals and their key 

outcomes.  

Although not all of these studies were among hypertensive individuals, the findings 

generally supported the use of educational and self-management interventions to improve 

diet and lifestyle. Accordingly, successful BP reduction and behavioural change require 

interventions and approaches to improve the knowledge of diet and healthy food choices 

(Abbott, Davison, Moore, & Rubinstein, 2012; Rocha-Goldberg et al., 2010). In addition, 

literature suggested engaging individuals in self-monitoring their behavioural change may 

improve their compliance with change, and result in behavioural improvement (Burke et 

al., 2011; Zoellner et al., 2011). Overall, successful behavioural change is a complex 

procedure requiring comprehensive interventions tailored to the characteristics and needs of 

individuals (Rocha-Goldberg et al., 2010; Zoellner et al., 2011).  
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Table 2.6 Interventions to promote healthy behaviour in individuals with HTN 

Study  Design  Duration  Approach and measurement Key finding / Compliance and adverse effects 

Burke et al. 

(2011) 

RCT, older adults, 

Australia  

6 months Mailed booklet, nutrition and physical 

activity education, exercise chart, calendar, 

monthly newsletter, pedometer and support 

Questionnaire 

Improvement in physical activity, reduction 

in sitting time and in waist-to-hip ratio, and 

behavioural improvement regarding activity 

 Community-based 

intervention Evergreen 

Action Nutrition (EAN), 

Seniors, Canada 

2 years Food demonstration and workshops with 

display board, handouts and recipes, a 

Garden Fresh Box site of affordable fresh 

products and individual nutrition 

counselling, Follow-up survey 

Reduction in risk of low fruit and vegetable 

consumption. More healthy nutritional 

attitude and beliefs  

Abbott et al. 

(2012) 

Community-based 

Intervention Aboriginal 

with diabetes, Australia 

6 months  Cooking courses, nutrition knowledge and 

simple health messages on diet and lifestyle 

and informal class discussions. Semi-

structured interviews 

Increased nutrition knowledge and cooking 

skills. Improved ability to shop for healthier 

foods, healthier eating behaviour and greater 

frequency of physical activity and reduced 

weight 

Zoellner et 
al. (2011) 

Community-based 

participatory intervention. 

269 African-Americans. 

USA 

6 months Social support walking groups, pedometer 

diary self-monitoring, diet and physical 

activity educational and interview sessions 

Educational sessions focused on DASH diet 

Improvement in SBP and DBP, participation 

in monthly educational sessions was 33%, 

and 90% of all participants submitted their 

pedometer diaries 

Wu, Wu, 

Wang, Kao, 

and Yang 

(2012) 

Community-based 

intervention, 60 

participants, Taiwan  

6 months Educational program, DVD and booklet on 

diet, exercise and BP management, 

counselling sessions and telephone follow-

up 

Decrease in waist circumference. Increase in 

level of physical activity, self-behaviour 

score and efficacy expectation. Blood TG 

and HDL-C decreased. Slight reduction in 

SBP 

Plescia, 

Herrick, and 

Chavis 

(2008) 

Community-based 

intervention. The 

Charlotte Racial and 

Ethnic Project. African-

Americans, USA 

4 years Education to improve fruit and vegetable 

consumption, physical activity and reduce 

cigarette smoking 

Physical activity status of individuals 

improved, smoking decreased and fruit and 

vegetable intake increased  

Rocha-

Goldberg et 

al. (2010) 

Culturally-tailored 

community-based HTN 

Improvement Project 

(HIP).Hispanic/Latino, 

USA. 

6 weeks Behavioural change intervention to lose 

weight and adapt to DASH diet. Daily 

intake of fruit and vegetable, fat and dairy, 

as well as physical activity were recorded. 

Culturally-tailored food choices and 

physical activity 

Improvement in physical activity and diet. A 

10.4±10.6 mmHg reduction in SBP and 

decrease in weight and BMI of participants 

and increase in physical activity 
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2.14 Summary  

There is an overwhelming body of evidence suggesting a diet high in salt (sodium) and fats 

(especially SFAs) and low in fruit and vegetables can increase the risk of HTN and reduce 

the likelihood of HTN management and control. Although the association between 

nutrients, food items and the risk of HTN has been studied extensively, evidence regarding 

dietary patterns and their association with HTN in Australia is scarce. Literature suggests 

that analysis of the diet-disease association should be centred on the dietary patterns of a 

population rather than single nutrients. This is because dietary intake consists of a 

combination of food items with different nutrients, and it is their cumulative effect that 

determines the risk associated with the condition. Several international, and a few 

Australian studies, have investigated dietary patterns and their association with chronic 

diseases. However, evidence on the association of dietary patterns and HTN among 

Australians is scarce, and requires further investigation.  

Several studies also suggest that individuals with a better understanding of nutrition and 

higher levels of nutrition knowledge may choose healthier foods, which in turn can assist 

with the prevention of HTN, its control and management. However, it appears 

inappropriate to relate food choices to nutrition knowledge alone. Other factors such as 

sociodemographic status, self-efficacy, food cost and food availability can also affect 

people’s food choices. Given the inconsistency in the literature on the importance of 

nutrition knowledge relating to the association of dietary patterns and HTN prevention and 

control, it is important to further explore this association.  

There is convincing evidence suggesting unhealthy lifestyle factors (physical inactivity, 

smoking, overconsumption of alcohol and stress) can negatively influence HTN prevention 

and control. The association between unhealthy lifestyle factors and low HRQoL is also 

well studied. Other factors such as nutrition knowledge and dietary patterns may also affect 

HRQoL and its association with HTN control and management. However, there is a 

scarcity of literature exploring the determinants of HRQoL among individuals with HTN, 

and its association with HTN control and management in Australia.    

Medication plays a complementary part in the management and control of HTN. It is 

crucial to adhere to AHT medication to control the condition and avoid the adverse 
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outcomes of uncontrolled HTN. Despite the evidence, AHT adherence in Australia is low 

(almost 50%). Forgetfulness, fear of side effects and financial reasons are among the main 

causes of poor medication adherence. On the other hand, individuals who follow a healthier 

dietary pattern and lifestyle may have better medication adherence. However, literature 

focusing on these factors and resulting medication adherence is scarce. Given the 

importance of AHT adherence, an exploration of determinants for poor adherence among 

Australians with HTN is required.  

In summary, dietary and lifestyle modification is a fundamental and crucial therapeutic step 

in the prevention, treatment and control of HTN. Understanding the risky dietary and 

lifestyle behaviours in a population is pivotal for recognising the required steps to prevent 

and control HTN. These findings can be used to tailor the development of interventions and 

strategies to modify the risky behaviours in the population. Therefore, it is pivotal to 

explore the determinants of HTN and successful control and management of HTN in 

Australian adults.  
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Chapter Three: Methodology 
 

3.1 Preface 

This chapter outlines the research framework and methodology employed to answer the 

research questions formulated and to test the research hypotheses. Firstly, the process of 

choosing the theoretical framework and design of the programmatic series of research 

studies is explored. The research settings, sampling methods, measuring tools and 

procedures are then defined. Finally, the data collection, synthesis and analysis 

techniques are explained before providing a description of the ethical considerations and 

approvals.      

 

3.2 Framework  

Health care delivery of chronic disease has shifted from considering patients as the 

passive recipients of care, to more actively engaging them in the treatment and 

management of their condition (Barlow et al., 2002; Ryan & Sawin, 2009). However, 

the success of patient engagement in disease management depends on their ability to 

follow necessary lifestyle changes and symptom management strategies provided by 

health professionals (Barlow et al., 2002). Irrespective of whether the purpose of health 

promotion is for chronic disease management or healthy behaviour engagement, self-

management plays a pivotal role in its success. As such, the Individual and Family Self-

Management Theory (IFSMT) was viewed as an appropriate theoretical framework for 

the current research. 

The concept of IFSMT is that “individuals or families assume responsibility for the self-

management of chronic conditions or engagement in healthy behaviour by purposefully 

performing a cluster of learned behaviours” (Ryan & Sawin, 2009., p2). The IFSMT 

conceptualises that “an individual’s capacity and needs affects the success or failure of 

the individual or the family to self-management” (Ryan & Sawin, 2009., p2). In this 

theory, self-management is defined as an individual’s knowledge, attitudes and beliefs, 

skills and capability to engage in healthy behaviour or to manage a chronic condition 

(Ryan & Sawin, 2009).  
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In this sense, three theoretical constructs are defined for self-management. The first 

construct is the risk and protective factors and complementary outcomes. This construct 

emphasises that the risk and protective factors within individual, family and 

environmental scopes influence the success of self-management (Ryan & Sawin, 2009). 

The risk and protective concepts can be defined by resilience theory, where individual 

or environmental factors are categorised as either a protective or a risk factor to 

resilience in behavioural change (Jing & Donald, 2007; Rutter, 1987). These factors can 

be an individual’s skills and knowledge to behavioural change, their health and 

wellbeing status, their attitude and belief towards behavioural change, the severity and 

characteristics of the treatment regimen, and their family and community support.  

The perception of health and condition control, as well as physical and psychological 

changes in health status are outcome factors (Ryan & Sawin, 2009). The concept of 

outcome can be further explained by Social Cognitive Theory (SCT), which considers 

outcome expectations as an important determinant of behavioural change (Bandura, 

1986). Based on this theory the outcome expectations are defined as an individual’s 

estimation that specific behaviour can result in a certain outcome (Bandura, 1986). 

Outcome expectations can also have a protective or disincentive influence on an 

individual’s motivation (Bandura, 1997). While the physical improvement of test results 

and satisfactory feeling from successful behavioural change or self-evaluation are 

protective, side effects, non-improvement, stress and psychological dissatisfaction can 

be considered as disincentives or risk factors in behaviour change (Bandura, 1986, 

1997). 

The second construct of IFSMT is the process of self-regulation. Self-monitoring, 

adherence to treatment regimens, self-evaluation and confidence to follow changes are 

described as determinants of self-regulation, and are pivotal in the process of self-

management (Ryan & Sawin, 2009). This construct can be defined by self-efficacy in 

change from the SCT, where an individual’s skills and knowledge, and their attitude 

towards change can shape their self-efficacy in behavioural change (Bandura, 1986; 

Glanz, Rimer, & Viswanath, 2008). Based on this theory, self-efficacy represents the 

core aspect of behavioural change. Individuals with better self-efficacy may have better 

self-control over their condition or may better adhere to healthy behavioural change 

(Bandura, 1997). Therefore, self-efficacy in behavioural change is defined as 

individual’s confidence and capability to organise and carry out the necessary 

behavioural changes to achieve the specific goals under a variety of circumstances 
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(Lorig, Mazonson, & Holman, 1993). Based on SCT, the importance of self-efficacy 

outweighs environmental factors, in the manner that the higher the perceived self-

efficacy, the better capability individuals have to manage the environment they live in 

(Bandura, 1997).    

The last construct of IFSMT refers to tasks common across chronic conditions. This 

construct explains that self-management is about performing tasks related to the 

management and control of the condition away from the hospital or physician’s office, 

as well as the ability to cope with psychological issues (Ryan & Sawin, 2009). Based on 

this construct, symptom management, taking medications, self-monitoring the condition 

and recognising acute episodes, changing lifestyle (improving diet and physical activity, 

and reducing stress and smoking cessation), need for information, and managing 

emotions are tasks necessary for self-management regardless of the type of chronic 

condition (Ryan & Sawin, 2009).  

In conclusion, based on the IFSMT, the concept of self-management is a ‘dynamic 

phenomenon’ which consists of three dimensions and their interaction: context, process, 

and outcome (Ryan & Sawin, 2009). The context dimension refers to condition-specific 

factors (characteristics of the condition, prevention and treatment behavioural changes 

required, and physical and physiological health) and environmental factors (access to 

medication and health care, and family and social support). These factors provide the 

motivation necessary for individuals to initiate treatment or behavioural change 

(Baranowski, Cullen, Nicklas, Thompson, & Baranowski, 2003; Ryan & Sawin, 2009). 

The process dimension refers to the engagement of individuals in behavioural change or 

the treatment and self-management of the condition. In this dimension, knowledge and 

beliefs, self-monitoring and evaluation, and cognitive responses to physical and 

emotional distress influence an individual’s self-efficacy to both engage in behavioural 

change, or to self-manage chronic conditions (Ryan & Sawin, 2009). Collaboration with 

health care professionals, family and social support networks also play important roles 

in promoting self-efficacy in this dimension (Ryan & Sawin, 2009). Individuals with a 

higher self-efficacy are more likely to adhere to behavioural promotion, and have a 

better likelihood of achieving their goals (Bodenheimer et al., 2002; Schoenthaler et al., 

2009).  

The final dimension of IFSMT is the outcome dimension, where successful achievement 

of goals and risk management, and physical and psychological wellbeing improvements 
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are considered as the outcomes. When outcomes are achieved, even partially, 

individuals will have a better self-efficacy to continue and adhere to the behaviour 

changes required (Ryan & Sawin, 2009). 

 

3.2.1 Using the Individual and Family Self-Management Theory for the current 

research  

The current research aims to assess lifestyle factors and dietary patterns and their 

association with HTN, AHT adherence and BP control. Hypertension prevention and 

control depends widely on individual’s diet and lifestyle behaviours (Chobanian et al., 

2003). Successful HTN control is challenging, which requires individuals to have the 

knowledge, skills and capability to self-manage lifestyle and follow treatment regimens 

(Appel et al., 2006; Chobanian et al., 2003; Escott-Stump et al., 2012). Therefore, the 

IFSMT provides a comprehensive basis for this research, as it considers self-

management and its influencing factors as the foundation of behavioural change. 

In addition, IFSMT theory identifies the importance of self-efficacy in the success of 

self-management and behavioural change (Ryan & Sawin, 2009). Self-efficacy itself is 

influenced by having the skills, knowledge and capability to execute and continue the 

behavioural change required (Bandura, 1986). Knowledge is an important determinant 

of both self-efficacy and outcome-expectation, according to the concepts proposed by 

SCT (Bandura, 1986). Based on the Knowledge-Attitude-Behaviour (KAB) model, 

knowledge is the basis of behavioural change (Contento, 2008). In the long term, 

gradual accumulation of knowledge in a specific domain of health behaviour can result 

in attitude changes within that domain (Baranowski et al., 2003). Attitude changes can 

be the motivation for rational decisions in guiding behaviour (Baranowski et al., 2003), 

thereby increasing the self-efficacy of behavioural change.  

To prevent and manage HTN, better nutrition knowledge, greater understanding of the 

relationship between nutrition and disease, and better skills enabling healthy food 

choices may lead to better self-efficacy of dietary behaviour change. Based on the 

review of the literature from Chapter Two (Literature Review), individuals with a better 

nutrition knowledge may make healthier food choices and follow healthier dietary 

patterns (Chobanian et al., 2003; Wardle et al., 2000). Dietary behavioural improvement 

is one of the major goals of HTN treatment and management (Chobanian et al., 2003). 
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Therefore, achieving this outcome can further motivate individuals to make changes and 

improve their self-efficacy in behavioural change, leading to better prevention and self-

management of HTN. In addition, the knowledge of a condition, its treatment and the 

required behavioural changes can lead to better outcome expectations. If an individual 

knows that a certain behaviour can result in the worsening of a condition, they are more 

likely to avoid those behaviours (Baranowski et al., 2003; Ryan & Sawin, 2009). 

Conversely, if they know that certain behaviours can have positive outcomes, they are 

more likely to embrace those behaviours. 

In the current research, nutrition knowledge, dietary patterns and dietary self-efficacy 

and their interaction with HTN prevention and control are assessed. Based on the 

IFSMT model of behavioural change, it is expected that individuals who have better 

nutrition knowledge, follow a healthier dietary pattern, and have higher self-efficacy 

will have an increased likelihood of preventing or managing HTN. People with better 

knowledge of both risky behaviour avoidance strategies and their mitigating 

‘replacement’ behavioural strategies, may have greater skills to assist with their 

compliance and adherence to behavioural change (Alencar, Barros, & de Carvalho, 

2008; Carson, Gillham, Kirk, Reddy, & Battles, 2002; Kim, Hong, Mok, & Lee, 2012; 

Moghadam & Ehrampoush, 2005). Individuals’ perceptions of their ability or skills to 

change behaviour can lead to higher level of self-cognition and self-efficacy to change 

behaviour (Bandura, 1997; Baranowski et al., 2003).  

The concept of knowledge and skills and its influence on dietary pattern improvement 

can be defined by the process dimension of the IFSMT, where engagement in dietary 

behaviour promotion requires individuals’ knowledge and skills (Ryan & Sawin, 2009). 

However, in this dimension, other individual and behavioural factors, such as quality of 

life and lifestyle, may influence the self-management of HTN. This research, therefore, 

aims to assess the relationship between lifestyle factors (physical activity, smoking and 

overconsumption of alcohol), self-monitoring and self-evaluation skills, as well as 

wellbeing status with HTN and its control.   

Despite the importance of knowledge, it may not always translate to self-efficacy, as 

individuals may understand the importance of behavioural change and the outcomes of 

certain behaviours, yet they may not believe, or have the confidence to change their 

behaviour (Bandura, 1986). This concept is further defined by the context and process 

dimension of IFSMT theory, where self-efficacy and self-management can be 
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influenced by individuals’ wellbeing and their emotional response to the condition, their 

collaboration with health professionals and adherence to treatment, their self-evaluation 

skills, and their personal characteristics (Baranowski et al., 2003; Ryan & Sawin, 2009).  

The conceptual framework for this research is presented in Figure 3.1. Based on the 

IFSMT, the interaction between the three dimensions of process, context and outcome is 

shown to influence behavioural change self-management, and the prevention and 

control of HTN. Nutrition knowledge, self-monitoring and self-evaluation skills are 

considered part of the process dimension, responsible for initiating dietary and lifestyle 

changes and improving behavioural change self-efficacy. Improvement in self-efficacy 

can result in better adherence to treatment regimens, improvement in behavioural 

change self-management and therefore, better outcomes related to prevention and 

control of HTN.  

Based on the IFSMT and review of the literature from Chapter Two, the process 

dimension can also be influenced by the context dimension. Levels of HRQoL and 

collaboration with health professionals (adherence to medication and regular check-ups) 

are considered part of the context dimension in this research program. Better HRQoL 

and collaboration with health professionals can improve self-efficacy, treatment 

adherence and HTN self-management, as well as HTN prevention and control. The 

context dimension can also indirectly affect dietary and lifestyle behavioural change by 

influencing an individual’s knowledge and self-evaluation skills.  

The outcome dimension, which includes knowledge of outcomes and achievement of 

BP control, can be influenced by nutrition knowledge, self-monitoring and self-

evaluation skills, as well as dietary and lifestyle behavioural changes. This dimension 

can also directly improve self-efficacy, resulting treatment adherence improvements and 

the self-management of HTN prevention and control. A better knowledge of outcomes 

can also have a motivational influence on dietary and lifestyle behavioural change 

initiation, and further influence the self-management of behavioural change.  

Finally, an individual’s socioeconomic (age, gender, ethnicity, education, income and 

marital status) may be associated with their knowledge, skills and HRQoL and 

confound the relationship with their self-management of HTN prevention and control. 

Therefore, this current research aims to explore and compare the nutrition knowledge, 

dietary patterns, lifestyle, HRQoL, self-efficacy and self-evaluation of a sample of 

Australian adults with high and normal BP. Further, it aims to explore the association 
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between the above-mentioned variables with HTN, AHT adherence and the control of 

BP, when the confounding influence of sociodemographic variables are controlled.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Theoretical framework of the study based on Individual and Family Self-

Management Theory. The straight line represents direct influence, the dotted line 

represents interactive influence.   

 

3.3 Research design and setting  

Based on the theoretical framework, a cross-sectional study design was used to collect 

quantitative data. Data were collected from several sampling units on the Gold Coast, 

Australia. The Medical Assessment Unit (MAU) of the Gold Coast University Hospital 

(GCUH), the Active classes (Tai Chi, Yoga, Dance) operated by the Gold Coast City 

Council (GCCC), and Griffith University’s Gold Coast Campus were selected as the 

sampling units for data collection. Residents of the Gold Coast city were also invited to 

participate via advertisements. Participants from different sampling units were included 

 

 

 

 

Outcome Dimension 
 Knowledge of outcomes 

 Blood pressure control 

achievement  

 

 

 
 

 

Process Dimension 
 Nutrition knowledge 

 Self-monitoring and self-

evaluation skills 

 

 
Context Dimension 

 Physical and Psychological 

Health (quality of life) 

 Collaboration with health 

professional  

 

 

Lifestyle Behaviour 

 

Dietary Behaviour  

Self-efficacy   

Self-management   

Treatment adherence  

Hypertension prevention and control   

Socioeconomic status: 

age, gender, 

education, income, … 

& anthropometry 

variables 

 



 

60 
 

in the study to capture a broader and more general sample of the community. Due to the 

different characteristics of sampling sites, they were classified into the three sampling 

units of Clinical, Community and Active classes. The confounding influence of the 

sampling units is statistically controlled in the analysis (please refer to Section 3.5 of 

this chapter for more information on the statistical procedures employed).  

 

3.3.1 Sampling  

In 2011/12, 32% of all Australian adults had HTN, of which 68% had not controlled 

their condition (Heart Foundation Australia, 2012). Using the formula for sample size 

calculation defined by Charan & Biswas (2013), where p = 32%, and α = 0.05 (Faul, 

Erdfelder, Lang, & Buchner, 2007; Kalogeropoulos et al., 2010), and considering 

absolute error or precision (d) of 0.05 and standard normal variate (Z1-α/2) of 1.96, a total 

of 322 participants were required for this research.  

Sample size =

𝑍
1−

𝛼
2

2

𝑑2
𝑝(1 − 𝑝) 

Sample size calculations to assess the associations of dietary and lifestyle factors and 

HTN, AHT adherence and BP control are presented separately in Chapter Four, 

Sections 4.3.4 (required sample size = 284), 4.5.4 (required sample size = 144) and 

4.6.4 (required sample size = 177). The inclusion criteria were adults 18 years of age 

and older with high or normal BP. Hypertension was defined as SBP ≥ 140 mmHg 

and/or DBP ≥ 90 mmHg. Those medically diagnosed with high BP or on AHT to 

control high BP were also considered hypertensive. Participants were excluded if they 

had secondary HTN (due to renal, endocrine or genetic conditions); were pregnant or 

breastfeeding; or had neurological impairments or severe medical conditions. In the 

hospital setting, high BP caused by severe pain, multiple injuries or trauma was not 

considered HTN, unless there was documented evidence of diagnosed high BP.  

 

3.4 Data collection  

Data were collected between July and December 2014. A convenience method of 

sampling was used. Data were collected every day for three months at the MAU unit of 
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the GCUH. Data were also collected at the GCCC Active classes, for a further three 

months. Advertising for volunteers at Griffith University via flyers and student and staff 

emails, and among residents of the Gold Coast was an ongoing process during the data 

collection period.  

At the GCUH, individuals with a history of high BP, or those undergoing HTN 

management were identified by liaising with the nurses and physicians in charge. 

Eligible individuals were approached in person via the help of nursing staff, and asked 

if they were interested in receiving more information about the study. Individuals who 

showed interest were provided with an information sheet about the study, and those who 

agreed to participate were asked to provide consent and complete a screening form. The 

Community and the Active classes’ participants were approached by the researcher in a 

similar manner. Individuals were asked if they had been medically diagnosed with high 

BP or if they were on AHT to control BP. The study was advertised as a flyer at Griffith 

University, the GCCC Active classes and in residential community areas. A volunteer 

request was also sent via Griffith University’s student and staff email centre. The 

study’s recruitment process was not limited to those with high BP. A sample of 

individuals with normal BP was also recruited from each sampling unit.  

 

3.4.1 Questionnaire 

A comprehensive questionnaire consisting of 11 sections and 150 items was used to 

collect data. The sections included in the questionnaire covered sociodemographic 

characteristics, physical activity, nutrition knowledge, HRQoL, food and dietary habits, 

diet and exercise self-efficacy, BP medication and adherence, BP self-monitoring, other 

lifestyle risk factors and anthropometry measures. The internal consistency reliability of 

the questionnaires included in the study were measured using Cronbach's alpha with α 

> 0.60 considered acceptable for reliability (Turconi et al., 2003). 

The sociodemographic section of the questionnaire had 5 multiple choices, 2 

dichotomous and 2 open-ended questions. Age, gender, ethnicity, marital status, 

education, income, employment, household size and health or nutrition related 

qualifications were included in this section. The physical activity section of the 

questionnaire had two parts. The first part involved an open-ended question on the 
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weekly duration of physical activity. The second part involved multiple choice 

questions on the description of physical activity status.    

The nutrition knowledge section of the questionnaire was a modified and shortened 

version of the one developed and validated by Hendrie et al. (2008). It consisted of 13 

questions and 26 items, with the focus on diet and BP. Four different components of 

nutrition knowledge were included in this section, which involved: Dietary 

Recommendations (2 questions); Source of Food/Nutrients (6 questions); Choosing 

Everyday foods (3 questions) and Diet-Disease Relationship (2 questions). The internal 

consistency (Turconi et al., 2003) of the nutrition knowledge questionnaire modified for 

this study was moderate (Cronbach's alpha = 0.56). Although Cronbach's alpha > 0.6 

should be considered acceptable, since this is a newly modified questionnaire, the 

borderline acceptable level of reliability observed can be justified under these 

circumstances (White et al., 2012).   

The Short Form 12 (SF-12 V2) was used to evaluate HRQoL of study participants 

(Mancia et al., 2007; Ware Jr, Kosinski, & Keller, 1996). It contained 12 questions 

across 7 sections. The physical and mental domains of HRQoL were assessed in 8 

components including: physical functioning, role limitation because of physical 

problems, bodily pain, general health, vitality, social function, role limitation because of 

emotional problems, and mental health. The SF-12 had an acceptable level of internal 

consistency with α = 0.78 in the current sample.  

The food and dietary habits section of the survey consisted of two parts: a food 

frequency questionnaire (FFQ) and a dietary habits questionnaire. The FFQ was a 

modified and shortened version of the one developed and validated in the 

Blue Mountains Eye Study (Barclay, Flood, Brand-Miller, & Mitchell, 2008; Flood, 

Smith, Webb, & Mitchell, 2004; Smith et al., 1998). The modified version of the FFQ 

used in this research was validated against a 3-day food record and is explained in detail 

in the Results Chapter (Chapter Three) of this thesis (Section 4.2). A total of nine 

sections with 39 questions were included in the modified FFQ. Food items considered 

in the FFQ were the major and commonly consumed food items. Each food item was 

presented with an amount as a unit of consumption. The FFQ was presented with a 10-

point scale (from never to 3-4 times per day, Appendix C – Part E). Individuals were 

asked to report their consumption frequency over the last 12 months in daily, weekly or 

monthly format.  
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The dietary habits questionnaire had 17 items regarding dietary behaviour and food 

choices. It contained questions on the type of food, the methods and frequency of eating 

unhealthy foods, and the importance of labels with regards to choosing foods. The short 

FFQ modified for this study had an acceptable level of internal consistency with α = 

0.66 (Turconi et al., 2003). 

The diet and exercise self-efficacy sections of the questionnaire were shortened and 

modified versions of the ones developed by Sallis et al., (1988). The diet self-efficacy 

component had 8 questions and the exercise self-efficacy had 4 questions on the 

participants’ confidence in following the dietary and exercise modifications required for 

HTN control. The questions were scored from 1 to 5, with 1 representing ‘I know I 

cannot follow’ these changes to 5 representing ‘I know I can follow’ these changes. 

Participants had the option to choose ‘does not apply’ if the question did not apply to 

them (ambulatory or bed-ridden patients). The internal consistency for the modified diet 

and exercise self-efficacy section was acceptable (Turconi et al., 2003) with α =  0.77 

and α = 0.88, respectively. 

Self-reported questions on anthropometry measures of height (cm), weight (kg), waist 

circumference (cm), SBP (mmHg), DBP (mmHg) and lipid profile (TC, TG, LDL-C, 

HDL-C) (mmol/l) were also included in the survey. For participants from the Clinical 

unit of sampling, these measurements were validated against their clinical data if 

available. This was accomplished by liaising with the nurses in charge and the medical 

professionals. Discrepancies were handled by consulting the medical doctor in charge. 

For the remainder of participants, no measurement data validation was applicable. 

However, HTN status was validated with their BP readings, prescribed AHT and the 

question related to the history of medically diagnosed high BP.  

The questionnaire was 16 pages long, including examples and descriptions to clarify 

questions. For participant convenience, the questionnaire was available in both paper 

and online format. The online questionnaire was designed using the LimeSurvey tool 

(LimeSurvey Project Team, Hamburg, Germany. http://www.limesurvey.org). 
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3.4.2 Measurement of hypertension, medication adherence, blood pressure self-

monitoring and control     

Participants with high BP or HTN were defined as chronic SBP ≥ 140, and/or DBP ≥ 90 

mmHg, those medically diagnosed with high BP or under medication to control high 

BP. Participants were only included if they had essential (primary) HTN. These subjects 

were coded as ‘high BP’, and the remainder of subjects were coded as ‘normal BP’. 

Adherence to AHT was assessed using a modified version of the Morisky Scale 

(Morisky, Green, & Levine, 1986) with 4 questions on medication and compliance, and 

the reasons for not complying with AHT. The internal consistency for the AHT 

adherence questionnaire was acceptable at α = 0.62 (Turconi et al., 2003). 

The BP self-monitoring questionnaire had 4 questions including: having a BP 

monitoring device at home; partaking in BP measurement (frequency); feeling satisfied 

with BP control; and having the ability to self-control BP. A point was given to having 

BP monitor at home and measuring BP at least once a week. Those who felt good about 

their BP control received another point. Those who believed they were able to control 

their BP with the guidance from their health professional received another point. No 

point was given to the remaining options. Blood pressure self-monitoring was 

categorised as good (score 4) and poor (score 0-3).  

Hypertension control was scored as 1 (good control) if participants were diagnosed with 

HTN (or followed a medication management for HTN) and had controlled BP (SBP < 

140, and DBP < 90 mmHg). A score of 0 (poor control) was otherwise applied. The 

internal consistency for the BP self-monitoring questionnaire was acceptable at α = 0.66 

(Turconi et al., 2003). 

 

3.4.3 Measurements  

In the Clinical unit of sampling, an individual’s BP was measured using the average of 

three readings recorded by the nursing staff. In the Community unit of sampling, to 

measure BP as accurately as possible, individuals were asked to sit quietly for 5 minutes 

on a chair or bench where the measured arm was supported at the heart level and feet 

were placed on the floor (Chobanian et al., 2003). An OMRON Automatic BP monitor 

(HEM-7200) with an accuracy of ± 3 mmHg, was used to measure BP. An average of 
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two readings was used for the BP record. Participants were asked about their usual BP 

readings taken at home or a medical centre to confirm the accuracy of the BP reading. 

Participants were also asked if they had consumed a caffeinated beverage or smoked 30 

minutes prior to the BP measurement (Chobanian et al., 2003). In circumstances where 

they had, individuals were requested to repeat the measurement the next visiting time, 

after avoiding caffeine or smoking 30 minutes prior to the measurement. Those 

individuals from the community and university settings who wished to measure their BP 

were offered free BP measurement sessions.  

Weight, height and waist circumference and blood lipid profile measures were self-

reported. If individuals at the hospital were not aware of their measures, they were 

recorded from the patients’ medical charts with the help of nursing and medical staff 

(subject to the availability of data). Body mass index (BMI) was calculated by dividing 

individuals’ weight (kg) by their height squared (m2) and reported as kg/m2.      

 

3.5 Data management and analysis  

A total of 420 questionnaires were completed, of which 407 were included in this 

research. Questionnaires with more than 50% of responses missing were excluded from 

the analysis. Food frequency data were converted into daily food intake. Daily food 

intake data were converted to energy and macro- and micronutrients using FoodWorks 

version 7 software (Xyris Software, High Gate Hill, Qld, Australia). Subjects with non-

logical or extreme daily energy consumption (lower than 2,500 kJ or more than 18,000 

kJ) were excluded from the analysis (Smith et al., 1998).  

Nutrition knowledge and HRQoL were scored and presented as a percentage. Nutrition 

knowledge information was scored using the methods outlined by Hendrie et al. (2008). 

Scores for the SF-12 HRQoL questionnaire were calculated based on the SF-12 (V2) 

users’ manual (Ware, Kosinski, Turner-Bowker, & Gandek, 2002a).  

Non-representative items (with no answers or less than 5% of answers) were explored 

using cross-tabulation of all factors against sociodemographic factors. Such items were 

grouped with others or explored descriptively. Outliers were determined using boxplots, 

Z-score (for detecting bivariate outliers) and Mahalanobis distance scores (for detecting 

multivariate outliers). All outliers that were detected were explored. If required, outliers 

were treated as missing values or replaced with the mean or median value of variables. 
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The missing items in FFQ were imputed using multiple imputations. No systematic 

missing pattern was observed in the assessment of missing variables. The imputed 

variables were not significantly different from the original variable.  

 

Statistical analysis 

A list of all variables, types and levels of measurement are presented in Table 3.1. This 

research aimed to investigate the four hypotheses. The statistical analyses related to 

each hypothesis are outlined separately. 

 

Table 3.1 Variables used to test the hypotheses  

Variables Variable type  Level of measurement 

Sociodemographic background  

Age 

Gender 

Ethnicity  

Marital status 

Level of education 

Income 

Employment  

Number of people in household  

Health qualification  

 

Confounding  

Confounding  

Confounding  

Confounding  

Confounding  

Confounding  

Confounding  

Confounding  

Confounding  

 

Ordinal  

Dichotomous 

Nominal 

Nominal 

Nominal 

Nominal 

Nominal 

Ordinal 

Dichotomous 

Physical activity  

Activity duration 

Activity type 

 

Independent  

Independent 

 

Interval 

Nominal 

Nutrition knowledge  Independent Interval 

HRQoL  Independent Interval 

BP self-monitoring Independent Dichotomous 

Food and dietary habits 

Dietary pattern 

Energy and nutrients  

  

Independent 

Independent 

Nominal 

Ratio 

Self-efficacy of diet Independent Interval 

Self-efficacy of exercise Independent Interval 

Anthropometry and blood biomarkers Independent Ratio 

HTN status Dependent  Dichotomous 

AHT adherence  Dependent Dichotomous 

BP control Dependent Dichotomous 
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Hypothesis 1: The short version FFQ developed is a reliable and valid tool to assess the 

dietary intake of adults with high BP in Australia. 

The statistical methods to test this hypothesis are described in Chapter Four, Section 

4.2. Briefly, Cronbach's alpha was used to check the internal consistency reliability 

with α > 0.60 considered as acceptable reliability. Factor analysis was used to assess 

content validity by checking the total variance explained by the factors. Differences in 

dietary intake based on gender (male vs female) and BP group (normal vs high BP) 

were examined using independent samples t-test (for parametric variables) and Mann-

Whitney U test (for non-parametric variables). This was to assess the discriminant 

validity of the questionnaire (the sensitivity of the questionnaire to detect differences 

based on gender and BP).  

Participants were invited to complete a 3-day food record (FR) in addition to the FFQ. 

The data collected from the 3-day FR was used to assess the relative validity of the FFQ 

by comparing macro- and micronutrient intake measured by the different tools (Cade, 

Thompson, Burley, & Warm, 2002). A detailed description of the tools and processes 

for analysis is outlined in Chapter Four, Section 4.2. A paired samples t-test for 

normally distributed variables and Wilcoxon signed rank test for non-normally 

distributed variables were used to compare dietary intakes measured by the two tools 

(FFQ and 3-day FR). Dietary intakes were correlated with each other to identify 

relationships between macro- and micronutrients obtained from the FFQ and 3-day FR. 

High agreement between the two tools was identified by a significant correlation 

coefficient (p ≤ 0.05). To graphically assess the presence of bias or disagreement, 

Bland-Altman (Bland & Altman, 1999) analysis, using the mean difference and 95% 

limits of agreement (LOA), was conducted.  

 

Hypothesis 2: Unhealthy dietary patterns, low level of nutrition knowledge and poor 

lifestyle are associated with high BP in a sample of Australian adults. 

A detailed description of the statistical analysis used for testing the second hypothesis is 

presented in Chapter Four, Section 4.3. Briefly, characteristics of the sample population 

were summarised using mean and standard deviation (SD) for continuous variables, or 

frequency and percentage (%) for categorical variables. Chi-square (for categorical 

variables) and independent t-tests statistical analysis methods (for continuous normal 
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variables) or Mann-Whitney U test (for non-normally distributed variables) were used 

to assess differences between normal and high BP groups in dietary patterns, nutrition 

knowledge and lifestyle variables.  

Factor analysis with Varimax rotation and cluster analysis was used to derive dietary 

patterns (refer to Chapter Four, Section 4.3 for further detail). The Kaiser-Meyer-Olkin 

(KMO) test was used to assess sample size adequacy, with KMO level > 0.50 

suggesting adequate sample size. Factors were extracted using Scree plot and factor 

loading ≥ 0.30. Dietary patterns were identified using cluster analysis. Differences in 

energy and nutrient composition between dietary patterns were analysed using ANOVA 

with Bonferroni post hoc (for parametric variables) or independent samples tests with 

Kruskal-Wallis test (for non-parametric variables). The nutrient intakes of normal and 

high BP groups in different dietary patterns were compared using independent sample t-

tests (for parametric variables) or Mann-Whitney U tests (for non-parametric variables). 

A p-value of < 0.05 was considered as statistically significant.      

To examine the association between low level of nutrition knowledge, unhealthy dietary 

patterns and poor lifestyle with high BP, an analysis model was designed based on the 

Individual and Family Self-Management Theory (IFSMT) (Ryan & Sawin, 2009) 

explained in Chapter Three, Section 3.2 of this thesis. A hierarchical model of 

regression analysis (Victora, Huttly, Fuchs, & Olinto, 1997) was used to examine the 

association. In model 1, only the association of nutrition knowledge and high BP was 

investigated. In model 2, dietary pattern and lifestyle were added. Self-efficacy was 

added in the final model (model 3). All models controlled for the confounding variables 

of age, ethnicity, education, income and marital status. The influence of sampling units 

(Community, Clinical, and Active classes) was also controlled in all regression analysis 

models.     

 

Hypothesis 3: High BP and poor HRQoL are associated in a sample of Australian 

adults. 

The statistical methods used to test this hypothesis are described in detail in Chapter 

Four, Section 4.4. Briefly, bivariate analysis of differences in HRQoL between high and 

normal BP groups was conducted using an independent sample t-test. The association 

between HTN and the domains of HRQoL were analysed using linear regression, 
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adjusting for the confounding sociodemographic background variables. In addition, age 

and gender differences in the association between HTN and HRQoL were assessed 

separately in males compared to females, and in age < 65 years compared to age ≥ 65 

years. P-value < 0.05 was considered statistically significant.  

 

Hypothesis 4: Unhealthy dietary patterns, low level of nutrition knowledge and poor 

lifestyle and HRQoL are associated with poor AHT adherence in a sample of Australian 

adults with high BP. 

The statistical methods used to test this hypothesis are described in detail in Chapter 

Four, Section 4.5. Briefly, bivariate analyses of differences in dietary patterns, nutrition 

knowledge, lifestyle and HRQoL between poor and good AHT adherence were 

conducted using chi-square and independent sample t-tests (or Mann-Whitney U tests). 

Multiple logistic regression analysis was conducted to explore the association between 

the above-mentioned variables and AHT adherence, controlling for the confounding 

effect of sociodemographic variables. P-value < 0.05 was considered as a statistically 

significant difference.      

 

Hypothesis 5: Unhealthy dietary patterns, low level of nutrition knowledge, poor 

lifestyle and HRQoL and lack of self-management skills are associated with poor BP 

control in a sample of Australian adults with high BP. 

A detailed description of the statistical methods used to test this hypothesis is described 

in Chapter Four, Section 4.6. Briefly, the difference in dietary patterns, nutrition 

knowledge, lifestyle and HRQoL between good and poor BP control were assessed 

using chi-square, independent sample t-tests or Mann-Whitney U tests. The association 

between the above-mentioned variables and BP control was explored using multiple 

logistic regression analysis. The regression model was controlled for the confounding 

effects of sociodemographic variables. P-value < 0.05 was considered as a statistically 

significant difference.      
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3.6 Ethical consideration and approval 

Ethical approval was obtained from Griffith University prior to study commencement 

(Protocol Number MED/06/14/HREC). The National Ethics Application Form (NEAF) 

was approved by the Gold Coast Health Service District Human Research Ethics 

Committee (HREC) in August 2014 (HREC Reference Number: HREC/14/QGC/115) 

(Appendix A). The online version of the survey was also approved by the Griffith 

University Survey Team. 

Potential participants were presented with an information sheet along with a consent 

form. The purpose of the study, the process of data collection, research involvement and 

participant’s responsibilities, and the anonymity, confidentiality and handling method of 

collected data were explained to participants. The researcher was available to answer 

any related questions raised prior to and during data collection.   
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Chapter Four: Results  
 

4.1 Preface 

This chapter explores the research findings and answers the research questions. In the 

presentation of this chapter six sections are highlighted. The first section presents the 

validity of the short FFQ used in this study to measure the dietary intake of individuals 

with increased BP. The validity of a tool refers to the accuracy of the measurement for 

the specific purpose in a particular population setting (Sullivan, 2011). Section two 

explores the differences in high and normal BP participants in their dietary patterns, 

nutrition knowledge and lifestyle and the associations with BP. Section three describes 

the difference between high BP and normal BP in HRQoL domains and the association 

between high BP and HRQoL domains. Section four explores the association between 

dietary pattern, nutrition knowledge, lifestyle, HRQoL and AHT adherence in high BP 

participants.  

This section is followed by an examination of results which explores dietary patterns, 

knowledge of nutrition, lifestyle, HRQoL, BP self-management skills and their 

association with BP control. These five sections are presented as a series of published 

and unpublished (under review) manuscripts. The first two manuscripts have not been 

modified from the versions produced for publication. However, for the purpose of this 

thesis, the methods sections of the final three manuscripts (Sections 4.4, 4.5 and 4.6) 

have been shortened for presentation efficiency and to avoid repetition. The results of 

these studies and the prepared manuscripts were developed using the same data 

collection processes explained in the Methodology Chapter (Chapter Three) of this 

research dissertation. Referrals to specific sections of this thesis are made in these 

manuscripts where appropriate, to provide clarity.  
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4.2 Validity of a short food frequency questionnaire for adults with increased 

blood pressure 

 

4.2.1 Preface  

The validity and reliability of the FFQ used in this study is discussed in this section. 

Newly developed or modified FFQs must undergo validation in a population to be 

employed as an acceptable dietary intake tool. 

 

Statement of contribution to co-authored published paper:  

This section includes a co-authored manuscript submitted for publication to the International 

Journal of Food Science & Nutrition as an original research paper. The status of the co-

authored paper, including all authors, is: Khalesi, S., Sun, J., Buys, N., Doshi, D. 

Validation of a short food frequency questionnaire in Australian adults. International 

Journal of Food Science & Nutrition (accepted for publication). 

 

The research candidate has made the following contributions to this study:  

 Developed the study design.  

 Completed and obtained the required human research ethics approval.  

 Developed and pilot-tested the food frequency questionnaire.  

 Collected data and recruited clinical and community-based participants.  

 Analysed the data and interpreted the findings.  

 Prepared the manuscript and submitted to the journal.  

 

Saman Khalesi (23/06/2016) 

Supervisor: Jing Sun (23/06/2016) 

Corresponding author: Jing Sun 
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4.2.2 Abstract 

Short food frequency questionnaires (FFQs) can reduce the time and burden of dietary 

assessment when conducting clinical and epidemiological studies involving older adult 

and chronic disease subjects. However, newly developed and modified short FFQs must 

undergo validation to be considered as an acceptable dietary measurement tool. The aim 

of this paper is to report on the validation of a short FFQ to measure dietary intake in 

Australian adults with high blood pressure (BP). A total of 407 individuals completed 

the short FFQ. Cronbach's alpha was used to check the internal consistency of the FFQ. 

Content validity was measured using factor analysis. The FFQ was also validated 

against thirty-one 3-day food records (FR). Cronbach's alpha of 0.66 indicated 

acceptable reliability for the FFQ. Content validity assessment showed that 35% of total 

variance was explained by factor analysis. Discriminant validity for gender and high BP 

status was observed. No significant difference between average intake of energy, most 

macronutrients, and some micronutrients between two instruments was identified. An 

acceptable level of correlation (0.39 to 0.69) was observed between the two instruments. 

Bland and Altman’s plots showed relative agreement in both instruments with potential 

bias in measuring iron and iodine. The current FFQ shows an acceptable reliability and 

validity for use in measuring energy and most macro- and micronutrients in Australians 

with high BP.  

 

4.2.3 Introduction 

Dietary patterns are strong determinants of a population’s health (Giovannelli et al., 

2014). There is compelling evidence suggesting dietary patterns are associated with 

chronic diseases such as cardiovascular disease (CVD), hypertension (HTN), diabetes 

and cancer (Chen et al., 2015; Jaacks et al., 2015; Lau et al., 2015; Wood et al., 2014). 

An energy-dense diet rich in sodium (salt) and fat, and low in fruit and vegetables is 

strongly associated with a higher risk of HTN and CVD (Appel et al., 2006; Khalesi, 

Sun, Buys, & Jayasinghe, 2014). 

Accurate measurements of food intakes have been a challenging task for nutritionists 

and epidemiologists (Cade et al., 2004; Giovannelli et al., 2014). Food records (FR) and 

FFQs are widely used to measure the dietary intakes of individuals (Willett, 1998). At 

the population level, FFQs are often considered as the first-line in dietary measurements 

(Willett, 1998). Food frequency questionnaires need to be comprehensive enough to 
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measure common food items consumed in a population (Cade et al., 2002). However, 

long questionnaires can be burdensome and require a greater deal of commitment and 

effort from individuals, which may increase the number of non-responders (Cade et al., 

2004).  

Although FFQs are widely used in nutrition epidemiological studies, a newly developed 

or modified FFQ must be validated before it can be considered as an acceptable method 

of dietary measurement (Kipnis et al., 2002; Wakai, 2009). In this study, we aimed to 

validate a short FFQ for Australian adults with high BP. This FFQ was a modified and 

shortened version (39-item) of that developed in Blue Mountains Eye (BME) study 

(145-item) (Barclay et al., 2008; Flood et al., 2004; Smith et al., 1998). The BME FFQ 

aimed to assess the dietary habits of older adults living in the Blue Mountains region of 

Western Sydney, Australia, during the period 1992 – 1994, and took on average 35 – 40 

minutes to complete (Smith et al., 1998). Due to the complexity of the questionnaires, 

when the association of etiological factors (such as diet and lifestyle) with chronic 

conditions are explored, shorter questionnaires may be required (Cade et al., 2004).  

Although Smith et al. (1998) validated the BME FFQ in an Australian population, to 

our knowledge, there is no validated FFQ to measure the dietary intake among 

hypertensive adults in Australia. Thus, this study explores the validity of a short FFQ to 

quickly assess the relative intake of food groups and nutrients among adults with HTN. 

If the FFQ demonstrates acceptable validity, it will be a useful tool to measure dietary 

intake in future studies for hypertensive individuals in Australia.    

 

4.2.4 Methods  

To assess the validity of a short FFQ for measuring the food and nutrient intake of 

hypertensive individuals, participants from different sampling units on the Gold Coast, 

Australia (Gold Coast University Hospital, Griffith University and Active classes of 

Gold Coast City Council) were included in the study. The residents of the City of Gold 

Coast were also invited to participate. To compare the results based on BP levels, both 

adults with high and normal BP were included in the study. To identify high BP (or 

HTN), the classification of BP ≥ 140/90 mmHg was used. Those medically diagnosed 

with high BP, or on AHT to control high BP, were also considered hypertensive. 

Individuals were invited to complete the FFQ alone or together with a 3-day FR. A total 
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of 420 adults returned FFQs, of these only 34 returned the FR along with the FFQ. Data 

collection occurred between August and December 2014. Ethics approvals were 

obtained from Gold Coast University Hospital and Griffith University prior to 

conducting the study (HREC Reference Number: HREC/14/QGC/115). Individuals 

were presented with the study information sheet, and were screened using a 

questionnaire on medical history. Prior to data collection, participants consented to the 

study and the procedure.  

 

Food Frequency Questionnaire  

The original FFQ from the BME study aimed to assess the dietary habits of older adults 

living in the Blue Mountains region of Western Sydney, Australia and was validated 

against 4-day weighed FRs. An acceptable reproducibility and validity was reported for 

the BME FFQ (Smith et al., 1998). The short FFQ was developed from the 145-item 

BME FFQ to be a self-administered quantitative FFQ containing 39 items. The short 

FFQ contained the major food groups and standard portion sizes. In developing the 

short FFQ the Australian Dietary Guidelines and the Australian Bureau of Statistics data 

were used to identify the most commonly consumed foods. Some items from the 

original FFQ were combined together to produce a single item in the short FFQ. For 

example, the original FFQ had three items for the types of meat (beef, pork or lamb as a 

main dish; beef, pork or lamb as a mixed dish; and ham, beef, pork or lamb in a 

sandwich). In the short FFQ, these were combined into a single item described as all 

types of beef, pork or lamb.  

Five main food groups were included in the short FFQ. Items for added salt, sugar, oil, 

alcohol and discretionary foods were also included in the short FFQ. A panel of health 

professionals consisting of a nutritionist, a dietitian and a public health specialist were 

involved in the process of selecting food items for inclusion into the short FFQ. A ten-

category scale (never, 1 per month, 2 per month, 3 per month, 1 per week, 2-3 per week, 

4-5 per week, 1 per day, 2 per day, 3-4 per day) was used to measure the frequency of 

intake for each food item. The short FFQ took 10 – 15 minutes to complete (refer to 

Appendix C, part D for a copy of the short FFQ). The short FFQ was piloted in a group 

(n = 5) of dietitians and public health specialists to examine the content validity and 

acceptability of food items and questions included. Prior to the validation study, the 

short FFQ was tailored and modified based on the comments and outcomes of the pilot. 
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Three-day food record 

An open-ended 3-day FR was prepared to assess the relative validity of the FFQ. 

Participants were asked to include information on the type of food consumed, method of 

preparation and serving size estimations. They were also asked to include a description 

of food brands, if possible. Serving size estimates were required to be in household 

measures and examples of those were included in the pre-questionnaire instructions. An 

example of a 1-day completed FR was provided to participants. They were instructed to 

take the FR home to complete, and to record all foods and beverages consumed over 

two weekdays and one weekend day. A prepaid, self-addressed envelope was provided 

to participants to return the FRs.  

 

Data synthesis and management   

For the FFQ, participants with more than 50% of data missing were excluded from 

analysis (Acuna & Rodriguez, 2004).  FoodWorks version 7 software (Xyris Software, 

High Gate Hill, Qld, Australia) was used to analyse nutrient intake. The information on 

specific foods, their preparation methods and serving sizes were included in the food 

tables of the software. In cases where FRs did not provide detailed information about a 

food consumed, a ‘not further specified’ (NFS) assumption was applied in the software. 

This assumption considers weighted average nutrient profiles from population studies. 

For both FFQ and 3-day FR, participants with extreme total daily energy intake < 2,500 

kJ, or > 18,000 kJ were excluded from analysis (Buyken et al., 2010; Louie et al., 2013). 

Boxplots, z-score and Mahalanobis distance scores were used to detect outliers in the 

FFQ data. Missing items in the FFQ were explored for systematic missing patterns and 

were imputed using multiple imputations.  

 

A total of 407 FFQs were included in the final analysis. Of the 34 FRs returned, a total 

of 31 FRs were included in final analysis. Three FRs were excluded due to the 

following reasons: two participants had an overall energy intake > 18,000 kJ, and one 

participant’s FR was not matchable with the identity on any of the FFQ’s collected. To 

justify the sample size, based on the BME study validation report (Smith et al., 1998) a 

bivariate mean difference of 1087 kJ (SD: 1773) in energy intake between FFQ and FR 

was assumed. Using GPower software version 3.0 (Heinrich Heine Universitat, 
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Dusseldorf, Germany), a total number of 25 participants was considered adequate to 

provide an effect size of 0.61, with α = 0.05 and 0.90 power. 

 

Data analysis 

The internal consistency reliability of the FFQ was checked using Cronbach's alpha 

(Turconi et al., 2003) with α > 0.60 considered acceptable reliability. Prior to analysis, 

food intakes were log-transformed to increase the normality of data. Content validity 

was measured using factor analysis and presented as total variances explained by the 

factors. Discriminant validity was identified by assessing the differences in selected 

macro- and micronutrients between males and females, and between high and normal 

BP participants. The latter was used to examine if the FFQ can discriminate the intake 

of typical nutrients expected to be different in high vs normal BP individuals (such as 

sodium, potassium, SFA and TFA) (Geleijnse et al., 2003; Grynberg, 2005). 

Independent sample t-tests (for parametric variables) and Mann-Whitney U tests (for 

non-parametric variables) were used for comparisons.  

The relative validity of the FFQ was assessed by comparing macro- and micronutrient 

intakes measured by the FFQ against those measured with the FR (Cade et al., 2002). In 

order to compare paired samples, only FFQs with matched FR were included in the 

relative validity analysis. Comparisons were made using paired t-tests and Wilcoxon 

signed rank tests. A statistically significant difference was accepted at p < 0.05. 

Correlation was used to identify the relationship between macro- and micronutrients 

obtained from FFQ and FR data. Partial correlation was conducted to control the effect 

of age, gender and body mass index (BMI). Two-way random intra-class correlation of 

average measures was also conducted to assess the intra-class agreement of the two 

assessment tools. A significant correlation coefficient was reported as p < 0.05 and 

proposes a high agreement between the two instruments. To investigate the agreement 

further, Bland-Altman (Bland & Altman, 1999) analysis using mean difference and 95% 

limits of agreement (LOA) was conducted to graphically assess the presence of bias or 

disagreement. A one-sample t-test was used to check the significant difference between 

the mean differences of two measurements from zero. Linear regression analysis was 

performed to check the proportional bias.  
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4.2.5 Results 

The characteristics of included participants are presented in Table 4.2.1. Of the 407 

participants which completed the FFQ, 276 participants had high BP. Of the 31 

participants completed the FR, 18 participants had high BP. The FFQ and FR had 

acceptable reliability with Cronbach's alphas of 0.66 (n = 407) and 0.70 (n = 31), 

respectively. The reliability of the FFQ for the hypertensive participant subgroup was 

also acceptable with α = 0.65. Factor analysis of the FFQ showed an adequate sample 

size with a Kaiser-Meyer-Olkin (KMO) value of 0.66 (p < 0.01). The content validity 

assessment indicated that 35% of the total variance was explained in factor analysis 

with five factors extraction. 

Table 4.2.2 presents the differences in macro- and micronutrients between normal and 

high BP participant groups. A significant difference was observed in the intakes of 

sodium and % kJ from SFA. Table 4.2.3 shows the differences in nutrients between 

male and female participants. Nine out of 18 nutrients had a significant gender 

difference for intakes.  

For relative validity, the macro- and micronutrient intake measured by FFQ and FR 

were compared. The average energy intake was 7,783.9 (SD: 1,733.1) kJ from FFQ, 

with males consuming more energy than females. The average intake reported by this 

FFQ was slightly lower compared to the 2011-12 Australian Health Survey for male 

adults (9,655 kJ) and comparable to that of female adults (7,402 kJ) (Australian Bureau 

of Statistics, 2014). Carbohydrate supplied 42% of total energy, while 32% was from 

dietary fat, 20% from protein, 2% from fibre and 4% from alcohol. The data were also 

comparable to total energy intake for these nutrients from the 2011-12 Australian Health 

Survey (45%, 31%, 18%, 2.2%, 3.4%, respectively) (Australian Bureau of Statistics, 

2014). 
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Table 4.2.1 Participants demographic and anthropometry characteristics   

FFQ: food frequency questionnaire; FR: food record. No statistical analysis was 

performed for the difference in the participants’ characteristics in the FFQ and FR. The 

characteristics presented for FFQ represent all 407 participants. The characteristics 

presented for FR represent a subsample of 31 participants. Data are presented as 

frequency (%), unless otherwise stated.     

Participant’s characteristics FFQ 

N (%) or Mean (SD) 

FR 

N (%) or Mean 

(SD) 

Age (years) (Mean, SD) 56.4 (15.8) 65.0 (14.2) 

Age (no.)   

< 65 

≥ 65 

259 (65) 

139 (35) 

11(36) 

20 (65) 

Gender  

Female 

Male 

 

235 (59) 

163 (41) 

 

14 (45) 

17 (55) 

Ethnicity 

Caucasian  

Others 

 

347 (87) 

41 (10) 

 

28 (90) 

3 (10) 

 Employment  

Full-, part-time 

Unemployed/Student/ Retired  

 

195 (49) 

211 (51) 

 

7 (23) 

21 (77) 

 Income  

< $20,000 

≥ $20,000 

 

197 (50) 

197 (50) 

 

22 (73) 

8 (27) 

Education 

Elementary/High school 

College/University 

Postgraduate Master/PhD 

 

180 (45) 

140 (36) 

78 (20) 

 

19 (61) 

7 (23) 

5 (16) 

Blood pressure (Mean, SD) 

SBP (mmHg) 

DBP (mmHg) 

 

136 (14) 

80 (10) 

 

135 (11) 

78 (10) 

BMI (kg/m2) (Mean, SD) 27.9 (6.2) 26.6 (3.8) 
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Table 4.2.2 The FFQ difference in energy and selected nutrient intakes between normal and high BP group  

Nutrients Normal (n = 128) High BP (n = 270) t (p-value) 

Energy (kJ) 7638.01 (2434.60) 7721.53 (2613.83) -0.30 (0.76) 

Protein (g) 89.62 (28.39) 90.86 (32.38) -0.37 (0.71) 

Fat (g) 67.53 (24.69) 70.75 (29.66) -1.06 (0.28) 

Carbohydrate (g) 192.23 (73.96) 187.20 (67.48) 0.67 (0.50) 

Fibre (g) 21.52 (9.82) 21.24 (8.99) 0.27 (0.78) 

Thiamine (mg) 0.98 (0.42) 1.02 (0.37) -0.93 (0.35) 

Niacin (mg) 52.31 (16.98) 52.14 (18.35) 0.08 (0.93) 

Vitamin C (mg) (Median, percentile) 144.25 (92.56-221.50) 136.80 (86.86-216.52) z = -0.97 (0.33) 

Vitamin D (μg) 3.76 (1.81) 3.66 (1.75) 0.51 (0.61) 

Folate total (μg) 412.24 (165.27) 411.15 (169.25) 0.09 (0.95) 

Sodium (mg) (Median, percentile) 1825.61 (1257.17-3014.61) 2164.94 (1473.39-3291.96) z = -2.28 (0.02) 

Potassium (mg) 3496.82 (1168.73) 3389.53 (1264.19) 0.81 (0.41) 

Calcium (mg) 983.31 (455.95) 977.02 (467.49) 0.12 (0.89) 

Iron (mg) 10.60 (3.94) 10.75 (4.31) -0.32 (0.74) 

% kJ from protein 20.29 (3.80) 20.23 (3.63) 0.14 (0.88) 

% kJ from fat 32.62 (5.72) 33.55 (5.90) -1.48 (0.13) 

% kJ from SFA 12.36 (2.93) 12.99 (2.74) -2.10 (0.03) 

% kJ from carbohydrate 40.61 (7.65) 39.61 (6.86) 1.31 (0.19) 

Data presented as mean (SD) or median (percentile). Independent sample t-test and Mann-Whitney U test are used where appropriate    
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Table 4.2.3 The FFQ difference in energy and selected nutrient intakes between males and females  

Nutrients Male (n = 163) Female (n = 235) t (p-value) 

Energy (kJ) 8427.74 (2655.86) 7186.18 (2367.17) 4.06 (0.00) 

Protein (g) 95.85 (29.66) 86.73 (31.62) 2.90 (0.00) 

Fat (g) 76.13 (30.78) 65.26 (25.33) 3.85 (0.00) 

Carbohydrate (g) 205.98 (68.36) 176.92 (68.04) 4.18 (0.00) 

Fibre (g) 21.01 (9.03) 21.56 (9.42) -0.57 (0.56) 

Thiamine (mg) 1.07 (0.42) 0.97 (0.36) 2.28 (0.02) 

Niacin (mg) 55.95 (17.49) 49.59 (17.75) 3.53 (0.00) 

Vitamin C (mg) (Median, percentile)  135.59 (82.29-216.74) 144.39 (92.20-225.90) z = -0.97 (0.32) 

Vitamin D (μg) 4.06 (1.85) 3.44 (1.67) 3.49 (0.00) 

Folate total (μg) 420.96 (162.72) 427.93 (177.89) -0.39 (0.69) 

Sodium (mg) (Median, percentile) 2380.09 (1473.90-3584.45) 1939.97 (1268.86-2923.12) z = -2.81 (0.00) 

Potassium (mg) 3471.33 (1445.05) 3391.23 (1293.28) 0.63 (0.52) 

Calcium (mg) 1025.32 (444.67) 946.95 (473.98) 1.66 (0.09) 

Iron (mg) 10.78 (3.90) 10.65 (4.39) 0.30 (0.76) 

% kJ from protein 19.63 (3.34) 20.68 (3.86) -2.82 (0.00) 

% kJ from fat 32.95 (6.23) 33.45 (5.57) -0.83 (0.40) 

% kJ from SFA 12.84 (3.10) 12.75 (2.60) 0.33 (0.73) 

% kJ from carbohydrate 39.82 (7.06) 40.01 (7.19) -0.27 (0.78) 

Data presented as mean (SD) or median (percentile). Independent sample t-test and Mann-Whitney U test are used where appropriate    
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Table 4.2.4 presents the mean (SD) and median (percentile) of macro- and micronutrient 

intake calculated from FFQ and FR. A relative validity was observed among the FFQ 

and FR in energy, protein, total fat, SFA, PUFA and MUFA, carbohydrate, sugar, fibre, 

vitamin D, sodium and iron. A significantly higher intake of cholesterol, riboflavin, 

niacin, vitamin C, vitamin E, potassium, magnesium, calcium, zinc, iodine, caffeine and 

alcohol and lower intake of thiamine was observed with data from the FFQ compared 

with the FR data.  

The correlation coefficient of nutrient intakes between the FFQ and FR is presented in 

Table 4.2.5. The unadjusted Pearson correlation showed a significant relationship 

between energy, fat (SFA, PUFA, MUFA, cholesterol), carbohydrate, fibre, thiamine, 

riboflavin, vitamin E, total folate, magnesium, calcium, zinc, caffeine and alcohol 

between FFQ and FR (p ≤ 0.05). Spearman correlation was significantly lower in 

cholesterol, fibre, riboflavin, magnesium and caffeine. Adjusting for age significantly 

increased the correlation coefficient of sugar, vitamin, potassium and iodine (p < 0.05). 

Adjusting for gender significantly increased the correlation coefficient of protein 

between the two instruments (p < 0.05). Adjusting for BMI significantly reduced the 

correlation coefficient of PUFA and potassium (p < 0.05). The agreement between the 

two methods showed a significant intra-class correlation between energy, protein, fat 

(all types), carbohydrate, sugar, fibre, thiamine, riboflavin, niacin, vitamin E, total 

folate, potassium, magnesium, calcium, zinc, caffeine and alcohol (p < 0.05).  
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Table 4.2.4 Difference between nutrient intakes calculated from FFQ and FR.  

Nutrients FFQ (n = 31)  FR (n = 31) Wilcoxon Paired t-

test 

 Mean (SD) Median (min., max) Mean (SD) Median (min., max) Z  T 

Energy (kJ) 7783.86 (1733.04) 7848.20 (5175.97-

11616.32) 

7527.91 (1395.43) 7662.20 (5394.39-

11104.65) 

-0.94 1.08 

Protein (g) 89.56 (19.49) 88.92 (47.65-123.31) 82.00 (19.43) 77.75 (47.09-125.43) -1.54 1.86 

Fat (g) 69.84 (21.10) 71.82 (42.68-144.84) 72.72 (20.46) 73.46 (41.08-112.77) -0.90 -0.88 

Saturated fat (g) 27.61 (9.04) 26.30 (11.15-45.50) 29.91 (11.24) 28.83 (12.04-54.68) -1.39 -1.22 

Polyunsaturated fat (g) 9.46 (3.21) 9.35 (4.40-20.22) 10.26 (4.57) 9.88 (3.07-25.38) -0.51 -1.01 

Monounsaturated fat (g) 27.45 (9.56) 27.23 (15.55-69.65) 27.29 (9.24) 27.86 (12.40-46.10) -0.07 0.09 

Cholesterol (mg) 312.39 (120.85) 311.95 (136.43-717.63) 264.08 (150.60) 228.04 (100.09-690.06) -2.19* 2.14* 

Carbohydrate (g) 188.57 (54.54) 189.02 (94.05-332.30) 183.36 (54.82) 162.78 (124.97-353.95) -0.64 0.52 

Sugar (g) 98.92 (39.44) 94.03 (41.17-179.16) 85.97 (48.88) 74.48 (26.65-270.76) -1.78 1.39 

Fibre (g) 21.94 (6.76) 20.37 (10.97-40.73) 22.11 (7.18) 20.91 (8.73-41.38) -1.76 -0.12 

Thiamine (mg) 1.16 (0.40) 1.09 (0.56-2.57) 1.30 (0.37) 1.19 (0.72-2.15) -2.08* -2.10* 

Riboflavin (mg) 2.55 (1.04) 2.41 (0.65-4.60) 1.81 (0.75) 1.75 (0.43-3.43) -3.60** 4.04** 

Niacin (mg) 52.33 (12.34) 49.73 (28.53-74.00) 40.03 (8.11) 41.06 (26.07-58.73) -4.07** 5.56** 

Vitamin C (mg) 153.18 (94.88) 132.28 (46.80-460.99) 102.62 (70.99) 90.27 (11.64-280.99) -2.76** 2.63** 

Vitamin D (μg) 3.92 (1.62) 3.89 (1.76-6.66) 3.63 (2.71) 2.69 (0.45-11.11) -1.35 0.56 

Vitamin E (mg) 9.98 (2.82) 9.12 (6.57-20.43) 7.76 (3.22) 7.79 (3.03-17.49) -3.38** 3.90** 

Folate total (μg) 453.28 (163.70) 433.03 (214.44-828.22) 332.31 (124.30) 315.69 (159.79-720.07) -3.54 4.37** 

Sodium (mg) 2316.00 (1062.07) 1954.37 (764.54- 5188.04) 2104.20 (794.72) 1859.03 (839.00-4130.22) -0.58 .88 

Potassium (mg) 3464.50 (1045.80) 3233.01 (1663.63-5826.22) 2926.53 (827.16) 2831.43 (1567.19-4543.04) -2.31* 2.77** 

Magnesium (mg) 399.36 (127.59) 393.60 (189.43-654.35) 319.92 (92.34) 305.78 (153.14-561.49) -3.19** 3.85** 

Calcium (mg) 1007.34 (424.23) 958.56 (276.19-1895.81) 776.69 (351.89) 711.53 (221.46-1604.58) -2.98 3.34** 

Iron (mg) 11.07 (3.78) 9.47 (6.31-20.85) 9.95 (1.96) 10.19 (6.94-13.24) -0.60 1.61 

Zinc (mg) 11.44 (2.71) 11.47 (6.27-19.33) 10.18 (3.54) 9.23 (5.40-20.36) -2.10* 2.19* 

Iodine (μg) 154.97 (67.74) 138.66 (51.32-290.62) 98.43 (46.26) 96.81 (33.33-219.11) -3.74** 4.44** 

Caffeine (mg) 283.41(163.11) 225.65 (16.05-655.20) 121.78 (99.39) 127.01 (0.00-363.37) -4.29** 6.12** 

Alcohol (g) 11.39 (15.27) 6.24 (0.00-66.63) 6.52 (10.91) 0.00 (0.00-44.11) -3.34** 2.66* 

Data presented as mean (SD) and median (percentile); Wilcoxon signed rank test and paired t-test were used to explore the difference 

between FFQ and 3-d FR; *p-value < 0.05; ** p-value < 0.01. 
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Table 4.2.5 Spearman correlation and Pearson correlation between FFQ and FR. Partial correlation between two methods adjusted for age, 

gender and BMI. Intra-class correlation for agreement between the two methods.   

Nutrients Correlation coefficient  

FFG & FR 

Partial correlation  Intra-class 

correlation1 

 Spearman Pearson Adjusted for Age Adjusted for Gender Adjusted for BMI  

Energy (kJ) .60** .67** .75** .68** .65** .79** 

Protein (g) .20 .32 .32 .37* .26 .47* 

Fat (g) .57** .62** .63** .63** .57** .77** 

Saturated fat (g) .41** .49** .50** .51** .42* .64** 

Polyunsaturated fat (g) .40* .39* .39* .40* .33 .56* 

Monounsaturated fat (g) .37* .49** .47** .49** .50** .66** 

Cholesterol (mg) .35 .59** .57** .60** .39* .71** 

Carbohydrate (g) .39* .49** .56** .52** .46* .66** 

Sugar (g) .32 .33 .41* .31 .33 .48* 

Fibre (g) .35 .42* .42* .42* .45* .60** 

Thiamine (mg) .36* .50** .51** .50** .54** .64** 

Riboflavin (mg) .31 .40* .47** .37* .40* .45* 

Niacin (mg) .12 .33 .34 .35 .32 .30* 

Vitamin C (mg) .25 .19 .33 .19 .15 .27 

Vitamin D (μg) .21 .26 .37* .27 .27 .37 

Vitamin E (mg) .45* .46** .45* .49** .50** .53** 

Folate total (μg) .50** .45* .53** .43* .44* .50** 

Sodium (mg) .05 .01 .02 .00 .00 .00 

Potassium (mg) .34 .35 .42* .36 .38* .46* 

Magnesium (mg) .28 .49** .49* .50** .52** .55** 

Calcium (mg) .46** .52 ** .55** .52** .53** .61** 

Iron (mg) .15 .22 .22 .27 .24 .29 

Zinc (mg) .58** .50** .52** .60** .50** .63** 

Iodine (μg) .17 .27 .42* .27 .30 .30 

Caffeine (mg) .35 .46** .45* .46* .50** .39* 

Alcohol (g) .60** .74** .74** .72** .74** .80** 

Two-way random and average measures correlations were used; *p-value < 0.05; ** p-value < 0.01 
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The Bland and Altman’s plotting (Bland & Altman, 1999) showed agreement between 

the FFQ and FR in energy intake and the intake of most nutrients. Only plots for energy, 

protein, fat, carbohydrate, sodium and potassium are presented here (Figures 4.2.1a-f). 

A tendency for a larger difference in energy, total folate, vitamin C, vitamin D, vitamin 

E and sodium was observed between the dietary assessment methods, and the mean of 

differences was greater as intake increased. The regression coefficient was significant 

for the mean compared with the difference of vitamin D, iodine, caffeine, alcohol, and 

iron between the two instruments (p < 0.05), suggesting proportional bias. A tendency 

towards lower limits of agreement was observed with iron, iodine and alcohol. Vitamin 

D and caffeine showed higher plot density towards the upper limits of agreement. No 

proportional bias was observed among the remainder of the nutrients.         
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Figure 4.2.1 Bland and Altman’s plot assessing agreement between FFQ and FR in 

terms of energy (a), protein (b), fat (c), carbohydrate (d), sodium (e), and potassium (e). 

Middle line presents the mean difference; upper and lower lines present the limit of 

agreement (± 1.96 SD of difference). 
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4.2.6 Discussion 

This paper aimed to assess the reliability and validity of a short FFQ developed to 

evaluate dietary intake in individuals with high BP. The internal consistency reliability 

analysis showed that all items in the questionnaire measure the same construct: dietary 

intake (Dawson & Trapp, 2004). The correlation observed between the short FFQ and 

FR was > 0.40 for most nutrients. A similar correlation was observed in the original 

FFQ from the BME study (Barclay et al., 2008; Flood et al., 2004; Smith et al., 1998), 

and with previous short FFQs that have been developed for use with other population 

groups (Eysteinsdottir, Thorsdottir, Gunnarsdottir, & Steingrimsdottir, 2012; Tokudome 

et al., 2005). The discriminant validity of the FFQ was consistent with the literature 

(Norman et al., 2010), suggesting that the FFQ is capable of distinguishing gender and 

BP differences.  

An agreement was observed between the short FFQ and FR in terms of total energy 

intake, and for the intake of macronutrients and some micronutrients (vitamin D, 

sodium and iron). A similar agreement between macro- and micronutrients intake of 

FFQ and FRs or recalls have also been reported in previous studies (Martinez, Philippi, 

Estima, & Leal, 2013). However, others have not observed similarity in mean energy or 

macronutrient intakes between FFQ and FR (Li et al., 2014; Selem et al., 2014). A 

disagreement was observed between the FFQ and FR for the intake of most vitamins 

and minerals. A similar disagreement has been reported in several previous validation 

studies (Barrat et al., 2012; Park et al., 2013; Pritchard, Seechurn, & Atkinson, 2010). 

The disagreement observed may be due to day-to-day variation in food and nutrient 

intakes (Vereecken, De Bourdeaudhuij, & Maes, 2010), thus not reflective of an 

inability to detect similar nutrient intakes with a FFQ and FR. 

The correlation between the FFQ and FR varied widely. The energy intake calculated 

via the two methods was highly correlated, even when the correlation was adjusted for 

age, gender or BMI (0.6-0.75), with high intra-class correlation (0.79). Lower levels of 

correlation for total energy intake between FFQs of interest and reference dietary 

assessments have been reported previously (Fallaize et al., 2014; Liu et al., 2013; Subar 

et al., 2001). The majority of macronutrients (except protein) had acceptable levels of 

correlation (varied from 0.39 to 0.69), comparable to those observed with previous 

reports (Lin et al., 2009; Subar et al., 2001). On the other hand, a wide variation of 

correlations between the FFQ and FR assessments among micronutrients were 

observed. The lowest correlation observed was for sodium intake (0.01) and the highest 
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correlation observed was for zinc intake (0.50). Low to acceptable levels of agreement 

in micronutrient intake between the FFQ and FR have also been reported in previous 

studies (Fallaize et al., 2014; Subar et al., 2001). Specifically, the Willet FFQ reported 

low sodium correlation between FFQ and FR (Subar et al., 2001). Dietary assessments 

often under-report sodium intake (McLean, 2014). The difficulties in quantifying the 

sodium content of foods, recipes and added salt may explain the under-reporting of 

sodium intake (McLean, 2014).    

Overall, the results of the current study show that the short FFQ developed for use in 

populations with HTN is valid in terms of assessing total energy intake and 

macronutrient intakes. Validity in some micronutrients, such as sodium and vitamin D 

was also detected. However, Bland and Altman’s plots and linear regression results 

suggest that the current FFQ may not be a valid tool for measuring iron and iodine 

intakes. Similar findings were observed in the validation analysis of the FFQ used in the 

BME study (Smith et al., 1998). Although the authors did not report the validity 

analysis results for several minerals (e.g. sodium, potassium) and most vitamins, the 

unadjusted correlation reported (0.09 to 0.62) was comparable to our findings (Smith et 

al., 1998).  

The strength of the short FFQ developed in this study is its capacity to reduce the time 

required to collect dietary intake information to less than 15 minutes. This reduces the 

burden of dietary assessment for individuals in clinical and epidemiological studies. In 

addition, this short FFQ has been validated for use in studies involving hypertensive 

individuals. Also, it contains questions to estimate the salt, oil and sugar added during 

cooking or serving food, as well as probiotic consumption, which made this FFQ 

unique. Although when modifying the FFQ, the Australian Dietary Guidelines were 

used, the items included in this short FFQ were the commonly consumed food items 

from the main five food groups. This may make the short FFQ also applicable to other 

countries and populations that are healthy or have other conditions (e.g. CVD or 

diabetes).  

However, there are some limitations that should be considered when evaluating data 

obtained from dietary assessment tools. Although there can be a level of certainty in 

self-reported diets, there is bias associated with self-reporting and recalling information 

(Vereecken et al., 2010). No assessment instrument is without error when measuring 

dietary intake (Cade et al., 2004; Margetts & Nelson, 1997). In this study, examples 
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were provided to participants to complete the FFQ and FR to reduce errors in reporting. 

However, because of the de-identification process employed in this study, we were 

unable to confirm and verify participants’ completed records and questionnaires to limit 

possible reporting bias. The low respond rate observed in returning completed FR can 

suggest responder bias, which can be explained by the nature of FRs which are 

burdensome (Cade et al., 2004). In addition, FFQs focus on usual dietary habits, while 

FRs report dietary intake over a certain number of days. As a limitation, participants 

were asked to record the dietary intake on specified days, which may increase the day-

to-day variation between participants. Since food intake and portion size varies in 

different weeks, days, or even meals (Vereecken et al., 2010), data obtained from the 

FFQ and FR (on certain days), may not be directly comparable. In addition, given the 

absorption of some micronutrients (such as iron) depends on several dietary factors 

(such as the food source of iron, the effect of vitamin C and phytates) (Hunt, 2005), 

more detailed FFQs are required to accurately measure the dietary intake of these 

specific nutrients. 

Most importantly, sodium intake was not correlated between the FFQ and FR 

assessment methods, even though the sodium intake measured by FFQ was not 

significantly different from FR. However, dietary assessment tools, in general, are 

limited in their ability to measure sodium intake accurately (McLean, 2014). To reduce 

day-to-day variation in food intake and the bias of food recall, a 3-day FR is often used 

to assess the relative validity of FFQs (Liu et al., 2013; Martinez et al., 2013; McLean, 

2014). However, completing FRs requires a certain level of skill, and may increase 

respondent burden (Fallaize et al., 2014). This may lead to participants just recording 

one day, and making up foods or reporting the consumption of same foods on 

consecutive days (Fallaize et al., 2014).  

Overall, the short FFQ developed in this study is a valid tool to quickly assess the 

relative dietary intakes of hypertensive adults. This short FFQ can be used in 

epidemiological and clinical studies to reduce the time and burden of dietary 

assessment. A more detailed tool may be required if the focus of data collection is on 

specific micronutrients, such as iron and iodine.   
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4.3 Dietary patterns, nutrition knowledge and lifestyle, and their association with 

blood pressure  

4.3.1 Preface:  

Based on the conceptual framework of this research (explained in Methodology 

Chapter, Section 3.2) and the literature review, nutrition knowledge may improve 

dietary and lifestyle behavioural change self-efficacy, leading to lower BP and even 

prevention of HTN. In addition, behavioural change self-efficacy itself can be an 

important determinant of BP change and HTN prevention. However, socioeconomic 

and anthropometric variables can also play a confounding role in the relationship 

between nutrition knowledge, dietary patterns and lifestyle and HTN.  

Therefore, this study hypothesised that lack of nutrition knowledge, unhealthy dietary 

patterns, poor lifestyle and low diet and exercise self-efficacy are associated with HTN 

when controlling for the confounding influence of socioeconomic and anthropometric 

variables. The theoretical framework of this study is presented in Figure 4.3.1 

 

 

 

 

 

 

 

 

Figure 4.3.1 Theoretical framework of this study is based on the conceptual framework 

of the research. The straight line represents direct influence; the dotted line represents 

confounding influence.   
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4.3.2 Abstract 

This study examined the association between dietary patterns, nutrition knowledge, and 

lifestyle with blood pressure (BP) in a sample of Australian adults. Adults with normal 

and high BP were included in a cross-sectional study. Dietary intake data were collected 

using a food frequency questionnaire. Nutrition knowledge and lifestyle surveys were 

included in the questionnaire. Dietary patterns were extracted using factor analysis 

followed by cluster analysis. Associations were analysed using logistic regression. Four 

hundred and seven participants were included. Three dietary patterns were identified: 

Western; Snack & Alcohol; and Balanced. Participants with high BP had a higher intake 

of Western and a lower intake of Balanced dietary pattern. A significant and higher 

frequency of discretionary foods and oils consumption, as well as lower nutrition 

knowledge score and activity frequency, were observed in the high BP group. 

Regression analysis indicated that the intake of Western and Snack & Alcohol dietary 

patterns increases the likelihood of having high BP by 2.40 (95% confidence interval 

(CI): 1.28–4.49) and 2.76 (95% CI: 1.52–5.00), respectively, when nutrition knowledge 

and lifestyle were controlled for as moderator variables. The likelihood of high BP was 

not associated with nutrition knowledge, but increased with physical inactivity. This 

study indicates that poor dietary patterns and inactivity are associated with increased the 

likelihood of high BP, and the association is not influenced by nutrition knowledge. 

These findings indicate the importance of developing public health strategies with an 

emphasis on improving the dietary patterns of individuals in order to prevent and 

control high BP in Australian adults.        

 

4.3.3 Introduction 

Hypertension (HTN) is increasingly prevalent, affecting ~ 1 billion people globally 

(World Health Organization, 2014a). In Australia, 32% of adults has been medically 

diagnosed as hypertensive (Australian Bureau of Statistics, 2013a). Characterised by 

high blood pressure (BP), HTN increases the risk of developing chronic diseases such 

as cardiovascular, renal and kidney disease (Chobanian et al., 2003). It is considered a 

major contributor to the increased rate of morbidity and mortality, and significantly 

adds to the economic burden of disease (Heidenreich et al., 2011). For this reason, 

prevention and control of high BP are global public health priorities. Poor dietary 
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patterns (high sodium, fat and alcohol, and low fruit and vegetable intake) are major 

modifiable risk factors of HTN (Chobanian et al., 2003). Understanding the relationship 

between dietary patterns of a population and high BP is important in order to develop 

successful strategies that aim to prevent or control HTN at the population level.       

Previous literature suggests a strong association exists between Western-style dietary 

patterns (high salt, high fat, low vegetables dietary intake) and increased risk of HTN 

and cardiovascular disease (Bailey et al., 2007; Sun et al., 2014). In contrast, a well-

balanced diet, low in salt and SFA, and high in fruit and vegetables (DASH-type dietary 

patterns) can have cardiovascular protective effects (Bailey et al., 2007; Suliga et al., 

2015). Several factors affect the food choices individuals make (such as availability of 

food and resources, beliefs and financial matters) (Deliens, Clarys, De Bourdeaudhuij, 

& Deforche, 2014; Hankonen, Absetz, Kinnunen, Haukkala, & Jallinoja, 2013). 

Nutrition knowledge can also have an important role in food choices and dietary 

behaviour (Wardle et al., 2000). Individuals with a better nutrition knowledge may 

make healthier food choices, and thus are often reported to have a lower risk of HTN 

and cardiovascular disease (Chobanian et al., 2003; Wardle et al., 2000). However, it is 

not clear if nutrition knowledge is a critically important factor for adherence to dietary 

patterns that determine the risk of HTN in a population.  

Complicating the issue, other unhealthy lifestyle behaviours (physical inactivity, 

smoking, and high alcohol consumption) are also associated with high BP (Chobanian 

et al., 2003; Papathanasiou et al., 2015). It is, therefore, difficult to determine the impact 

dietary patterns alone have on the development of high BP, as HTN often develops 

because of a combination of factors (3).  

Based on the Individual and Family Self-management Theory (IFSMT) (Ryan & Sawin, 

2009), self-efficacy is a core aspect of behavioural change (Bandura, 1997). Knowledge 

is an important determinant of self-efficacy (Bandura, 1986) and individuals with better 

nutrition knowledge can be more successful in initiating diet and lifestyle modifications. 

Successful dietary and lifestyle behaviour change can increase an individual’s 

confidence and self-efficacy for improvements in behaviour, which in turn can result in 

lower BP and a reduced likelihood of HTN (Bandura, 1997; Baranowski et al., 2003) 

(Figure 4.3.2). It was hypothesised that differences in dietary patterns, nutrition 

knowledge and lifestyle factors exist between individuals with high and normal BP in a 
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sample of Australian adults. Furthermore, it was hypothesised that the above-mentioned 

variables can be critical determinants of high BP.  

 

 

 

 

 

 

 

 

 

Figure 4.3.2 The conceptual framework of the study based on the Individual and 

Family Self-Management Theory 
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Active classes; and Griffith University. Residents of the City of Gold Coast were also 

invited to participate in the study. Data were collected between August and December 

2014. High BP was defined as systolic blood pressure ≥140 mmHg and/or diastolic 

blood pressure ≥ 90 mmHg (3), or those medically diagnosed to have high BP. 

Individuals who could not provide consent to the study, had neurological impairments 

or severe mental conditions were excluded. Individuals with secondary HTN (caused by 

other conditions such as kidney or endocrine problems) were also excluded. Before data 
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medical history. Ethics approvals were obtained from the Gold Coast University 

Hospital and Griffith University before conducting the study (HREC Reference 

Number: HREC/14/QGC/115).    

Data were collected using a survey consisting of 13 sections that contained a total of 

150 items. The survey was designed to take ~ 25 minutes to complete. A Food 

Frequency Questionnaire (FFQ) was also completed by participants as a part of the 

survey. This FFQ was a modified and shortened version of the one developed in 

Blue Mountains Eye Study (Barclay et al., 2008; Flood et al., 2004; Smith et al., 1998). 

A total of nine sections with 43 questions were included in the modified FFQ. Food 

items considered in the FFQ were the major and commonly consumed food items. Each 

item was presented with an amount as a unit of consumption. The FFQ was presented 

with a 10-point scale (from never to 3-4 times per day). Individuals were asked to report 

the frequency of consumption over the last 12 months in daily, weekly or monthly 

format. The FFQ used in this study was validated against a sample of thirty 3-day food 

records. A Cronbach’s α of 0.68 indicated acceptable reliability, with a between-

measures correlation of 0.39–0.69. The Bland-Altman plots also demonstrated relative 

agreement in both instruments.  

A nutrition knowledge questionnaire was completed by participants. The questionnaire 

was a modified and shortened version of that developed by Hendrie et al. (2008). It 

consisted of 13 questions containing 26 items, with the focus on diet and BP. Physical 

activity, smoking and drinking habits, as well as diet and exercise self-efficacy 

questionnaires were used to assess lifestyle. The self-efficacy of diet and exercise 

questionnaire used was a shortened and modified version of the one developed by Sallis 

et al. (1988). Anthropometry and sociodemographic questions were also included in the 

questionnaire. For ease of completion, questionnaires were available for participants to 

complete in either paper or digital (online) format.  

 

Sample size calculation 

The sample size was calculated considering the prevalence of HTN in Australia (P = 

32%) (Australian Bureau of Statistics, 2013a). Using the absolute error or precision (d) 

of 0.05 and α = 0.05 (Charan & Biswas, 2013), the sample size was calculated from the 

equation  
𝑍

1−
𝛼
2

2

𝑑2 𝑝(1 − 𝑝) (Charan & Biswas, 2013). A total of 322 participants were 
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required for the study. The convenience sampling method of this study allowed the 

inclusion of the required number of participants. The data collection was continued to 

420 participants to include an additional 30% to account for those with non-complete or 

missing survey responses. The sample size required to test the association of nutrition 

knowledge, dietary patterns and lifestyle with HTN was estimated considering 54% 

HTN prevalence in individuals following a western-style dietary pattern (Sun et al., 

2014). Using Gpower software version 3.0 (Heinrich Heine Universitat, Dusseldorf, 

Germany) with 90% power and α = 0.05 a sample size of 284 participants was 

considered an adequate sample to examine the association.   

 

Statistical analysis 

Cross-tabulation of all factors against sociodemographic factors was conducted to 

explore the non-representative items. These items were grouped with others or explored 

descriptively. Outliers were determined using boxplots and z-score (for detecting 

bivariate outliers) and Mahalanobis distance scores (for detecting multivariate outliers). 

The outliers detected were explored. If required, outliers were treated as missing values 

or replaced with mean or median values of the variable. The FFQ cases with missing 

items were imputed using multiple imputations. No systematic missing pattern was 

observed in the assessment of missing variables. Imputed variables were not 

significantly different from the original variable. Of the total 420 completed 

questionnaires, 407 questionnaires were included in this study. Questionnaires with < 

50% of the answered questions were excluded. The FFQ data were converted from 

monthly or weekly entry data into daily food intake data by using appropriate 

mathematical conversions. Nutrition knowledge was presented as scores. Body mass 

index (BMI) was calculated based on self-reported weight and height and presented as 

kg m-2. 

Differences between normal and high BP groups in dietary patterns, nutrition 

knowledge, and lifestyle variables were measured using χ2 and independent t-test 

statistical analysis methods. Nonparametric variables were assessed using Mann-

Whitney U-test. Statistical significance was accepted at p < 0.05. Dietary patterns were 

derived using explanatory factor analysis with Varimax rotation. The daily consumption 

of food items was entered in order to complete factor analysis. Before this, food 

frequencies were log-transformed if they were not normally distributed. The internal 
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correlation was also examined using Pearson’s correlation. Factor analysis sample 

adequacy was measured by the Kaiser-Meyer-Olkin test. A Kaiser-Meyer-Olkin level > 

0.50 suggests adequate sample size for factor analysis. Scree plot was used to determine 

the meaning redundancy and extract required factors. Factor loading ≥ 0.30 was 

considered to determine items belonging to extracted factors. When a food item was 

loaded in more than one factor, the factor with the highest loading was used for 

allocation of the food. The internal consistency of the FFQ and extracted factors were 

examined using Cronbach’s α. Cluster analysis was used to identify the dietary patterns.  

Food Frequency Questionnaire data were converted to daily energy and nutrient intake 

using FoodWorks version 7 dietary analysis software (Xyris Software, High Gate Hill, 

Qld, Australia). Differences in macro- and micronutrient composition between dietary 

patterns were analysed using analysis of variance with Bonferroni post hoc (parametric 

variables) or independent-samples tests with Kruskal-Wallis test (for nonparametric 

variables). Macro- and micronutrient intake differences between normal and high BP 

groups were measured using independent samples t-tests, or Mann-Whitney U-test. 

Statistical significance was accepted at p < 0.05. All variables were presented in 

frequency (%), mean (95% confidence interval (CI)), or median (percentile), with a 

similar variance for comparisons.      

 

The association between dietary patterns, nutrition knowledge, and lifestyle with HTN 

Based on the conceptual framework (Figure 4.3.2) and the Individual and Family Self-

Management Theory explained in the introduction section, a hierarchical model is used 

for regression analysis (Victora et al., 1997). In model 1, the association of nutrition 

knowledge and the likelihood of HTN is investigated. Dietary patterns, lifestyle and 

self-efficacy are excluded from this model as they are partially influenced by nutrition 

knowledge. In the second model of analysis, the influence of dietary patterns and 

lifestyle variables were added to nutrition knowledge and their association with HTN 

was examined. The self-efficacy variable was added in model 3 and its association with 

HTN was explored. All models were adjusted for the confounding association of 

sociodemographic variables and anthropometry measures. Sampling units were also 

controlled in the regression analysis. Only variables with significant bivariate 

differences (Table 4.3.1) between high and normal BP groups were entered in 

regression modelling. Nutrition knowledge and dietary patterns were entered into the 
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model, even if their difference did not reach a statistically significant level. For each 

variable, the relative risk (RR) of developing HTN was calculated using cross-

tabulation. For categorical variables, RR was calculated for each category compared to 

the rest. For continuous variables, RR is presented as RR for the group with measures ≥ 

median compared to the group with measures < median of the variable.  

 

4.3.5 Results 

Descriptive characteristics  

Of the total 407 participants, 67% (n = 276) were hypertensive. Characteristics of 

participants are presented in Table 4.3.1. The majority of individuals were in the 40-65 

years of age group, with high BP group having a higher frequency of adults ≥ 65 years 

of age. Gender proportions were not significantly different between the two groups. The 

majority of individuals were Caucasian and married or de facto. College or university 

and postgraduate degrees were more frequent in the normal BP group. Annual income 

level < $20,000 and retirement status were more frequent in the high BP group. High 

BP individuals were from both Clinical and Community sampling units, however, the 

majority of normal BP participants were from Community sampling unit.  

 

Bivariate differences   

Nutrition knowledge (Table 4.3.2) was significantly higher in adults with normal BP 

compared to those with high BP. Duration of vigorous physical activity was also 

significantly higher (by 1.3 hours per week) in the normal BP group. In contrast, a 

lower duration of sitting activity was observed in the normal BP group. A similar 

pattern was observed in physical activity status, with normal BP group being more 

active. These findings were partially confirmed by the significantly higher BMI and 

lower self-efficacy of exercise score in the high BP group. A significantly higher 

frequency of non-smokers also observed in the normal BP group.  

Food items were classified into different food groups (Table 4.3.3). A significantly 

lower number of daily serves for discretionary foods and oils were observed in the 

normal BP group. In contrast, normal BP individuals were drinking more water 

compered to high BP individuals. Although added salt intake was higher in adults with 
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high BP, the difference was not statistically significant. Comparisons against the 

Australian Dietary Guidelines indicated both normal and high BP groups having lower 

intakes of all main food groups except the fruit group. In contrast, their intake of 

discretionary food items (in addition to added oil) was higher than the servings 

recommended by the Australian Dietary Guidelines.  

 

Table 4.3.1 Characteristics of individuals with normal and high BP  

Characteristics of included participants  Normal BP High BP  χ2 p-value 

Number of participants 131 (33) 276 (67)   

Age (years)   64.95 0.00 

18 – 39 

40 – 65 

> 65 

48 (36.6) 

59 (45.0) 

24 (18.3) 

18 (6.5) 

142 (51.4) 

116 (42.0) 

  

Gender 

Male 

Female 

 

53 (40.5) 

78 (59.5) 

 

115 (41.3) 

239 (58.7) 

0.54 0.81 

Ethnicity  

Caucasian 

Asian 

Other  

 

106 (82.2) 

14 (10.9) 

9 (7.0) 

 

247 (92.2) 

13 (4.9) 

8 (3.0) 

8.83 0.01 

Marital status  

Married, de facto 

Divorced, widowed, separated 

Never been married   

 

93 (71.0) 

19 (14.5) 

19 (14.5) 

 

182 (66.2) 

73 (26.5) 

20 (7.3) 

10.81  0.00 

Highest level of education 

Elementary school, high school 

College/ University degree 

Postgraduate Masters or PhD 

 

44 (33.6) 

44 (33.6) 

43 (32.8) 

 

140 (50.7) 

100 (36.2) 

36 (13.0) 

23.85 0.00 

Income  

Less than 20k 

20k-59999 

≥ 60k 

 

50 (38.8) 

44 (34.1) 

35 (27.1) 

 

152 (55.5) 

65 (23.7) 

57 (20.8) 

9.92 0.00 

Employment 

Full-time 

Part-time 

Unemployed or student 

Retired  

 

59 (45.4) 

26 (20.0) 

23 (17.7) 

22 (16.9) 

 

79 (28.7) 

36 (13.1) 

34 (12.4) 

126 (45.8) 

31.88 0.00 

Number of people in household  

Single person  

Medium size household (2-4 people) 

Large size household ( ≥ 5 people) 

 

18 (14.1) 

94 (73.4) 

16 (12.5) 

 

53 (19.7) 

198 (73.6) 

18 (6.7) 

4.96  0.08 

Health or nutrition related qualification 

Yes 

No 

 

27 (20.8) 

103 (79.2) 

 

61 (22.4) 

211 (77.6) 

0.14 0.70 

Sampling units     
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Clinical participants 

Community participants 

Active classes 

19 (14.8) 

100 (78.1) 

9 (7.0) 

118 (43.7) 

133 (49.3) 

19 (7.0) 

33.30 0.00 

Values are total number of participants (%).
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Table 4.3.2 Difference between normal and high BP groups in physical activity, nutrition knowledge, HRQoL, self-efficacy, BMI, waist 

circumference and behavioural risk factors   

Variables Normal BP High BP t or χ2 p-value 

Nutrition knowledge score (out of 100) a 68.27 (65.92-70.61) 65.22 (63.60-66.83) -2.15 0.03 

Physical activity (h per week) a 

Vigorous  

Moderate  

Light  

Sitting activity  

Sleeping or reclining  

 

3.68 (2.45-4.84) 

7.15 (5.82-8.47) 

24.72 (21.04-28.41) 

24.95 (22.00-27.90) 

47.07 (43.97-50.17) 

 

2.38 (1.80-2.97) 

7.13 (6.17-8.09) 

20.99 (18.43-23.55) 

28.46 (26.44-30.77) 

48.10 (46.05-50.15) 

 

-1.99 

-0.32 

-1.42 

1.88 

0.82  

 

0.04 

0.74 

0.15 

0.07 

0.41 

Physical activity status, n (%) 

Rigorous 

Moderate 

Sedentary 

 

32 (25.4) 

59 (46.8) 

35 (27.8) 

 

27 (10.1) 

156 (58.2) 

85 (31.7) 

χ2 = 15.90 0.00 

Self-efficacy a  

Diet (out of 100) 

 

74.03 (71.25-76.80) 

 

71.5 (69.26-73.73) 

 

-1.07 

 

0.28 

Exercise (out of 100) 70.89 (67.06-74.71) 64.80 (61.87-67.71) -2.27 0.02 

BMI (kg m-2) a 26.08 (25.07-27.08) 28.95 (28.08-29.80) 4.11 0.00 

Waist circumference (cm) a 86.04 (80.92-91.17) 93.34 (88.32-98.35) 1.84 0.06 

Smoking, n (%) 

No 

Used to  

Yes 

 

96 (76.2) 

17 (13.5) 

13 (10.3) 

 

155 (61.3) 

70 (27.7) 

28 (11.1) 

χ2 = 10.23 0.00 

Drinking, n (%) 

Never 

Often 

Sometimes 

Used to 

 

60 (46.5) 

13 (10.1) 

39 (30.2) 

17 (13.2) 

 

116 (45.8) 

29 (11.5) 

77 (30.4) 

31 (12.3) 

χ2 = 0.21 0.97 

Stress, n (%) 

Never/occasionally  

Often/sometimes 

 

 

69 (55.2) 

56 (44.8) 

 

141 (57.1) 

106 (42.9) 

χ2 = 0.12 0.74 

a Values presented as mean (CI, confidence interval). The remainder are presented as frequency (%).  
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Table 4.3.3 Daily intake of food groups in individuals with normal and high BP  

Food groups  Normal BP (n = 128) High BP (n = 270) U, t, χ2 p-

value 

ADG 

Recommendations 

(serving size) 

Milk, yoghurt, cheese and/or  

their alternatives 

1.55 (0.94-2.46) 1.62 (1.11-2.64) U = 15890 0.19 2.5-4 

Fruit a 2.24 (1.96-2.53) 2.14 (1.95-2.32) t =  -0.641 0.51 2 

Vegetables and legumes/beans a 2.69 (1.13-2.89) 2.64 (1.95-3.91) U = 17040 0.82 5-6 

Lean meats and poultry, fish, eggs, tofu, nuts and 

seeds and legumes/beans a 

1.45 (1.10-2.10) 1.35 (0.99-1.99) U = 15674 

 

0.13 2-3 

Grain (cereal) foods, mostly wholegrain and/or high 

cereal fibre varieties 

2.43 (2.15-2.71) 2.65 (2.51-2.87) t = 1.41 0.15 3-6 

Discretionary foods (high sugar foods such as  jam 

and syrup; high-fat foods such as pizza, meat patties, 

sausages, crisps, bacon; high sugar and fat foods 

such as cake and biscuits)  

1.84 (1.54-2.04) 2.14 (1.99-2.32) t = 2.06 0.04 0-2.5 

Non-alcoholic beverages (coffee, tea, soft drink) 2.58 (2.28-2.89) 2.58 (2.40-2.76) t = 0.01 0.99  

Water (n=287) 

Less than 6 cups (%) 

6 cups and more (%) 

 

48.2 

51.8 

 

60.7 

39.3 

χ2 = 4.31 0.03  

Oil (all kind) 1.30 (1.11-1.48) 1.79 (1.64-1.95) t = 4.00 0.00  

Added salt a 0.14 (0.03-0.14) 0.36 (0.07-0.79) U = 15391 0.07  

Alcohol a 0.22 (0.03-0.72) 0.20 (0.03-1.00) U = 17224 0.95  

Probiotics a 0.01 (0.0-0.14) 0.00 (0.0-0.14) U = 16985 0.74  

Values are presented as mean (95% confidence interval) or a median (25th –75th percentile) daily intake (serving size). 
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Table 4.3.4 Factor analysis results 

Bolded food items are loaded in each factor 

Food items Factor 1 

Western 

style foods 

Factor 2 

Vegetables 

& seafood 

Factor 3 

Alcohol & 

processed 

meat 

Factor 4 

Snacks 

Factor 5 

Rice & 

pasta 

Bread .656 -.208 .121 .092 .015 

Jam, marmalade, syrup .614 -.148 -.052 .104 .091 

Cheese .550 -.040 .112 .088 .010 

Cake, chocolate .548 .006 -.071 -.100 .242 

Butter, margarine .490 -.190 .336 .105 -.049 

Red meat .481 .244 .099 -.155 -.176 

Added oil .398 .293 -.026 -.305 .296 

Chicken .344 .082 -.029 -.136 .031 

Sweet Potato .318 .287 .120 .098 -.205 

Milk .318 -.030 .077 .291 .022 

Green Cooked vegetables .088 .567 -.187 .094 .159 

Fish -.023 .558 .048 .114 -.109 

Green raw Vegetables .004 .514 -.177 .149 .025 

Seafood (prawn, crab, etc.) -.118 .483 .247 -.048 .081 

Probiotic supplement -.018 .461 .045 -.170 -.055 

Nuts -.157 .437 -.095 .051 .073 

Egg .267 .416 .232 -.071 -.214 

Tuna, canned fish -.034 .403 .158 -.033 .053 

Mushroom .177 .333 .081 .152 .071 

Spirits (whisky, vodka, etc.) -.043 .106 .642 .038 .025 

Sausage .121 -.050 .586 -.170 .071 

Bacon .066 .218 .551 -.135 -.241 

Hamburger .159 .070 .549 -.219 .034 

Beer .118 -.154 .526 .043 .007 

Wine -.102 .174 .387 .134 .186 

Pizza .019 -.066 .376 -.176 .335 

Coffee .195 .037 .213 .110 .032 

Added salt .299 .157 .042 -.576 -.081 

Biscuits .199 -.180 -.059 .543 -.026 

Tea .002 .077 -.029 .537 -.129 

Fruit (fresh) .134 .326 -.177 .455 .040 

Yoghurt .143 .192 -.006 .413 .070 

Chips, crisps .011 .026 .290 -.407 .168 

Added sugar .255 .050 -.026 -.390 .036 

Soft drink -.024 -.145 .204 -.387 .171 

Probiotic Drink -.076 .220 .109 .301 .204 

Frozen Vegetables .184 .096 .065 .207 .022 

Rice .137 .091 .091 -.051 .896 
Pasta .128 .091 .086 -.056 .892 
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Dietary patterns 

Factor analysis with Varimax rotation results are presented in Table 4.3.4. The Kaiser-

Meyer-Olkin value for factor analysis was 0.64, suggesting adequate sample size for the 

study. Eigenvalues and scree plot proposed extraction of five factors, explaining 34.5% 

of the total variance. Based on the food items, these factors were designated as: 

Western-style foods; Vegetable and seafood; Alcohol and processed meat; Snacks; and 

Rice & pasta. Two food items (coffee, and frozen vegetables) were excluded from the 

factor analysis because of low factor loading. Cronbach’s α after removing these items 

was at an acceptable level of 0.65.  

The factor analysis was followed by a cluster analysis, which revealed three clusters: 

cluster A accounted for 32% (n = 127), B for 36% (n = 145), and C for 32% (n = 126) 

of the total participant sample. Cluster A had a higher intake of Western-style foods, 

Pasta and rice, Alcohol and processed meat factors. Cluster B had a higher intake of 

Snacks, Alcohol, Vegetables and seafood. Cluster C had a moderate intake of all foods 

(Table 4.3.5).  

Energy and nutrient intake were compared among three clusters in both normal and high 

BP groups (Table 4.3.6). Cluster A had higher energy, protein, fat, carbohydrate, and 

salt intakes, and moderate alcohol intakes compared to the other clusters. Cluster B had 

moderate to high energy, protein, fat, and sodium intakes, and higher alcohol intake. 

Cluster C had a lower intake of energy, protein, fat, sodium and alcohol compared to 

other clusters. The clusters A - C were, therefore, named based on their predominant 

characteristics as: Western; Snacks & Alcohol; and Balanced dietary patterns, 

respectively. Individuals in the Western dietary pattern allocation had a significantly 

higher energy intake in both high and normal BP groups compared with individuals in 

all other allocations of dietary patterns. The lowest energy consumption reported was 

among individuals with the Balanced dietary pattern. Within the Balanced dietary 

pattern, higher energy intake was observed in normal BP compared to high BP group. 

Individuals in the Western dietary pattern had a significantly higher sodium intake in 

both high and normal BP groups. The normal BP group in the Balanced pattern showed 

the lowest sodium intake of all groups. SFA intake was significantly higher in the 

Western pattern compared to other dietary patterns and the lowest intake was in the 

Balanced dietary pattern group. The percentage of energy intake from fat and SFA was 

higher in the Western compared to other dietary patterns.    
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Table 4.3.5 Classification of subjects by cluster analysis and distribution of food factors between clusters 

Food factors High or 

normal 

BP 

Cluster A  Cluster B Cluster C F p Post hoc 

Number of 

participants 

HBP 

NBP 

97 

30 

103 

42 

70 

56 

   

Western style 

foods 

HBP 

NBP 

61.34 (57.35-65.32) 

55.91 (48.77-63.05) 

43.14 (39.72-46.57) 

36.30 (31.92-40.69) 

26.08 (23.42-28.74) 

28.49 (25.03-31.94) 

88.32 

33.13 

< 0.001 

< 0.001 

A > B***; B > C***; A > C*** 

A > B***; B > C***; A > C*** 

Vegetables and 

seafood 

HBP 

NBP 

15.71 (13.80-17.62) 

16.71 (13.10-20.31) 

18.65 (16.19-21.10) 

23.89 (20.04-27.74) 

12.95 (11.11-14.79) 

15.38 (12.87-17.90) 

6.38 

8.42 

0.00 

< 0.001 

A < B; B > C**; A > C 

A < B*; B > C***; A > C 

Alcohol and 

processed meat 

HBP 

NBP 

6.92 (4.93-8.90) 

7.61 (5.01-10.22) 

3.59 (2.87-4.30) 

3.69 (1.75-5.64) 

4.87 (3.56-6.19) 

4.28 (2.56-6.00) 

5.84 

3.58 

0.00 

0.03 

A > B**; B < C; A > C** 

A > B*; B < C; A > C  

Snacks   HBP 

NBP 

38.53 (35.91-41.15) 

42.67 (35.50-49.83) 

42.72 (39.94-45.49) 

40.66 (36.08-45.24) 

24.15 (21.27-27.03) 

21.97 (18.74-25.19) 

42.84 

27.46 

< 0.001 

< 0.001 

A < B; B > C***; A > C** 

A > B; B > C***; A > C*** 

Pasta and rice HBP 

NBP 

4.29 (3.56-5.01) 

6.81 (3.75-9.88) 

2.89 (2.30-3.48) 

3.11 (2.36-3.86) 

3.46 (2.68-4.24) 

4.77 (3.52-6.02) 

5.50 

4.43 

0.01 

0.01 

A > B**; B < C; A > C 

A > B*; B < C; A > C 

Data are presented as mean (95% confidence interval), *p-value < 0.05; **p-value < 0.01; ***p-value < 0.001. 
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Table 4.3.6 Distribution of energy, micro- and macronutrients among three dietary patterns in normal and high BP groups 

Nutrients High or 

Normal 

BP  

Western pattern   Snacks & Alcohol pattern  Balanced pattern  F,U p-value 

Energy (kJ) HBP 

NBP 

9421.56 (8928.16-9914.97) a 

9735.11 (8801.30-10668.92) a 

7535.76 (7092.16-7979.36) b 

7840.95 (7158.504-8523.39) b 

5639.13 (5288.09-5990.17) c 

6362.27 (5920.07-6804.47)* c 

F = 62.71 

F = 26.61 

< 0.001 

< 0.001 

Macronutrients        

Protein (g) HBP 

NBP 

107.84 (101.14-114.53) a 

111.91 (100.62-123.19) a 

90.56 (84.86-96.26) b 

89.89 (82.05-97.74) b 

67.79 (63.32-72.27)* c 

77.48 (71.57-83.39) bc 

F = 40.15 

F = 18.27 

< 0.001 

< 0.001 

Fat (g) HBP 

NBP 

92.35 (86.13-98.57) a 

85.96 (77.68-94.23) a 

65.90 (61.77-70.06) b 

72.97 (65.45-80.48) b 

47.93 (44.38-51.48) c 

53.58 (48.86-58.30) c 

F = 73.58 

F = 25.31 

< 0.001 

< 0.001 

SFA (g) HBP 

NBP 

35.31 (33.06-37.56) a 

32.92 (28.99-36.85) a 

26.10 (24.27- 27.93) b 

26.10 (23.37-28.83) b 

18.14 (16.68-19.60) c 

21.26 (18.95-23.57)* c 

F = 69.66 

F = 15.98 

< 0.001 

< 0.001 

PUFA (g) ǂ HBP 

NBP 

11.39 (8.85-14.56)a 

11.66 (8.90-14.67) a 

8.36 (6.19-10.63) b 

9.84 (7.44-12.87)* a 

6.14 (4.72-8.08) c 

6.56 (5.18-9.14) b 

χ2 = 78.75 

χ2 = 35.45 

< 0.001 

< 0.001 

MUFA (g) ǂ HBP 

NBP 

34.64 (27.76-46.17) a 

33.93 (28.71-41.14) a 

24.32 (18.69-31.81) b 

27.62 (23.57-34.68)* b 

19.98 (13.67-24.68) c 

20.33 (15.99-26.23) c 

χ2 = 89.07 

χ2 = 42.00 

< 0.001 

< 0.001 

Cholesterol 

(mg) 

HBP 

NBP 

383.01 (352.63-413.40) a 

391.36 (344.34-438.37) a 

308.00 (283.07-332.93) b 

308.68 (269.48-347.87) b 

239.53 (216.86-262.20) c 

248.72 (227.01-270.43) c 

F = 25.44 

F = 17.03 

< 0.001 

< 0.001 

Carbohydrate (g) HBP 

NBP 

219.71 (207.77-231.64) a 

250.58 (221.10-280.06)* a 

188.15 (174.68-201.61) b 

192.00 (170.45-213.54) b 

140.76 (129.62-151.90) c 

161.14 (146.62-175.66)* b 

F = 34.84 

F = 18.14 

< 0.001 

< 0.001 

Sugar (g) HBP 

NBP 

107.69 (99.65-115.72) a 

117.90 (98.92-136.89) a 

104.72 (95.29-114.14) a 

109.26 (96.22-122.30) a 

74.97 (67.13-82.80) b 

84.25 (74.37-94.13) b 

F = 14.63 

F = 7.64 

< 0.001 

0.001 

Starch (g)ǂ HBP 

NBP 

105.98 (77.66-132.68) a 

125.57 (94.48-152.16) a 

83.72 (54.81-99.34) b 

77.01 (49.02-104.52) b 

61.99 (45.92-80.58) c 

73.65 (41.29-101.76) bc 

χ2 = 61.50 

χ2 = 23.20 

< 0.001 

< 0.001 

Fibre (g) HBP 

NBP 

21.84 (20.15-23.54) a 

22.01 (19.50-24.52) ab 

23.96 (22.11-25.82) a 

25.74 (22.47-29.01) a 

16.41 (14.73-18.08) b 

18.09 (15.53-20.65) b 

F = 16.79 

F = 8.14 

< 0.001 

< 0.001 

Micronutrients       

Vitamins       

Thiamin (mg) HBP 

NBP 

1.11 (1.04-1.18) a 

1.15 (1.00-1.30) a 

1.14 (1.07-1.21) a 

1.13 (0.98-1.27) a 

0.74 (0.67-0.81) b  

0.79 (0.71-0.88) b 

F = 33.49 

F = 12.34 

< 0.001 

< 0.001 

Riboflavin (mg) HBP 

NBP 

2.69 (2.50-2.89) a 

2.77 (2.39-3.15) a 

2.59 (2.38-2.80) a 

2.77 (2.45-3.09) a 

1.67 (1.49-1.84) b 

2.14 (1.85-2.42)* b 

F = 27.01 

F = 5.85 

< 0.001 

0.004 
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Niacin (mg) HBP 

NBP 

62.41 (58.69-66.13) a 

64.08 (57.49-70.67) a 

51.05 (47.80-54.30) b 

51.11 (46.43-55.79) b 

39.52 (36.91-42.13) c 

46.90 (42.86-50.94)* bc 

F = 41.54 

F = 11.88 

< 0.001 

< 0.001 

Vitamin C (mg) ǂ HBP 

NBP 

145.31 (90.42-209.63) a 

146.61 (95.49-246.53) a 

167.19 (114.00-253.70) a 

194.95 (126.58-282.58) a 

114.10 (58.74-177.92) b 

125.81 (70.96-205.72) a 

χ2 = 16.37 

χ2 = 11.64 

< 0.001 

0.003 

Vitamin D (μg) HBP 

NBP 

4.50 (4.14-4.86) a 

4.58 (3.92-5.24) a 

3.69 (3.37-4.01) b 

3.83 (3.28-4.37) ab 

2.46 (2.21-2.71) c 

3.27 (2.80-3.74)* b 

F = 34.42 

F = 5.51 

< 0.001 

0.005 

Vitamin E (mg) ǂ HBP 

NBP 

11.77 (9.47-14.95) a 

11.28 (9.40-13.70) a 

9.23 (7.95-12.17) b 

11.71 (9.71-13.81)* a 

8.24 (5.79-9.75) b 

8.31 (6.77-9.75) b 

χ2 = 47.69 

χ2 = 40.08 

< 0.001 

< 0.001 

Folate total (μg) HBP 

NBP 

424.11 (395.74-452.49) a 

425.05 (367.84-482.25) a 

511.42 (476.90-545.94) b 

536.64 (486.79-586.49) b 

297.32 (268.47-326.17) c 

343.95 (306.56-381.34)* a 

F = 41.83 

F = 19.87 

< 0.001 

< 0.001 

Folic acid (μg) HBP 

NBP 

17.37 (14.44-20.30) a 

18.67 (11.36-25.98) ab 

26.43 (22.78-30.08) b 

27.78 (19.18-36.38) a 

14.15 (10.69-17.60) a 

16.71 (12.35-21.06) b 

F = 13.92 

F = 3.43 

< 0.001 

< 0.001 

Vitamin A (μg)ǂ HBP 

NBP 

1588.36 (1230.32-2346.38) a 

1994.68 (1392.26-2662.48) ab 

1756.73 (1215.39-2346.38) a 

2723.43 (1692.94-3167.43)* b 

1299.20 (680.49-1943.28) b 

1713.69 (1064.12-2309.48)* 

ac 

χ2 = 19.63 

χ2 = 13.70 

< 0.001 

0.001 

Retinol (μg) HBP 

NBP 

503.56 (464.92-542.20) a 

487.55 (416.30-558.79) a 

381.62 (349.07-414.17) b 

369.90 (321.15-418.64) b 

250.64 (222.19-279.09) c 

317.04 (270.34-363.73)* bc 

F = 47.58 

F = 9.53 

< 0.001 

< 0.001 

Beta-carotene 

(μg) ǂ 

HBP 

NBP 

6817.04 (4610.02-10828.71) a 

8992.46 (5836.87-13410.67) a 

8280.77 (5068.65-12690-94) a 

13161.67(7805.60-16896.79)*b 

5661.04 (3103.15-9659.86) b 

8581.31 (4503.63-

11915.11)*a 

χ2 = 10.84 

χ2 = 13.42 

0.004 

0.001 

Minerals       

Sodium (mg) ǂ HBP 

NBP 

3296.22 (2371.06-4426.96) a 

3348.23 (2270.34-4282.09) a 

1821.21 (1314.14-2444.60) b 

1599.97 (1260.91-2493.28) b 

1743.22 (1100.45-2777.24) b 

1432.29 (1067.52-2213.72) bc 

χ2 = 74.83 

χ2 = 31.84 

< 0.001 

< 0.001 

Potassium (mg) HBP 

NBP 

3643.93 (3411.48-3876.38) a 

3703.48 (3314.76-4092.20) a 

3724.42 (3461.80-3987.02) a 

4009.06 (3634.73-4383.40) a 

2544.26 (2340.86-2747.67) b 

3001.92 (2729.61-3274.23)* b 

F = 25.01 

F = 11.03 

< 0.001 

< 0.001 

Magnesium (mg) HBP 

NBP 

427.55 (400.31-454.79) a 

434.53 (384.87-484.19) a 

383.70 (356.27-411.13) a 

423.89 (380.05-467.73) a 

280.40 (255.05-305.74) b 

349.90 (311.48-388.32)* b 

F = 26.47 

F = 4.98 

< 0.001 

0.008 

Calcium (mg) HBP 

NBP 

1113.70 (1028.84-1198.57) a 

1122.41 (958.97-1285.84) a 

1073.92 (976.29-1171.55) a 

1110.76 (967.90-1253.61) a 

645.03 (575.78-714.29) b 

813.22 (702.81-923.63)* b 

F = 29.00 

F = 7.66 

< 0.001 

0.001 

Phosphorus (mg) ǂ HBP 

NBP 

1585.22 (1299.73-1966.97) a 

1715.03 (1497.15-1967.12) a 

1359.68 (1132.96-1742.36) b 

1394.41 (1199.67-1739.62) b 

1028.34 (814.62-1239.80) c 

1191.46 (1019.70-1470.11)*c 

χ2 = 73.45 

χ2 = 23.56 

< 0.001 

< 0.001 

Iron (mg) HBP 

NBP 

11.61 (10.81-12.41) a 

11.66 (10.37-12.95) a 

11.68 (10.78-12.58) a 

12.18 (10.87-13.49) a 

8.18 (7.41-8.95) b 

8.85 (7.96-9.73) b 

F = 18.98 

F = 11.68 

< 0.001 

< 0.001 
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Zinc (mg) HBP 

NBP 

13.77 (12.81-14.74) a 

13.68 (12.16-15.20) a 

11.57 (10.82-12.31) b 

11.87 (10.72-13.02) a 

8.58 (7.87-9.28) c 

9.58 (8.84-10.32) b 

F = 34.25 

F = 14.97 

< 0.001 

< 0.001 

Iodine (μg) HBP 

NBP 

167.69 (153.23-182.14) a 

175.23 (148.86-201.59) a 

147.99 (134.51-161.46) a 

158.79 (136.83-180.74) ab 

97.23 (85.78-108.68) b 

131.60 (111.89-151.32)* b 

F = 24.41 

F = 3.98 

< 0.001 

0.021 

Caffeine (mg) HBP 

NBP 

277.48 (238.83-316.14) 

282.10 (206.84-357.37) a 

257.91 (228.98-286.83) 

281.63 (226.98-336.28) a 

166.94 (133.08-200.81) 

250.81 (194.83-306.79)* a 

F = 10.11 

F = 0.39 

< 0.001 

0.67 

Alcohol (g) ǂ HBP 

NBP 

2.06 (0.29-11.29) a 

3.51 (0.71-14.80) a 

3.78 (0.29-9.67) b 

3.51 (0.71-8.83) a 

1.38 (0.00-10.26) a 

1.66 (0.00-8.28) a 

χ2 = 1.70 

χ2 = 3.32 

0.42 

0.18 

% kJ from protein HBP 

NBP 

19.53 (18.85-20.21) a 

19.63 (18.49-20.77) a 

20.56 (19.88-21.24) a 

19.75 (18.69-20.81) a 

20.72 (19.74-21.70) a 

21.05 (19.89-22.21) a 

F = 2.88 

F = 2.01 

0.05 

0.13 

% kJ from fat HBP 

NBP 

36.05 (34.86-37.24)* a 

32.92 (31.29-34.52) a 

32.60 (31.55-33.65) b 

34.33 (32.69-36.19) a 

31.46 (30.16-32.77) b 

31.09 (29.46-32.73) b 

F = 16.03 

F = 4.38 

< 0.001 

0.014 

% kJ from SFA HBP 

NBP 

13.88 (13.37-14.40)* a  

12.53 (11.58-13.49) a 

12.84 (12.33-13.35)* b 

12.36 (11.63-13.08) a 

11.97 (11.29-12.65) b 

12.26 (11.32-13.20) a 

F = 10.83 

F = 0.08 

< 0.001 

0.91 

% kJ from CHO HBP 

NBP 

38.33 (37.09-39.57) a 

41.70 (39.51-43.89)* a 

40.30 (38.98-41.61) a 

39.39 (37.23-41.55) a 

40.38 (38.51-42.24) a 

40.95 (38.56-43.34) a 

F = 2.66 

F = 0.89 

0.07 

0.41 

% kJ from alcohol HBP 

NBP 

3.00 (1.95-4.04) a 

2.58 (1.40-3.77) a 

2.51 (1.90-3.13) a 

2.25 (1.35-3.16) a 

3.68 (2.51-4.85) a 

3.10 (1.61-4.59) a 

F = 1.44 

F = 0.48 

0.23 

0.62 

% kJ from fibreǂ HBP 

NBP 

1.82 (1.49-2.26) a 

1.72 (1.42-2.13) a 

2.43 (2.03-3.04) b 

2.50 (2.08-3.10) b 

2.07 (1.76-2.87) c 

2.13 (1.69-2.78) c 

χ2 = 40.18 

χ2 = 18.54 

< 0.001 

< 0.001 

% fat from SFA HBP 

NBP 

41.85 (40.54-43.16) a 

41.61 (38.61-43.87) a 

43.12 (41.91-44.34) a 

39.44 (37.06-41.82) a 

41.17 (39.42-42.92) a 

42.41 (40.36-44.46) a 

F = 1.96 

F = 1.87 

0.14 

0.15 

% fat from PUFA HBP 

NBP 

14.16 (13.62-14.70) a 

14.61 (13.49-15.73) a 

14.64 (14.09-15.18) a 

15.45 (14.45-16.44) a 

14.77 (14.05-15.50) a 

14.52 (13.44-15.59) a 

F = 1.15 

F = 0.90 

0.32 

0.40 

Long chain n-3 FAǂ HBP 

NBP 

203.56 (156.77-300.95) a 

248.65 (179.13-324.77) a 

191.37 (140.86-291.83) a 

215.79 (151.79-334.09) a 

167.62 (85.03-248.36)b 

155.03 (102.11-281.46) b 

χ2 = 9.27 

χ2 = 9.05 

0.01 

0.01 
Rows with different letter present significant difference between dietary patterns in each high or normal BP group. Columns with * presents significant 

difference between normal and high BP group in each dietary pattern. ǂ Intakes presented as median (25th percentile – 75th percentile). The remainder 

intakes are presented as mean (95% confidence interval). 
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The between-group analysis of energy and nutrient intakes showed that individuals with 

normal BP in the Western pattern had a significantly higher carbohydrate intake and a 

lower percentage of energy from fat and SFA. In the Snack & Alcohol dietary pattern, 

normal BP group had significantly higher PUSFA, MUSFA, vitamin E and A intakes, 

and a significantly lower percentage of energy from SFA. In the Balanced pattern, a 

significantly lower intake of energy and thiamin, but higher intakes of protein, niacin, 

vitamin D, A, folate, retinol, potassium, calcium, and iodine were observed in the 

normal BP group (Table 4.3.6).  

The difference in the distribution of the three dietary patterns among normal and high 

BP groups was significant (χ2 = 13.63; p < 0.01). In the high BP group, 38% (n = 103) 

and 36% (n = 97) had Western and Snack & Alcohol patterns, respectively. Only 26% 

(n = 70) of individuals with high BP followed the Balanced pattern. This trend was 

different among individuals with normal BP, with the majority (n = 56; 44%) following 

the Balanced dietary pattern (n = 42; 33%). The nutrition knowledge, dietary pattern, 

and lifestyle, were compared between units of sampling (presented in Appendix B, 

Supplemental Table 1). The Community unit of sampling had a better nutrition 

knowledge, a healthier dietary pattern, and was more rigorously active (these data are 

not presented in the original manuscript).   

 

Association between variables  

Associations between dietary patterns and BP while controlling for nutrition knowledge 

and lifestyle factors are presented in Table 4.3.7. Based on the Hosmer-Lemeshow test, 

model 2 and 3 had good model fit. Nutrition knowledge alone was not a critical 

determinant of high BP. However, the odds of having high BP increased between 2 to 3 

times following the Western and the Snack & Alcohol patterns, compared to the 

Balanced pattern. Sedentary and moderate physical activity compared to vigorous 

activity increased the odds of high BP by more than two times. Smokers compared to 

non-smokers had a slightly higher odds of high BP. The self-efficacy of exercise was 

not a critical determinant of high BP. Similar associations were observed when models 

were adjusted to control the confounding variables. The increase in age and BMI 

increased the likelihood of high BP.  
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Table 4.3.7 Associations between nutrition knowledge, dietary patterns, behavioural risk factors and BP 

*p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001. Good fit models, except for model 1. Model 1 (Nutrition knowledge); Model 2 (Nutrition knowledge + 

Dietary patterns and lifestyle); Model 3 (Nutrition knowledge + Dietary patterns and Lifestyle + Self-efficacy). All adjusted models controlled for 

sociodemographic variables (age, ethnicity, marital status, education and income), anthropometry (BMI), and participants groups. Only confounding variables 

with significant regression coefficient are presented in the table. RR: relative risk. The RR for continuous variables is presented as RR for those ≥ median 

compare to the rest.      

Variable  Model 1   Model 2  Model 3 RR  

Un-adjusted 

Odds ratio (CI) 

Adjusted 

Odds ratio (CI) 

Un-adjusted 

Odds ratio (CI) 

Adjusted 

Odds ratio (CI) 

Un-adjusted 

Odds ratio (CI) 

Adjusted 

Odds ratio (CI) 

(95% CI) 

Nutrition knowledge 0.98 (0.96-1.00) 0.99 (0.97-1.02) 0.98 (0.97-1.00) 0.99 (0.97-1.02) 0.99 (0.97-1.01) 1.01 (0.98-1.03) 0.90 (0.79-1.04) 

Dietary pattern 

Western  

Snacks & Alcohol 

Balanced  

   

2.40 (1.28-4.49)* 

2.76 (1.52-5.00)* 

1.00 

 

2.06 (1.01-4.21)* 

2.32 (1.17-4.62)* 

1.00 

 

2.23 (1.17-4.26)* 

2.56 (1.39-4.73)** 

1.00 

 

2.00 (0.95-4.19) 

2.33 (1.00-5.42)* 

1.00 

 

1.19 (1.05-1.36)* 

1.07 (0.93-1.23) 

0.75 (0.63-0.89)** 

Physical activity  

Sedentary  

Moderate 

Vigorous  

   

2.36 (1.14-4.90)* 

2.52 (1.28-4.95)* 

1.00 

 

1.74 (0.72-4.18) 

2.04 (0.93-4.48) 

1.00 

 

2.12 (0.89-5.04) 

2.48 (1.20-5.13)* 

1.00 

 

1.84 (0.67-5.06) 

2.33 (1.00-5.42)* 

1.00 

 

1.08 (0.94-1.24) 

1.14 (0.99-1.31) 

0.65 (0.49-0.86)** 

Smoking 

No 

Used to  

Yes   

   

1.00 

2.18 (1.13-4.20)* 

1.45 (0.55-3.83)* 

 

1.00 

1.21 (1.80-3.80)* 

1.68 (0.52-5.44) 

 

1.00 

2.01 (0.98-4.07) 

1.47 (0.54-3.97) 

 

1.00 

1.23 (0.36-4.20) 

1.61 (0.75-3.45) 

 

0.79 (0.69-0.90)* 

1.24 (1.09-1.42)** 

1.05 (0.85- 1.30) 

Self-efficacy of 

exercise (median = 

65%) 

    1.00 (0.98-1.01) 1.00 (0.98-1.02) 0.78 (0.67-0.89)** 

Age (median = 58)  1.05 (1.03-1.09)***  1.05 (1.02-1.07)***  1.05 (1.02-1.07)** 1.40 (1.21-1.61)*** 

BMI (median = 

26.8) 

 1.08 (1.03-1.13)**  1.08 (1.03-1.14)**  1.09 (1.03-1.15)** 1.42 (1.19-1.68)*** 

Sampling unit 

Clinical  

Community 

Active classes 

  

3.56 (1.22-10.42)** 

1.54 (0.53-4.48) 

1.00 

  

4.74 (1.46-15.37)** 

2.23 (0.71-7.56) 

1.00 

  

3.57 (1.11-12.61)* 

2.47 (0.73-8.30) 

1.00 

 

1.48 (1.31-1.67)*** 

0.69 (0.60-0.78)*** 

1.00 (0.77-1.30) 

 R2 = 0.01 R2 = 0.31*** R2 = 0.12*** R2 = 0.37*** R2 = 0.11** R2 = 0.34***  
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By comparison with the Active classes sampling unit, Clinical unit increased the 

likelihood of high BP, however, the Community unit did not influence the association. 

In addition, the relative risk (RR) of high BP increased when the Western pattern was 

compared to all other dietary patterns, and reduced when the Balanced pattern was 

compared to all other patterns. Vigorous activity reduced RR of high BP compared to 

Sedentary and Moderate activity. No smoking reduced the RR of high BP and Used to 

smoke increased RR. Among confounding variables, the ≥ median score of exercise 

self-efficacy reduced the RR of high BP, and higher age and BMI increased it. When 

sampling units compared with each other, Clinical unit increased the RR of high BP and 

Community unit reduced it. Active classes unit of sampling compared to other did not 

change the RR (Table 4.3.7).      

 

4.3.6 Discussion 

This study investigated the association between dietary patterns and BP while 

controlling for nutrition knowledge and lifestyle among a sample of Australian adults. 

Three distinct dietary patterns were indicated: Western; Snacks & Alcohol; and 

Balanced. A higher frequency of Balanced dietary pattern and a lower frequency of 

Western dietary pattern were observed among the normal BP group. As the extraction of 

dietary patterns is based on food consumption reported by participants in individual 

studies, their results may not be comparable. Nevertheless, previous research has 

implicated diets high in energy, fat, and sodium with higher BP compared to healthy, 

balanced dietary habits (Bibbins-Domingo et al., 2010; Huh, Lim, Lee, Chung, & Shin, 

2015). Modifying salt (and sodium) intake can play an important role in BP 

improvement (3). A significant decrease in BP of 4 mmHg for systolic and 1.5 mmHg 

for diastolic BP with an intervention involving dietary sodium modification can be 

expected (Aburto et al., 2013). Daily median sodium intake associated with the Western 

dietary pattern in this study was ~ 3300 mg per day. This is 1.5 times higher than the 

upper limit of 2300 mg recommended by the Heart Foundation (Heart Foundation 

Australia, 2009) and more than two times the recommended 1500 mg of sodium intake 

specified for individuals at risk of cardiovascular disease (Heart Foundation Australia, 

2009). This is particularly important as more than one-third of high BP participants in 

this study were following a Western dietary pattern with high salt content.  
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In addition, participants of high and normal BP in all three dietary patterns had a high 

SFA intake. The Heart Foundation Australia recommends a SFA intake of < 7-10% of 

an individual’s total energy intake (Heart Foundation Australia, 2009). Participants of 

all three dietary patterns reported intakes of 12-14% of their total energy from SFA; 

almost two times the recommended intake. The lowest percentage of total energy intake 

from SFA observed was in participants following a Balanced dietary pattern (11.9%) 

and the highest value was reported with the Western dietary pattern (13.9%). The 

association between SFA intake and risk of HTN is supported by previous literature 

(Djoussé et al., 2006; Oh, Hu, Manson, Stampfer, & Willett, 2005). A reduction in 

endothelium function and activation of the sympathetic nervous system are the proposed 

mechanisms for the effect of SFA on BP (Valensi, 2005). Nevertheless, there is a need 

to tackle high SFA intake among Australians to prevent and control HTN.  

In general, normal BP individuals had better nutrition knowledge, lower discretionary 

food and oil intakes and lower added salt intakes compared with the high BP group. 

Better nutrition knowledge is likely to result in healthier dietary intake (Geaney et al., 

2015; Wardle et al., 2000). Food choices can be affected by many factors, including 

sociodemographic and cultural influences as well as nutrition knowledge (Land et al., 

2014; Wardle et al., 2000). Based on the Knowledge-Attitude-Behaviour approach, 

better nutrition knowledge may be associated with healthier food choices (Contento, 

2008). However, the results of this study did not show associations between nutrition 

knowledge and high BP, suggesting that nutrition knowledge alone may not be a 

significant determinant of HTN. 

Essential HTN is a multifactorial disease (Chobanian et al., 2003). In addition to diet, 

physical inactivity is a significant contributor to the risk of HTN and other chronic 

diseases (Bohn et al., 2015; Chobanian et al., 2003). In the present study, normal BP 

individuals were more physically active than their high BP counterparts. Physical 

inactivity also increased the likelihood of high BP. A sedentary lifestyle can lead to 

increased body fat and BMI, which in turn can increase BP (Chobanian et al., 2003). 

This pattern was further confirmed by the significantly higher BMI and lower self-

efficacy of exercise observed in the high BP group in this study.  

To our knowledge, this study is one of few that has analysed the association between 

dietary patterns and BP, when controlling for nutrition knowledge and lifestyle in 

Australia. Although the results of this study are good indicators of the association, the 
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study has several limitations. It should be noted that like all observational studies based 

on a relatively small population sample, the results may not be generalizable to all 

individuals. However, a strength of this study is that it has included individuals from 

different communities and sampling units to increase the generalizability of results. 

Also, to partial out the influence of different sampling units, all regression models were 

controlled for this variable. With regard to activity status, the majority of high BP 

participants in this study were in an older demographic and may have had lower 

mobility capacity compared to the normal BP participants. Moreover, Caucasians were 

the major ethnic group in this study, thus limiting the generalizability of results to 

different ethnic groups. In addition, as many factors were included in the questionnaire, 

a short, less detailed version of the FFQ was selected. Although the FFQ was validated 

previously, there is no FFQ or other dietary assessment tools that can measure intakes of 

all possible food items accurately without some form of bias (Cade et al., 2004). 

Overall, regression analysis results of this study suggest a strong association between 

dietary patterns and risk of high BP. In addition, physical inactivity was also a 

determinant of high BP. These findings partially confirm the theoretical framework of 

this study, suggesting poor dietary patterns and physical inactivity can determine the 

risk of HTN based on the Individual and Family Self-management Theory (Ryan & 

Sawin, 2009). However, nutrition knowledge and self-efficacy of exercise did not 

appear to be critically isolated determinants of high BP. The association of poor dietary 

pattern and physical inactivity with high BP appears to be independent of nutrition 

knowledge or self-efficacy. A Western-style diet that is high in energy, sodium and 

alcohol, and a sedentary lifestyle are independent predictors of high BP. Therefore, 

public health strategies may have greater success by using interventions aiming to 

improve dietary patterns and physical activity of a population rather than focusing on 

increasing individual’s nutrition knowledge.  

Reducing the burden of HTN requires modification of poor dietary patterns, increasing 

physical activity levels and reducing the rate of overweight and obesity. However, 

further research is required to gain a better understanding of the determinants of poor 

dietary patterns via large cohort studies. Collective information from these studies may 

help target high-risk factors, and prevent or control high BP, reducing the associated 

burden of this disease.   
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4.3.7 Conclusion  

This study suggests that Australian adults with normal BP follow a healthier dietary 

pattern and have better nutrition knowledge and lifestyle compared to their high BP 

counterparts. It also confirms the association between poor dietary patterns and physical 

inactivity and the greater likelihood of having high BP while controlling for other 

behavioural and confounding factors. These results highlight the importance for health 

professionals to focus on approaches and interventions that aim to improve dietary 

patterns and physical activity of the population in order to prevent and control high BP 

in Australia.      

 

4.3.8 Additional findings  

In addition to the nutrition knowledge scores presented in the above section in Table 

4.3.2, different aspects of nutrition knowledge were compared between the normal and 

high BP participant. This comparison is particularly important to understand what 

aspect of nutrition knowledge is poorer in individuals with high BP. Four nutrition 

knowledge aspects including the Dietary Recommendations; Source of Food/Nutrients 

(foods low/high in fat, salt, fibre, SFA, and energy); Choosing Everyday Foods; and 

Diet-Disease Relationships were included in the nutrition knowledge questionnaire.  

Generally, the high BP group had a lower nutrition knowledge score in all aspects, 

except for Dietary Recommendations, compared to the normal BP group. A 

significantly lower score in the Source of Foods/Nutrients aspect was observed in the 

high BP group (60.18 ± 14.23) compared to the normal BP group (63.61 ± 15.06) (data 

presented as mean ± SD; p = 0.02). Lower scores in the Choosing Everyday Foods and 

Diet-Disease Relationship aspects were also observed in the high BP group compared to 

the normal BP group, however, differences did not reach a level of statistical 

significance (p = 0.07 and p = 0.09, respectively). These findings suggest that the lower 

general nutrition knowledge observed in high BP individuals is highly related to their 

poor knowledge of high energy, fat and salt sources of food; their understanding of 

healthier choices with respect to these components; and their relationship with HTN. 

The findings highlight the need for future educational interventions to improve these 

aspects of nutrition knowledge in hypertensive individuals in Australia. 
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Differences in the consumption patterns of the main food groups between individuals 

with normal and high BP were previously presented in Table 4.3.3. To further explore 

the differences, comparisons between high and normal BP groups and the food items 

included in each of the food groups were made (presented in Appendix B, Supplemental 

Table 2). A higher intake of cheese and bread, and lower intake of dried fruit, fresh 

green/orange vegetables, avocado, rice and pasta was observed in the high BP group 

compared to the normal BP group. In the discretionary food group, higher intakes of 

jam/marmalade/syrup, bacon, chips (crisps) and sugar, butter, margarine and added salt 

were identified in the high BP group compared to the normal BP group. In addition, our 

analysis of dietary habits and food choices between individuals with high and normal 

BP showed that the frequency of food label reading, and food-label based food choice 

was lower in the high BP group compared to the normal BP group. These results 

suggest that individuals with high BP follow unhealthy dietary behaviours. This 

supports the previous findings of the study, indicating that high BP individuals follow a 

poor Western dietary pattern.    
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4.4 Health-related quality of life differences between individuals with high and 

normal blood pressure, and its association with hypertension in a sample of 

Australian adults 

4.4.1 Preface:  

Based on the conceptual framework of this research (explained in Chapter Three, 

Section 3.2) and the literature review, an individual’s physical and mental health, or 

their HRQoL, influences HTN self-management. In addition, the Health Belief Model 

(HBM) (described in detail in this manuscript, Section 4.4.3) states that HRQoL is a 

health perception influenced by an individual’s reaction to health conditions, stress and 

illness. Therefore, the diagnosis of HTN itself may lead to an individual’s perception of 

being ill. Thus, these individuals may rate their HRQoL at a lower level. Also, physical 

and mental vulnerability to illness may differ based on age and gender differences. 

Therefore, this section explores differences in HRQoL domains between individuals 

with high and normal BP. Furthermore, the research also assesses associations between 

HTN and HRQoL domains in different age and gender divisions within these groups. 

 

Statement of contribution to co-authored published paper:  

This section includes a co-authored manuscript submitted for publication to the Journal 

of Quality of Life Research as an original research paper. The status of the co-authored 

paper, including all authors, is: Khalesi, S., Buys, N., Irwin, C., Sun, J. Hypertension 

and its association with health-related quality of life in a sample of Australian adults: 

Age and gender effects. Submitted.  
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4.4.2 Abstract 

A few studies report on an association between poor quality of life and adverse 

outcomes in individuals with high blood pressure (BP). However, differences in age and 

gender in those with high BP often result in varied health self-perceptions, requiring 

distinct levels of care. The aim of this study is to investigate differences in self-

perceived health-related quality of life (HRQoL) in individuals with normal and high 

BP from a sample of Australian adults. In addition, associations between high BP and 

HRQoL in different gender and age groups within this population sample are explored. 

Normal and high BP adults were recruited into a cross-sectional study. The Short Form 

(SF-12) Health Survey was used to measure HRQoL. Independent t-tests were 

conducted to measured differences in HRQoL based on BP status, gender and age-

related factors. Using linear regression, the associations between high BP and HRQoL 

in different gender and age groups was analysed. A total of 398 individuals participated 

in the study. Overall, lower HRQoL scores were observed in individuals with high BP. 

High BP was associated with a lower score in all domains of HRQoL, except for the 

social functioning domain. High BP was also associated with a more pronounced 

reduction in HRQoL in females compared to males and in adults ≥ 65 years of age, 

compared to those < 65 years of age. This study confirms the existence of a negative 

association between high BP and HRQoL. Females and adults < 65 years of age who 

have high BP are more likely to have a lower self-perceived HRQoL. These groups may 

require a greater deal of professional and social attention to improve HRQoL. 

 

4.4.3 Introduction 

Hypertension (HTN), or high BP, is a chronic condition and is considered to be a major  

cardiovascular disease (CVD) risk factor, and a significant contributor to the economic 

burden of disease (He et al., 2005; Heidenreich et al., 2011). The primary objective of 

HTN treatment is to control BP and reduce mortality risk (Cavalcante et al., 2007; 

Chobanian et al., 2003). However, more than half of individuals with HTN in Australia 

have not controlled their BP (Heart Foundation Australia, 2012). Uncontrolled HTN can 

increase adverse disease outcomes by increasing the risk of renal insufficiency, CVD 

and stroke (Chobanian et al., 2003).  

Health-related quality of life (HRQoL) is defined as a patient’s functioning, wellbeing 

and general health perception in physical, psychological and social domains (Suurmeijer 
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et al., 2001). Health-related quality of life is associated with the risk of chronic disease 

(Daviglus et al., 2003; Domingo-Salvany et al., 2002). Poor HRQoL may result in an 

increased number of hospital and health care visits, and contributes to the existing high 

social and clinical burden associated with HTN (Center for Disease Control and 

Prevention, 2000; Heidenreich et al., 2011). Studies investigating the relationship 

between HRQoL and HTN have reported conflicting findings. Some studies suggest 

that HRQoL is generally lower in hypertensive individuals compared to those with 

normal BP (Soni et al., 2010; Trevisol et al., 2011), while others have not identified 

differences between these groups (Mena-Martin et al., 2003). There is not a clear 

explanation for the association between high BP and HRQoL. The lower HRQoL 

observed in some studies may be related to the adverse effects of HTN or its treatment. 

Hypertension, especially in early stages of the condition (high-normal BP and stage 1), 

is asymptomatic (Wang et al., 2009). However, its progression to other complications, 

such as CVD, renal and kidney disease can increase symptoms, lower physical and 

psychological functioning and reduce HRQoL (Soni et al., 2010). The adverse effects of 

HTN medications may also lower HRQoL (Gonçalves et al., 2007).   

Based on the Health Belief Model (HBM) (Rosenstock et al., 1988), individual 

perceptions of health problems are diverse. Each individual may react very differently 

to their health condition, or to the diagnosis (and awareness) of the disease (Mena-

Martin et al., 2003). In other words, individuals have various levels of vulnerability to a 

single health problem (Rosenstock et al., 1988). According to the HBM model, 

individuals who are diagnosed with HTN may perceive that they are ill, hence, rating 

their HRQoL at a lower level (Bremner, 2002). Health perception may also vary in 

different age and gender groups, as individuals cope differently with physical and 

mental stress (Dueñas, Ramirez, Arana, & Failde, 2011; Orfila et al., 2006). For 

example, there is some evidence that lower perceptions of HRQoL exist among females 

with a chronic disease compared to males (da Rocha, Schuch, & de Almeida Fleck, 

2014; van Dam et al., 2003). Females generally overestimate their symptoms and illness 

(van Jaarsveld et al., 2002). On the contrary, males tend to have better coping 

capabilities with regards to the ill condition (Dueñas et al., 2011). Age may also 

adversely influence the physical and mental wellbeing of individuals with a chronic 

disease, as lower ratings of HRQoL are typically seen with increasing age (Dueñas et 

al., 2011).  
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The association between HTN and HRQoL has received little attention, especially in 

Australian adults. In addition, few studies have examined gender and age differences in 

this association. Based on the HBM, individuals with HTN may perceive their health 

differently, thus, rate their HRQoL at lower levels compared with individuals that have 

normal BP. We hypothesise that: a) HRQoL is lower in adults with high BP compared 

to those with normal BP; b) age and gender differences in HRQoL exist among 

individuals with high BP; and c) The association between high BP and HRQoL is 

different in males compared to females, and in adults aged 65 years and over compared 

to those younger than 65 years. Findings from this study may guide future interventions 

to assist with improving and/or maintaining HRQoL in hypertensive individuals at risk 

of diminishing HRQoL.   

 

4.4.4 Methods 

Data collection and management 

The design and data collection process of this study is explained previously in Chapter 

Three, Sections 3.3 and 3.4, and Chapter Four, Section 4.3.4. Individuals were included 

in this study if they a) were ≥ 18 years of age and b) were diagnosed with normal or 

high BP. The procedure of identifying, classifying and measuring high BP is explained 

previously in Chapter Three, Sections 3.3 and 3.4.3, and Chapter Four, Section 4.3.4. 

Individuals with severe mental conditions and neurological impairments were excluded. 

Individuals were also excluded if they could not provide informed consent to the study, 

or had secondary HTN (high BP due to other conditions such as kidney or endocrine 

problems). A medical screening questionnaire was used to determine the eligibility of 

individuals for participation in the study. The ethics approval and procedure is 

explained in Chapter Three, Section 3.6. 

Health-related quality of life was measured using the Short Form Health Survey (SF-12, 

V2) (Mancia et al., 2007). This survey measures the 2 components and 8 domains of 

HRQoL. The physical component includes physical functioning, role limitations 

because of physical health problems (role physical), bodily pain and general health 

perception domains. The mental component includes vitality, social functioning, role 

limitations because of emotional problems (role emotional) and general mental health 

domains. The questionnaire had an acceptable level of internal consistency with α of 
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0.78 (Turconi et al., 2003). All domains were scored ranging from 0 to 100. Within each 

domain, a higher score represented a better HRQoL (Ware, Kosinski, Turner-Bowker, 

& Gandek, 2002b). The HRQoL scores in all domains were descriptively compared 

with Australian norm HRQoL scores (Australian Bureau of Statistics, 1997 ).  

 

Data analysis  

Data were analysed using IBM SPSS Statistics software for Windows, Version 22.0. 

Independent sample t-tests at 5 bivariate analysis level were used to compare HRQoL in 

high vs normal BP, male vs female, and < 65 years of age vs ≥ 65 years of age groups 

(general retirement age) (Australian Bureau of Statistics, 2016). The mean differences 

in HRQoL based on age and gender were presented in Forest plot using RevMan 5.2 

(Cochrane Review Manager) software. Linear regression analysis was employed to 

explore the association between high BP and the individual domains of HRQoL. Using 

linear regression, associations between high BP and HRQoL were assessed separately in 

groups for males compared to females, and < 65 compared to ≥ 65 years of age. The 

regression models were adjusted for the confounding demographic variables with a 

significant bivariate difference between normal and high BP groups. The sampling units 

of this study were classified into Clinical, Community, and Active classes (from Gold 

Coast City Council Classes). All regression models were controlled for sampling units 

to partial out their confounding influence on the association between high BP and 

HRQoL. Statistical significance was accepted at p < 0.05.           

          

4.4.5 Results 

The participants’ characteristics are presented in Table 4.4.1. Of the 398 participants 

included in the study, 68% had high BP. Compared to normal BP participants, 

hypertensive counterparts were more frequently in the ≥ 65 years of age group and the 

majority were Caucasians. Participants with high BP were also more likely to be 

divorced, widowed or separated. The majority had high school or a lower level of 

education, and a lower level of income compared to their normal BP counterparts. 

Normal BP participants were more frequently working (part-time or full-time) and less 

frequently retired compared to high BP individuals. High BP participants also had a 

higher frequency of reported comorbidities. The majority of normal BP participants 
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were from the Community unit of sampling, but high BP participants were from both 

Clinical and Community units of sampling. Of the 270 high BP individuals, 116 

reported having comorbidities. Of these, 59 were obese, 20 had heart problems, 19 had 

multiple comorbidities and 14 reported having other conditions (diabetes, high 

cholesterol, gout, etc.). The rest of the population either did not have comorbidities or 

their information on the existence of other health conditions was missing. Among the 

high BP participant group, 88% reported taking anti-hypertensive medication (AHT) to 

control HTN. Of these, 13.5% were taking Angiotensin Converting Enzyme (ACE) 

inhibitors, 11.5% Diuretics, 16.5% Calcium Channel-Blockers, Beta-Blockers, or 

Alpha-Receptor Blockers and 58% were taking other AHT or were not aware of the 

type of medication they were taking (data not presented in tables).  

  

Table 4.4.1 Characteristics of individuals with normal and high BP  

Characteristics of included participants  Total (n 

= 398) 

Normal 

BP 

(n=128) 

High BP 

(n = 

270)  

χ2 p-value 

Age (years)    21.71 (0.00) 

< 65 

≥ 65 

259 (65) 

139 (35) 

104 (81) 

24 (19) 

155 (57) 

115 (43) 

 

Gender 

Male 

Female 

 

163 (41) 

235 (59) 

 

52 (41) 

76 (59) 

 

111 (41)  

150 (59) 

0.00 (0.93) 

Ethnicity  

Caucasian 

Other  

 

347 (89) 

41 (11) 

 

105 (83) 

21 (17) 

 

242 (92) 

20 (8) 

7.34 (0.00) 

Marital status  

Married, de facto 

Divorced, widowed, separated 

Never been married   

 

269 (68) 

91 (23) 

37 (9) 

 

91 (71) 

19 (15) 

18 (14) 

 

178 (66) 

72 (27) 

19 (7) 

10.24 (0.00)  

Highest level of education 

Elementary, high school 

College/ University degree 

Postgraduate Masters or PhD 

 

180 (45) 

140 (35) 

78 (20) 

 

43 (34) 

42 (33) 

43 (33) 

 

137 (51) 

98 (36) 

35 (13) 

24.80 (0.00) 

Income  

Less than 20k 

20k- < 60k 

≥ 60k 

 

197 (50) 

105 (27) 

92 (23) 

 

49 (39) 

42 (33) 

35 (28) 

 

148 (55) 

63 (24) 

57 (21) 

9.23 (0.01) 

Employment 

Full-time 

Part-time 

 

133 (34) 

62 (16) 

 

57 (45) 

26 (20) 

 

76 (28) 

36 (13) 

30.83 (0.00) 
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Unemployed or student 

Retired  

55 (14) 

146 (37) 

22 (17) 

22 (17) 

33 (12) 

124 (46) 

Other health conditions 

Obesity  

Heart problems 

Multiple comorbidities 

Other (e.g. diabetes, high cholesterol) 

No condition 

 

81 (45) 

26 (15) 

22 (12) 

16 (9) 

35 (19) 

 

22 (17) 

6 (5) 

3 (2) 

2 (2) 

95 (72) 

 

59 (22) 

20 (8) 

19 (7) 

14 (5) 

158 (58) 

20.95 (0.00) 

Sampling units 

Clinical  

Community  

Active classes 

 

 

137 (34) 

233 (59) 

28 (7) 

 

19 (15) 

100 (78) 

9 (7) 

 

118 (44) 

133 (49) 

19 (7) 

33.37 (0.00) 

Values are total number of participants (%). 

 

The difference in HRQoL domains between normal and high BP individuals is 

presented in Table 4.4.2. The internal consistency of the HRQoL questionnaire was 

acceptable with Cronbach's alpha of 0.78 (Turconi et al., 2003). The high BP group had 

significantly lower scores in all HRQoL physical and most mental domains compared to 

the normal BP group. The difference in the HRQoL social functioning domain indicated 

borderline statistical significance. The difference was more pronounced in the HRQoL 

physical domains compared to the mental domains, with bodily pain showing the 

highest mean score difference. Compared to Australian norm data for HRQoL 

(Australian Bureau of Statistics, 1997 ), both high and normal BP individuals had lower 

mean scores for bodily pain, general health and mental health domains. The remaining 

domains had mean scores comparable to the Australian norm data.  

Figure 4.4.1 shows the difference in HRQoL domains based on gender (a) and age 

groups (b) presented in Forest plots. Males showed a higher physical functioning, and 

lower bodily pain and vitality scores compared to females. The age group difference 

showed that adults < 65 years of age generally had better HRQoL compared to those ≥ 

65 years of age. The overall HRQoL physical and mental domain scores were compared 

across units of sampling (data presented in Appendix B, Supplemental Table 1). The 

Clinical unit of sampling had the lowest score in both HRQoL physical and mental 

domains. The Community unit had the highest score in the physical domain, and the 

Active classes unit had the highest score in the HRQoL mental domain.  
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Table 4.4.2 Difference between participants with normal and high BP in HRQoL domain scores 

Variables Normal BP 

(mean, SD) 

High BP 

(mean, SD) 

Mean difference (95% CI) t  p-value Australian population 

norm (Australian Bureau 

of Statistics, 1997 )* 

Physical domains (total) 69.26 (21.93) 55.37 (16.60) -13.89 (-18.22, -9.56) -6.32 0.00  

Physical function 79.49 (28.82) 66.32 (35.90)  -13.16 (-19.78, -6.55) -3.91 0.00 66.2 – 88.7 

Role physical 76.66 (27.32) 65.25 (32.22) -11.40 (-17.54, -5.27) -3.66 0.00 62.7 – 85.1 

Bodily pain 62.50 (37.12) 38.90 (34.89) -23.60 (-31.30, -15.89) -6.16 0.00 68.9 – 79.5 

General Health 57.68 (27.37) 51.03 (25.11) -6.64 (-12.12, -1.16) -2.53 0.01 62.7 – 74.8 

Mental domains (total) 69.21 (18.98) 62.80 (15.03) -6.41 (-10.18, -2.63) -3.35 0.00   

Vitality 55.47 (26.23) 47.29 (22.89) -8.17 (-13.51, -2.83) -3.01 0.00 60.8 – 65.2 

Social function 76.76 (29.62) 71.08 (29.81) -5.67 (-11.97, 0.61) -1.77 0.07 81.9 – 86.2 

Role emotional 80.08 (25.16) 74.44 (26.67) -5.63 (-11.17, -0.10) -2.00 0.04 76.4 – 84.7 

Mental health 64.55 (19.13) 58.40 (15.66) -6.15 (-9.98, -2.32) -3.16 0.00 76.7 – 75.3 

*The HRQoL range of 35 to 74 was used considering the mean age of the included participants. No statistical comparison was conducted 

between these variables and the scores observed in this study. Role physical: role limitation because of physical problems; Role emotional: 

role limitation because of emotional problems. 
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(a)  

(b)  

Figure 4.4.1 Forest plot of HRQoL difference in (a) males vs females, and (b) individuals < 65 years of age vs those ≥ 65 years of age. 

Data presented as mean score (SD). Role physical: role limitation because of physical problems; Role emotional: role limitation because of 

emotional problems.  *p-value < 0.05; ** p-value < 0.01. 
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Associations between high BP and HRQoL domains are presented in Table 4.4.3. The 

associations were adjusted for the confounding sociodemographic variables and 

sampling units. High BP was significantly associated with a lower score for all HRQoL 

physical domains and most mental domains in unadjusted models (Model 1). The 

association between high BP and the social functioning domain did not reach a 

statistically significant level. The association was adjusted for the confounding variables 

of ethnicity, marital status, education, income, employment, comorbidity and sampling 

units (Model 2). The inverse association of high BP with HRQoL total physical, bodily 

pain, total mental, vitality and mental health domains remained significant after 

adjusting for confounding variables. Being Caucasian compared to other ethnic groups 

was associated with a higher score of bodily pain, total mental, social functioning and 

mental health. Having elementary and high school levels of education were associated 

with a reduction in all domains except bodily pain, general health, vitality and 

role limitations due to emotional problems. Being retired was also associated with a 

lower score in all domains of physical health and the vitality domain of mental health. A 

lower level of annual income (< $20k) was only associated with a lower score of 

role limitation because of physical problems. The Clinical unit of sampling was 

associated with a lower score of physical functioning, role limitation because of 

physical problems, social functioning and role limitation because of emotional problems 

domains, along with a higher score of bodily pain and vitality.       

Associations between high BP and HRQoL domains based on different gender and age 

groups are presented in Table 4.4.4. The adjusted associations were controlled for the 

confounding sociodemographic variables and sampling units. A more pronounced 

association between high BP and lower HRQoL scores was observed among females. 

All domains of low HRQoL scores were associated with high BP, except the social 

functioning domain. Although people with high BP had a slightly lower social 

functioning score compare to people with normal BP, the association did not reach a 

statistically significant level. Adjusting for the confounding variables, the adverse 

association of high BP with both HRQoL total physical and total mental domains, as 

well as physical function, bodily pain and vitality domains remained significant. Among 

males, the inverse association between high BP and low HRQoL scores was only 

observed in total physical, bodily pain and mental health domains in the unadjusted 

model (model 1), and in total physical and mental health domains in the adjusted model 

(model 2). 
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Table 4.4.3 Association of high BP and HRQoL in all participants (n = 398) 

*p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001. Role physical: role limitation because of physical problems; Role emotional: role 

limitation because of emotional problems. 

  Physical Domains  Mental Domains 

 Total Physical Physical Function Role Physical Bodily Pain General 

Health 

Total Mental  Vitality Social 

Function 

Role 

Emotional 

Mental 

Health 

 B (95% CI) Β (95% CI) Β (95% CI) Β (95% CI) Β (95% CI) (95% CI) Β (95% CI) Β (95% CI) Β (95% CI) Β (95% CI) 

Model 1           

High BP 

(unadjusted) 

-14.4 (-18.4, -

10.4)*** 

-13.5 (-20.8, -

6.2)*** 

-12.1 (-18.7, -

5.5)*** 

-25.0 (-32.7, -

17.4)*** 

-7.1 (-12.6, -

1.5)*** 

-6.3 (-9.8, -

2.8)*** 

-8.3 (-13.3, -

3.1)** 

-5.4 (-11.8, 

0.98) 

-5.3 (-11.0, -

0.1)* 

-6.3 (-9.8, -

2.6)** 

Model 2           

High BP 

(adjusted) 

-8.4 (-12.2, -

4.6)*** 

-1.5 (-8.4, 5.3) -0.2 (-6.2, 5.9) -27.9 (-35.9, -

19.9)*** 

-4.3 (-10.1, 

1.5) 

-3.8 (-7.4, 

0.28)* 

-8.3 (-13.4, -

3.1)** 

0.2 (-6.1, 

6.6) 

-1.6 (-7.3, 

4.1) 

-5.7 (-9.5, -

1.9)** 

Ethnicity 

(Caucasian) 

4.6 (-1.0,10.2) 1.5 (-8.6, 5.3) 0.4 (-8.5, 9.3) 13.8 (2.0, 

25.5)* 

3.5 (-5.1, 

12.2) 

6.8 (1.6, 

12.0)* 

1.8 (-5.9, 9.6) 10.9 (1.5, 

20.2)* 

6.4 (-1.9, 

14.7) 

8.1 (2.5, 

13.6)** 

Marital Status 

(never married) 

-0.0 (-5.9,5.8) 0.4 (-10.1, 11.0) 2.4 (-6.9, 11.7) -2.3 (-14.6, 

10.0) 

-0.5 (-9.5, 

8.4) 

-0.3 (-5.8, 

5.1) 

1.5 (-6.6, 9.7) -3.1 (-12.9, 

6.6) 

1.0 (-7.7, 

9.8) 

-0.7 (-6.5, 

5.1) 

Education 

(Elementary/ 

High school) 

-6.15 (-9.9, -

2.3)** 

-11.7 (-18.6, -

4.8)** 

-8.6 (-14.7, -

2.6)** 

-5.3 (-13.3, 

2.7) 

1.1 (-4.7, 

7.0) 

-6.5 (-10.1, -

2.9)*** 

-3.7 (-9.1, 1.6) -9.8 (-16.2, -

3.4)** 

-5.4 (11.2, 

0.2) 

-7.0 (-10.8, -

3.2)*** 

Employment 

(Retired) 

-11.9 (-16.2, -

7.7)*** 

-13.1 (-20.8, -

5.4)** 

-10.4 (-17.2, -

3.6)** 

-9.3 (-18.2, -

0.3)* 

-15.0 (-21.6, 

-8.5)** 

-0.7 (-4.7, 

3.2) 

-9.8 (-15.8, -

3.8)** 

2.2 (-4.9, 

9.3) 

4.7 (-1.6, 

11.1) 

-0.2 (-2.9, 

5.3) 

Income (< 

$20k) 

-2.0 (-6.2, 2.11) -4.4 (-11.9, 3.06) -7.01 (-13.6, -

0.4)* 

2.8 (-5.9, 11.6) 0.6 (-5.8, 

6.9) 

-2.6 (-6.5, 

1.3) 

0.9 (-4.8, 6.8) -4.6 (-11.6, 

2.3) 

-7.9 (-14.2, -

1.7) 

-1.3 (-4.9, 

2.3) 

Existence of 

comorbidities 

(Yes) 

-5.6 (-9.3, -1.9)** -10.7 (-17.4, -4.0) -9.2 (-15.0, -

3.3)** 

-3.2 (-10.9, 

4.5) 

0.6 (-5.0, 

6.2) 

-2.6 (-6.1, 

0.8) 

3.1 (-2.0, 8.3) -7.0 (-13.2, -

0.8) 

-5.3 (-10.8, 

0.1) 

1.2 (-2.9, 

5.3) 

Sampling unit 

(Clinical) 

-2.5 (-6.7, 1.7) -13.8 (-21.5, -

6.1)*** 

-16.8 (-23.6, -

10.0)*** 

17.9 (9.0, 

26.8)*** 

2.5 (-3.9, 

9.0) 

-2.6 (-6.1, 

0.8) 

9.9 (3.9, 

15.8)** 

-13.8 (-20.8, 

-6.7)*** 

-8.8 (-15.1, -

2.4)** 

-0.0 (-4.2, 

4.1) 

Adjusted model 

R2, significance 

0.31*** 0.26*** 0.30*** 0.15*** 0.08*** 0.14*** 0.09*** 0.16*** 0.11*** 0.9*** 
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Table 4.4.4 Association of high BP and HRQoL in different age and gender groups in all participants (n = 398)  

1 Adjusted for the confounding variables of ethnicity (Caucasian), marital status (Never married), education (Elementary or high school), 

income (< 20000), employment (Retired), existence of comorbidity (Yes), and sampling units (Active classes).   

*p-value < 0.05; ** p-value < 0.01; *** p-value < 0.0. Role physical: role limitation because of physical problems; Role emotional: role 

limitation because of emotional problems. 

 

  Physical Domains  Mental Domains 

 Total Physical Physical 

Function 

Role 

Physical 

Bodily Pain General 

Health 

Total Mental  Vitality Social 

Function 

Role 

Emotional 

Mental 

Health 

  B (95% CI) Β (95% CI) Β (95% CI) Β (95% CI) Β (95% CI) (95% CI) Β (95% CI) Β (95% CI) Β (95% CI) Β (95% CI) 

Gender 

(Male) 

Unadjusted -8.2 (-14.8, -

1.7)* 

-3.6 (-14.7, 

7.4) 

-4.1 (-14.0, 

5.8) 

-18.7 (-30.7, -

6.6)** 

-6.5 (-15.0, 

1.3) 

-5.1 (-10.6, 

0.4) 

-6.0 (-13.9, 

1.8) 

0.4 (-8.9, 

9.8) 

-6.1 (-14.7, 

2.3) 

-8.6 (-14.3, -

2.8)** 

 Adjusted1 -1.9 (-8.4, 4.5) 8.4 (-1.8-18.7) 6.2 (-3.0, 

15.4) 

-20.8 (-33.3, -

8.4)** 

-2.6 (-11.5, 

6.3) 

-0.5 (-6.2, 

5.1) 

-5.4 (-13.6, 

2.8) 

9.2 (-0.0, 

18.4) 

0.3 (-8.3, 

8.9) 

-6.4 (-12.5, -

0.3)* 

Gender 

(Female) 

Unadjusted -18.8 (-23.8, -

13.8)*** 

-20.7 (-30.2, -

11.2)*** 

-17.8 (-26.5, 

-9.0)*** 

-29.3 (-39.1, -

19.6)*** 

-7.4 (-14.8, -

0.0)* 

-7.2 (-11.8, -

2.5)** 

-9.7 (-16.4, -

3.1)** 

-9.6 (-18.4, -

0.9)* 

-4.8 (-12.2, 

2.6) 

-4.6 (-9.4, -

0.0)* 

 Adjusted1 -13.0 (-17.8, -

8.1)*** 

-9.2 (-18.5, -

0.0)* 

-4.1 (-12.3, 

4.1) 

-33.0 (-43.6, -

22.8)*** 

-5.6 (-13.6, 

2.4) 

-5.1 (-9.8, -

0.5)* 

-10.4 (-17.6, -

3.2)* 

-4.3 (-13.1, 

4.4) 

-1.5 (-9.1, 

6.1) 

-4.3 (-9.2, 

0.6) 

Age < 65 Unadjusted  -14.1 (-17.9, -

10.2)*** 

-9.4 (-16.7, -

2.1)* 

-9.4 (-16.1, -

2.7)** 

-31.8 (-40.8, -

22.8)*** 

-5.7 (-11.9, 

0.4) 

-9.2 (-15.2, -

3.2)** 

-8.6 (-14.6, -

2.5)** 

-5.4 (-12.9, 

2.0) 

-7.7 (-14.1, -

1.3) 

-7.8 (-12.3,-

3.4)** 

 Adjusted1 -12.3 (-16.2, -

10.2)*** 

-4.1 (-11.5, -

3.2) 

-3.9 (-10.5, 

2.6) 

-34.2 (-43.5, -

24.7)*** 

-7.4 (-13.8, -

0.7)* 

-10.7 (-16.9, 

-4.4)** 

-9.3 (-15.6, -

3.1)** 

-1.1 (-8.5, 

6.2) 

-5.6 (-12.1, 

0.9) 

-6.8 (-11.4, -

2.2)** 

Age  ≥ 65 Unadjusted -1.3 (-10.6, 

8.1) 

-5.8 (-23.3, 

11.7) 

0.5 (-14.7, 

15.8) 

-2.6 (-18.4, 

13.2) 

2.7 (-9.3, 

14.8) 

0.4 (-10.2, 

10.9) 

1.0 (-9.3, 11.4) -2.6 (-16.6, 

11.3) 

4.9 (-7.5, 

17.3) 

-1.7 (-8.7, 

5.1) 

 Adjusted1 1.3 (-8.2, 10.9) 2.4 (-14.4, 

19.3) 

7.7 (-6.5, 

22.0) 

-6.3 (-22.8, 

10.2) 

1.4 (-11.7, 

14.6) 

-4.1 (-15.5, 

7.2) 

1.3 (-9.2, 11.8) 1.2 (-12.7, 

15.1) 

11.4 (-0.7, 

23.6) 

-1.5 (-89, 

5.9) 
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Among participants aged < 65 years, a significant association was observed between 

HTN and lower HRQoL scores in the majority of domains. The association with general 

health, social functioning and role limitation because of emotional problems did not 

reach a significant level. In the adjusted model, a significant association was not 

observed in physical functioning, role physical, social functioning or role emotional, but 

other associations remained significant. The association of high BP and HRQoL 

domains did not reach a statistically significant level among those ≥ 65 years of age 

(Table 4.4.4). 

 

4.4.6 Discussion 

The aim of this study was to explore differences in HRQoL between individuals with 

normal and high BP, and the associations between high BP and HRQoL in different 

gender and age groups from a sample of Australian adults. Findings from this study 

suggest that HRQoL was lower in individuals with high BP compared to those with 

normal BP, and that high BP was associated with lower scores in HRQoL domains. 

Lower HRQoL scores in hypertensive individuals have been reported previously (Soni 

et al., 2010; Trevisol et al., 2011; Wang et al., 2009). Based on the HBM model 

(Rosenstock et al., 1988), HRQoL is a perception or health belief (Mena-Martin et al., 

2003). An individual’s awareness of having an illness may increase emotional and 

mental stress and result in an overall lower feeling of wellbeing (Cavalcante et al., 2007; 

Mena-Martin et al., 2003). In this study, almost all individuals with high BP were 

medically diagnosed with the condition and were aware of their high BP. Therefore, it 

was not possible to compare HRQoL scores based on patient condition awareness. In 

addition, the progression of HTN to stroke, CVD or renal and kidney disease may lead 

to physical limitations and a further reduction in HRQoL. This was partially confirmed 

by the confounding influence that the existence of comorbidities had on the association 

between HTN and some physical HRQoL domains in this study.  

The level of socioeconomic status (a lower level of education, less annual income, a 

lower frequency of married or de facto status, being older, retired and not having full-

time employment) was generally considered to be poorer in individuals with high BP 

compared to those with normal BP in this study. A similar finding has been reported in 

previous studies (Wang et al., 2009). Regression analysis in the present study also 

suggests that poor socioeconomic status (especially low level of education and being 
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retired) had a confounding influence on the association between high BP and low 

HRQoL.  

With regards to the gender differences, a higher HRQoL physical functioning score was 

observed in males compared to females in the study sample, regardless of HTN status. 

The higher HRQoL physical function score observed in males in this study can be 

explained by the gender difference in physical performance and functional capacity, as 

reported in the literature (Katsi et al., 2010; Orfila et al., 2006). Males have a better 

perception of physical health and expect to remain more active despite having a chronic 

condition than females (Katsi et al., 2010; Orfila et al., 2006). This can also explain the 

regression analysis findings of this study—that the HRQoL physical domain in females 

is more susceptible to the existence of high BP than males. Overall, females may have a 

poorer perception of health due to their over-estimation of symptoms and illness 

compared to males (Orfila et al., 2006), and may not cope with the illness physically 

and mentally as well as males (Dueñas et al., 2011). Females may cope with the 

existence of an illness more emotionally than males, which may explain findings of this 

study that females’ HRQoL mental domain is more susceptible to the existence of high 

BP than males (Bigatti, Steiner, & Miller, 2012; da Rocha et al., 2014).  

Much evidence suggests that HRQoL decreases as people age (Bardage & Isacson, 

2001; Dueñas et al., 2011; Sprangers et al., 2000). Ageing can influence physical and 

mental functioning, which may offer some explanation for this change in HRQoL 

(Dueñas et al., 2011). Findings from the present study were aligned with previous 

literature (Dueñas et al., 2011; Wenzel et al., 1999) reporting lower HRQoL scores 

across the majority of domains in adults ≥ 65 years of age compared to those < 65 years 

of age. This study reported that the HRQoL in adults < 65 years of age may be more 

vulnerable to high BP than in adults ≥ 65 years of age. Similar findings are reported 

previously, where lower HRQoL was observed in younger cancer patients (Wenzel et 

al., 1999), and younger heart failure patients (Masoudi et al., 2004). The reason for the 

observed age-related difference in HRQoL is not clear. However, one explanation may 

be that adults < 65 generally may not expect to have HTN or other chronic conditions 

until older ages. Therefore, the diagnosis of such a condition may impose greater 

psychological and emotional shock in younger adults (Wenzel et al., 1999).  

This study has a number of strengths. Firstly, it is one of few exploring differences in 

HRQoL between individuals with normal and high BP. Secondly, to our knowledge, it 
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is the only study examining the relationship between HTN and HRQoL domains in 

different gender and age groups in Australia. Thirdly, this study included participants 

from different sampling units (Clinical, Community, and Active classes) to increase the 

generalisation of results. Since participants from different sampling units and 

demographic backgrounds have diverse characteristics that may confound the 

association between HTN and HRQoL, these variables were controlled for in the 

analysis.  

However, there are a number of limitations that need to be considered. This study 

employed a cross-sectional design, which limited the interpretation to associations 

rather than the determination of causality. The purposive sampling from one region in 

Australia also limits the generalisation of findings that can be applied to other regions of 

Australia. Data were also collected using a self-reported survey, which increases 

measurement bias (Coughlan, Cronin, & Ryan, 2009). In addition, the length of 

diagnosis may also confound the association of HTN and HRQoL. However, this 

variable was not included in the study due to the difficulties in obtaining accurate 

information, especially from the older study population. Also, because this study had 

limited access to the recorded medical history (especially from individuals in the 

Community unit of sampling), obtaining and including information on the length of 

diagnoses was not possible.  

 

4.4.7 Conclusion  

Overall, the findings of this study confirm that individuals with high BP have a lower 

HRQoL compared to those with normal BP. Since the existence of HTN is associated 

with a poorer HRQoL, it is essential to develop interventions and strategies for 

preventing and controlling HTN, thereby reducing chronic disease mortality. Health-

related quality of life in females and individuals younger than 65 years of age may be 

more susceptible to HTN. Therefore, hypertensive individuals from these populations 

may require a greater amount of attention to improve or maintain their HRQoL.  
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4.5 Dietary patterns, nutrition knowledge, lifestyle and health-related quality of 

life and their association with anti-hypertensive medication adherence 

 

4.5.1 Preface:  

Based on the conceptual framework of this research (explained in the Methodology 

Chapter, Section 3.2) and the literature review, hypertensive individuals who have 

superior health and nutrition-related knowledge, live a healthier lifestyle, are physically 

and mentally healthier and have greater behavioural change self-efficacy, may adhere 

better to treatment regimens. Therefore, this study hypothesised that low level of 

nutrition knowledge, unhealthy dietary patterns, poor lifestyle and HRQoL and poor 

diet and exercise self-efficacy are associated with poor AHT adherence when 

controlling for the confounding influence of socioeconomic and anthropometric 

variables. The theoretical framework of this study is presented in Figure 4.5.1  

 

 

 

 

 

 

 

 

 

Figure 4.5.1 Theoretical framework of this study based on the conceptual framework of 

the research. The straight line represents direct influence, the dotted line represents 

confounding influence.   
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4.5.2 Abstract 

Poor anti-hypertension medication (AHT) adherence can increase disease costs and 

adverse outcomes. Hypertensive individuals who have better nutrition knowledge may 

lead a healthier lifestyle, have a better health-related quality of life (HRQoL) and 

greater confidence to change behaviour. On this basis, they may have better treatment 

adherence. The aim of this study was to explore the association between nutrition 

knowledge, dietary patterns, lifestyle and HRQoL with AHT adherence in a group of 

Australian adults with high blood pressure (BP). A cross-sectional clinical and 

community-based study design involving a survey was used to collect data. Adults with 

high BP were invited to participate. A total of 270 individuals with high BP completed a 

questionnaire including: food frequency questionnaire (FFQ), nutrition knowledge, 

HRQoL, self-efficacy of diet and exercise, lifestyle and AHT adherence sections. 

Bivariate analysis and hierarchical logistic regression were used to explore the data. 

Forty-eight percent of the participants had poor AHT adherence. Three dietary patterns 

were identified from the FFQ, using factor and cluster analyses (Western, Snack & 

Alcohol, and Balanced). We observed that following a Western dietary pattern, having 

lower exercise self-efficacy and shorter sleep duration existed in higher amounts in the 

poor AHT adherence individuals compared to their counterparts. A positive association 

was observed between self-efficacy and sleep duration with AHT adherence. A Western 

dietary pattern was prevalent in high BP participants which slightly reduced the 

likelihood of good adherence. A healthier dietary pattern, better exercise self-efficacy 

and adequate sleep (more than six hours a night) may increase the likelihood of AHT 

adherence in individuals with high BP. Interventions focusing on improving these 

variables are required to confirm the findings of this study.  

 

4.5.3 Introduction  

Nearly one-third of Australian adults aged 18 years and older have high BP, or 

hypertension (HTN) (Heart Foundation Australia, 2012). It is a condition with a high 

disease-associated burden and carries enormous economic and social costs (Ademi et 

al., 2010). Controlling HTN is crucial to reduce the risk of diseases, such as coronary 

heart disease and stroke (Chobanian et al., 2003). Although the primary approach to 

control high BP involves diet and lifestyle modification, most individuals require AHT 

to assist with BP control (Chobanian et al., 2003; Heart Foundation Australia, 2010). 
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However, adherence to both lifestyle modification and medication appears to be poor, 

resulting in a relatively high rate of uncontrolled HTN (Hamer, 2010; Nelson et al., 

2006). In Australia, more than two-thirds of individuals with high BP have not 

controlled their condition (Heart Foundation Australia, 2012), causing HTN to be one of 

the biggest challenges facing the health care system (Wang et al., 2012).  

Medication efficacy is largely related to an individual’s adherence to the treatment 

regimen, and the continuation of medication as prescribed (Ho et al., 2009). A number 

of factors are associated with poor medication adherence in hypertensive individuals. 

Medication is often taken by individuals in response to the symptoms they experience 

(Gascón et al., 2004). Since physical symptoms of HTN are not usually experienced or 

perceived, individuals with HTN may not feel the need to take medication as prescribed 

(Gascón et al., 2004). In addition, poor health-related knowledge, poor general health, 

the fear of side effects, poor socioeconomic status, patients’ beliefs and forgetfulness 

are positively associated with medication non-adherence behaviour (Banning, 2009; 

Gascón et al., 2004).  

Improving adherence to AHT in hypertensive individuals is pivotal for successful 

treatment outcomes, and to reduce the disease complications (Lowry, Dudley, Oddone, 

& Bosworth, 2005). Based on the Individual and Family Self-Management Theory 

(IFSMT) behavioural change results from an individual’s ability to self-manage their 

condition (Ryan & Sawin, 2009). In this model, self-efficacy is a core aspect of self-

management (Bandura, 1997). Those with more confidence to follow necessary 

behavioural changes are more successful in self-managing their condition.  

Knowledge can also play an important role in improving confidence (Bandura, 1986) 

and adherence to treatment regimens (Gazmararian et al., 2006). Individuals with better 

knowledge of diet and its relationship with HTN may be more confident in following 

healthier dietary patterns (Alm-Roijer, Stagmo, Udén, & Erhardt, 2004; Koenigsberg, 

Bartlett, & Cramer, 2004; Zoellner et al., 2009). In addition, based on the outcome 

dimension of IFSMT, healthy diet and lifestyle modifications may encourage and 

motivate healthy dietary and lifestyle choices, which can further improve behavioural 

change self-efficacy, and adherence to a treatment regimen (Amarantos et al., 2001; 

Drewnowski & Evans, 2001; Koenigsberg et al., 2004). Lastly, based on the context 

dimension of IFSMT, the physical and psychological wellbeing of hypertensive 

individuals can influence their behavioural change self-efficacy and determine their 
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adherence to a treatment regimen. Health-related quality of life (HRQoL) is defined as 

complete physical, mental and social wellbeing (Rapley, 2003). Individuals who have 

better nutrition knowledge and follow a healthier lifestyle may have a better HRQoL 

(Amarantos et al., 2001; Drewnowski & Evans, 2001) and better medication adherence  

(Morisky, Ang, Krousel‐Wood, & Ward, 2008). Therefore, the framework of this study 

has been designed based on the IFSMT theory and is presented in Figure 4.5.2.  

Accordingly, this study hypothesises that nutrition knowledge, dietary patterns, 

lifestyle, HRQoL and behavioural change self-efficacy are associated with AHT 

adherence in a sample of Australian adults with high BP. Given the importance of AHT 

adherence in HTN treatment and control, there is a need to identify dietary and lifestyle 

determinants of adherence in hypertensive Australian individuals.  

 

 

 

 

 

 

 

 

 

Figure 4.5.2 The conceptual framework of the association between dietary pattern, 

nutrition knowledge, lifestyle and HRQoL with AHT adherence  

 

4.5.4 Methods 

Design and data collection  

The study design and data collection process is previously explained in Chapter Three, 

Sections 3.3 and 3.4, and Chapter Four, Section 4.3.4. Individuals were included in the 

present study if they were: a) adults ≥ 18 years of age; and b) diagnosed with high BP. 
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High BP was defined as systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg. 

Those medically diagnosed with high BP were also considered hypertensive. Those 

unable to consent to the study, or individuals with severe mental or neurological 

impairment, or with secondary HTN (due to other causes such as kidney or endocrine 

problems) were excluded from the study. Blood pressure measurements technic used in 

this study is explained in Chapter Three, Section 3.4.3. The ethics approval and 

procedure is previously explained in Chapter Three, Section 3.6. 

The process of data collection is previously explained in Chapter Three, Section 4.3.4 

and Chapter Three, Section 3.4. Briefly, data were collected using a questionnaire 

including sections on a food frequency questionnaire (FFQ) (refer to Section 4.2 for 

details); a nutrition knowledge questionnaire (refer to Chapter Three, Section 3.4.1); a 

HRQoL (SF-12) questionnaire (refer to Chapter Three, Section 3.4 and Chapter Four, 

Section 4.4.4); and the self-efficacy of diet and exercise questionnaires (refer to Chapter 

Three, Section 3.4.1). A section on the anthropometry measures was also included. The 

FFQ, nutrition knowledge, HRQoL, self-efficacy of diet and exercise had moderate to 

good internal consistency for the participants of the present study, with Cronbach’s 

alpha of 0.66, 0.54, 0.66, 0.76, and 0.89, respectively (Shalansky, Levy, & Ignaszewski, 

2004).    

Adherence to AHT was assessed with four questions using a modified version of the 

Morisky Scale (Morisky et al., 1986) (refer to Chapter Three, Section 3.4.2) with a 

moderate internal consistency for this study (α = 0.50). The internal consistency value 

did not change heavily by omitting any individual question in the scale (Shalansky et 

al., 2004). Answers were scored on a 3-point scale. Scores of 0-2 were considered ‘poor 

adherence’, and a score of 3 was coded as ‘good adherence’.  

 

Statistical analysis 

The process of data cleaning and management is explained in Chapter Three, Section 

3.5. Chi-square and independent t-tests (or Mann-Whitney U tests for non-parametric 

data) were used for bivariate analysis of differences between good and poor adherence 

groups. To explore the association between nutrition knowledge, dietary pattern, 

lifestyle and HRQoL with AHT adherence, a hierarchical regression analysis was used 

(Victora et al., 1997). Based on the conceptual framework (Figure 4.5.2) and IFSMT 
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theory, the association of nutrition knowledge and the AHT adherence was investigated 

in model 1. Dietary patterns and lifestyle variables were added to nutrition knowledge 

and their association with AHT adherence was examined in model 2. The HRQoL was 

added in model 3. Model 4 had the self-efficacy variable in addition to nutrition 

knowledge, dietary pattern, lifestyle and HRQoL and their associations with AHT were 

explored. Sociodemographic variables with significant bivariate differences between 

good and poor AHT adherence were controlled in all models. The differences in 

sampling units were also controlled in all regression models. Nutrition knowledge, 

dietary patterns and HRQoL were entered into the model, even if their differences did 

not reach a statistically significant level.  

The sample size required to test the association between nutrition knowledge, dietary 

patterns, lifestyle and HRQoL with AHT adherence was estimated considering the odds 

of good AHT adherence can increase by 5 times with a good knowledge of disease and 

risk factors (the proportion of good adherence in good knowledge group = 0.60) 

(Barreto, Reiners, & Marcon, 2014). Since health-related nutrition knowledge is a 

subgroup of general health-related knowledge, to be more conservative, an odds ratio of 

1.75 was considered. Using GPower software version 3.0 (Heinrich Heine Universitat, 

Dusseldorf, Germany) with 80% power and α = 0.05 a sample size of 120 participants 

was considered an adequate sample to examine the association. Including an additional 

20% for non-completed or missing survey responses, a sample size of 144 participants 

was considered adequate to allow examination of associations for this study. 

 

4.5.5 Results 

A total of 270 individuals with high BP completed the survey. Response rate at the 

clinical unit was about 30% (480 potential participants approached, 340 refused to 

participate due to feeling seek or undisclosed reasons). Calculating the response rate at 

the community unit of sampling was not possible due to the nature of the sampling 

approach (including advertisement). Of these, 30 participants were not taking AHT to 

control their HTN. Additionally, 16 participants did not answer all four questions 

regarding AHT adherence (completion rate 93%). Therefore, 224 participants were 

included in the regression analysis. Almost half (47%) of the participants had poor AHT 

adherence. The characteristics of included individuals are presented in Table 4.5.1. A 

significant difference between poor and good AHT adherence participants existed for 
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age, gender, income and employment. The good AHT adherence group were more 

likely to be older, female and retired or have an annual income of < $20k compared to 

the poor AHT adherence group. The single most common reason for AHT non-

adherence was forgetfulness (40%), followed by the fear of side effects (16%) and 

financial reasons (13%) (data not presented in table).   

Table 4.5.2 presents data on the number of AHT types and common AHT medications 

taken by participants, their comorbidities and the sampling units. A significant 

difference was only observed in the sampling units, with more than half of the 

participants with good AHT adherence being from the Clinical unit. The majority of 

participants with poor AHT adherence were from the Community unit of sampling.  

No significant difference between nutrition knowledge, HRQoL, physical activity 

status, the self-efficacy of diet, smoking and drinking were observed between good and 

poor AHT adherence groups (Table 4.5.3). The difference in dietary patterns showed a 

slightly higher intake of a Western pattern in the poor compared to good adherence 

group. In the activity and sleeping variable, individuals with good adherence had 

slightly higher than 7 hours of sleep daily compared to 6 hours in the poor adherence 

group. The good adherence group also had a significantly higher exercise self-efficacy 

compared to the poor adherence group. 22% of the good adherence group reported 

never having stress compared to 8% in the poor adherence group. There were no 

significant differences in other variables (Table 4.5.3). 

Nutrition knowledge, dietary pattern, lifestyle, self-efficacy and HRQoL were compared 

between sampling units (data presented in Appendix B, Supplemental Table 3). The 

Clinical unit of sampling had significantly lower nutrition knowledge, total physical and 

total mental HRQoL scores, and lower diet and exercise self-efficacy. Participants in the 

Clinical sample unit were also more sedentary compared to other sampling units.    
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Table 4.5.1 Characteristics of individuals with high BP with good or poor AHT 

adherence 

Characteristics of included participants  

n = 270 

Poor adherence 

(n = 108) 

Good adherence 

(n = 118) 

χ2 P-value 

Age (years of age)   6.00 0.01 

< 65 

≥ 65 

67 (62) 

41 (38) 

54 (46) 

64 (54) 

  

Gender 

Male 

Female 

 

54 (50) 

54 (50) 

 

38 (32) 

80 (68) 

7.39 0.00 

Ethnic  

Caucasian 

Other  

 

94 (89) 

11 (11) 

 

111 (96) 

5 (4) 

3.12 0.07 

Marital status  

Married, de facto 

Divorced, widowed, separated 

Never been married   

 

75 (70) 

24 (22) 

8 (8) 

 

72 (61) 

42 (36) 

4 (3) 

5.78 0.05 

Education 

Elementary school, high school 

College/ University degree 

Postgraduate master or PhD 

 

53 (49) 

42 (39) 

13 (12) 

 

62 (52) 

42 (36) 

14 (12) 

0.29 0.86 

Income  

Less than 20k 

20K- < 60k 

≥ 60k 

 

53 (49) 

28 (26) 

27 (25) 

 

79 (68) 

19 (16) 

19 (16) 

7.88 0.02 

Employment 

Full-time 

Part-time 

Unemployed or student 

Retired  

 

38 (36) 

11 (10) 

16 (15) 

42 (39) 

 

22 (19) 

14 (12) 

11 (9) 

71 (60) 

12.48 0.00 

Number of people in household  

Single person  

Medium size household (2-4 people) 

Large size household ( ≥ 5 people) 

 

19 (18) 

77 (74) 

8 (8) 

 

30 (26) 

82 (70) 

5 (4) 

2.56  0.27 

Health or nutrition related qualification 

Yes 

No 

 

22 (21) 

84 (79) 

 

22 (19) 

95 (81) 

0.13 0.71 

Physical activity categories  

Sedentary 

Moderate 

Rigorous 

 

37 (35) 

58 (55) 

10 (10) 

 

32 (28) 

71 (62) 

12 (10) 

1.40 0.49 

BMI 

Normal 

Overweight 

Obese 

 

19 (21) 

35 (39) 

36 (40) 

 

26 (27) 

37 (39) 

33 (34) 

1.08 0.58 

Blood pressure (mmHg)2 

Systolic 

 

139.10  (12.62) 

 

138.3 (13.72) 

 

-0.41 

 

0.68 

Diastolic  81.31 (10.90) 78.9 (10.21) -1.52 0.13 
1 Moderate: physical activities for at least 30 minutes, 5 times per week, which does not cause 

heavy breathing (e.g. walking, hiking, gardening); Rigorous: physical activities for at least 20 

minutes, 3 time per week, which cause sweating and heavy breathing (e.g. running, football, 

shovelling). 2 Blood pressure is presented as mean (SD). The rest of the variables are presented 

as frequency (%). 
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Table 4.5.2 Medication types and adherence among participants with high BP 

Medication and adherence  Total (%) Poor 

adherence 

Good 

adherence 

χ2 (p-value) 

Types of AHT    4.74 (0.09) 

One type 150 (70) 75 (77) 74 (64)  

Two types 45 (21) 18 (18) 27 (24)  

> Two types  19 (9) 5 (5) 14 (12)  

Common AHT     4.61 (0.20) 

ACE inhibitors 28 (15) 17 (18) 11 (11)  

Diuretics 34 (18) 19 (20) 15 (15)  

Calcium channel, Beta-blockers 

or Alpha- receptor blockers 

24 (12) 8 (8) 16 (16)  

Others, or did not know 107 (55) 51 (54) 56 (57)  

Comorbidities     3.47 (0.48) 

Heart problems 20 (16) 7 (12) 5 (9)  

Obesity 59 (47) 7 (12) 13 (23)  

Diabetes/high cholesterol/or Gout  14 (11) 9 (15) 5 (9)  

Multiple comorbidities  19 (15) 8 (14) 9 (16)  

None 14 (11) 28 (47) 25 (43)  

Sampling Unit    8.36 (0.01) 

Clinical 118 (44) 46 (42) 61 (52)  

Community 133 (49) 58 (54) 44 (37)  

Active classes  19 (7) 4 (4) 13 (11)  
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Table 4.5. 3 Difference in physical activity, nutrition knowledge, HRQoL, self-efficacy, 

BMI, and behavioural risk factors    

Variables Poor adherence Good 

adherence 

t or χ2 P-value 

Nutrition knowledge score (out of 100) 64.27 (14.59) 64.76 (12.84) 0.26 0.79 

Dietary pattern, n (%) 

Western 

Snack & Alcohol 

Balanced  

 

43 (40) 

35 (32) 

30 (28) 

 

33 (28) 

56 (47) 

29 (25) 

5.75 0.05 

HRQoL 

Physical function 

Role physical 

Bodily pain 

General health 

Total physical  

Vitality 

Social function 

Role emotional 

Mental health 

Total Mental 

 

63.08 (36.39) 

63.43 (30.50) 

39.49 (35.52) 

52.80 (25.31) 

54.70 (15.41) 

48.13 (22.95) 

70.33 (29.96) 

71.14 (29.05) 

57.71 (29.05) 

61.82 (15.51) 

 

64.10 (36.31) 

62.18 (34.40) 

41.24 (35.25) 

49.78 (25.43) 

54.31 (18.70) 

47.44 (22.59) 

70.94 (30.61) 

76.6 (25.71) 

60.04 (16.18) 

63.75 (15.23) 

 

0.21 

-0.28 

0.37 

-0.88 

-0.17 

-0.22 

0.15 

1.49 

1.09 

0.93 

 

0.83 

0.77 

0.71 

0.37 

0.86 

0.82 

0.88 

0.13 

0.27 

0.35 

Physical activity (hour/week) 

Vigorous  

Moderate  

Light  

Sitting activity  

Sleeping  

 

2.48 (5.36) 

6.28 (7.07) 

22.57 (22.25) 

27.17 (18.39) 

43.12 (18.46) 

 

2.18 (3.71) 

8.04 (8.96) 

17.93 (17.56) 

30.06 (18.46) 

50.72 (14.51) 

 

-0.45 

1.57 

-1.70 

1.15 

3.35  

 

0.77 

0.19 

0.09 

0.25 

0.00 

Physical activity status, n (%) 

Sedentary  

Moderate 

Rigorous 

 

37 (35.2) 

58 (55.2) 

10 (9.5) 

 

32 (27.8) 

71 (61.7) 

12 (10.4) 

χ2 = 1.40 0.49 

Self-efficacy  

Diet (out of 100) 

 

69.85 (17.55) 

 

72.68 (19.02) 

 

1.13 

 

0.25 

Exercise (out of 100) 61.10 (20.67) 68.65 (2.59) 2.38 0.01 

BMI (kg/m2) 29.24 (6.37) 29.14 (6.43) -0.10 0.90 

Smoking, n (%) 

No 

Used to  

Yes 

 

61 (60) 

29 (29) 

11 (11) 

 

76 (65) 

31 (27) 

9 (8) 

χ2 = 0.87 0.64 

Drinking, n (%) 

Never 

Often 

Sometimes 

Used to 

 

47 (46) 

14 (14) 

26 (26) 

14 (14) 

 

56 (48) 

7 (6) 

39 (34) 

14 (12) 

χ2 = 4.70 0.19 

Stress, n (%) 

Never 

Often 

Sometimes 

Occasionally 

 

8 (8) 

22 (22) 

43 (43) 

27 (27) 

 

25 (22) 

26 (23) 

28 (24) 

36 (31) 

χ2 = 12.56 0.00 

Data presented as mean (SD) or frequency (%). Independent sample t-test and chi-

squared test are used where appropriate. Significant p-value level is < 0.05. 
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Table 4.5.4 reports the associations between nutrition knowledge, dietary patterns and 

lifestyle on AHT adherence, while controlling for confounding variables. Based on the 

Hosmer-Lemeshow test, all models (except model 1) had a good model fit. Nutrition 

knowledge alone was not associated with AHT adherence when controlling for 

confounding variables. In this model, being male reduced the likelihood of good AHT 

adherence compared to being female. When dietary patterns and sleep duration were 

added to the model, the odds of having good AHT increased by 1.04 times, with an 

increase in sleep duration. Adding HRQoL in model 3 did not change the association. In 

model 4, exercise self-efficacy was added to the model. Both sleep duration and 

exercise self-efficacy were associated with a higher likelihood of good AHT adherence 

when controlling for confounding variables. Although a lower likelihood of good 

adherence was observed following a Western dietary pattern, the association did not 

reach a statistically significant level. Age, gender, employment, income or sampling 

units did not show any moderating influence on the final model (Table 4.5.4). The stress 

variable was not included in the regression analysis due to its significant bivariate 

correlation (0.37, p < 0.01) with the HRQoL total mental domain.         
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Table 4.5.4  The association between nutrition knowledge, dietary pattern and behavioural risk factors with AHT adherence among adults 

with high BP 

 *p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001. Good fit models, except for model 1. Model 1 (Nutrition knowledge); Model 2 (Nutrition 

knowledge + Dietary patterns and sleep duration); Model 3 (Nutrition knowledge + Dietary patterns and sleep duration + HRQoL); Model 4 (Nutrition 

knowledge + Dietary patterns and sleep duration + HRQoL + Self-efficacy). All models are controlled for sociodemographic variables (age, gender, 

employment, and income), and sampling unit. 

 

Model 1 

Odds ratio (CI) 

Model 2 

Odds ratio (CI) 

Model 3 

Odds ratio (CI) 

Model 4 

Odds ratio (CI) 

Nutrition knowledge 1.01 (0.98-1.03) 1.01 (0.98-1.04) 1.01 (0.98-1.03) 0.99 (0.96-1.03) 

Dietary pattern 

Western (vs Balanced) 

Snacks & Alcohol (vs Balanced) 

  

0.56 (0.25-1.25) 

0.92 (0.42-2.01) 

 

0.53 (0.24-1.20) 

0.94 (0.43-2.06) 

 

0.65 (0.26-1.61) 

0.86 (0.36-2.11) 

Sleep duration   1.04 (1.01-1.06)** 1.04 (1.02-1.06)** 1.03 (1.01-1.05)** 

HRQoL 

Total Physical 

Total Mental 

  

 

 

1.02 (0.98-1.02) 

1.01 (0.99-1.03) 

 

1.01 (0.98-1.03) 

1.01 (0.98-1.03) 

Exercise self-efficacy      1.02 (1.00-1.04)* 

Age (years of old) 

≥ 65 (vs < 65) 

 

0.84 (0.25-0.83) 

 

1.04 (0.35-3.04) 

 

1.09 (0.36-3.29) 

 

1.16 (0.33-4.06) 

Gender 

Male (vs Female) 

 

0.45 (0.25-0.83)* 

 

0.55 (0.28-1.06) 

 

0.53 (0.27-1.04) 

 

0.47 (0.47-1.04) 

Employment 

Part-time (vs Full-time) 

Unemployed or student (vs Full-time) 

Retired (vs Full-time) 

 

1.48 (0.50-4.40) 

0.96 (0.33-2.77) 

2.58 (0.79-8.43) 

 

1.47 (0.45-4.73) 

1.15 (0.37-3.61) 

2.78 (0.83-9.25) 

 

1.59 (0.49-5.17) 

1.34 (0.42-4.28) 

3.00 (0.89-10.18) 

 

1.29 (0.36-4.59) 

1.12 90.32-3.93) 

2.59 (0.65-10.26) 

Income  

Less than 20000 (vs ≥ 60000) 

20000-59999 (≥ 60000) 

 

0.99 (0.37-2.67) 

0.68 (0.26-1.77) 

 

1.33 (0.46-3.83) 

0.72 (0.26-1.98) 

 

1.47 (0.50-4.32) 

0.80 (0.29-2.30) 

 

2.58 (0.79-8.44) 

1.32 (0.43-4.05) 

Sampling unit 

Clinical (vs Active classes) 

Community (vs Active classes) 

 

0.49 (0.13-1.83) 

0.34 (0.08-1.33) 

 

0.63 (0.16-2.43) 

0.57 (0.14-2.39) 

 

0.71 (0.18-2.80) 

0.61 (0.14-2.54) 

 

0.59 (0.12-2.90) 

0.60 (0.12-3.00) 

 R2 = 0.10** R2 = 0.22** R2 = 0.23** R2 = 0.28*** 
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4.5.6 Discussion  

The results of this study indicate that the majority of participants with HTN take AHT 

to control their condition. However, only about half (53%) of these individuals had 

good AHT adherence. Findings from this study are lower than the 67% adherence to 

AHT reported by the Second Australian National Blood Pressure study (Nelson et al., 

2006). Poor adherence to AHT can increase the odds of coronary disease and chronic 

heart failure by 1.07 and 1.42 times, respectively (Dragomir et al., 2010), and increase 

the cost of health care associated with managing HTN (Dragomir et al., 2010; Sokol, 

McGuigan, Verbrugge, & Epstein, 2005). According to the results of this study, 

forgetfulness is the single most common reason for non-adherence among participants, 

followed by the fear of side effects of medication and the financial cost. Non-adherence 

to medication can be classified as intentional non-adherence or unintentional non-

adherence (Banning, 2009). The fear of side effects of the medication and patients’ 

attempts to avoid these side effects have been categorised as intentional non-adherence 

(Banning, 2009; Ho et al., 2009). Unintentional non-adherence is usually due to 

forgetfulness, impaired and poor cognition or poor education and knowledge (Banning, 

2009; Ho et al., 2009).  

The results of this study also show that poor adherence is more common in individuals 

aged < 65 years compared to those at or over this age group. Previous reports indicate 

that medication non-adherence can be associated with younger age (Ho et al., 2009), 

however, no significant association was observed between age groups and AHT 

adherence in the present study. Although similar findings are reported in the literature 

(Gazmararian et al., 2006; Ross, Walker, & MacLeod, 2004), it seems likely that 

adherence to medication increases with age, as individuals become more concerned 

about their health (Bardel, Wallander, & Svärdsudd, 2007). Individuals with good AHT 

adherence were more likely to be females. Similar findings have been reported 

previously (Ross et al., 2004). A possible explanation is that females are more likely to 

have regular contacts with health professionals regarding their condition as they are 

often more concerned about their health, which may increase their adherence to 

medication and treatment (Babwah et al., 2006).  

Based on the IFSMT theory (Ryan & Sawin, 2009) and the conceptual model of this 

study, we hypothesised that better nutrition knowledge, a healthier dietary pattern and 

lifestyle, a better HRQoL and more confidence in behavioural change are associated 
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with better AHT adherence. However, this study failed to observe any association 

between nutrition knowledge alone and AHT adherence, suggesting that nutrition 

knowledge is not a critical determinant of AHT adherence. Similarly, dietary patterns 

and HRQoL were not associated with AHT adherence. However, better exercise self-

efficacy and adequate sleep (around 7 hours) were positively associated with the 

likelihood of AHT adherence. 

Although evidence is lacking on the association between nutrition knowledge and AHT 

adherence, a good knowledge of HTN and its risk factors may increase the likelihood of 

medication adherence (Barreto et al., 2014). Based on the Knowledge-Attitude-

Behaviour (KAB) approach (Contento, 2008), it is generally understood that individuals 

with a better nutrition knowledge usually follow a healthier diet and lifestyle and are 

more concerned about their health. According to the KAB approach, it is also more 

likely for individuals who have a healthier diet and lifestyle to adopt healthier behaviour 

and adhere better to the therapeutic regimens necessary to manage their condition (van 

der Wal et al., 2006).  

In contrast, those following poor dietary habits (frequent consumers of take-away foods 

and Western-style diets) have a poorer perception and knowledge of health (Alm-Roijer 

et al., 2004) and may not adhere to their required treatment (Aggarwal & Mosca, 2010). 

The results of our study align with this to some extent. The poor AHT adherence group 

in this study were more likely to follow Western and Snack & Alcohol dietary patterns. 

Regression analysis also showed a trend for a slightly lower likelihood of having good 

adherence if Western and Snack & Alcohol dietary patterns were consumed compared 

to a Balanced dietary pattern.  

Physical activity duration was not significantly different between poor and good AHT 

adherence groups. However, individuals with good adherence had more hours sleep per 

night (average of 7 hours) compared to those from the poor adherence group (6 hours). 

Although the focus of this variable was on the quantity of sleep rather than quality, 

medication adherence can decrease with a reduction in sleep quality (Knafl & Riegel, 

2014). Perhaps inadequate and poor quality sleep can influence cognitive function 

(Knafl & Riegel, 2014), and the ability to pay attention and make good decisions 

(McKenna, Dickinson, Orff, & Drummond, 2007). The higher exercise self-efficacy 

observed in the good AHT adherence group suggests greater confidence in following 

behavioural change and problem-solving recommendations among these participants 
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(Lorig et al., 1993). Based on the conceptual framework of this study and IFSMT theory 

(Ryan & Sawin, 2009), individuals with a higher self-efficacy are more likely to follow 

the behavioural changes necessary to manage their condition, and may have better 

medication adherence (Bodenheimer et al., 2002; Schoenthaler et al., 2009).  

To the best of our knowledge, the current study is one of few studies addressing 

lifestyle determinants of medication adherence in Australian adults with high BP. 

Overall, following a healthier dietary pattern, getting sufficient sleep duration (7 hours a 

day) and a better self-efficacy were observed in those with good adherence to AHT. 

However, there were several limitations in this study. Firstly, the population chosen for 

this study may not be representative of the entire Australian population, as participants 

were purposively sampled in one region of Australia. To increase the generalisation of 

the results, data were collected at different Clinical and Community units, and their 

confounding influence was controlled for in the regression analysis. Secondly, the main 

data collection tool used in this study was a self-reported survey, which may have 

measurement bias (Coughlan et al., 2009). Thirdly, the length of medication 

consumption can influence adherence rates. However, an accurate recall of AHT 

medication duration, especially in the older population of the study, was limited. Also, 

this study had limited access to the recorded medical history, especially from 

individuals in the Community sampling unit. Therefore, acquiring information on the 

length of AHT medication was not possible, and this information was not included in 

the present study. In addition, the sleep quality, which may have a similar effect to sleep 

duration, was not measured in this study. Finally, the conclusions made in this study are 

based on a short observational study and do not reflect the cause-effect relationship 

between AHT adherence and mediating variables. Future investigation involving large 

cohorts and interventions is required to confirm these associations and the influence of 

lifestyle factors on AHT adherence. 

 

4.5.7 Conclusion  

Poor adherence to AHT is more common among those following a Western dietary 

pattern and having lower exercise self-efficacy, and it is negatively associated with 

daily sleep duration. In contrast, adequate sleep (7 or more hours a day), and better 

exercise self-efficacy can increase the likelihood of good AHT adherence. Hypertensive 
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individuals may benefit from intervention and approaches that promote adequate sleep 

and behavioural change self-efficacy to improve AHT adherence. 
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4.6 Dietary patterns, nutrition knowledge, lifestyle, health-related quality of life 

and blood pressure self-management and their association with blood pressure 

control 

 

4.6.1 Preface: 

The Individual and Family Self-Management Theory (IFSMT) was used as the 

conceptual framework of this research (explained in Methodology Chapter, Section 

3.2). It focused on self-management and self-efficacy as important determinants of 

chronic disease control. The literature review of this study also showed that nutrition 

knowledge, diet and lifestyle behaviours and HRQoL, in addition to self-management 

skills (self-monitoring, AHT adherence and self-efficacy) can lead to HTN control. 

Therefore, this section hypothesises that low level of nutrition knowledge, unhealthy 

dietary patterns, poor lifestyle and HRQoL and poor BP self-management skills are 

associated with poor BP control when controlling for the confounding influence of 

socioeconomic and anthropometric variables. The theoretical framework of this study is 

presented in Figure 4.6.1  

 

 

 

 

 

 

 

 

 

 

Figure 4.6.1 Theoretical framework of this study based on the conceptual framework of 

the research. The straight line represents direct influence, the dotted line represents 

confounding influence.   
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4.6.2 Abstract 

Hypertension (HTN) control is essential for preventing its associated adverse health 

consequences (e.g. cardiovascular disease (CVD)) and for reducing the social and 

economic burden associated with the disease. However, poor blood pressure (BP) 

control is common in Australia. This study aims to explore the relationship between 

nutrition knowledge, lifestyle, health-related quality of life (HRQoL) and self-

management skills (medication adherence, self-monitoring, self-efficacy) with BP 

control, among a sample of Australians with HTN. A cross-sectional design employing 

a survey was used to collect data. A total of 233 hypertensive adults were included in 

this study. Blood pressure control was categorised as good control, if hypertensive 

individuals managed to reduce their BP < 140/90 mmHg, otherwise it was categorised 

as poor control. Data were analysed using bivariate analysis and hierarchical logistic 

regression. Overall, poor BP control (55%) was observed among high BP participants of 

this study. A significantly higher frequency of poor BP self-monitoring was observed in 

individuals categorised to have poor control compared to those with good control. Poor 

self-monitoring and having a sedentary lifestyle were associated with higher odds of 

poor BP control (OR: 5.33, 95% CI: 1.78 – 15.93; p < 0.01, and OR: 4.69, 95% CI: 1.00 

– 22.25; p < 0.05, respectively) when confounding variables were controlled. No 

significant association was observed between nutrition knowledge, dietary patterns, 

HRQoL and BP control. The findings of this study suggest that successful BP control 

for hypertensive individuals may require interventions and strategies that assist with 

improving BP self-monitoring skills and increasing physical activity.  

 

4.6.3 Introduction  

The world has an ageing population, partially due to reduced mortality and increased 

fertility (United Nations, 2013). Yet, while people live longer, ageing can increase the 

prevalence of chronic disease and bring burden to society, the economy and the health 

system (Bodenheimer et al., 2002; United Nations, 2013). The increased need for health 

care associated with these changes has shifted the health system from considering 

patients as the passive recipients of care, to actively engaging  patients in treating and 

managing their conditions (Barlow et al., 2002). However, the success of patients self-

management depends on their day-to-day ability to follow lifestyle changes and 

symptom management strategies provided by health professionals (Barlow et al., 2002). 
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Successful self-management can result in effective control of the chronic condition 

(Norris et al., 2001).  

Hypertension (HTN) (characterised by continuous BP ≥ 140/90 mmHg) is a major 

chronic condition affecting over 3.1 million people in Australia (Australian Bureau of 

Statistics, 2013a). In 2011/12, 68% of all Australian adults with HTN did not effectively 

control their condition (Heart Foundation Australia, 2012). Uncontrolled BP can lead to 

cardiovascular disease (CVD), renal and kidney failure and increase the social and 

economic burden of disease (Chobanian et al., 2003). As the first and most pivotal step 

in HTN control, individuals need to modify their dietary and lifestyle behaviours 

(Chobanian et al., 2003). Individuals with HTN are required to follow a healthier diet 

(low in salt, SFA and high in fruit and vegetables), increase their levels of physical 

activity, reduce alcohol intake and stop smoking (Appel et al., 2006; Escott-Stump et 

al., 2012). However, adherence to diet and lifestyle modifications is challenging (Huang 

et al., 2011; Tremblay, Colley, Saunders, Healy, & Owen, 2010). Good knowledge of 

appropriate diet and lifestyle choices may increase an individual’s confidence to follow 

a healthy lifestyle (Heaney et al., 2011). In addition to lifestyle modification, most 

individuals with HTN need AHT to control their BP (Chobanian et al., 2003). However, 

adherence to AHT is also quite poor and depends on an individual’s confidence and 

motivation to follow the required treatment (Nelson et al., 2006).  

In recent years, there has been increasing interest in the importance of self-management 

skills for treating and controlling HTN (McManus et al., 2010). Based on the Individual 

and Family Self-Management Theory (IFSMT), self-management is fundamental to 

behavioural change and chronic disease control (Ryan & Sawin, 2009). In this theory, 

behavioural change self-efficacy, the ability to self-monitor a condition and its 

fluctuations, and the adherence to treatment determine the success of self-management 

(Bandura, 1986). In addition, based on the context dimension of IFSMT, individuals’ 

physical and mental wellbeing or HRQoL (Suurmeijer et al., 2001) can influence their 

confidence to change their behaviour (Amarantos et al., 2001; Koenigsberg et al., 2004). 

Successful diet and lifestyle modifications may lead to an improvement in HRQoL 

(Kuczmarski et al., 2010; Penedo & Dahn, 2005). Based on the IFSMT outcome 

dimension, a successful lifestyle modification can also improve behavioural change 

self-management and self-efficacy (Amarantos et al., 2001; Drewnowski & Evans, 

2001; Ryan & Sawin, 2009). Finally, based on the Knowledge-Attitude-Behaviour 

(KAB) approach, individuals with a better understanding of dietary factors and their 
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relationship with HTN are more likely to follow a healthy diet and manage their 

condition effectively (Contento, 2008; van der Wal et al., 2006).  

Therefore, the conceptual framework of this study is designed based on the IFSMT 

theory and is presented in Figure 4.6.2. Based on this framework, this study 

hypothesised that a) there is a difference in nutrition knowledge, dietary patterns, 

lifestyle, HRQoL and self-management skills of individuals with HTN that have good 

and poor BP control, and b) these variables are associated with poor BP control in a 

sample of Australian adults with high BP. Understanding the determinants of poor BP 

control in individuals with HTN is essential for developing interventions and 

approaches that aim to improve HTN control among Australian adults.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6.2 The conceptual framework of the association between dietary pattern, 

nutrition knowledge, lifestyle and HRQoL with HTN control 
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high BP were included in this study. Those unable to consent to the study, or individuals 

with severe mental or neurological impairment, or with secondary HTN (due to other 

causes such as kidney or endocrine problems) were excluded from the study. The ethics 

approval and procedure is previously explained in Chapter Three, Section 3.6. 

The process of data collection is explained in details in Chapter Four, Section 4.3.4 and 

in Chapter Three, Section 3.4. A questionnaire was used to collect data. The sections 

included in the questionnaire were as follows: A developed and validated food 

frequency questionnaire (FFQ) (refer to Section 4.2 for details); nutrition knowledge 

questionnaire (refer to Chapter Three, Section 3.4.1); HRQoL (SF-12) questionnaire 

(refer to Chapter Three, Section 3.4 and Chapter Four, Section 4.4.4); self-efficacy of 

diet and exercise questionnaire (refer to Chapter Three, Section 3.4.1); and AHT 

adherence questionnaire (refer to Chapter Three, Section 3.4.2, and Chapter Four, 

Section 4.5.2). A questionnaire on the anthropometry measures was also included. All 

sections of the questionnaire had moderate to good internal consistency with Cronbach 

Alpha’s 0.5 to 0.89 (refer to Section 4.5.4) (Turconi et al., 2003).    

Self-monitoring BP was measured using a 4-item questionnaire, which included 

statements on: having a BP monitor at home; the frequency of BP measuring; and the 

individual’s feeling of their ability to control BP (2 questions). To score BP self-

monitoring, one point was given to having a BP monitor at home and measuring BP at 

least once a week. Those who felt good about the BP control received another point. 

Those who believed they were able to control their BP with the guidance from their 

health professional received another point. No point was given to the remaining options. 

BP self-monitoring was categorised as good (score 4) and poor (score 0-3). The BP self-

monitoring questionnaire had an acceptable internal consistency with α = 0.66 (Turconi 

et al., 2003). Blood pressure control was defined as a good control if individuals had 

controlled their BP (SBP < 140 mmHg and DBP < 90 mmHg). Blood pressure control 

was checked against the average of BP readings and was confirmed with individuals 

and the medical professional team (if applicable).    

 

Statistical analysis 

The process of data cleaning and management is explained in Chapter Three, Section 

3.5. The bivariate analyses of variables were conducted using chi-square for categorical 
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variables and independent t-tests for normally distributed outcome variables, or Mann-

Whitney U tests for non-normally distributed outcome variables.  

Based on the conceptual framework (Figure 4.6.2) and the IFSMT theory, the 

association between dietary patterns, nutrition knowledge, lifestyle, HRQoL and BP 

self-management skills with BP control was explored using a hierarchical regression 

analysis (Victora et al., 1997). Four models were identified. In model 1, the association 

of nutrition knowledge alone and poor BP control was explained. In model 2, the 

association of dietary patterns and lifestyle variables (physical activity, alcohol 

overconsumption and smoking) in addition to nutrition knowledge with poor BP control 

was investigated. In model 3, HRQoL was added to the regression model and its 

association with poor BP control was assessed. In model 4 the self-management skills 

(self-monitoring, AHT adherence, self-efficacy of diet and exercise) variables were 

added to nutrition knowledge, dietary pattern, lifestyle and HRQoL and their association 

with poor BP control were assessed. All models were controlled for the confounding 

influence of significant bivariate sociodemographic variables and sampling units. The 

stress frequency variable was not included in the regression analysis as it had a 

significant correlation with the HRQoL total mental domain (0.37, p < 0.01). P-value < 

0.05 was considered as a statistically significant level.      

The sample size was calculated based on previous work by Bramley, Nightengale, 

Frech-Tamas, and Gerbino (2006), where 43% of individuals with good AHT adherence 

successfully achieved BP control compared to 32% in low adherence individuals. 

Therefore, using GPower software version 3.0 (Heinrich Heine Universitat, Dusseldorf, 

Germany), with 80% power and α = 0.05, a sample size of 177 was required to examine 

associations in this study. Including an additional 20% for non-completed or missing 

survey responses, a sample size of 213 was considered adequate.   

 

4.6.5 Results 

A total of 233 hypertensive adults were included in the analysis. More than half (55%) 

of these individuals had poor BP control. Table 4.6.1 presents the characteristics of 

included participants allocated to the poor and good BP control groups. The cross-

tabulation analysis of sociodemographic factors shows a significant ethnicity difference 

between poor and good BP control, with more Caucasians in the good control compared 
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to the poor control group. However, a small group of individuals was included in the 

group of other ethnicities with good control, which may have influenced the overall 

results. A significantly higher proportion of individuals with health and nutrition related 

qualifications was observed among adults with poor BP control compared to those with 

good control. No significant differences were observed among other variables.  

Table 4.6.2 presents differences between the poor and good BP control groups in terms 

of AHT types and numbers, their comorbidities and sampling units. A significant 

difference was observed with the sampling units, with the majority of individuals in the 

good BP control group being from the Clinical sampling unit.  

Table 4.6.3 presents differences between the poor and good BP control groups with 

respect to nutrition knowledge, dietary patterns, HRQoL, self-efficacy, lifestyle, BP 

self-monitoring and AHT adherence. A significant difference was observed in BP self-

monitoring between groups with good and poor BP control. Only 9% of individuals 

with poor BP control had good BP self-monitoring, however, a higher proportion (22%) 

of those with good BP self-monitoring had good BP control. No significant differences 

were observed in nutrition knowledge, dietary patterns and HRQoL between the good 

and poor BP control groups. Nutrition knowledge, dietary patterns, lifestyle, self-

efficacy and HRQoL were compared between sampling units (data presented in 

Appendix B, Supplemental Table 3). A significant difference was observed in nutrition 

knowledge, physical activity status, HRQoL and self-efficacy among the three sampling 

units. 
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Table 4.6.1 Characteristics of included participants in good and poor BP control 

 Poor control, n 

(%) (n = 130) 

Good control, n 

(%) (n = 103) 

χ2 (p-value) 

Number 130 (55) 107 (45)  
Age (years of age)   1.08 (0.29) 

< 65 

≥ 65 

77 (59) 

53 (41) 

54 (52) 

49 (48) 

 

Gender 

Male 

Female 

 

50 (38.5) 

80 (61.5) 

 

47 (46.0) 

56 (54.0) 

1.21 (0.27) 

Ethnicity  

Caucasian 

Other  

 

114 (89.0) 

14 (11.0) 

 

98 (98.0) 

2 (2.0) 

6.87 (0.00) 

Marital status  

Married, de facto 

Divorced, widowed, separated 

Never been married   

 

82 (63.0) 

38 (29.0) 

10 (8.0) 

 

67 (66.0) 

29 (28.0) 

6 (6.0) 

0.34 (0.84) 

Education 

Elementary, high school 

College/ University degree 

Postgraduate master or PhD 

 

65 (50.0) 

48 (37.0) 

17 (13.0) 

 

55 (53.5) 

36 (35.0) 

12 (12.0) 

0.28 (0.86) 

Income  

Less than 20k 

20- < 60k 

≥ 60k 

 

69 (53.0) 

36 (28.0) 

25 (19.0) 

 

63 (62.5) 

20 (20.0) 

18 (18.0) 

2.38 (0.30)  

Employment 

Full-time 

Part-time 

Unemployed or student 

Retired  

 

37 (28.5) 

21 (16.0) 

15 (11.5) 

57 (44.0) 

 

23 (22.5) 

13 (13.0) 

11 (11.0) 

55 (54.0) 

2.46 (0.48) 

Number of people in household  

Single person  

Medium size (2-4 people) 

Large size ( ≥ 5 people) 

 

24 (19.0) 

89 (71.0) 

12 (10.0) 

 

25 (25.0) 

72 (71.0) 

4 (4.0) 

3.30 (0.19) 

Health-related qualification 

Yes 

No 

 

35 (27.5) 

92 (72.5) 

 

16 (16.0) 

88 (84.0) 

4.60 (0.03) 

BMI (kg/m2) 28.73 (6.30) 29.14 (6.01) -0.41 (0.64) 

* BP is presented as mean (SD). The rest of variables are presented as frequency (%). 

Chi-square was used to compare bivariate differences.  
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Table 4.6.2 Medication types, comorbidities and sampling unit differences among 

participants with good and poor BP control 

 Poor control, n 

(%) (n = 130) 

Good control, n 

(%) (n = 103) 

χ2 (p-value) 

Types of AHT   1.21 (0.55) 

One type 65 (66) 65 (72)  

Two types 21 (21) 18 (20)  

> Two types  12 (13) 7 (8)  

Common AHT    

ACE inhibitors 13 (15) 12 (15) 0.04 (0.99) 

Diuretics 15 (18) 15 (18)  

Calcium channel, Beta-blockers or 

Alpha- receptor blockers 

12 (14) 11 (13)  

Others, or did not know 45 (53) 44 (54)  

Comorbidities    6.30 (0.10) 

Heart problems 7 (14) 13 (24)  

Obesity 32 (62) 22 (40)  

Diabetes/high cholesterol/or Gout  4 (8) 10 (18)  

Multiple comorbidities  8 (16) 10 (18)  

Sampling Unit   10.62 (0.00) 

Clinical 50 (39) 58 (56)  

Community 72 (55) 35 (34)  

Active classes  8 (6) 10 (10)  
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Table 4.6.3 Difference in dietary pattern, nutrition knowledge, HRQoL, lifestyle and self-monitoring skills, between groups with good and 

poor BP control  

 Poor control, n (%) (n = 130) Good control, n (%) (n = 

103) 

t or χ2 (p-value) 

Nutrition knowledge score (out of 100) 65.90 (13.71) 64.00 (13.60) 1.10 (0.27) 

Dietary Pattern  

Western  

Snack & Alcohol  

Balanced 

 

54 (42.0) 

49 (37.5) 

27 (20.5) 

 

35 (33.5) 

40 (39.0) 

28 (27.5) 

2.31 (0.31) 

HRQoL 

Physical function 

Role physical 

Bodily pain 

General health 

Total Physical  

Vitality 

Social function 

Role emotional 

Mental health 

Total Mental 

 

65.70 (35.50) 

66.47 (30.89) 

35.66 (32.74) 

54.07 (24.95) 

55.47 (15.53) 

47.09 (21.79) 

70.16 (30.47) 

74.42 (25.13) 

57.95 (13.79) 

62.40 (14.12) 

 

63.48 (38.16) 

61.76 (34.59) 

44.12 (38.08) 

48.53 (26.05) 

54.47 (18.90) 

48.77 (24.97) 

69.85 (29.08) 

72.92 (29.17) 

59.19 (18.52) 

62.68 (15.36) 

 

0.45 (0.64) 

1.09 (0.27) 

-1.78 (0.07) 

1.64 (0.10) 

0.44 (0.66) 

-0.54 (0.58) 

0.07 (0.93) 

0.42 (0.67) 

-0.58 (0.56) 

-0.14 (0.88) 

Lifestyle variables    

Physical activity (hour/week) 

Vigorous  

Moderate  

Light  

Sitting activity  

Sleeping  

 

1.90 (3.85) 

6.60 (7.49) 

21.90 (21.10) 

29.16 (19.15) 

47.42 (15.69) 

 

2.68 (4.60) 

8.22 (8.88) 

19.46 (20.59) 

29.02 (18.07) 

48.07 (16.80) 

 

-1.33 (0.18) 

-1.47 (0.14) 

0.87 (0.38) 

0.05 (0.95) 

-0.29 (0.77) 

Physical activity categories 1  

Sedentary 

Moderate 

Rigorous 

 

45 (36.0) 

69 (54.5) 

12 (9.5) 

 

26 (26.0) 

61 (60.0) 

14 (14.0) 

 

3.01 (0.22) 

Smoking, n (%) 

No 

 

78 (64.5) 

 

62 (61.5) 

 

1.90 (0.38) 
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Used to  

Yes 

30 (25.0) 

13 (10.5) 

32 (31.5) 

7 (5.0) 

Over drinking, n (%) 

Never 

Often 

Sometimes 

Used to 

 

56 (46.0) 

13 (11.0) 

34 (27.5) 

19 (15.5) 

 

47 (47.0) 

11 (11.0) 

34 (34.0) 

8 (8.0) 

 

3.28 (0.35) 

Stress, n (%) 

Never 

Often 

Sometimes 

Occasionally 

 

17 (14.0) 

27 (22.0) 

45 (37.0) 

33 (27.0) 

 

17 (16.0) 

26 (26.0) 

29 (29.0) 

28 (28.0) 

 

1.72 (0.63) 

Self-management Skills     

BP self-monitoring  

Poor  

Good  

 

118 (91) 

12 (9) 

 

81 (78.5) 

22 (21.5) 

 

6.13 (0.01) 

Self-efficacy  

Diet (out of 100) 

 

70.91 (17.69) 

 

72.92 (18.12) 

 

-0.82 (0.40) 

Exercise (out of 100) 63.62 (23.80) 67.72 (20.34) -1.25 (0.21) 

AHT adherence 

Poor  

Good 

 

53 (52) 

50 (48) 

 

42 (44) 

53 (56) 

 

1.04 (0.30) 

 

1 Moderate: physical activities for at least 30 minutes, 5 times per week, which does not cause heavy breathing (e.g. walking, hiking, gardening); 

Rigorous: physical activities for at least 20 minutes, 3 time per week, which cause sweating and heavy breathing (e.g. running, football, shovelling). 

Data presented as mean (SD) or frequency (%). Independent sample t-test and chi-squared test are used where appropriate. Significant p-value level is < 

0.05. 
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The association between nutrition knowledge, dietary patterns, lifestyle factors, 

HRQoL, BP self-management skills and poor BP control is presented in Table 4.6.4. 

Except for model 1, all models had good fit based on the Hosmer-Lemeshow test. In 

model 1, nutrition knowledge alone was not a significant determinant of BP control 

while controlling for confounding variables of ethnicity, health-related qualifications 

and sampling units. Dietary patterns and lifestyle variables (physical activity, smoking 

and alcohol overconsumption) were added to model 2. A higher likelihood of having 

poor BP control was observed when paired with a sedentary lifestyle compared to a 

rigorously active lifestyle. A similar pattern was detected when HRQoL total physical 

and total mental domains were added to model 3. In model 4, self-management skills 

(self-monitoring, AHT adherence and self-efficacy) were included. Poor BP self-

monitoring increased the odds of poor BP control more than 5 times. In this model, 

sedentary lifestyle also increased the likelihood of poor BP control by more than 4.5 

times. All models were controlled for ethnicity, health-related qualification and 

sampling units. Being Caucasian reduced the odds of poor BP control in all models. No 

confounding influence of health-related qualification or sampling units was observed in 

the association.     
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Table 4.6.4 The association between nutrition knowledge, dietary pattern, Lifestyle, HRQoL, BP self-management skills, with poor BP 

control  

*p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001. Good fit models, except for model 1. Model 1 (Nutrition knowledge); Model 2 (Nutrition knowledge + 

Dietary patterns and sleep duration); Model 3 (Nutrition knowledge + Dietary patterns and sleep duration + HRQoL); Model 4 (Nutrition knowledge + Dietary patterns 

and sleep duration + HRQoL + Self-efficacy). All models are controlled for sociodemographic variables (age, gender, employment, and income), and sampling units. 

Poor BP control  
Model 1 

Odds ratio (CI) 

Model 2 

Odds ratio (CI) 

Model 3 

Odds ratio (CI) 

Model 4 

Odds ratio (CI) 

Knowledge of nutrition 0.99 (0.97-1.02) 1.01 (0.98-1.04) 1.01 (0.98-1.04) 1.01 (0.97-1.05) 

Dietary pattern 

Western (vs Balance) 

Snack & Alcohol (vs Balance) 

 

̶ 

̶ 

 

1.37 (0.61-3.07) 

1.26 (0.58-2.71) 

 

1.43 (0.63-3.22) 

1.23 (0.57-2.67) 

 

0.81 (0.29-2.24) 

0.73 (0.28-1.91) 

Lifestyle variables     

Physical activity categories  

Sedentary (vs Rigorous) 

Moderate (vs Rigorous) 

 

̶ 

̶ 

 

3.15 (1.10-9.03)* 

1.55 (0.57-4.16) 

 

3.12 (1.04-9.30)* 

1.58 (0.58-4.25) 

 

4.69 (1.00-22.25)* 

2.43 (0.64-9.27) 

Smoking, n (%) 

Used to (vs No) 

Yes (vs No) 

 

̶ 

̶ 

 

2.19 (0.64-7.50) 

0.89 (0.45-1.76) 

 

2.03 (0.58-7.08) 

0.87 (0.43-1.72) 

 

4.15 (0.75-22.83) 

0.64 (0.26-1.58) 

Over drinking, n (%) 

Often (vs Never) 

Sometimes (vs Never) 

Used to (vs Never) 

 

̶ 

̶ 

̶ 

 

0.77 (0.28-2.08) 

0.97 (0.48-1.92) 

2.27 (0.79-6.49) 

 

0.84 (0.29-2.37) 

0.98 (0.49-1.95) 

2.25 (0.77-6.53) 

 

0.42 (0.09-2.02) 

0.90 (0.38-2.11) 

2.60 (0.73-9.21) 

HRQoL 

Total physical 

Total mental 

 

̶ 

̶ 

 

̶ 

̶ 

 

1.00 (0.98-1.02) 

0.99 (0.97-1.02) 

 

0.98 (0.96-1.01) 

1.00 (0.97-1.03) 

Self-management skills     

BP self-monitoring, Poor (vs Good) ̶ ̶ ̶ 5.33 (1.78-15.93)** 

AHT adherence, Poor (vs Good) ̶ ̶ ̶ 0.80 (0.35-1.81) 

Self-efficacy  

Diet 

Exercise    

 

̶ 

̶ 

 

̶ 

̶ 

 

̶ 

̶ 

 

0.98 (0.95-1.00) 

1.00 (0.98-1.03) 

Ethnicity, Caucasian (vs Others) 0.15 (0.97-1.02)* 0.16 (0.29-0.81)* 0.17 (0.03-0.86)* 0.09 (0.10-0.93)* 

Health-related qualification, No (vs Yes) 0.78 (0.38-1.55) 0.63 (0.29-1.37) 0.59 (0.26-1.30) 1.00 (0.38-2.61) 

Sampling unit 

Clinical (vs Active classes) 

Community (vs Active classes) 

 

1.23 (0.42-3.61) 

2.42 (0.84-6.93) 

 

1.34 (0.40-4.49) 

2.13 (0.65-6.97) 

 

1.28 (0.38-4.36) 

2.07 (0.62-6.83) 

 

2.27 (0.50-10.21) 

4.04 (0.91-18.04) 

 R2 = 0.10** R2 = 0.16* R2 = 0.16* R2 = 0.28*** 
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4.6.6 Discussion  

In the present study, over half of the study sample did not have their BP under good 

control. Similar rates of poor BP control among individuals with HTN has also been 

identified in the US population (Yoon, 2012). Findings from the present study suggest that 

individuals with poor BP control have lower self-management skills than individuals with 

good BP control. Based on IFSMT theory (Ryan & Sawin, 2009), success with BP control 

at the individual level is largely related to an individual’s self-management skills and their 

involvement in the treatment and control of their condition (Barlow et al., 2002; 

Bodenheimer et al., 2002). Hypertensive individuals, especially in the early stages, usually 

do not experience physical symptoms, therefore, may not feel the need to adhere to 

treatment or control of their condition (Gascón et al., 2004). However, continuous BP self-

monitoring may increase awareness of the condition, the need for action and an individual’s 

active involvement in treatment (Cappuccio et al., 2004). Based on IFSMT, self-

involvement in the treatment of a condition is a pivotal step in self-managing and 

controlling that condition (Ryan & Sawin, 2009). The associations observed in this study 

support the importance of BP self-monitoring for the control of HTN.  

The findings of this study also reported lower involvement in physical activity for 

individuals with poor BP control compared to those with good BP control. As designated in 

the outcome dimension of IFSMT theory, an individual’s motivation to change and to self-

manage their condition is very much influenced by having successful lifestyle modification 

outcomes (Ryan & Sawin, 2009). Therefore, having an inactive lifestyle may limit the 

success of BP self-management, and reduce the likelihood of BP control. This was further 

supported by the findings of the present study where associations between physical 

inactivity and lower likelihood of BP control were observed. Sedentary lifestyles have long 

been considered a major culprit in many chronic diseases, including HTN, obesity and 

diabetes (Tremblay et al., 2010). The importance of physical activity to reduce BP has been 

well investigated in epidemiological and experimental studies (Fagard, 2001, 2006; Zortéa 

& Tartari, 2009). A number of mechanisms have been proposed for this effect. Reducing 

the circulating catecholamines in serum, decreasing plasma noradrenaline levels and renin 

activity, and reducing the peripheral vascular resistance are among these (Fagard, 2006; 

Zortéa & Tartari, 2009).   
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In the present study, no differences in nutrition knowledge, dietary patterns, HRQoL, 

smoking, overconsumption of alcohol or adherence to medication between groups with 

poor or good BP control was observed. Although the conceptual framework of this study 

suggested that these variables may increase the likelihood of BP self-management and 

control, the findings of this study did not report such associations. Nevertheless, the 

importance of diet and lifestyle modifications in targeting HTN treatment and control is 

undeniable (Chobanian et al., 2003). There is compelling evidence suggesting diet plays a 

critical role in the prevention or onset of HTN (Aburto et al., 2013; Chobanian et al., 2003). 

There is no doubt that Western dietary patterns high in salt (sodium), SFA, alcohol and low 

in fruit and vegetables increases the risk of HTN (Aburto et al., 2013; Chobanian et al., 

2003). Individuals are more likely to choose healthier foods when they have better 

knowledge of dietary factors (Zoellner et al., 2009). There is also overwhelming evidence 

for the association between smoking and adverse cardiovascular outcomes (Ambrose & 

Barua, 2004; Huang et al., 2011). Heavy alcohol consumption has also been associated with 

higher BP in previous reports (Briasoulis et al., 2012; Nagao et al., 2007). Although these 

associations were not observed in the current study, it is possible that a combination of 

these factors, along with other behavioural factors (such as belief, accessibility and 

availability of food and resources), may be associated with HTN control, since it is a 

multifactorial condition (Chobanian et al., 2003). 

To the best of our knowledge, the current study is one of few to have explored associations 

between nutrition knowledge, dietary patterns, lifestyle factors, HRQoL, BP self-

management skills and BP control in Australian adults with HTN. Overall, the study 

suggests that a sedentary lifestyle and poor BP self-monitoring can reduce the likelihood of 

successful BP control. While the findings of this study have valuable public health and 

clinical implications, there are several limitations that should be noted.  

The small population sample of the study makes the generalisation of findings difficult and 

limits the power to test the associations. However, participants from both Clinical and 

Community units were included in the study to increase the generalisation of the results. 

Also, to partial out the sampling unit differences, this study controlled the confounding 

influence of sampling units in the analyses. Another limitation of this study is that the 

majority of the population were Caucasians, which limited the comparison and 
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generalisation of results to other ethnicities. In addition, the data collection in this study 

was done using a short self-administered questionnaire, which can introduce reporting bias 

(Burns et al., 2008). With regards to alcohol consumption, only overconsumption of 

alcohol (> 2 standard drinks per day for men, or > 1 standard drink per day for women, or > 

4 standard drinks in a single drinking occasion) was included in this study. Therefore, 

participants were not able to report actual levels of alcohol consumed. In addition, the 

smoking frequency question was not able to identify the exact number of cigarettes smoked 

each day or the number of years an individual had been smoking for. Finally, the length of 

diagnosis may influence the success of BP control. However, accurate diagnosis duration 

recall from individuals with a long history of diagnosis was limited. Due to the limited 

access this study had to the recorded medical history, especially from individuals in the 

Community sampling unit, this information was not included. Future intervention based 

studies focusing on a cause-effect relationship between these variables and BP control are 

required to confirm the findings of this study.    

 

4.6.7 Conclusion 

Overall, the findings of this study emphasise the importance of BP self-monitoring and 

physical activity in BP control for adults with HTN. Accordingly, hypertensive individuals 

with poor BP self-monitoring and those following a sedentary lifestyle have lower 

likelihood of achieving successful BP control. Individuals with HTN may benefit from 

interventions and strategies to improve BP self-monitoring skills and physical activity, in 

order to increase the likelihood of successful BP control.   
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Chapter Five: Discussion  
 

5.1 Preface 

In this chapter, the findings in relation to the research hypotheses are discussed. The 

clinical and public health implications of the study are explained, and the strengths and 

limitations of the research are explored. The considerations and recommendations for future 

research are discussed and lastly, an overall conclusion of the research is presented.  

 

5.2 Overview of findings in relation to the research hypothesis 

This study aimed to explore nutrition knowledge, dietary patterns, lifestyle, HRQoL and 

their association with BP, AHT adherence and BP control in Australian adults. Based on 

the IFSMT theory (Ryan & Sawin, 2009), the framework of this study proposes that an 

individual’s self-management and self-efficacy (confidence to follow behavioural changes) 

are concomitant with HTN, AHT adherence and BP control. Based on this framework 

(explained in detail in Methodology Chapter, Section 3.2) nutrition knowledge, dietary 

patterns, lifestyle behaviours and HRQoL can influence individual self-efficacy and 

behavioural change self-management success. To test this framework, a cross-sectional 

clinical and community-based study was designed. A total of 420 individuals with high and 

normal BP completed a survey aimed to measure the above-mentioned variables. The 

hypotheses to test the research framework and an overview of the main results are outlined 

here: 

 

Hypothesis 1: The short version FFQ developed is a reliable and valid tool to assess the 

dietary intake of adults with high BP in Australia. 

This hypothesis was supported by the initial research study, which indicated that the 

modified short FFQ is a reliable and valid tool in assessing the dietary intake of 

hypertensive Australian adults. A validated dietary assessment tool for use with 

hypertensive Australian adults was not identified in the existing literature. Given the 
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importance of dietary patterns in testing the framework of this study, there was a need for a 

valid and reliable tool to accurately measure dietary intake among hypertensive Australians. 

Thus, a short FFQ was developed (refer to Chapter Four, Section 4.2).   

To our knowledge, this study is the only one that uses a reliable and valid FFQ appropriate 

for high BP populations in Australia. The FFQ had an acceptable reliability and validity for 

measuring energy, the majority of macronutrients, and micronutrients. Although the short 

FFQ developed in this research was able to measure added salt during cooking or serving 

foods, it was difficult to measure and report on the salt content of foods from restaurants, 

fast foods and packaged foods. Therefore, for accurate measurement of sodium, a more 

detailed measurement tool (such as a comprehensive FFQ or the measurement of 

biomarkers) may be required. Nevertheless, the FFQ developed in this study can be 

considered an acceptable and reliable tool to quickly determine the dietary intake of 

hypertensive Australian adults. This FFQ has application in future epidemiological and 

clinical studies aiming to swiftly measure the dietary intake of individuals with high BP.        

 

Hypothesis 2: Unhealthy dietary patterns, low level of nutrition knowledge and poor 

lifestyle are associated with high BP in a sample of Australian adults. 

The research partially supported this hypothesis, by indicating that unhealthy dietary 

patterns (Western and Snack & Alcohol patterns) and some lifestyle variables (physical 

inactivity and smoking) are associated with high BP. The findings showed that participants 

with high BP had a lower nutrition knowledge score compared to those with normal BP. 

The supplementary findings suggested that the difference observed in nutrition knowledge 

was more pronounced in the Source of Foods/Nutrients aspect between high and normal BP 

groups. The difference in the Choosing Everyday Foods and Diet-Disease Relationship 

aspects of nutrition knowledge between high and normal BP groups also showed a trend 

with a higher score in normal BP individuals. Overall, all participants had a low score of 

nutrition knowledge regarding the food sources of nutrients and their relationship to diet 

and disease. These findings suggest that participants, especially those with high BP, are not 

aware of poor food choices that contain high salt, SFA and sugar. This issue is particularly 

concerning given hypertensive individuals need to reduce salt and SFA intake.   
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In addition to nutrition knowledge, the dietary patterns of the participants were explored. 

From this, three major dietary patterns were identified: Western, Snack & Alcohol and 

Balanced. The hypertensive participants reported high intakes of the Western and the Snack 

& Alcohol diets. In contrast, participants with normal BP had a higher intake of the 

Balanced dietary pattern. These findings were further confirmed by a higher intake of the 

‘discretionary foods’ and ‘oils’ groups in participants with high BP. In addition, 

hypertensive individuals reported that their decisions regarding food choices were less 

affected by food labels and nutrition values than normotensive individuals. Normotensive 

participants were also more physically active, had a lower smoking frequency, better diet 

and exercise self-efficacy and a lower BMI. These findings confirm the IFSMT theory 

(refer to Chapter Three, Section 3.2) that normotensive individuals follow healthier dietary 

and lifestyle behaviours and are more confident in their ability to change behaviour, 

compared to their hypertensive counterparts.      

When testing the framework of research based on IFSMT theory (refer to Chapter Three, 

Section 3.2), this study failed to demonstrate that a direct association between nutrition 

knowledge and HTN exists. While this study was based on KAB theory (refer to Chapter 

Three, Section 3.2.1) in that nutrition knowledge is important for decision making and 

behaviour modification, this study suggests that nutrition knowledge alone is not a critical 

determinant of HTN. However, poor dietary patterns (a Western-style diet high in salt, SFA 

and alcohol) and poor lifestyle behaviours (physical inactivity and smoking) were 

associated with a higher likelihood of having HTN.  

According to the theoretical framework of this research, dietary and lifestyle modification 

can be considered as an outcome dimension of IFSMT, motivating the behavioural change 

self-efficacy and leading to a successful HTN prevention. Although this study failed to 

observe any influence of self-efficacy on the association between nutrition knowledge, 

dietary patterns and lifestyle with high BP, those with a higher score of exercise self-

efficacy had a lower RR of HTN. This finding supports the ISFMT and the framework of 

this study by proving that behavioural change self-efficacy can play an important role in the 

prevention of HTN. The literature search highlighted a unanimous view on the association 

between poor diet and lifestyle, and the risk of chronic diseases such as HTN. The 

associations of these factors are independent of the influence of self-efficacy, suggesting 
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self-efficacy does not mediate the association between dietary patterns and lifestyle factors 

with HTN. Collectively, these findings suggest that individuals need to modify their dietary 

patterns and physical activity levels to reduce the risk of HTN. Future interventions and 

strategies are required to focus on modifying these factors to reduce HTN and its related 

mortality in Australia.    

 

Hypothesis 3: High BP and poor HRQoL are associated in a sample of Australian adults. 

This research supported the hypothesis that high BP and poor HRQoL are associated. 

Based on Health Belief Model (HBM), HRQoL is a perception or belief that may be 

influenced by the diagnosis of HTN or other chronic diseases. In addition, the perception of 

health may vary depending on age and gender. Findings from this study support the HBM, 

indicating that hypertensive individuals have lower scores in all HRQoL domains compared 

to their normotensive counterparts. In addition, there was an inverse association between 

HTN and HRQoL domains. A gender difference was also observed in the association 

between HTN and HRQoL, with a more pronounced association observed in females. The 

association also varied by age group categorisation. The HRQoL domains were associated 

with HTN only among adults < 65 years of age and not in adults ≥ 65 years of age.  

Based on the HBM, the diagnosis and awareness of a health problem, such as HTN, can 

influence an individual’s perception of their health status, resulting in a lower reported 

HRQoL. Ratifying the HBM, HTN was associated with a lower HRQoL score in all 

domains. The strong inverse association between high BP and HRQoL observed among 

females may be explained by a generally poorer perception of health, due to an over-

estimation of disease symptoms and their effects. In addition, in comparison to older adults, 

those < 65 years of age may not expect to have a chronic condition. Therefore, the 

diagnosis of such an illness may bring greater psychological and emotional shock compared 

to older adults. These findings suggest that females and individuals < 65 years of age may 

have a higher perception of vulnerability to HTN, which may reduce their HRQoL more 

than their counterparts. Therefore, hypertensive females < 65 years of age may need more 

professional and public assistance to maintain or improve their HRQoL.    
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Hypothesis 4: Unhealthy dietary patterns, low level of nutrition knowledge and poor 

lifestyle and HRQoL are associated with poor AHT adherence in a sample of Australian 

adults with high BP. 

This research failed to support the hypothesis that unhealthy dietary patterns, lack of 

nutrition knowledge and poor HRQoL are associated with poor AHT adherence. However, 

it supported the association between self-efficacy and sleep duration with AHT adherence. 

According to the theoretical framework of this study (Methodology Chapter, Section 3.2), 

AHT adherence can be explained by the IFSMT theory, where self-efficacy determines the 

success of behavioural change self-management. In support of the framework, this study 

reported that a lower exercise self-efficacy was observed in those with poor AHT 

adherence compared to those with good AHT adherence. The results also confirmed that a 

positive association exists between self-efficacy and AHT adherence.  

Based on this study’s framework, a successful outcome (dietary and lifestyle change) and 

good physical and psychological wellbeing can improve self-efficacy and motivate 

behavioural change. A higher intake of the Western diet, a shorter sleep duration (6 hours 

per night) and a higher frequency of stress were observed in the poor AHT adherence group 

compared to the good AHT adherence group. Sleep duration had a positive association with 

AHT adherence. However, the study failed to observe an association between dietary 

pattern and other lifestyle factors with AHT adherence. These findings suggest that those 

with higher confidence levels in their ability to follow dietary and lifestyle modifications 

have a better likelihood of adhering to their AHT medication regimen. Also, inadequate 

sleep may influence an individual’s ability to pay attention, or lead to cognitive issues (such 

as poor judgement, memory loss and forgetfulness), thus reducing their likelihood of AHT 

adherence. Based on the results of this study, forgetfulness was the major reason for not 

taking AHT as prescribed. 

The framework of this study also suggests that nutrition knowledge may increase the 

likelihood of successful dietary behavioural change, and improve confidence and adherence 

to necessary treatment. Also, individual physical and mental wellbeing may have a 

supportive influence in the process of behavioural change. However, this study failed to 

report any association between nutrition knowledge and AHT adherence. There was also no 

association between HRQoL and AHT adherence. 
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Overall, a poor adherence to AHT was observed in almost half of the participants with high 

BP. Collectively, the findings suggest that hypertensive individuals may benefit from 

strategies and interventions to improve behavioural change self-efficacy and promote 

adequate sleep duration, thereby increasing their adherence to HTN medication.   

 

Hypothesis 5: Unhealthy dietary patterns, low level of nutrition knowledge, poor lifestyle 

and HRQoL and lack of self-management skills are associated with poor BP control in a 

sample of Australian adults with high BP. 

This research failed to support the hypothesis that unhealthy dietary patterns, lack of 

nutrition knowledge and poor HRQoL are associated with poor BP control. However, it 

supported the association between physical inactivity and poor BP self-monitoring with 

poor BP control. Based on the IFSMT and the framework of this research, BP control is 

influenced by an individual’s ability to self-manage their condition. In other words, 

individuals may not achieve successful BP control unless they are involved in the self-

monitoring of their condition, adhere to their treatment regimen and confidently follow 

necessary lifestyle changes. The findings of this study partially supported the framework 

and suggested that poor self-monitoring can increase the likelihood of non-successful BP 

control. This finding aligns with the IFSMT theory suggesting that an individual’s 

involvement in managing their condition is a core component of high BP treatment and 

control. Self-monitoring may increase an individual’s understanding of their condition and 

the fluctuations that occur, acting as a motivating factor to increase treatment adherence 

and BP self-management.   

In addition, the framework of this research suggested that successful lifestyle modifications 

can act as a motivating outcome, improve an individual’s confidence in their own ability to 

self-manage high BP and lead to a better BP control. This was supported by the findings of 

this study, suggesting that an inactive lifestyle increases the likelihood of non-successful 

BP control in individuals with high BP. Based on IFSMT and self-efficacy theories, a 

successful lifestyle modification may increase the likelihood of BP self-management and 

control in hypertensive individuals.    
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The framework of this research also suggested that nutrition knowledge can improve the 

likelihood of a successful dietary and lifestyle behavioural change. However, the results of 

this study failed to observe any association between nutrition knowledge and BP control. 

Similarly, no association of dietary patterns, HRQoL, AHT adherence or other lifestyle 

variables (smoking, overconsumption of alcohol) to BP control was observed.  

Overall, this study showed that more than half of the hypertensive individuals included in 

this study had poor BP control. Although the importance of dietary modifications in the 

treatment and control of HTN is undeniable, successful control of HTN may require the 

active involvement of individuals in their own treatment. The findings of this study support 

the importance of an individual’s involvement in controlling HTN through BP self-

monitoring and adhering to an active lifestyle.  

 

5.3 Implications of the research  

The research findings have several clinical and public health implications. Firstly, this 

research has provided a valid and reliable short FFQ that can be used to quickly assess the 

dietary intake of hypertensive individuals. To our knowledge, this is the first FFQ validated 

for use in hypertensive Australian adults. Use of this short FFQ will reduce the burden 

associated with dietary assessments in clinical and population studies, where a range of 

variables and factors are often measured. It also reduces participant burden as it takes only 

10-15 minutes to complete, as opposed to the original FFQ, which took 35-40 minutes. 

Including questions on the salt, sugar and oil added during the cooking and serving of 

foods, as well as fermented products, makes this questionnaire unique. Dietary intake 

measurement tools often underestimate salt intake due to not allowing for salt added at 

home or while serving foods. In addition, despite using the Australian Dietary Guidelines in 

the design of the short FFQ, the commonly consumed food items included in this FFQ 

make it applicable across other populations.  

Secondly, the findings from this research contribute understanding the pressing need for 

interventions and strategies to modify the Westernisation of dietary patterns in Australian 

adults, to reduce the risk of HTN and its associated mortality. Modifying dietary patterns is 

a complex process which requires an individual’s ability to choose healthy foods and their 
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understanding of the diet-disease relationship. According to the results of this study, 

hypertensive individuals have a lower nutrition knowledge score compared to their 

normotensive counterparts. This indicates the need for educational interventions and 

strategies to increase the nutrition knowledge of Australian hypertensive individuals. 

In addition to dietary patterns and nutrition knowledge, the results of this study contributed 

support to the literature that lifestyle behaviour (physical activity and smoking) plays an 

important role in increasing the risk of HTN—calling for strategies to modify these risk 

factors in Australian adults. Nevertheless, the Westernisation of dietary patterns and the 

sedentary lifestyles in Australia are major public health issues, increasing the risk of many 

chronic diseases, such as obesity, diabetes and HTN. Australian adults, especially those 

with high BP, will benefit from individual interventions and public health strategies aimed 

at reducing the consumption of Western diets and improving physical activity— preventing 

HTN and reducing chronic disease mortality.         

Thirdly, this study’s findings contributed to the further theoretical development of HRQoL 

and HTN, by corroborating the association between HTN and low HRQoL. Hypertension 

was strongly associated with HRQoL in females and in adults < 65 years of age. Therefore, 

more consideration from health professionals and increased social attention may be 

required for hypertensive females and those < 65 years of age. Future interventions to 

control HTN may benefit from studies exploring the cause-effect relationship between 

HTN and HRQoL.   

Fourthly, this research highlights the need to develop practical guidelines to improve AHT 

adherence, by establishing that almost half of the hypertensive participants had poor AHT 

adherence. The findings of this research suggest that following healthier dietary patterns 

and having better exercise self-efficacy and enough sleep hours (average of 7 hours per 

night) may increase the likelihood of better AHT adherence. Since adherence to AHT is 

pivotal in the treatment of HTN, hypertensive individuals may benefit from strategies and 

interventions that aim to improve their diet, sleep quality and resting adequacy, as well as 

their self-efficacy and confidence in following necessary lifestyle changes.  

Finally, this study contributes to better understanding of the importance of BP self-

monitoring and physical activity in successful BP control. Findings of the present study 
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indicate that in those with HTN, nutrition knowledge and HRQoL, in combination with 

lifestyle and BP self-management skills (especially BP self-monitoring) can influence BP 

control. Therefore, this study provides a strategic direction for clinical and public health 

interventions focusing on HTN control through individual self-management. Educating to 

enhance BP self-measurement skills, implementing policies for greater accessibility and 

affordability of BP monitoring devices, improving knowledge of BP control and increasing 

individuals’ self-control confidence may lead to better BP self-management skills, thus, 

better BP control. This, along with strategies to improve diet and lifestyle, may effectively 

improve the BP control rate among hypertensive individuals, reduce the treatment costs and 

the clinical and financial burden associated with the disease.     

Collectively, this research indicates that dietary and lifestyle modifications are the priority 

for HTN prevention and control in Australia. In addition, improving BP self-evaluation and 

monitoring, as well as self-efficacy, is essential to manage and control BP in hypertensive 

individuals. This research highlights the need for public health interventions and strategies 

that aim to limit the Westernisation of dietary patterns and improve physical activity at the 

population level to reduce the burden of HTN and its associated mortality. Future 

interventions need to involve hypertensive individuals in self-managing their BP, as well as 

educate them on the skills and knowledge required for improving dietary patterns and 

lifestyle. Furthermore, educating adults on strategies to cope with behavioural change 

barriers needs to be included in interventions aiming to increase adherence to HTN 

treatment and improve BP control. In addition, hypertensive adults < 65 years of age or 

females with HTN may require greater deal of professional and public health attention to 

improve or maintain their HRQoL. Together, these strategies can help prevent and control 

HTN and reduce the social and economic burden of the disease in Australia.      

This research contributes to the IFSMT theory utilised in the research framework in 

following ways. Firstly, in the process of this research, the importance of self-management 

and self-efficacy as core components of behavioural change is supported. Secondly, the 

findings of this research highlight the importance of the process dimension of IFSMT 

(including self-monitoring and self-evaluating) for the success of HTN control. However, 

this research suggests that in the process dimension, nutrition knowledge itself may not be 

an important determinant of successful HTN prevention or control. The findings suggest 
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that when IFSMT is used for HTN studies, the focus of the process dimension should be 

more on involving individuals in self-monitoring and managing their condition than being a 

passive process of merely increasing their knowledge. However, it should be noted that this 

research only focused on nutrition knowledge and the generalisation of the findings to that 

knowledge, as a broad concept, may not be completely accurate. Thirdly, based on the 

framework of this study and following IFSMT theory, individual dietary and lifestyle 

behaviours are defined by knowledge (the process dimension). However, given the 

importance of the behaviour observed in this research, the individual behaviour may be best 

considered as a separate dimension that influences HTN self-management and control. 

Despite this, the research overall supports the use of IFSMT in HTN studies by 

emphasising behavioural change and individual involvement in the process of change to 

improve self-efficacy and self-management of HTN prevention and control.   

 

5.4 Limitation of the research 

There are several limitations that need to be considered when interpreting the results from 

this research. Firstly, a sample of the population from one region of Australia was recruited. 

Thus, the results may not be representative of the wider Australian population. Also, 

participants in this study were mostly Caucasians, making it impossible to draw 

conclusions about ethnic differences and their association with HTN and BP control. 

Therefore, despite an attempt to include participants from different units of sampling 

(Clinical and Community) result generalisation may be inappropriate. In addition, the 

Clinical and Community units of sampling had participants with different characteristics. 

Hospitalised patients (Clinical unit, the Gold Coast University Hospital) are generally 

unhealthier than Community participants. In contrast, individuals attending the activities 

(such as Tai Chi and Yoga) from the Active classes of the Gold Coast City Council are 

expected to be healthier. While differences in some variables between sampling units of 

this study were observed (Appendix B, Supplemental Table 3), the differences were in 

favour of both the Community and Active classes study sampling units. Nevertheless, the 

decision to include participants from different sampling units was made in an endeavour to 

capture a more general public sample. In an effort to reduce bias, the confounding influence 

of sampling units was controlled in the analyses to partial out the differences. In addition, 
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the size of the sample included in the analysis of associations (especially for AHT 

medication and BP control) may not have enough power to explore all included variables. 

Although sample size calculation for each association study suggested adequate size, the 

calculations were based on previous literature and differences in explanatory variables may 

have affected the power calculation.     

Secondly, the research findings are based on a short cross-sectional observational study. 

Therefore, they do not represent causality or prospective associations. In addition, in the 

data collection process, a self-reported survey was used. Surveys require adequate 

participant compliance and recall, and therefore may have a reporting bias limitation 

(Coughlan et al., 2009). The self-reported anthropometry measures (such as height, weight, 

SBP and DBP) were validated against available clinical data, medical history and assenting 

measurements, or by liaising with medical professionals. However, the majority of 

participants from the Community and Active classes unit of sampling did not have 

accessible clinical data or a recorded medical history to validate the self-reported measures. 

This may have led to reporting bias in the collected data.       

Thirdly, although the FFQ developed in this study was validated to measure the dietary 

intake of individuals with high BP, it is limited in measuring some micronutrients. 

Therefore, the results captured using this FFQ may not be representative of the absolute 

nutrient intake of the population. Regardless, there are no dietary assessment tools that can 

measure food and nutrient intakes without bias. In addition, the dietary patterns identified 

were determined by factor analysis. Although population dietary patterns identified by 

factor analysis recognise more meaningful patterns in epidemiological studies than the 

individual patterns (Slattery, Boucher, Caan, Potter, & Ma, 1998), they are often criticised 

for their subjective nature. Due to dietary patterns being specified through the factor 

analysis process, they are often not replicable in other populations or even within the same 

population (Kerver et al., 2003; Martinez, Marshall, & Sechrest, 1998). Aside from this, 

diversity in the sociodemographic characteristics of ethnicity, age, sex, education, income 

and lifestyle factors (e.g. physical activity, health status) can also result in dietary patterns 

being irreplicable (Kerver et al., 2003). However, similarities between nutrition 

epidemiology study results support the use and applicability of factor analysis on dietary 

patterns (Kerver et al., 2003). 
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Finally, this study failed to include information on several potentially important variables. 

For example, the number of other medications taken by individuals was not included. 

Although individuals were asked to list the prescribed medication they take in the medical 

screening form, this information was often not provided. The duration of diagnosis and 

treatment of HTN may also influence HRQoL, knowledge, dietary patterns and BP control. 

However, most individuals with a long history of diagnosis could not accurately recall the 

duration of diagnosis. Due to the study’s limitations in accessing recorded medical 

histories, especially from individuals in the Community unit of sampling, this information 

was not included in the study. Moreover, the sleep duration variable included in the study 

could not differentiate between the differences in quality of sleep, which itself may have as 

much importance as the quantity of sleep. However, identifying the quality of sleep is a 

complex process and outside of the scope of this research. Some variables were also 

excluded from analysis due to incomplete and missing data. For example, attempts to 

collect data on lipid profile (TC, TG, LDL-C, and HDL-C) and waist circumference were 

not successful, as the majority of participants did not have an accurate report of these 

measures, or access to these reports were limited in both the Clinical and Community units 

of sampling.  

 

5.5 Recommendations for future research 

Based on the findings from the series of studies included in this thesis, some 

recommendations for future research can be made. Firstly, it would be appropriate to assess 

the acceptability and availability of the short FFQ for other hypertensive populations or 

individuals with other conditions, prior to using it in those populations. In addition, the 

short FFQ had limitations in measuring some micronutrients (especially iron and iodine). 

Therefore, if the focus of future studies is on measuring these micronutrients, it is 

recommended that a different measuring tool is developed and appropriately validated.  

Secondly, in study two of this research, a strong association between poor dietary patterns 

(Western, and Snack & Alcohol) was observed with an increased risk of HTN. Although 

dietary pattern modification is a complex issue, individuals and public health will benefit 

from interventions exploring the long-term effect of dietary pattern modification on HTN 
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and chronic disease risk. In addition, this research failed to observe any meaningful 

association between nutrition knowledge and the risk of HTN, poor AHT adherence or 

HTN control. This was despite observing a significantly higher level of nutrition 

knowledge score in the normal BP group compared to the high BP group. It would be 

appropriate to use longitudinal cohort or prospective studies to clarify the association 

between nutrition knowledge and HTN and its control, along with interventions to clarify 

the cause-effect relationship.  

Thirdly, based on the findings of study three, sleep duration and self-efficacy play 

important roles in increasing the likelihood of better AHT adherence in hypertensive 

individuals. However, mechanisms for the cause-effect relationships are not clear, which 

requires future investigation. This research also recommends that future studies explore the 

association between quality of sleep with HTN, AHT adherence and HTN control. Based 

on the findings of this research, the association between nutrition knowledge and AHT 

adherence and HTN control was not meaningful. However, it would be appropriate for 

future studies to explore the association between general knowledge of HTN (including the 

disease, side effects and management strategies) with AHT adherence and HTN control. 

One could speculate that individuals with a better understanding of the disease, its side 

effects and modified lifestyle and medication programs will have a better adherence to 

treatment regimens. Nevertheless, this should be confirmed in future research.               

Fourthly, the importance of BP self-monitoring (as a self-management skill) and physical 

activity are supported by the findings of this study. However, the findings failed to report a 

critical role for dietary patterns, nutrition knowledge or HRQoL in predicting BP control. 

Further investigations are required to explore the role of these variables in predicting HTN 

control by using a more rigorous and representative sample. Other variables may also 

influence the success of BP control. For example, the influence of the length of diagnosis 

on HTN control is not clear, which calls for further investigation. Future interventions 

focusing on the effect of BP self-monitoring on HTN control are needed to explore possible 

cause-effect relationships. 

Finally, there is inconsistency in the literature about the association between HRQoL and 

HTN, AHT adherence and BP control. The findings of this research failed to report any 

association between HRQoL, AHT adherence and BP control. However, HTN was 
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associated with HRQoL, especially in females and adults < 65 years of age. In spite of 

these findings, further cohort studies including larger population sample need to confirm 

these findings.  

 

5.6 Conclusion  

Findings from this research further our understanding of the nutrition knowledge, dietary 

patterns, lifestyles and HRQoL of hypertensive Australian adults. Results suggest that 

normal BP Australian adults generally follow a healthier diet and lifestyle, have a better 

understanding of nutrition and a better HRQoL compared to high BP individuals. The 

findings also suggest that following a Western dietary pattern and sedentary lifestyle may 

lead to an increase in the risk of developing HTN. When HTN has developed, the success 

of AHT adherence may increase if individuals have good behavioural change self-efficacy 

and sufficient hours of sleep. However, poor self-monitoring, as well as physical inactivity 

can reduce the success of BP control. In addition, the findings suggest that HTN is 

associated with a poorer HRQoL. Health-related quality of life in females and adults < 65 

years of age are likely to be more vulnerable to HTN. Therefore, they may require greater 

levels of attention from health professionals to maintain or improve their HRQoL. 

Collectively, these results highlight the need for health care approaches and interventions 

that aim to improve an individual’s dietary pattern, the level of physical activity, 

behavioural change self-efficacy, as well as the self-monitoring and managing of their 

condition. Collaboratively, these improvements may assist in preventing and controlling 

HTN in Australia. Future longitudinal cohort and interventional studies are required to 

confirm the findings of this study. 
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Appendix B. Supplemental Tables 
 

Supplemental Table 1 The difference between sampling units in nutrition knowledge, dietary pattern, lifestyle, HRQoL and 

self-efficacy in participants with high and normal BP. 

 Clinical (A) 

(n = 137) 

Community (B) 

(n = 233) 

Active classes (C) 

(n = 30) 

F, χ2 (p-value)  Post hoc 

Nutrition Knowledge 59.06 (14.40) 70.10 (11.15) 68.60 (13.34) 34.09 (< 0.01) A < B**; A < C**; B < C 

Dietary pattern 

Western 

Snack & Alcohol 

Balanced 

 

49 (36) 

52 (38) 

36 (26) 

 

71 (30) 

76 (33) 

86 (37) 

 

7 (25) 

17 (61) 

4 (14) 

 12.71 (0.01) ̶ 

 

Physical activity status 

Sedentary 

Moderate 

Rigorous 

 

47 (36) 

69 (54) 

13 (10) 

 

68 (30) 

118 (51) 

43 (19) 

 

1 (4) 

24 (89) 

2 (7) 

 19.46 (< 0.01) ̶ 

Smoking  

Yes 

Used to 

No 

 

21 (15) 

35 (26) 

80 (59) 

 

16 (8) 

44 (21) 

148 (71) 

 

1 (4) 

7 (25) 

20 (71) 

8.91 (0.06) ̶ 

Over drinking 

Often 

Sometimes 

Used to 

Never 

 

17 (13) 

33 (24) 

17 (13) 

69 (50) 

 

24(11) 

69 (33) 

25 (12) 

93 (44) 

 

0 (0) 

11 (40) 

5 (18) 

12 (43) 

7.78 (0.25) ̶ 

HRQoL 

Total Physical 

Total Mental 

 

50.81 (20.15) 

59.18 (17.79) 

 

65.69 (18.01) 

67.75 (16.06) 

 

55.24 (8.67) 

68.30 (5.42) 

 

29.10 (< 0.01) 

12.63 (< 0.01) 

 

A < B**; A < C; B > C* 

A < B**; A < C*; B < C  

Self-efficacy 

Diet 

Exercise  

 

69.16 (19.89) 

64.25 (23.71) 

 

73.25 (15.71) 

67.35 (21.46) 

 

79.20 (15.00) 

74.07 (19.02) 

 

4.70 (0.01) 

2.21 (0.11) 

 

A < B; A < C*; B < C 

A < B; B < C; A < C 

* p <0.05; ** p<0.01
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Supplemental Table 2 Daily intake of food groups of individuals with high and normal BP 

Food groups Food items Normal BP (n = 

128) 

High BP (n = 

270) 

U, t, χ2 P-

value 

Milk, yoghurt, 

cheese and/or  

their 

alternatives 

Milk 

Yoghurt 

Cheese 

0.89 (0.88) 

0.18 (0.04-0.48) 

0.36 (0.14-0.64) 

0.87 (0.81) 

0.19 (0.04-0.48) 

0.38 (0.36-1.00) 

t = -0.08 

U = 17208 

U = 14951 

0.93 

0.94 

0.03 

Fruit Fresh fruit 

Dried fruit 

Fruit juice 

1.40 (1.05) 

0.07 (0.00-0.14) 

0.28 (0.06-1.28) 

1.25 (0.93) 

0.03 (0.00-0.14) 

0.28 (0.06-1.28) 

t = -1.27 

U = 14315 

U = 16849 

0.20 

0.01 

0.68 

Vegetables 

and 

legumes/beans 

Fresh green/orange 

Cooked or canned 

legumes/beans 

Avocado 

Sweet potato/corn 

Green leafy cooked 

Mushrooms 

0.67 (0.49) 

0.72 (0.28-1.28) 

 

0.14 (0.03-0.36) 

0.28 (0.20-0.72) 

0.36 (0.28-1.28) 

0.14 (0.08-0.36) 

0.57 (0.47) 

0.72 (0.28-1.28) 

 

0.08 (0.03-0.36) 

0.28 (0.20-0.72) 

0.36 (0.14-0.64) 

0.14 (0.07-0.36) 

t = -1.92 

U = 15803 

 

U = 14209 

U = 16705 

U = 15206 

U = 15220 

0.05 

0.16 

 

0.01 

0.58 

0.27 

0.21 

Lean meats 

and poultry, 

fish, eggs, 

tofu, nuts and 

seeds and 

legumes/beans 

Red meat 

Chicken/poultry 

Eggs 

Canned fish/tuna 

Fish, finfish 

Seafood crab/prawn 

Nuts 

0.36 (0.14-0.36) 

0.36 (0.14-0.36) 

0.18 (0.07-0.32) 

0.10 (0.03-0.36) 

0.14 (0.03-0.36) 

0.03 (0.00-0.03) 

0.14 (0.07-0.64) 

0.36 (0.14-0.36) 

0.36 (0.14-0.36) 

0.18 (0.07-0.32) 

0.08 (0.03-0.14) 

0.10 (0.03-0.14) 

0.03 (0.00-0.03) 

0.14 (0.07-0.36) 

U = 16509 

U = 13543 

U = 15937 

U = 15158 

U = 15836 

U = 15812 

U = 15410 

0.52 

0.34 

0.20 

0.26 

0.36 

0.35 

0.17 

Grain (cereal) 

foods, mostly 

wholegrain 

and/or high 

cereal fibre 

varieties 

Cereals 

Bread 

Rice 

Pasta/noodle 

0.54 (0.06-1.50) 

0.98 (1.05) 

0.29 (0.20-0.72) 

0.14 (0.10-0.36) 

0.54 (0.21-1.50) 

1.42 (1.13) 

0.28 (0.14-0.72) 

0.13 (0.07-0.36) 

U = 16995 

t = 3.79 

U = 15006 

U = 14486 

0.78 

0.00 

0.02 

0.01 

Discretionary 

food 

Cake/ sweet roll 

Jam/marmalade/syrup 

Chips (Crisps) 

Pizza 

Bacon 

Processed meat/patty 

Sausages 

Biscuits 

Sugar 

0.10 (0.03-0.36) 

0.05 (0.01-0.18) 

0.07 (0.03-0.14) 

0.03 (0.03-0.10) 

0.05 (0.03-0.14) 

0.03 (0.00-0.10) 

0.03 (0.03-0.10) 

0.27 (0.03-0.75) 

0.68 (1.03) 

0.14 (0.03-0.36) 

0.07 (0.03-0.21) 

0.03 (0.0-0.10) 

0.03 (0.03-0.07) 

0.08 (0.03-0.14) 

0.03 (0.00-0.10) 

0.07 (0.03-0.10) 

0.27 (0.10-0.75) 

0.89 (1.05) 

U = 15635 

U = 14588 

U = 15283 

U = 16244 

U = 13543 

U = 16044 

U = 16079 

U = 16995 

t = 1.95 

0.16 

0.01 

0.08 

0.48 

0.01 

0.74 

0.36 

0.78 

0.05 

Non-alcoholic 

beverages 

(coffee, tea, 

soft drink) 

Coffee 

Tea 

Soft drinks 

1.40 (1.22) 

0.98 (1.14) 

0.03 (0.00-0.03) 

1.14 (1.05) 

1.29 (1.28) 

0.03 (0.00-0.14) 

t = -2.06 

t = 2.40 

U =16317 

0.04 

0.01 

0.73 

Oil (all kind) Butter/margarine  

Added oil 

(cooking/dressing) 

0.61 (0.76) 

0.64 (0.14-1.00) 

1.14 (1.00) 

0.37 (0.14-1.00) 

t = 5.77 

U = 16347 

0.00 

0.35 

Added salt  0.14 (0.03-0.14) 0.36 (0.07-0.79) U = 15391 0.07 
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Alcohol Beer 

Wine 

Spirits 

0.03 (0.00-0.14) 

0.03 (0.00-0.36) 

0.00 (0.00-0.03) 

0.00 (0.00-0.14) 

0.07 (0.00-0.36) 

0.00 (0.00-0.07) 

U = 15559 

U = 15578 

U = 16673 

0.15 

0.20 

0.92 

Probiotics Probiotic drink 

Probiotic supplements 

0.0 (0.00-0.03) 

0.0 (0.00-0.00) 

0.0 (0.0-0.03) 

0.0 (0.0-0.00) 

U = 16076 

U = 15375 

0.80 

0.32 

Data presented as mean (SD) or median (25 percentile - 75 percentile). Independent sample t-test 

and Mann-Whitney U test are used were appropriate.  

*based on χ2 test. Significant p-value level is < 0.05. 
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Supplemental Table 3 The difference between sampling units in nutrition knowledge, dietary pattern, lifestyle, HRQoL and 

self-efficacy in participants with high BP 

 Clinical (A) 

(n = 118) 

Community (B) 

(n = 133) 

Active classes (C) 

(n = 19) 

F, χ2 (p-value)  Post hoc 

Nutrition Knowledge 58.65 (14.34) 70.24 (10.52) 70.83 (8.09) 30.26 (< 0.01) A < B**; A < C**; B < C 

Dietary pattern 

Western 

Snack & Alcohol 

Balanced 

 

42 (36) 

46 (39) 

30 (25) 

 

51 (38) 

44 (33) 

38 (27) 

 

4 (21) 

13 (68) 

2 (11) 

 8.97 (0.06) ̶ 

 

Physical activity status 

Sedentary 

Moderate 

Rigorous 

 

41 (37) 

60 (53) 

11 (10) 

 

42 (32) 

74 (56) 

16 (12) 

 

0 (0) 

18 (100) 

0 (0) 

14.80 (< 0.01) ̶ 

Smoking  

Yes 

Used to 

No 

 

18 (15) 

33 (28) 

66 (57) 

 

9 (8) 

31 (27) 

73 (65) 

 

0 (0) 

5 (26) 

14 (74) 

6.30 (0.17) ̶ 

Over drinking 

Often 

Sometimes 

Used to 

Never 

 

15 (13) 

31 (26) 

13 (11) 

58 (50) 

 

13 (11) 

36 (32) 

16 (14) 

48 (43) 

 

0 (0) 

9 (47) 

2 (11) 

8 (42) 

 6.04 (0.25) ̶ 

HRQoL 

Total Physical 

Total Mental 

 

50.61 (20.62) 

58.62 (17.77) 

 

59.35 (11.76) 

65.53 (12.24) 

 

56.74 (9.15) 

69.24 94.80) 

 

9.13 (< 0.01) 

8.92 (< 0.01) 

 

A < B**; A < C; B > C 

A < B**; A < C*; B < C  

Self-efficacy 

Diet 

Exercise  

 

69.14 (20.52) 

62.56 (24.28) 

 

71.91 (15.37) 

65.20 (20.95) 

 

82.11 (16.27) 

72.22 (17.81) 

 

4.35 (0.01) 

1.46 (0.23) 

 

A < B; A < C*; B < C 

A < B; B < C; A < C 

* p <0.05; ** p<0.01



 

188 
 

Appendix C. Survey questionnaire  
 

A. Sociodemographic background  

We would like to know about your sociodemographic background. It is important for us that you 
try to answer ALL questions. 

Age: _______ 

1. Gender:    Male     Female   
2. Which identifies you the best: 

Caucasian  

Asian 

Latin American  

Middle Eastern  

Pacific Islander 

Aboriginal and Torres Strait Islander 

Other (Please specify________________) 

 

3. Marital status: 
Married   De facto   Divorced   

Widowed   Separated   Never been married 

 

4. What is the highest level of education you completed? 
Never attended school     Primary school 

Some high school     High school graduate 

College/ University Graduate     Post graduate Masters or 

equivalent 

Post graduate Ph.D. or Post-Doc or equivalent  

 

5. Which of the following groups would represent your personal annual income, before tax, 
from all sources? 

Not willing to disclose  

Nil income  

Less than $20,000 a year 

$20,000 - $39,999 ($384 - $766/week) 

$40,000 - $59,999 ($767 - $1,149/week) 

$60,000 - $99,999 ($1,150 - $1,917/week) 

$100,000 or more ($1,918 or more/week) 

  

6. What is your employment status (please choose one answer only): 
Full-time 

Part-time 

Unemployed looking for job 
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Unemployed not looking for job  

Student 

Retired 

7. Number of persons in your household: ______ 

8. Do you have any health or nutrition related qualification (or education)? 
Yes  No 

If yes, please specify your qualification…………….. 

 

B. Physical Activity  

We are interested in finding out about the physical activities you usually do. On average, on a 
usual week, how much time do you usually spend on the following exercises and activities? (Please 

enter average weekly hour or minute) 

Activity 
classification 

Examples Duration per week 

Vigorous activities Activities: digging in the garden, shovelling, etc. 

Exercises: running, jogging, climbing mountain, 

football, rugby, professional tennis, professional 

swimming, treadmill or bicycle (on hill or 

stationary), etc.    

……. Hours 

 

……. Minutes 

Moderate activity Activities: raking the lawn, trimming the shrubs 

and trees, moderate house work, etc. 

Exercises: walking, hiking, yoga, light bicycling, 

golf, weight training, tennis and table tennis, etc.  

……. Hours 

 

……. Minutes 

Light activity Activities: office work, driving, doing laundry etc. 

Exercises: light walking and strolling, stretching, 

sit-ups 

……. Hours 

 

……. Minutes 

Sitting activity Eating, reading, watching TV, etc. ……. Hours 

 

……. Minutes 

Sleeping or 
reclining 

 ……. Hours 

 

……. Minutes 

 

Based on your physical activities during the past 6 months, which one of the following best 

describes you? (Choose one from a, b or c) 

a) Sedentary  
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(When you spend most of your time sitting down, reading, watching TV or similar 

activities) 

 

b) Moderate  

(When you do exercises or activities such as walking, hiking, bicycling, gardening or 

similar activities for at least 30 minutes, 5 times per week, which does not cause heavy 

breathing) 

 

c) Rigorous 

(When you do exercises or activities such as running, jogging, digging or shovelling, 

football and similar activities for at least 20 minutes, 3 time per week, which cause 

sweating and heavy breathing)  

 

 

C. Nutrition Knowledge (Hendrie, Cox, & Coveney, 2008)  
This section is not intended to be a test, it will help us to know your general understanding 

of nutrition. Please choose the one you think is correct.  

 

 

The first few items are about what advice do you think experts are giving us. 

 

 

1- Do you think the Australian Dietary Guidelines recommends that people should be 

eating more, the same amount or less of these foods? (tick one box per food) 

 

 More Same Less Not sure 

Vegetables     

Sugary foods     

Salty foods     

Dairy products     

 

 

2- Which fat do experts say is more important for people to cut down on? (tick one)  

 

Monounsaturated fats like olive oil  

Polyunsaturated fats like canola oil   

Saturated fats like butter  

Not sure  

 

  

 

Experts classify foods into groups, we are interested to see whether people are aware of 

what foods are in these groups. 
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1- Do you think these are high or low in fat? (tick one box per food) 

 

 High Low Not sure 

Lunch/Sandwich meat    

Cottage cheese    

Margarine    

 

2- Do you think these are high or low in salt? (tick one box per food) 

 

 High Low Not sure 

Sausage    

Anchovies (canned)    

Red meat    

 

 

 

3- Do you think these are high or low in fibre? (tick one box per food) 

 

 High Low Not sure 

Bananas    

Meat    

Baked beans    

 

4- Do you think these fatty foods are high or low in saturated fat (bad fat)? (tick one per 

box) 

 

 High Low Not sure 

Whole milk (full fat)    

Olive oil    

Margarine    

 

5- Which do you think is higher in kilojoules (energy) for the same weight: butter or 

regular margarine? (tick one) 

 

Butter  

Regular margarine  

Both the same  

Not sure  

 

 

6- Which one of the following has the most kilojoules (energy) for the same weight? 

(tick one) 

Sugar  

Carbohydrate  
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Fibre  

Fat  

Not sure  

 

 

The next few items are about choosing foods. 

Explanation: Please answer what is being asked and not whether you like or dislike the 

food. For example, suppose you were asked… ‘if a person wanted to cut down on fat, which 

cheese would be best to eat?’  

Cheddar cheese  

Cream cheese   

Cottage cheese  

 If you did not like cottage cheese but you knew it was the right answer, you would still tick 

cottage cheese. 

 

 

1- Which would be the best choice for a low fat, high fibre light meal? (tick one) 

 

Grilled chicken  

Cheese on wholemeal toast  

Baked beans on wholemeal toast  

 

 

2- If a person felt like something sweet, but was trying to cut down on sugar, which 

would be the best choice? (tick one) 

 

Honey on toast    

A cereal snack bar  

Banana with plain yoghurt  

 

3- If a person wanted to reduce the amount of salt in their diet, which would be the best 

choice? (tick one) 

 

Ready-made frozen pie  

Mushroom omelette  

Stir fry vegetable with soy sauce  

 

 

This section is about health problem or diseases. 

 

1- Are you aware of any major health problems or diseases that are related to how much 

salt or sodium people eat? 

 

Yes  
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No  

Not sure  

 

If yes, what disease or health problems do you think are related to salt? Please 

specify………………….. 

2- Are you aware of any major health problems or diseases that are related to the 

amount of fat people eating? 

 

Yes  

No  

Not sure  
 

 

 

If yes, what disease or health problems do you think are related to fat? Please 

specify………………….. 

 

 

D. General health (Mancia et al., 2007) 
We are interested in your general health and how well you are able to do what you normally 

do. Please tick (√) your response in appropriate box. 

 

1) In general, would you say your health is: 

Excellent Very good Good Fair Poor 

▼ ▼ ▼ ▼ ▼ 

     
 

2) The following questions are about activities you might do during a typical day. Does your health now 
limit you in these activities? If so, how much?  

 Yes limited a 

lot 

▼ 

Yes, limited a 

little 

▼ 

No, not 

limited at all 

▼ 

a) Moderate activities, such as moving a table,  pushing a 

vacuum cleaner, bowling or playing golf 
   

 

b) Climbing several flights of stairs 
   

 

 

3) During the past 4 weeks, how much of the time have you had any of the following problems with your 

work or other regular daily activities as a result of your physical health?  

 All of 

the time 

▼ 

Most of 

the time 

▼ 

Some of 

the time 

▼ 

A little 

of the 

time 

▼ 

None of the 

time 

▼ 

a) Accomplished less than you would like 
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b) Were limited in the kind of work 

       or other activities 

 

 

 

 

 

 

 

 

 

 

 

4) During the past 4 weeks, how much of the time have you had any of the following problems with your 

work or other regular daily activities as a result of any emotional problems (such as feeling depressed or 

anxious)? 

 

 All of 

the time 

▼ 

Most of 

the time 

▼ 

Some of 

the time 

▼ 

A little 

of the 

time 

▼ 

None of 

the time 

▼ 

a) Accomplished less than you would like 
     

 

b) Did work or other activities less carefully than usual 
 

 

 

 

 

 

 

 

 

 

 

5) During the past 4 weeks, how much did pain interfere with your normal work (including both work 

outside the home and housework)? 

   

Not at all A little bit Moderately Quite a bit Extremely 

▼ ▼ ▼ ▼ ▼ 

     
 

 

 

6) These questions are about how you feel and how things have been with you during the past 4 weeks. For 

each question, please give the one answer that comes closest to the way you have been feeling. How much of 

the time during the past 4 week… 

 All of 

the time 

▼ 

Most of 

the time 

▼ 

Some 

of the 

time 

▼ 

A little 

of the 

time 

▼ 

None of 

the time 

▼ 

a) Have you felt calm 

      and peaceful? 
     

 

b) Did you have a lot of energy? 
 

 

 

 

 

 

 

 

 

 
 

c) Have you felt downhearted 

      and depressed? 
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7) During the past 4 weeks, how much of the time has your physical health or emotional problems 
interfered with your social activities (like visiting friends, relatives, etc.)? 

 

All of the  

time 

Most of the time Some of the time A little of the time None of the time 

     

 
 

 

E. Food and dietary habit (Smith et al., 1998) 
In this part we would like to ask you which foods you eat regularly and how much you eat 

them? 

Think about the last 12 month and state your answer. Here is an example to help you get the 

idea and get started. 

 

 

Example 1: You will see “milk” in the table, if you drink a glass of milk every day and you 

drink “yoghurt” twice per week then your answer should be like this:    

 

 Frequency of consuming the food item over last 12 month 

EXAMPLE 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 

Milk 1 cup (240 ml, 8oz)        √   

Yoghurt 
flav/plain 1 small tub      √ 

 
   

 

 

Example 2:  You may see a group of foods like the example below then you need to add up the 

frequency of all items in the group. For instance, if you take one medium apple and one medium 

orange a day it means you have to check 2 per day in the table below: 

 

 Frequency of consuming the food item over last 12 month 

EXAMPLE 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 

Fresh apple, 
orange, pear, 
peach, apricots 

1 medium size     

 

 

 

 √  

 

*If you never eat the food item, check never column. Please DO NOT leave any part blank 
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Please start now. Look at the food item in each table any check the table that best describes the 

frequency you consume the item over last 12 months 

 
Frequency of consuming the food item over last 12 month 

DAIRY FOOD 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 

Milk 1 cup (240 ml, 8oz)           

Yoghurt 
flav/plain 

1 small tub       
 

   

Cheese  1slice or ½ cup       
 

   

Butter/Margarin
e added to food 
or bread 

1 tea spoon       

 

   

 

 

What kind of milk and dairy products do you usually take? 

Whole milk and full fat dairy products  low fat or skimmed milk and dairy products   

 

 Frequency of consuming the food item over last 12 month 

FRUIT 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 

Fresh apple, orange, 
pear, peach, apricots, 
fresh banana, 
mango, grapefruit, 
grapes 

1 medium size or 
small bunch of grape     

 

 

 

   

Fresh Avocado  1/5  avocado (30 g)           

Dried apricots/ peach 
or other dried fruit 

4-5 halves or 1tbsp*       
 

   

Fruit juice (100% 
pure, no added 
sugar), Fresh berries 
(all kind) or canned 
fruit 

Cup       

 

   

* tbsp = tablespoon  

 

 Frequency of consuming the food item over last 12 month 

VEGETABLES, LEGUMES & BEANS Never 1 per 
month 

2 per 
month 

3 per 
month 

1 per 
week 

2-3 
per 

4-5 
per 

1 per 
day 

2per 
day 

3-4 
per 
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Foods Amount 
week week day 

Fresh green/orange 
vegetables (lettuce 
broccoli, carrots, 
cabbage, eggplants...)  

½ cup     

 

 

 

   

Cooked, Dried, 
frozen or Canned 
vegs, beans, peas 
(lentil, soy beans, 
bean sprout…) 

cup       

 

   

Sweet potato, sweet 
corn  cup        

 
   

Green leafy cooked 
(mix of spinach, 
celery, etc.) 

1cup       

 

   

Mushrooms 1 medium       
 

   

 

 Frequency of consuming the food item over last 12 month 

MEATS, FISH & EGGS 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 

Beef, pork or lamb  1 small T-bone slice 
or 1 cup as minced  

    
 

 
 

   

Chicken  
1 drumstick, or 2 

slice or 1 cup 
      

 
   

Bacon  1 rasher       
 

   

Hamburger patty or 
rissole or processed 
meat   

1 piece/slice       

 

   

Sausage  2 thick or 3 thin or 1 
roll 

      
 

   

Egg (boil, fry, 
scramble) 

1 medium       
 

   

Tuna canned  1 small can       
 

   

Fish, finfish 1 fillet       
 

   

Prawn/crab poached 
with dressing  

1 large       
 

   

 

What kind of red meat you usually take? 

Beef    Lamb   Pork 

 
Frequency of consuming the food item over last 12 month 

BREAD, CEREAL, STARCHES Never 1 per 
month 

2 per 
month 

3 per 
month 

1 per 
week 

2-3 
per 

4-5 
per 

1 per 
day 

2per 
day 

3-4 
per 
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Foods Amount 
week week day 

Breakfast cereal or 
cooked oatmeal  1 cup     

 
 

 
   

Bread 1 slice       
 

   

Rice   1 cup (cooked)        
 

   

Pasta, spaghetti, 
noodle, etc.  1 cup (cooked)       

 
   

Biscuits, cracker, etc. 1 piece       
 

   

 

1- What sort of bread you usually buy? 

White bread       Whole meal/ whole or multi grain bread    

 

2- What sort of rice you usually buy? 

Brown rice   White rice    

 

 
Frequency of consuming the food item over last 12 month 

BEVERAGES 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 

Coffee 1 cup           

Colas and similar 
soft drinks (Coke, 
Pepsi, etc.)  

1 can     

 

 

 

   

Tea 1 cup       
 

   

Beer (heavy or low 
alcohol)   1 bottle, can       

 
   

Wine (red, white, 
etc.), Sherry or port 

1 wine glass,  
½ wine glass sherry 

      
 

   

Spirits (whisky, gin, 
etc.)  1 drink or nip       

 
   

 

What kind of tea you mostly take? 

Green tea    Black tea    Others    

 
Frequency of consuming the food item over last 12 month 

SWEETS, BAKED GOODS & SNACKS 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 



 

199 
 

 

 

 

 

Do you take any supplement regularly (other than probiotics)?  

Yes  No 

Cake, tart or pie, 
pastry, pavlova, 
cheesecake, sweet 
roll, Chocolate, etc. 

1 slice     

 

 

 

   

Jam, marmalade, 
syrup, honey, peanut 
butter 

1 tbsp (15 gram)       

 

   

Nuts   1 tbsp or 8-9 pieces       
 

   

Potato chips (Crisps), 
corn chips, twisters 
etc.   

1 small bag       

 

   

Pizza (meat and 
cheese based) 
homemade or chain 
style  

1 slice 

      

 

   

 
Frequency of consuming the food item over last 12 month 

ADDED SALT, SUGAR, OIL 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 

Salt 1 teaspoon (5 g)           

Sugar 1 teaspoon       
 

   

Oil (all kinds) 
Mayonnaise or other 
creamy dressings 

1 tbsp cooking or 1 
teaspoon dressing       

 

   

 
Frequency of consuming the food item over last 12 month 

PROBIOTICS FOODS 
Never 1 per 

month 
2 per 

month 
3 per 

month 
1 per 
week 

2-3 
per 

week 

4-5 
per 

week 

1 per 
day 

2per 
day 

3-4 
per 
day Foods Amount 

Probiotics drinks or 
yoghurt (Such as 
Yakult, Activia 
Actimel, Innergy, etc.)   

1 standard drink or 
tub 

    

 

 

 

   

Probiotics 
Supplements (Such as 
Inner health, Swisse, 
etc.)   

1 tablet or capsule        
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If Yes please specify the type and dose (for example omega-3 1 capsule a day) …………………. 

 

Please answer the following questions about your cooking behaviour: 

1- How often do you eat out or eat take-away foods??   

Often  Sometimes   Occasionally   Never 

 

2- How often do you eat salty foods (e.g. chips, pickles, soups or adding excess salt to food)? 

 Often  Sometimes   Occasionally   Never 

 

3- How often do you cook/eat fatty foods (e.g. adding oil to food or salad, deep frying foods, 

using spreadable oils and fats or fatty snacks)    

Often  Sometimes   Occasionally   Never 

 

4- How many meals do you usually consume per day? 

1-2 meals   3-4 meals   5-6 meals   7+ meals  

 

5- How do you usually prepare the following foods?  

Meat: 

Fry    Bake    Boil     Grill (BBQ)  

Vegetable: 

Fry    Raw    Boil     Grill (BBQ) 

  

 

F. Diet management (Sallis et al., 1988)  
Below is a list of things people might do while trying to change their eating habits. We are mainly 

interested in salt and fat intake, rather than weight reduction.  

 

Whether you are trying to change your eating habits or not, please rate how confident you are that 

you could really motivate yourself to do things like these consistently, for at least six months.  

Please circle one number for each item: How sure are you that you can do these things? 

 
 I know  

I cannot 
Maybe I 
can 
 

I know 
I 
can 

Does 
not 
apply 

Stick to your low fat, low salt foods when you feel depressed, 

bored or tense. 
1 2 3 4    5 (8) 

Stick to your low fat, low salt foods when dining with friends 

or co-workers or at party. 
1 2 3 4    5 (8) 

Cook smaller portions so there are no leftovers. 1 2 3 4    5 (8) 

Eat lunch as your main meal of the day, rather than dinner 1 2 3 4    5 (8) 

Eat smaller portions of food at a party. 1 2 3 4    5 (8) 
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Eat unsalted peanuts, chips, crackers and pretzels. 1 2 3 4    5 (8) 

Avoid adding salt at the table or while cooking. 1 2 3 4    5 (8) 

Cut down on gravies and cream sauce. 1 2 3 4    5 (8) 

 

G. Exercise management (Sallis et al., 1988)  

Below is a list of things people might do while trying to increase or continue regular exercise. We 

are interested in exercises like running, swimming, brisk walking, bicycle riding or aerobics 
classes.  

 

Whether you exercise or not, please rate how confident you are that you could really motivate 

yourself to do things like these consistently, for at least six months.  

Please circle one number for each question. How sure are you that you can do these things? 

 

 

 I know  
I cannot 

Maybe I 
can 
 

I know 
I 
can 

Does 
not 
apply 

Get up early, even on weekends, to exercise. 1 2 3 4    5 (8) 

Stick to your exercise program when you feel unmotivated (e.g. 

after a long tiring day at work, or when you feel depressed) 
1 2 3 4    5 (8) 

Set aside time for a physical activity program; that is walking, 

jogging. swimming, biking, or other continuous activities for at 

least 30 minutes, 3 times per week 

1 2 3 4    5 (8) 

Stick to your exercise program when you do not have much 

time (e.g. your family is demanding more time from you or you 

are busy at work) 

1 2 3 4    5 (8) 

 

H. Blood pressure medication  
1- Do you take any type of blood pressure medication? 

Yes   No (if your answer is No, go to section J)  

If yes how many types do you take?  One type     Two types     More than 2 types  

 

2- What are the types of blood pressure medications you take? (you can choose more than one 

answer) 

Diuretics  Beta-blockers  Calcium channel blocker 

Angiotensin converting enzyme inhibitors (including angiotensin-receptor blockers)  

alpha- receptor blockers  Others  Don’t know   

 

3- If you think your blood pressure is improved, do you stop taking your blood pressure 

medication? 

Yes   No 
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4- If you feel your blood pressure got worse or not improved, do you stop taking your blood 

pressure medication? 

Yes   No 

 

5- What are your main reasons of not taking your blood pressure medication regularly? (you 

can choose more than one answer) 

Financial reasons  Negative medication response  Inconvenient or side 

effects of taking medications Forgetting  Not seeing any improvement or 

effect of medication Others   Not applicable   

 
I. Blood pressure management  
1- Do you have any blood pressure measuring device at home? 

  Yes   No 

 

2- How often do you measure your blood pressure? 

At least once a week     Once a month        every 2-3 months      every year     Not 

applicable  

3- How do you feel about your blood pressure control? 

Very good   Good  Not too bad   Not good Not 

applicable 

4- Do you believe you are able to control your blood pressure with your doctor’s guidance? 

Strongly believe  Believe  Somehow      Not believe           Not 

applicable 

 

J. Behavioural factors  
1- Do you smoke? (at least 1 cigarette every day for at least 6 month or more, not necessary 6 

months continuously) 

Yes   Used to smoke, but not anymore   No  

2- Do you over drink? (more than 2 standard alcohol per day for men or 1 standard per day 

for women, ore more than 4 standard in single occasion. Example of one standard: 1 bottle 

of middle strength beer or 30 ml nip spirits) 

Often   Sometimes   Never   Used to but not anymore 

 

3- Have you felt nervous or stressed in the past 6 month? 

Often   Sometimes   Occasionally   Never  
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K. Measures 
Please fill in the table below if you have any of these measurements   

Markers Measure  
Height (cm)  

Weight (kg)  

Waist circumference1 (cm)  

Systolic blood pressure2 (SBP) (mmHg)  

Diastolic blood pressure3 (DBP) (mmHg)  

Total cholesterol4 (TC) (mmol/l)  

Triglyceride4 (TG) (mmol/l)  

Low density lipoprotein4 (LDL-C) (mmol/l)  

High density lipoprotein4 (HDL-C) (mmol/l)  
 

1Waist circumference is measured around the waist above the navel area (e.g. 130 or 90 cm). 
2Systolic blood pressure is the maximum pressure of blood read with the blood pressure monitors (the start of 

beating sounds heard when reading the blood pressure) (e.g. 132 mmHg).   
3 Diastolic blood pressures is the minimum pressure of blood read with the blood pressure monitors (the end 

of beating sounds heard when reading the blood pressure) (e.g. 87 mmHg).   
4Total cholesterol (TC), triglycerides (TG), low density cholesterol (LDL-C), high density cholesterol (HDL-

C) are the blood measurements of lipids (fats).  

 

 

L. Please tell us how long it took you to fill out this questionnaire? 
 

 10-15 minutes      

 15-20 minutes   

 20-25 minutes        

 25-30 minutes   

 More than 30 minutes 
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