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Abstract 

Postprandial hypotension refers to an excessive decline in blood pressure that occurs following a 

meal. This occurs commonly among older people and is clinically relevant as it is associated with 

multiple negative consequences, including falls, which itself has significant detrimental medical, 

psychological, functional and socio-economic consequences. As the ageing population is 

increasing, postprandial hypotension is going to be an increasingly prevalent condition. Where 

possible, it is important to prevent this, in order to maintain an older persons’ functional 

independence. Therefore appropriate management strategies are required to address postprandial 

hypotension. However, current management strategies are sub-optimal. Non-pharmacological 

strategies have not been specifically evaluated in older people and available options may not be 

widely applicable, whereas pharmacological strategies may result in potential adverse effects 

(a) The primary goal of the research reported in this thesis was to determine the effects of low-

intensity, intermittent walking on postprandial blood pressure among older people with PPH. 

The hypothesis was that low-intensity, repeated exercise would attenuate the hypotensive 

effects of a glucose drink in older people with PPH, and that this effect would be sustained for 

the duration of the exercise. The results of the investigation provided evidence for the first 

time that intermittent walking exercise is an effective and practical therapeutic option for older 

people with PPH. 

(b) There is a gap in our knowledge about the ways in which gait parameters can be influenced by 

a decline in blood pressure after a meal, as observed in people with PPH. We therefore 

initiated a study designed to determine whether a postprandial decline in SBP following a 50 

g glucose drink would affect gait parameters in older people with and without PPH. 

We hypothesised that the decline in blood pressure among older people with PPH 
would detrimentally affect gait parameters compared to the effect on older people without 
PPH. The results showed that postprandial BP decline does affect gait parameters, an insight 

which will assist in understanding the relationship between PPH, gait impairments and falls.  

(c) In addition, we sought to determine in older hospitalised patients the prevalence of NOF 

fractures occurring within two hours of a meal and the factors associated with these fractures, 

since this is the time when postprandial hypotension occurs. Results indicated that one-fifth of 

fractures occurred within two hours of a meal. Patients who sustained a NOF fracture 

within two hours of a meal were more likely to be from residential care, experience 

symptoms associated with hypotension before a fall and have a history of recurrent falls in 

the preceding 12 months than patients who fell after more than two hours following a meal.  
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Chapter 1 

Introduction 

World population is experiencing unprecedented ageing. While in the past 60 years, there has only 

been a modest increase in the proportion of people aged 60 years and above, from 8% to 10% of 

the total population (Beard et al., 2011), in the next 40 years, this proportion is expected to rise to 

22%, which translates into a dramatic increase from 800 million to two billion people over the age 

of 60 during the first half of this century (Beard et al., 2011). This increase will be most apparent 

among the ‘older old’, those individuals aged 80 years and above, whose population will increase 

by a factor of 26; whereas the population of individuals aged between 60 and 80 years will increase 

by a factor of ten (Christensen et al., 2009; Beard et al., 2011). 

Globally, life expectancy has steadily increased from 48 years in the 1950s to 68 years in 2005 and 

is expected to increase to 75 years by 2050 (Beard et al., 2011). Australia, similar to other 

developed nations, has an expanding ageing population. In Australia, the percentage of people aged 

75 years and above is expected to increase from 6.4% of the population in 2012 to 14.4% in 2060, 

which is an increase of four million people (ABS, 2008). Although the ageing trend began in the 

developed world, developing nations are experiencing accelerated ageing, and 62% of all people 

aged 65 years and above now live in developing countries (Kinsella & He, 2009). Therefore, unlike 

developed countries, developing nations will need to cope with getting old before they get rich 

(Lunenfeld & Stratton, 2013). 

This demographic shift is a positive reflection of advances in medicine and socioeconomic 

development, together with a declining fertility rate. The initial increase in global ageing was a 

result of a decline in infant and maternal mortality, which led to a larger cohort of people reaching 

older age. Subsequent reductions in mortality have been a consequence of improved socio- 

economic standards combined with medical advancements (Beard et al., 2011). 
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1.1 Healthy ageing 

As the ability to live longer increases, there is an increasing percentage of functional disabilities 

(Christensen et al., 2009). The prevalence of disability, increases from 15% among younger adults 

to 45% among adults aged 45 - 74 years to 82% among individuals aged 85 years and over (ABS 

2008). Therefore, there is a need to emphasise active ageing by adding quality life to years rather 

than years to life without quality. This view is held by major organisations, such as the World 

Health Organization, which dedicated its annual World Health Day in 2012 to ageing, and the 

European Union which designated 2012 as the Year of Active Ageing and Solidarity between 

Generations (World Health Organization, 2007). Active ageing is defined as ‘the process of 

optimising opportunities for health, participation and security to enhance quality of life as people 

age’ (World Health Organization, p. 12, 2002). 

An important component of successful active ageing is compression of morbidity to ensure that the 

number of years spent living healthily is optimised, which will translate into improved productivity 

and a longevity dividend (Beard et al., 2011). A key element of active ageing is preventive health 

policy. The World Health Organization active ageing framework acknowledges the importance of 

preventing health decline in older people, which includes limiting disability and falls (World 

Health Organization, 2007). Falls in older people have been specifically identified as an important 

public health issue and a major contributor to disability as falls are associated with numerous 

adverse physical, psychological and economic effects (Tinetti et al., 1988; Kannus et al., 1999; 

Rubenstein & Josephson, 2002; Moller, 2003). 

1.2 Falls in older people 

A fall is defined as an event which results in a person coming to rest inadvertently on the ground, 

floor or other lower level (Close et al., 1999). Falls are common, with a prevalence of 30% among 

community dwelling older people and 50% among older people living in residential care facilities 

(Tinetti & Speechley, 1989; Kannus et al., 2005; Rubenstein, 2006; Tinetti & Kumar, 2010). 

1.2.1 Consequences of falls 

Falls are associated with significant detrimental physical and psychological morbidity (Kannus et 

al., 2005; Magaziner et al., 1990). Two-thirds of accidental deaths among people aged 65 years and 

above are due to falls (Deandrea et al., 2010). 



4 

Injuries and disability. Fall-related injuries account for more than 80% of injury related hospital 

admissions in individuals over 65 years of age (Kannus et al., 1999; Lord et al., 2001; Weir & 

Culmer, 2004). Furthermore: 

 Falls account for 10% to 15% of visits to the emergency department (Runge, 1993).

 Among older people who fall, 50% are unable to rise without assistance, which may result in 

dehydration, pressure ulcers, or rhabdomyolysis (Tinetti et al., 1993).

 A third of falls result in injury requiring medical attention or restriction of activities for at least 

one day (CDC, 2008).

 Major injuries, such as fracture occur in 5% to 10% of falls among community-dwelling older 

people and increases to 10% to 30% of falls among older people in residential care (Sattin et 

al., 1990; Rubenstein & Josephson, 2002).

 A third of these fractures comprise hip fractures, which has a particularly dismal outcome with 

a mortality of 33% in the first year (Hannan et al., 2001).

 Hip fractures also result in permanent functional disabilities in 32% to 80% of older people 

when they occur (Magaziner et al., 1990; Jette et al., 1987). 

Psychological. The negative psychological implications of falls in older people are significant. 

Fear of falling, as defined by Tinetti and Powell (1993, p. 35), is ‘a lasting concern about falling 

that leads to an individual avoiding activities that he/she remains capable of performing’. This is 

common behaviour among 27% to 50% of older people, with a higher prevalence reported among 

individuals with a history of falls (Tinetti & Powell, 1993; Reelick et al., 2009). The resulting loss 

of confidence and self-restricted activity then spirals down into a cycle of functional decline, 

depression, feelings of helplessness, and social isolation (Rubenstein & Josephson, 2002). Falls in 

the older person are associated with institutionalisation as 50% of older people hospitalised for fall- 

related injuries are discharged to residential care facilities (Sattin et al., 1990). 

Economic. From an economic perspective, the consequences of falls on the health care system are 

significant. Between 1994 to 1995, fall-related injuries in Australians aged over 65 years were 

estimated to cost AUD$406.4 million (Mathers & Penm, 1999). If indirect and non-medical costs 

are included, the cost escalates to more than AUD$1,000 million (Moller, 1998). With the ageing 

of the Australian population, the projected cost of health care for fall-related injuries is expected to 

triple to AUD$1375 million by 2051, including the need for an additional 2500 hospital beds per 

year (Moller, 2003). 
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1.2.2 Falls prevention 

Given that there has been a worldwide increase in the total number of fractures secondary to falls 

over the past 50 years which is projected to continue (Kannus, 2006), falls are going to pose a 

future challenge which it is vital to address. Among older people who fall and injure themselves, 

half have a history of falling more than once (Tinetti & Kumar, 2010). This provides an 

opportunity for secondary prevention strategies. The importance of falls prevention has been 

highlighted in a retrospective analysis of causes of serious falls which determined that two-thirds of 

deaths due to falls were possibly avoidable (Rubenstein, 2006). Falling is considered to be one of 

the most significant preventable health problems facing older people (Duxbury, 2000). 

A key component of falls prevention strategies requires the identification of risk factors associated 

with falls. The risk factors for falls in older people are typically multifactorial and the falls risk 

increases from 8% among those with no risk factors to 78% among those with four or more risk 

factors (Tinetti et al., 1988) (Table 1.1). Falls are a consequence of the interaction of extrinsic and 

intrinsic risk factors (Tan & Kenny, 2006; Stevens, 2005; Tromp et al., 2001). It is therefore 

essential to identify all falls risk factors, because modifying these factors in a multidisciplinary 

approach has been shown to reduce falls by 64% (Close et al., 1999). Postprandial hypotension 

(PPH) and gait impairment are examples of two intrinsic risk factors relevant to falls prevention 

(Tan & Kenny, 2006; Tinetti et al., 1988; Rubenstein, 2006) and will be discussed in greater detail 

in Chapters 2 and 3. 

Table 1.1 Risk factors for falls in older people 

Risk factors

Intrinsic Musculoskeletal  
Muscle weakness  
Joint stiffness 
Gait impairment 

Balance disorders 

Cardiovascular 
Low blood pressure due to postural hypotension, postprandial hypotension  
Arrhythmia 
Aortic stenosis 
Cognitive impairment or depression 

Medications 

Sensory loss 

Acute medical illness 

Previous history of falls 

Extrinsic Environmental 

Footwear 
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1.3 Research aims 

The research reported in this thesis focused primarily on blood pressure changes following a meal 

and is presented in the form of three studies in Chapters 4, 5 and 6. The aims and hypotheses of 

these studies were: 

1. To determine the effects of low-intensity, intermittent walking on the systolic blood pressure 

(SBP), diastolic blood pressure (DBP) and heart rate (HR) responses to a 50 g glucose drink in 

older people with PPH. The hypothesis was that low-intensity, repeated exercise would 

attenuate the hypotensive effects of a glucose drink in older people with PPH and that this 

effect would be sustained for the duration of the exercise. 

2. To determine if a postprandial decline in SBP following a 50 g glucose drink affects gait 

speed, variability in stride length, double support time and swing time in older people with and 

without PPH. The hypothesis was that the decline in blood pressure among older people with 

PPH would detrimentally affect these gait parameters when compared with older people 

without PPH. 

3. To determine in older hospitalised patients the prevalence of NOF fractures occurring within 

two hours of a meal and the factors associated with these fractures. 

1.4 The organisation of the thesis 

The chapters of the thesis are ordered as follows: 

Chapter 2 is a review of PPH including the definition, pathophysiology, symptoms, consequences 

and management of this condition. 

Chapter 3 provides an overview of gait changes in older people, including the definition of gait, 

gait analysis, prevalence and consequences of gait impairments, in particular falls. 

Chapter 4 discusses a study evaluating the effect of postprandial blood pressure decline on gait 

parameters among subjects with and without PPH. 

Chapter 5 presents a study investigating the role of intermittent low-intensity exercise on PPH. 

This chapter has been recently published in the peer-reviewed Journal of American Medical 

Directors Association (JAMDA). The published article has been included in this thesis as 

Appendix 1. 
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Chapter 6 reports findings from a study undertaken to determine the prevalence of NOF fractures 

occurring within two hours of a meal and the factors associated with these fractures. This chapter 

has been recently published in the peer-reviewed Journal of Gerontology and Geriatrics Research. 

The published article has been included in this thesis as Appendix 2. 

Chapter 7 summarises the research findings of this Masters thesis and presents possible future 

research directions. 



8 

Chapter 2 

Postprandial hypotension 

Summary 

Postprandial hypotension (PPH), which results in a reduction in SBP, is increasingly recognised as 

an important clinical entity. PPH is common, its prevalence varying according to the cohort of 

older people being considered. Concurrent co-morbidities and the clinical setting – older people in 

the community, residential care or within hospitals - for example, may influence prevalence. The 

pathophysiology of PPH is multifactorial and remains unclear. Even if asymptomatic, it is 

associated with numerous adverse effects, including falls. Hence, identifying and addressing PPH 

is important in preventing adverse consequences. Treatment of PPH may be divided into non- 

pharmacological and pharmacological strategies. Within the former group, exercise has been 

proposed as a potential treatment strategy for PPH, but has been explored in only a few studies. 

This chapter provides the foundation for understanding meal-related blood pressure reduction. As 

the research reported in this thesis was focused on PPH among older people, only studies involving 

people above the age of 65 years are discussed. There is particular emphasis on studies highlighting 

the relationship between PPH and falls, and the role of low-intensity exercise in managing PPH. 

Research gaps were identified during the course of the research, leading to the research aims 

outlined in Chapters 4 and 5. 
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2.1 Defining PPH and measuring for prevalence 

2.1.1 Definition of PPH 

PPH was first reported in 1977 in a 65 year old gentleman who developed symptoms associated 

with a significant decline in SBP following an oral glucose drink (Seyer-Hansen, 1977). PPH is 

defined as a 20mmHg reduction in SBP within two hours of the commencement of a meal (Jansen 

& Lipsitz, 1995) or when SBP decreases to less than 90mmHg provided that the pre-ingestion SBP 

is greater than 100mmHg (Mathias et al., 1989; Jansen & Lipsitz, 1995). This is the definition used 

to diagnose PPH in Chapters 4 and 5. The fall in BP can occur at any time from 15 minutes to 75 

minutes after meal ingestion, although a nadir typically occurs with between 30 to 60 minutes of 

meal consumption (Aronow & Ahn, 1994), before returning to baseline by 180 minutes after meal 

ingestion (Berry et al., 2003). PPH is said to be most prevalent after breakfast (Puisieux et al., 

2000; Vloet et al., 2003). 

2.1.2 Prevalence of PPH 

PPH is common among older people, although the reported prevalence differs as a result of 

heterogeneity in study methodology and the differing health characteristics of the subjects 

researched (O’Mara & Lyons, 2002; Trahair et al., 2014). The methodology can be variable in 

terms of the meal composition and timing, the posture of the subject, the technique used to measure 

BP, the duration of postprandial BP monitoring and the use of concurrent medications (Jansen & 

Lipsitz, 1995; Trahair et al., 2014). 

The prevalence of PPH has been researched among older people living in the community, 

residential care, hospitals and among older people with different co-morbidities, such as 

hypertension, diabetes mellitus, Parkinson’s, and autonomic dysfunction; and the reported 

prevalence varies with the presence of illness. 

Older people living in the community, residential care and hospitals. PPH occurs even 

among healthy community dwelling older people with prevalence rates ranging from 7% to 40%, 

(Van Orshoven et al., 2010; Peitzman & Berger, 1989; Lipsitz & Fullerton, 1986). The wide 

variation in the prevalence rates is possibly due to differences in study methodology. For example, 

with a highly sensitive method of measuring the BP using beat-to-beat finger BP monitoring in a 

small study of 20 subjects, the highest prevalence of 40% was reported (Van Orshoven et al., 

2010). In addition, postprandial BP was monitored for 135 minutes following a meal. 
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Other studies have relied on conventional methods to measure BP and monitored the BP for a 

shorter duration of 60 minutes (Peitzman & Berger, 1989; Lipsitz & Fullerton, 1986), and reported 

lower prevalence. As the fall in BP to achieve the diagnosis of PPH can occur as late as 75 minutes 

following a meal, the shorter studies may be under-reporting the prevalence. Furthermore, the 

majority of prevalence studies conducted among older people in the community were small, 

involving less than 100 subjects. 

The prevalence of PPH within residential facilities (Table 2.1) ranged from 24% to 38% (Aronow 

& Ahn, 1994; Vaitkevicius et al., 1991; Le Couteur et al., 2003; Son & Lee, 2012), and includes 

the only prevalence study conducted involving Asians (Son & Lee, 2012). The highest PPH 

prevalence of 38% was documented in a study which measured postprandial BP only once at 60 

minutes following a non-standardised breakfast (Le Couteur et al., 2003). Clinically, this is relevant 

as it indicates that the diagnosis of PPH can be undertaken in a relatively convenient manner, 

which is easy to replicate within residential facilities as well as hospitals. Another point to note is 

that among older people in residential care, even within groups that appeared more frail, such as in 

the study by Vaitkevicius et al. in which only 16% of subjects were ambulatory (Vaitkevicius et al., 

1991) and in the study by Aronow et al., where a third of the subjects were wheelchair bound, 

(Aronow & Ahn, 1994) the prevalence of PPH did not appear to be markedly higher than the 

prevalence of PPH among older people in the community. However, as postprandial BP was 

measured following lunch rather than breakfast, this may have reduced the reported prevalence 

rates as PPH is most common after breakfast (Puisieux et al., 2000; Vloet et al., 2003). 
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Among hospitalised older people, in three small studies involving less than 100 subjects, the 

prevalence of PPH was clearly higher, ranging from 43% to 91% (Van Orshoven et al., 2010; 

Lubart et al., 2006; Vloet et al., 2005). This included a study by Lubart et al., which compared 

postprandial BP changes among older people on percutaneous endoscopic gastrostomy and 

nasogastric feeding with older people on oral feeding, and demonstrated that the prevalence of PPH 

was similar in these three groups (Lubart et al., 2006). A very high PPH prevalence of 91% was 

reported by Van Orshoven et al., which is likely attributable to the highly sensitive method of 

measuring BP using beat-to-beat finger BP monitoring (Van Orshoven et al., 2010). In the only 

study conducted in a falls clinic, approximately half of older people who presented to a falls clinic 

had PPH (Lagro et al., 2012). 

To date, there have been no studies investigating the prevalence of PPH in patients with fractures 

and in Chapter 6 we describe exploratory research to determine the prevalence of hip fractures 

occurring within two hours of a meal. 

Patients with hypertension, Parkinson’s, autonomic dysfunction and other conditions. 

The prevalence of PPH among older hypertensive subjects has been investigated in three studies, 

two of which included more than 200 subjects (Barochiner et al., 2013; Zanasi et al., 2012). 

Among this group, the prevalence of PPH varied widely from 27% (Barochiner et al., 2013) to 

73% (Zanasi et al., 2012) which is possibly due to the increased intensity of BP monitoring and the 

older cohort of patients in the study by Zanasi et al. These two studies highlight the feasibility of 

detecting PPH using ambulatory BP undertaken in the subject’s home, rather than in a clinic or 

hospital setting. 

Among older people with autonomic dysfunction, PPH is very common, with a prevalence of 

100% (Lipsitz et al., 1993; Robertson et al., 1981). PPH also occurs frequently among older people 

with Parkinson’s disease (PD), with prevalence rates ranging from 40% to 100% (Loew et al., 

1995; Tsukamoto et al., 2013; Mehagnoul- Schipper et al., 2001; Ejaz et al., 2006), possibly related 

to the presence of concurrent autonomic neuropathy (Chaudhuri et al., 1997). The use of 

ambulatory BP undertaken in the subject’s home in two of these studies (Tsukamoto et al., 2013; 

Ejaz et al., 2006) emphasises that this is a useful and sensitive method for diagnosing PPH. PPH 

prevalence studies, among other co-morbidities as described in Table 2.2, included only 13 subjects 

or less. Therefore, it is important to undertake larger studies before firm conclusions can be drawn.
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2.2 Clinical significance of PPH 

Symptoms of PPH range from lethargy, giddiness and dizziness to visual disturbance (Jansen & 

Lipsitz, 1995; Lipsitz & Fullerton, 1986), or to more significant conditions, such as angina 

(Vaitkevicius et al., 1991) and cerebrovascular accidents (Tabara et al., 2014). Many older people 

experiencing PPH are asymptomatic (Van Orshoven et al., 2010). However, it has been 

demonstrated that negative consequences, such as silent lacunar infarcts, occur even among the 

asymptomatic group (Kohara et al., 1999). Similarly, PPH as an independent predictor of mortality, 

occurs among asymptomatic subjects (Fisher et al., 2005). 

Two other significant consequences of PPH in older people are falls and syncope (Jansen et 

al.,1995; Puisieux, et al., 2000). Table 2.3 summarises the studies investigating the relationship 

between falls and PPH. The majority of these studies were conducted in residential care (Aronow 

& Ahn, 1994; Jansen et al., 1995; Le Couteur et al., 2003). There have been no studies involving 

community dwelling older people. There were two case control studies, one investigating older 

people in hospital (Puisieux et al., 2000), which reported that 23% of older patients with falls or 

syncope experience PPH. 

There has only been one longitudinal study, involving 499 subjects, in a residential aged care 

facility (Aronow & Ahn, 1994). The significance of PPH in predicting future falls was highlighted 

in this study, in which a greater decrease in postprandial SBP at baseline was found to be an 

independent risk factor for future falls (Aronow & Ahn, 1997). In a cross-sectional 

observational study undertaken among 179 older people within a residential facility, a significantly 

greater postprandial SBP decline was documented among older people who experienced falls than 

among those who didn’t (Le Couteur et al., 2003). 

The importance of considering PPH when evaluating hospitalised older people with a history of 

falls or syncope was emphasised in a study by Puisieux, et al. which documented the significantly 

greater prevalence of PPH among hospitalised older patients with a history of falls or syncope 

(23%), compared to hospitalised older patients without the same history (9%) (Puisieux, et 

al., 2000). Among older people in residential care, approximately half who experienced a fall or 

syncope within two hours of a meal had PPH (Jansen et al., 1995), thus highlighting the relevance 

of targeting efforts to diagnose PPH among this group.  

In the context of the results from these studies, strategies aimed at reducing the postprandial BP 

decline may potentially reduce the risk of future falls, but to date there have been no 

intervention trials. 
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2.3 Pathophysiology and treatment of PPH 

2.3.1 Pathophysiology 

The exact pathophysiology of PPH remains poorly understood, but detailed reviews exist (Trahair 

et al., 2014; Gentilcore et al., 2006b). The research studies discussed in this thesis have not focused 

on exploring the mechanism of PPH, however, and we only briefly summarise the pathophysiology 

of PPH here. 

In healthy young and older people following a meal, vasodilatation of splanchnic blood vessels 

diverts blood to the gastrointestinal tract, resulting in a doubling of blood flow through the superior 

mesenteric artery and reduced blood return to the heart (Lipsitz, 1983). Hypotension is attenuated 

by activation of multiple compensatory mechanisms. However, among people with PPH, current 

evidence points to the interplay between multiple factors, which inhibit compensatory mechanisms, 

thus resulting in PPH. 

Baroreceptor dysfunction may occur among individuals with PPH (Lipsitz, 1983; Jansen et al., 

1987), particularly among individuals with hypertension (Lipsitz & Fullerton, 1986; Kawaguchi et 

al., 2002), which may partly account for the higher PPH prevalence seen in this population group 

(Barochiner et al., 2013; Zanasi et al., 2012). An impaired gastro-vascular reflex (Fagius et al., 

1996; van Orshoven et al., 2004), whereby gastric distension, which usually stimulates sympathetic 

nerve activity, is blunted (Rossi et al., 1998) also contributes to the manifestation of PPH. The 

release of vasodilating gastrointestinal hormones (Jansen et al., 1990) and the rate of delivery of 

nutrients to the small intestine and small intestinal nutrient exposure (Gentilcore et al., 2006a; 

Jones et al., 2005) are some of the other gut related mechanisms contributing to the development of 

PPH. 

2.3.2 Treatment of PPH 

Although there is no definitive treatment for PPH, both pharmacological and non-pharmacological 

strategies may be beneficial. 

Pharmacological therapies. Pharmacological strategies in addressing PPH have been discussed 

in detail in a recent systematic literature review (Ong et al., 2014), which included 14 studies 

investigating caffeine, alpha-glucosidase inhibitors, guar gum, octreotide and 3,4-DL-Threo- 

Dihydroxyphenylserine. These agents have been suggested to attenuate postprandial BP decline 
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through different mechanisms. Caffeine, an adenosine blocker increases cardiac output, vascular 

resistance and BP (Onrot et al., 1985; Heseltine et al., 1991; Lipsitz et al., 1994). Acarbose and 

voglibose, both alpha-glucosidase inhibitors, slow the breakdown of complex carbohydrates, 

delaying gut glucose absorption (Maruta et al., 2006; Gentilcore et al., 2007). Guar gum delays 

both gastric emptying and glucose absorption in the small intestine, but its use is limited given its 

awful taste (Jones et al., 2001). 

Octreotide, a somatostatin analogue, inhibits the vasodilation of the splanchnic vasculature by 

inhibiting vasoactive peptides (Hoeldtke et al., 1986; Jansen et al., 1989). 3,4-DL-Threo- 

Dihydroxyphenylserine is a norepinephrine precursor that replaces levels of circulating 

norepinephrine (Freeman et al., 1996). Other pharmacological agents that have been studied in 

single studies are intravenuos infusion of vasopressin (Hakusui et al., 1991) and the combination of 

midodrine and denopamine (Hirayama et al., 1993), which have been demonstrated to ameliorate 

postprandial BP decline among individuals with autonomic neuropathy and PPH, but were not 

specific to older people. 

However, a limitation that has been identified is that only two pharmacological studies have been 

undertaken in subjects with a formal diagnosis of PPH (Shibao et al., 2007; Lipsitz et al., 1994). In 

these two studies involving older people with PPH (mean age 65 ± 3 years and 76 ± 9 years 

respectively), acarbose remained an effective intervention (Shibao et al., 2007) but not caffeine 

(Lipsitz et al., 1994). 

Among older subjects with hypertension, optimising BP control may attenuate postprandial BP 

decline by reducing baseline BP. This was demonstrated in two studies, whereby the use of 

nitrendipine or hydrochlorothiazide (Jansen et al., 1988) and isosorbide dinitrate or nicardipine 

(Connelly et al., 1995) diminished postprandial BP. Among older subjects with stable heart failure, 

gradual discontinuation of frusemide may be considered as a strategy, as this has been 

demonstrated to significantly reduced the magnitude of the postprandial fall in SBP in a single 

study (van Kraaij et al., 1999). 

The pharmacological trials described have not focused on older people with PPH specifically or 

older people who are frail. Therefore, it remains uncertain whether these pharmacological 

strategies are generalisable to these patient populations. With ageing, physiological changes occur 
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and there is a greater degree of frailty, a larger number of coexisting conditions, and polypharmacy, 

where 40% of older people take five to nine medications (Budnitz et al., 2011). All of these factors 

lead to an increased risk of medication-related adverse events among older people (ElDesoky, 

2007; McLean & Le Couteur, 2004). Furthermore, available pharmacological agents to address 

PPH are associated with adverse effects. For example, 31% of subjects on acarbose experience 

diarrhoea and most develop flatulence (Chiasson et al., 2003). 

Hence, when it comes to treating older people with PPH, non-pharmacological strategies remain 

the first preference and most practical, avoiding adverse drug events. 

Non-pharmacological strategies. Non-pharmacological strategies that can be considered in 

treating older people with PPH are low intensity exercise, such as walking or dietary modification. 

Changes in diet include reducing the carbohydrate content of food, replacing glucose and sucrose 

with fructose or xylose, choosing complex carbohydrates over simple sugars and increasing water 

consumption immediately before a meal. 

However, in the majority of studies exploring non-pharmacological strategies, older people with 

PPH have not been the primary focus, something we tried to address during the course of the 

current research. 

Exercise 

Exercise leads to an extensive list of positive health benefits among older people, extending beyond 

a potential to attenuate postprandial BP decline. It lowers the risk of cardiovascular disease, type 2 

diabetes mellitus, osteoporosis, stroke, breast cancer and colon cancer (Miller et al., 2000), 

improves psychological function, decreases the incidence of depression in older adults (Singh et al., 

2001), and improves physical function (Keysor & Jette, 2001). 

During exercise, cardiac output increases to ensure adequate perfusion to the exercising muscles 

(Halliwill, 2001). This results from increased sympathetic activity and reduced parasympathetic 

tone, which both lead to increased heart rate and contractility, vasoconstriction of venous 

vasculature (Halliwill, 2001; MacDonald, 2002), and redistribution of blood from the splanchnic 

circulation (Puvi-Rajasingham et al., 1997) to the exercising muscles. These mechanisms lead to 

increased BP during exercise. 



21 

However, following the initial increase in BP, there is a subsequent hypotension that may occur 

anytime from within a few minutes to 60 minutes following exercise, which is termed post-exercise 

hypotension (MacDonald, 2002). The effects of post-exercise hypotension have been the reason for 

cautioning against exercise following a meal (Oberman et al., 1999). However, different intensity 

and forms of exercise affect BP differently. Light exercise does not appear to lead to a decline in 

SBP, while high intensity exercise is reported to cause an initial increase in SBP followed by a 

decline (Astrand et al., 1964). 

To date, there have only been three studies that have investigated the effect of exercise on post- 

meal BP in older people (Table 2.4). Two of the three studies were undertaken in a residential aged 

care setting and involved exercise in the form of a single walk for either 5 or 10 minutes and at 20 

or 60 minutes post-meal (Jonsonn et al., 1990; Oberman et al., 1999). The smaller study 

investigated 14 older subjects with PPH (Oberman et al., 1999). In both studies, exercise attenuated 

the fall in blood pressure during the walk period, but the effect was not sustained. 

The third study (only abstract published) researching exercise and postprandial BP responses 

differed from the earlier research as it involved healthier older people living in the community who 

engaged in higher intensity exercise (Gentilcore et al., 2008c). In this study, a single exercise on a 

stationary bicycle at 70% of the predicted maximum HR over 20 minutes after a glucose drink 

exacerbated the hypotensive response to a glucose drink, and the effect was sustained until 180 

minutes post drink ingestion. Therefore, high intensity exercise should probably be avoided post- 

meal in older people with PPH. The effects of low intensity exercise on postprandial BP, such as 

intermittent walks commenced before a meal, remains unknown and is the focus of the research 

presented in Chapter 5. 
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Water 
 

Studies investigating the role of water in postprandial BP decline have been summarised in Table 

2.5. The ingestion of water causes gastric distension, which stimulates the gastro-vascular reflex, 

thus modulating the postprandial hypotensive response (Jones et al., 2005). Two studies 

investigating the hemodynamic effects of drinking water were specifically conducted among 

subjects with PPH and autonomic failure (Deguchi et al., 2007; Shannon et al., 2002). In both 

studies, drinking 350 ml water immediately before a meal reduced the magnitude of the 

postprandial BP decline and in the study by Shannon et al., a larger water volume of 480 ml 

reduced the decline in BP even further (Shannon et al., 2002). This effect was sustained throughout 

the 90 minutes following the meal. Therefore, drinking a larger volume of water was more 

effective in reducing postprandial BP decline among older subjects with PPH. 

The BP attenuating effects of water have also been demonstrated among older people without PPH 

(Gentilcore et al., 2008b; Grobéty et al., 2014; Jones et al., 2005). Water volumes necessary to 

reduce postprandial BP ranged from 300 ml to 500 ml, whereas consuming only 100 ml was not as 

effective (Grobéty et al., 2014). In these studies, water was consumed rapidly within three to four 

minutes before the meal. In view of these results, the volume of the glucose drink used in the 

current research was limited to 200 ml as larger volumes were shown to mitigate postprandial BP 

responses as a result of gastric distension (Gentilcore et al., 2008b; Jones et al., 2005). 

In summary, one large glass of water (i.e., at least 300 ml) consumed within three minutes 

immediately before a meal may be a simple therapeutic option to be considered as this attenuates 

postprandial BP decline. 
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Meal composition 
 

Macronutrient composition is known to influence the hypotensive response to a meal (Jansen & 

Lipsitz, 1995). Among the macronutrients, carbohydrate, particularly glucose, has the greatest 

effect on BP (Jansen et al., 1990; Heseltine et al., 1991; Visvanathan et al., 2005). Earlier studies 

seem to suggest that fat and protein have no effect (Potter et al., 1989; Jansen et al., 1990), but 

other studies, including more recent studies by our group, appear to contradict these findings 

(Hoeldtke et al., 1985; Bannister et al., 1987; Sidery et al., 1993; Visvanathan et al., 2006; 

Gentilcore et al., 2008a). The type of carbohydrate also affects the degree of postprandial BP 

decline; glucose and sucrose cause a postprandial BP reduction, but not fructose (Jansen et al., 

1987; Visvanathan et al., 2005) or xylose (Vanis et al., 2011); and simple sugars cause a larger 

magnitude decline in postprandial SBP compared to complex carbohydrates (Heseltine et al., 1991). 

Hence, reducing the carbohydrate content of food, and replacing glucose and sucrose with fructose 

or xylose and choosing complex carbohydrates over simple sugars may be appropriate dietary 

modifications. 

Meal size 
 

There is limited evidence that patients with PPH may benefit from replacing large meals with 

smaller and more frequent meals, which may be associated with less splanchnic diversion of blood, 

hence, reducing the magnitude of postprandial BP decline (Puvi-Rajasingham & Mathias, 1996). 

However, this has only been investigated in one study in younger people with autonomic failure 

and PPH (Puvi-Rajasingham & Mathias, 1996); and research involving older people, especially 

those with PPH is necessary before further recommendations can be made for this population 

group. 

Meal temperature 
 

There is evidence that there are specific warm and cold sensitive receptors in the gastrointestinal 

tract, and a colder meal is associated with a modest slowing of gastric emptying, which then has the 

potential to reduce postprandial BP decline (Sun et al., 1988). This possibility was further explored 

among 15 healthy older subjects (mean age 74 ± 3 years) whereby subjects consumed a test drink 

served either cold (5 °C) or warm (50°C) (Kuipers et al., 1991). The cold drink caused an initial 
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rise of 4mmHg in mean arterial BP, following which BP remained relatively unchanged, whereas 

the warm drink caused a reduction of 8mmHg in mean arterial BP. Therefore there is insufficient 

evidence to recommend consumption of cold drinks or meals. 

2.4 Conclusion 

To summarise, PPH is common in older people across all care settings and is of clinical relevance 

due to its association with falls. The prevalence of PPH in older people experiencing injuries 

from falls, such as fractures, are however yet to be investigated. Chapter 6 describes the research 

reported in this thesis to pragmatically explore the prevalence of fractures within two hours of 

a meal. Although non-pharmacological strategies, such as a glass of water before a meal, cold 

rather than hot meals, and reduced sugar content may help clinicians treat PPH, there remains a 

need for better quality studies in older people with PPH. It appears that a single walk may 

attenuate the fall in BP post meal, but it remains to be seen if repeated walks over a period of time 

attenuate the fall in BP over a longer period of time. This forms the basis for the research discussed 

in Chapter 5. 
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Chapter 3 

Gait and falls in older people 

Summary 

As noted previously, falls are common among older people and are associated with significant 

physical and psychological morbidity and mortality. There are a variety of risks for falls in older 

people, and it is essential to identify all falls risk factors and intervene where possible. PPH, which 

was discussed in Chapter 2 and gait impairment, discussed in this chapter, are examples of two risk 

factors relevant to falls prevention. To date, there has been no research investigating whether post- 

meal decline in BP affects gait parameters associated with increased falls risk detrimentally. If it 

does, then this may be one reason why PPH is associated with increased risk of falls. 

Gait is an important human function necessary for maintaining independence. It is presumed to be 

an automatic function; however, it is recognised to be a highly elaborate, coordinated task. 

Impairment in gait is more common with advancing age. Early detection of gait changes allows for 

identification of older people at increased risk of falling. Technological advancements have led to 

the development of specialised gait analysis devices and we are able to now assess for multiple gait 

parameters. Not all gait parameters are equally associated with increased falls risk. In this chapter, 

we discuss how gait is measured and also we identify the gait parameters associated with increased 

risk of falls. 
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3.1 Human gait 

3.1.1 Physiological control of gait 

Gait is presumed to be an instinctive function learnt during childhood and occurring automatically 

in adulthood. However, considering that gait involves the interplay of motor, sensory, visual, 

vestibular, cerebellar, cognitive, psychological and musculoskeletal systems, in reality gait is a 

complex motor task (Lord & Rochester, 2007; Nutt et al., 1993; Sudarsky, 2001). 

Physiological changes that occur as people age necessitate more diligence when performing the 

activity of walking (Beauchet & Berrut, 2006). The interaction between age related physiological 

changes in gait with co-morbidities results in increased gait impairments (Alexander, 1996; Elble, 

1997). Increasing age per se may result in an increase in stride length, cadence and double support 

time (Callisaya et al., 2008) although some studies dispute that ageing, per se, causes these changes 

(Kerrigan et al., 1998). 

3.1.2 Gait parameters 

Walking consists of a series of repetitive events termed the gait cycle (Maki, 1997). A complete 

gait cycle is the period between the first contact of two consecutive footfalls of the same foot 

(Hamill & Knutzen, 2003). Gait parameters may be divided into spatial parameters, which are 

related to distances and temporal parameters, which are related to time (Maki, 1997). The 

definition of each variable is listed below (Maki, 1997; Hausdorff, 2005; Hollman et al., 2011). 

 Step length (centimetres (cm): The anterior-posterior distance from the heel of one footprint to 

the heel of the opposite footprint. 

 Stride length (cm): The anterior-posterior distance between the heels of two consecutive 

footprints of the same foot; two steps comprise one stride. 

 Stride width/base of support (cm): The lateral distance from the heel center of one footprint to 

the line of progression formed by two consecutive footprints of the opposite foot. 

 Cadence (steps/minute):The number of steps per minute, also referred to as step rate. 

 Step time (seconds (sec):The time elapsed from initial contact of one foot to initial contact of 

the opposite foot. 

 Stride time (sec): The time elapsed between the initial contact of two consecutive footfalls of 

the same foot. 
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 Stance time (sec): The time elapsed between the initial contact and the last contact of a single 

footfall. 

 Swing time (sec):The time elapsed between the last contact of the current footfall to the initial 

contact of the next footfall of the same foot. 

 Single-support time (sec):The time elapsed between the last contact of the opposite footfall to 

the initial contact of the next footfall of the same foot i.e. when only one foot is in contact with 

the ground. 

 Double-support time (sec):The time that both feet are on the ground simultaneously. 

 Gait speed (cm/sec):Calculated by dividing the distance traveled by the ambulation time. 

 Stride speed (cm/sec):Calculated by dividing stride length by the stride time. 

 Gait variability: Gait variability refers to the intra-individual stride-to-stride fluctuations in 

gait characteristics and is represented by the coefficient of variation (CoV). CoV is calculated 

by dividing the standard deviation by the mean (of the relevant gait parameter) and multiplying 

this by 100 (standard deviation)/mean x100. Gait variability is related to the regularity or 

stability of gait whereby the more irregular the gait, the higher the variability (Hausdorff et al., 

2001). 

3.2 Gait impairment and the consequences 

Gait impairment is common in older people. In a study of 488 older people aged 70 - 99 years 

living in the community, the prevalence of gait impairment was 35% (Verghese et al., 2006) and in 

a cross-sectional national survey, 54% of older people aged 85 years and above reported gait 

impairment (Ostchega et al., 2000). 

There is an established association between gait impairment and falls in the literature among older 

people in the community (Tinetti et al., 1988; Montero-Odasso et al., 2005) and in residential care 

(Rubenstein & Josephson, 2002; Deandrea et al., 2010). Gait impairment is identified as the second 

largest contributory cause for falls (Rubenstein & Josephson, 2002; Deandrea et al., 2010) and is 

associated with a threefold increased risk of falling (Rubenstein & Josephson, 2002). Therefore, it 

is not surprising that among older people presenting to a falls clinic, gait impairment was present in 

85% (Montero-Odasso et al., 2005). 

Apart from falls, gait impairment is associated with other adverse consequences, such as reduced 

mobility (Verghese et al., 2006; Brach et al., 2007), dementia (Verghese et al., 2002), 

institutionalisation (Verghese et al., 2006) and increased mortality (Bloem et al., 2000; Verghese et 

al., 2006). Hence, gait may be viewed as a surrogate marker for health and function in the older 
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person. It has been suggested that the presence of gait impairment may reflect the existence of 

early, preclinical disease (Snidjers et al., 2007), creating an opportunity for preventive strategies to 

be implemented to halt the progression to clinical disease. 

3.2.1 Assessing gait 

Early gait changes are too discrete to be detected by the naked eye and, unfortunately, the first 

symptom of a gait impairment may be an injurious fall (Sattin, 1992). Therein lies the role of gait 

analysis, which provides a more accurate and objective manner through which gait impairment can 

be identified and changes to gait parameters can be monitored. 

Gait analysis has evolved over time with advances in technology. In the pre-computer era (Baker, 

2007), simple visual observation (Eastlack et al., 1991; Krebs et al., 1985), stop-watches (Wall & 

Scarbrough 1997; Youdas et al., 2000) and paper walkways (Clarkson 1983; Heitmann et al., 1989) 

were used. This progressed in the post-computer era to the use of footswitches, which are sensors 

embedded in shoes (Maki 1997; Barrett et al., 2008), to sophisticated technology devices such as 

the GAITRite®, which is a portable electronic walkway (Bilney et al., 2003) (Figure 3.1). 

Figure 3.1 Participant walking on the GAITRite® 
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The GAITRite®, which was used in the study discussed in Chapter 5, is a portable electronic 

walkway embedded with pressure sensors that are activated as the subject walks the length of the mat 

(Bilney et al., 2003). The walkway is connected through an interface cable to a computer installed 

with the GAITRite® software, which processes and stores the spatial and temporal parameters 

(Bilney et al., 2003). The advantage of GAITRite® is that subjects walk over the walkway without 

the hindrance of wires or markers, unlike other gait analysis equipment (Bridenbaugh & Kressig, 

2011). 

In addition, data can be rapidly and easily obtained for each step in the entire gait trial (Menz et al., 

2004). The use of GAITRite® has enabled gait analysis to be undertaken not only in gait laboratories, 

but more widely in clinical settings (Kressig & Beauchet, 2006) without requiring attachment of 

monitoring devices, such as footswitches or extensive training (Verghese et al., 2009). 

Studies have been performed to evaluate the validity of GAITRite® against previous gait analysis 

tools with favourable results (McDonough et al., 2001, Selby-Silverstein & Besser, 1999, Cutlip et 

al., 2000, Bilney et al., 2003, Youdas et al., 2000). The GAITRite® has shown strong 

concurrent validity and test-retest reliability in older people, in addition to being a portable and 

reliable tool for the objective assessment of gait (Bilney et al., 2003, Menz et al., 2004, van Uden 

& Besser, 2004, Wittwer et al., 2008, McDonough et al., 2001). 

Test–retest reliability is high, with reliability coefficients that exceed 0.85 for measures including 

velocity, stride length and double support time (McDonough et al., 2001, Bilney et al., 2003). 

Furthermore, the validity of the GAITRite® measurements of stride length is not affected by 

walking speed (Bilney et al., 2003). Older people who require the use of a walking aid to ambulate 

can also be included in gait analysis by manual editing of the computer data (Verghese et al., 

2009), which enables the inclusion of a wider spectrum of older people. The GAITRite® is able to 

assess the following gait parameters: gait speed, cadence, stride length, stride width, stride time, 

stance time, swing time, single support time, double support time, and gait variability. 

3.2.2 Gait parameters associated with falls 

Among the various gait variables able to be assessed by the GAITRite®, not all have been shown 

to be associated with falls, fracture or fear of falling in older people. Gait speed, stride length 

variability, and double-support time and swing time variability, appear to be the most clinically 

relevant in terms of association with falls in older people (Dargent et al., 1996; Chu et al., 2005; 

Biderman et al., 2002; Montero-Odasso et al., 2005; Quach et al., 2011; Liang et al., 2014; Besser 

et al., 2001; Verghese et al., 2009; Callisaya et al., 2011) (refer Table 3.1). 
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Gait speed and falls and fractures. Gait speed is the most extensively investigated gait parameter 

(Dargent et al., 1996; Chu et al., 2005; Biderman et al., 2002; Montero-Odasso et al., 2005; Quach 

et al., 2011; Liang et al., 2014), probably due to the ability to measure gait speed easily, quickly 

and inexpensively without the need for specialised equipment (Bridenbaugh & Kressig, 2011). 

The majority of these studies have used a timed walk test among healthy, community dwelling 

older people involving large sample sizes of over 1,000 subjects in two studies (Dargent et al., 

1996; Chu et al., 2005) and over 100 subjects in the other studies (Biderman et al., 2002; Montero- 

Odasso et al., 2005; Quach et al., 2011; Liang et al., 2014). 

All studies were conducted over 12 to 24 months. The outcome of the study conducted by Dargent 

et al. differed in that it specifically highlighted gait speed as an independent predictor of fall related 

femoral neck fractures (Dargent et al., 1996). In terms of gait speed values or changes in gait speed, 

a speed of less than 0.5 m/s (Biderman et al., 2002) or a deterioration of gait speed between 

0.10 m/s (Verghese et al., 2009) and 0.15 m/s (Quach et al., 2011) has been identified in the 

literature as a risk factor for future falls. In addition, the study by Quach et al. demonstrated that the 

relationship between gait speed and falls was U-shaped, as a gait speed of more than 1.3 m/s was 

also associated with an increased risk of falling (Quach et al., 2011). 

Gait variability and falls. Gait variability, particularly stride length and double-support time and 

swing time variability have been increasingly demonstrated to predict future risk of falls in studies 

that have used the GAITRite® (Besser et al., 2001; Verghese et al.; 2009, Callisaya et al., 2011; 

Taylor et al., 2012) or footswitch analysis (Maki 1997). The largest study, conducted by 

Verghese et al., included nearly 500 subjects and did not exclude older people using a walking 

aid. 

After 20 months, the strongest predictors of falls and the only predictors of injurious falls, were 

increased variability in both stride length and swing time (Verghese et al., 2009). In two other 

studies, increased stride length variability was able to predict multiple fallers (Callisaya et al., 

2011; Taylor et al., 2012). It is of interest to note that the study by Taylor et al. focused on older 

people with cognitive impairment, which is an important group to consider as 60% of older people 

with cognitive impairment fall each year (Laird et al., 2001) and have a higher rate of injurious falls 

(Muir et al., 2012). 
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3.2.3 Gait and fear of falling 

Fear of falling is prevalent among 27% to 50% of older people, with a higher prevalence reported 

among individuals with a history of falls (Tinetti & Powell, 1993; Reelick et al., 2009). In gait 

assessments, it is important to evaluate for fear of falling as it affects gait parameters (Maki 1997, 

Chamberlin et al., 2005; Delbaere et al., 2009). In two small studies (refer to Table 3.1) involving 

community dwelling older subjects, the group that demonstrated fear of falling had a significantly 

slower gait speed, shorter stride length, wider stride width and increased double limb support time 

(Chamberlin et al., 2005; Delbaere et al., 2009). 

In a prospective study by Maki et al., increased variability in stride length, double-support time and 

gait speed variability were associated independently with falling, and there was little evidence of a 

relationship between these parameters and the fear of falling, thereby increasing the specificity of 

the parameters as a falls risk indicator. In contrast, reduced stride length, reduced gait speed and 

increased double-support time were associated with fear of falling, but showed little evidence of an 

independent association with falling (Maki, 1997). 

3.4 Conclusion 

Although we know that both PPH and gait impairment are associated with falls, to date there have 

been no studies into whether the post-meal decline in BP affects gait. Establishing a relationship 

between a post-meal decline in BP and altered gait would provide evidence of a possible 

mechanism through which PPH is associated with falls. To address the research gap, the impact of 

a post-meal fall in BP on gait was investigated (see Chapter 4). The gait parameters investigated in 

the research were those that have been demonstrated in the literature to be associated with fear of 

falling, falls and fractures. These gait parameters are gait speed, variability in stride length, swing 

time and double-support time. 
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Chapter 4 

The postprandial systolic blood pressure decline following a glucose drink 
affects gait detrimentally in older people 

Summary 

PPH and gait impairments are two risk factors for falls in older people. Although the association 

between falls and PPH has been established, there have been no studies investigating the 

mechanism by which this occurs. Specifically, information is required to determine whether the 

falls occur due to PPH having a detrimental effect on gait parameters. The study described in this 

chapter addresses this issue. 

The effect of postprandial SBP decline following the ingestion of a glucose drink was investigated 

among 24 older subjects. Subjects were studied on three randomly selected days: glucose (‘G’), 

water and walk (‘WW’) and glucose and walk (‘GW’) days. Subjects consumed a glucose drink on 

both the ‘G’ and ‘GW’ days, and the ‘G’ day was used establish which subjects had PPH. Subjects 

consumed water on the ‘WW’ day and on both ‘WW’ and ‘GW’ days, when gait was analysed. 

Thirteen of the 24 subjects demonstrated PPH. Among subjects with PPH, following glucose 

ingestion there was a significant increase in stride length variability, whilst in subjects without 

PPH, ingestion of water significantly decreased stride length variability. Since an increase in the 

variability in stride length has been demonstrated to be a predictor of falls risk in older people, this 

may be a mechanism by which PPH increases the risk of falls. 
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4.1 Introduction 

Falls are common in older people, with a prevalence of 30% and 50% among community dwelling 

individuals and older people living in residential care facilities, respectively (Tinetti & Speechley, 

1989; Kannus et al., 2005; Rubenstein, 2006). A major consequence of falls is fractures, which 

pose a considerable public health issue due to the association with detrimental physical and 

psychological morbidity (Kannus et al., 1999; Rubenstein & Josephson, 2002), as well as 

significant health care costs (Moller, 2003). Falls risk factors are typically multifactorial (Tinetti et 

al., 1988) and include PPH and gait impairments (Rubenstein & Josephson, 2002; Jensen et al., 

2003). 

PPH is a condition that is defined as a 20 mmHg reduction in SBP or a decline in SBP to less than 

90 mmHg from a pre-ingestion SBP of greater than 100 mmHg, occurring within two hours of 

meal commencement (Jansen & Lipsitz 1995; Mathias et al., 1989). As discussed in Chapter 2, 

there is a strong association between PPH and falls in older people. PPH is present in 25% of older 

inpatients with a history of falls (Puisieux et al., 2000), 50% of older persons with unexplained falls 

occurring within two hours of a meal (Jansen & Lipsitz, 1995) and in 58% of older patients seen in 

a falls outpatient clinic (Lagro et al., 2012). 

Gait consists of a series of repetitive events termed the gait cycle (Maki, 1997). As previously 

discussed (Chapter 3), there is a strong association between gait impairment and falls, such that 

when the former is evident, the risk of falls is increased (Tinetti et al., 1988; Rubenstein & 

Josephson, 2002; Montero-Odasso et al., 2005; Deandrea et al., 2010). In a review of 12 studies 

evaluating falls risk factors among older people, gait impairment was identified as the second 

largest contributory cause for falls (Rubenstein & Josephson, 2002). Moreover, a recent systematic 

review and meta-analysis of 74 studies investigating risk factors for falls among community- 

dwelling older people found that gait impairment ranked as the second strongest falls risk factor 

(Deandrea et al., 2010). Specific gait parameters that have been robustly associated with falls and 

are discussed in Chapter 3, include a decrease in gait speed and an increase in the variability of 

stride length, double-support time and swing time (Dargent-Molina et al., 1996; Verghese et al., 

2009; Callisaya et al., 2011). 
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Previous studies have determined that a relationship exists between (a) falls and PPH (Aronow & 

Ahn 1994; Jansen & Lipsitz, 1995; Puisieux et al., 2000; Lagro et al., 2012) and (b) falls and gait 

impairment (Tinetti et al., 1988; Rubenstein & Josephson, 2002; Montero-Odasso et al., 2005; 

Deandrea et al., 2010); however, it is uncertain if the decline in SBP evident in people with PPH is 

associated with a change in gait parameters which may then predispose the older person to falls. 

Hence, the aim of this study was to determine if a postprandial decline in SBP affects gait speed, 

variability in stride length, double-support time or swing time in individuals with and without PPH. 

4.2 Method 

4.2.1 Ethics 

This protocol was approved by the Human Research Ethics Committees of The Queen Elizabeth 

Hospital/Lyell McEwin Hospital/Modbury Hospital, Adelaide, Australia (protocol number 

2011011). Each subject provided written, informed consent before the commencement of the first 

study day. All experiments were carried out in accordance with the Declaration of Helsinki. 

4.2.2 Subjects 

Twenty-four older subjects (16 female, eight male) with and without PPH were recruited either 

from geriatrician clinics at The Queen Elizabeth Hospital, from lists of research subjects that had 

previously participated in research studies or via community events related to the Healthy Ageing 

program undertaken by the Adelaide Geriatrics Training and Research with Aged Care (GTRAC) 

Centre. No subject had a history of significant cardiovascular disease (myocardial infarction less 

than three months earlier, clinical coronary artery disease or symptomatic congestive heart failure), 

significant respiratory disease, renal impairment, epilepsy, dysphagia, chronic alcohol abuse or 

excessive cigarette smoking (more than 10 cigarettes a day). Subjects withheld usual medication on 

the morning of the study days. 

4.2.3 Protocol 

Each subject was studied on three randomised study days, separated by a minimum of 72 hours. To 

minimise bias, an online randomisation program (RANDOM.ORG 2014) was used. On each study 

day, subjects underwent an overnight fast (10 hours for solids and six hours for liquids) and in the 

preceding 24 hours refrained from alcohol and caffeine containing beverages, and smoking for 12 

hours. 
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The subjects attended the Basil Hetzel Institute at The Queen Elizabeth Hospital at 0830 hours on 

each day and upon arrival were seated comfortably in a chair. An automated BP cuff was placed 

around the right arm and following a 10 minute rest period, at t = 0 minutes, subjects ingested a 

tudy drink. On two of the study days (glucose (‘G’) and glucose and walk (‘GW’) days) the drink 

consisted of a 200 ml drink of 50 g glucose (glucose monohydrate, Fluka Analytical, Sigma- 

Aldrich Pty Ltd, NSW, Australia) dissolved in water. On the other day, the drink consisted of 200 

ml of water alone (‘WW’ day). The purpose of the ‘G’ day was to establish which subjects had 

PPH. Ingestion of a glucose drink is ideal as a mechanism by which to induce a rapid fall in SBP, 

the magnitude of which fulfils the definition of PPH (Visvanathan et al., 2006). On one day, 

cardiovascular autonomic nerve function and orthostatic BP were evaluated before the 

commencement of the study (Visvanathan et al., 2005). 

4.2.4 Measurements 

Blood pressure. SBP was measured using an automated oscillometric BP monitor (Spacelabs 

Ultralite 24 hour ABP, JLM Accutek Health Care, NSW, Australia). On all study days, ‘baseline’ 

SBP (t = 0 minutes) was calculated as the mean of measurements taken at t = -9, -6, and -3 minutes 

before ingestion of the drink. SBP was measured every 6 minutes between t = 0 - 60 minutes and 

then every 15 minutes between t = 60 - 120 minutes. 

Gait analysis. Gait parameters were measured using the GAITRite® walkway system (CIR 

Systems Inc., NJ, USA). This system consisted of a six metre portable walkway with a series of 

sensor pads activated by mechanical pressure (Menz et al., 2004). Data from the sensors were 

collected by a series of on-board processors and transferred and stored on a computer. Studies have 

demonstrated that the GAITRite® measures gait parameters with strong concurrent validity and 

test-retest reliability in older people (Bilney et al., 2003; Menz et al., 2004; Wittwer et al., 2008; 

McDonough et al., 2001). Gait speed, variability in stride length, double-support time and swing 

time were recorded at each subject’s self-selected walking speed, i.e. at a pace deemed comfortable 

by each individual subject. 

Gait was analysed on the ‘WW’ and ‘GW’ days only. At t = - 20 minutes (i.e. baseline), subjects 

undertook two practice walks to familiarise themselves with the protocol and GAITRite®, 

followed by two test walks. Subsequent gait analysis every 30 minutes between t = 30 - 120 
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minutes involved two test walks only. Gait measurements were calculated as the mean of the two 

walks (Kressig et al., 2006). To ensure a consistent walking pace, subjects commenced and 

completed walking approximately two metres before and after the walkway (Macfarlane & 

Looney, 2008; Kressig et al., 2006), i.e., total walking distance was 10 metres. 

Assessment of health status. Subjects were interviewed by a medical doctor using a standardised 

questionnaire consisting of questions relating to demographic variables, medical history, 

medication use, history of falls and fear of falls. Global assessment of health status was assessed by 

calculating the Charlson Comorbidity Index (CCI), a measure of comorbidity which predicts the 

one-year mortality rate for a patient by taking into account both the number and severity of 19 pre- 

defined comorbid conditions (Charlson et al., 1997). Each condition is assigned a score of 1, 2, 3 or 

6, depending on the mortality risk associated with the condition. The scores are summed and a total 

score is derived. The one-year mortality rates for the different scores are: ‘0’:12%; ‘1-2’:26%; ‘3- 

4’:52%; and ‘greater than or equal to ‘5’:85% (Charlson et al., 1997). 

Fear of falls was assessed using the Falls Efficacy Scale International, a widely accepted tool for 

assessing concern about falling (Yardley et al., 2005), which has been validated in an Australian 

population (Delbaere et al., 2010). It is a self-reporting questionnaire, providing information on the 

level of concern about falls for a range of 16 activities of daily living scored on a four-point scale 

anchored at one end by 1 = not at all concerned and the other end by 4 = very concerned. A score 

of 23 and above indicates a high concern about falling (Delbaere et al., 2010). 

Cardiovascular autonomic function. Autonomic nerve function was assessed using standardised 

cardiovascular reflex tests (Ewing & Clarke 1982; Piha 1991). Parasympathetic function was 

determined by the variation (R-R interval) of heart rate during deep breathing and response to 

standing (30:15 ratio). Sympathetic function was assessed by the fall in SBP in response to 

standing. Each of the test results was scored according to age-adjusted predefined criteria as 0 = 

normal, 1 = borderline and 2 = abnormal for a total maximum score of 6. A score >3 was 

considered to indicate autonomic dysfunction (Ewing & Clarke, 1982; Piha, 1991). Orthostatic 

hypotension was determined by measuring SBP in the supine position and then after standing for 

one and three minutes. Orthostatic hypotension was diagnosed as a decline in SBP of 20 mmHg or 

more and/or a decline in diastolic BP of 10 mmHg or more between the supine and standing 

positions (Lipsitz, 1989). 
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Statistical analysis. Power calculations from preliminary data from the first five subjects enrolled 

in this study determined that to detect a difference of 10 cm/s in gait speed, 16 subjects with PPH 

were required to provide an 80% power, at the 0.05 significance level. A value of 10 cm/s was 

chosen as this has been demonstrated to be clinically relevant (Brach et al., 2010). Gait speed, 

stride length variability, double-support time variability, swing time variability and SBP were 

analysed as changes from the baseline. One-way analysis of variance was used to analyse the 

effects of time on these variables. 

The maximum change in SBP, gait speed, stride length variability, double-support time variability 

and swing time variability were defined as the greatest mean changes from the baseline in each 

subject at any given time point for each study day, and is reported where a significant change from 

the baseline is noted. The area under the curve (AUC) between t = 0 - 120 minutes was calculated 

using the trapezoidal rule and analysed by paired t-test to evaluate a ‘treatment’ effect for SBP, gait 

speed, stride length variability, double-support time variability and swing time variability. 

Subjects’ characteristics were summarised using means and standard deviations, or frequencies and 

percentages, as appropriate. Comparisons between the characteristics of subject groups were 

performed using the chi-squared test and independent-samples t-test. All analyses were performed 

using SPSS Version 20 (SPSS Inc., Chicago, IL). Data are presented as means ± standard 

deviation. A P value < 0·05 was considered statistically significant in all analyses. 

4.3 Results 

All recruited subjects completed the study, which was well tolerated and no adverse effects were 

reported. Due to the necessity of completing this Master’s thesis, the results of the investigation of 

the first 24 subjects are presented here. Thirteen of the 24 subjects demonstrated PPH defined by a 

decline of 20 mmHg in SBP occurring within two hours of consuming the study drink on the ‘G’ 

day (Jansen & Lipsitz 1995; Mathias et al., 1989) (Table 4. 1). 
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Table 4.1 Maximum decline in systolic blood pressure (SBP) among subjects following ingestion of a 

glucose drink 

PPH NO PPH 

Subject Baseline 
SBP 

(mmHg) 

Maximum 
decline in 
SBP 
(mmHg) 

Time of 
maximum 
decline in 
SBP* (min) 

Subject Baseline 
SBP 

(mmHg) 

Maximum 
decline in 
SBP 
(mmHg) 

Time of 
maximum 
decline in 
SBP (min) 

1 145 25 105 1 127 14 60 

2 169 28 30 2 140 11 36 

3 145 43 105 3 119 12 90 

4 136 23 105 4 126 3 18 

5 153 20 18 5 130 11 42 

6 134 27 24 6 125 12 18 

7 166 23 75 7 150 16 36 

8 158 20 105 8 132 14 60 

9 144 30 18 9 124 11 30 

10 173 47 60 10 151 16 18 

11 145 25 120 11 154 3 18 

12 132 23 105     

13 133 20 42     

Mean ± SD  27.23 ± 8.86 70 ± 39   11.18 ± 4.58 38 ± 23 

 

Subjects’ characteristics are summarised in Table 4.2. When compared with subjects without PPH, 

those subjects with PPH had a significantly higher (P = 0.009) Charlson Comorbidity Index (i.e. 

indicating that this group had more co-morbidities) and use of antihypertensives (P = 0.041). 

Among subjects with PPH, three had orthostatic hypotension and of these, two had definite 

autonomic dysfunction. In contrast, among subjects without PPH, only one had orthostatic 

hypotension and none had autonomic dysfunction. There were no significant differences between 

the two groups of subjects for all other variables in the assessment of health status. 
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Table 4.2 Subjects’ characteristics 

Characteristic Subjects with PPH  

(n = 13) 

Subjects without PPH  

(n = 11) 

P value 

Age, years (mean ± SD) 76.5 ± 4.3 75.9 ± 6.6 0.807 

Sex (n/ %) Male Female 4 (33) 

9 (69) 

4 (36) 

7 (64) 

0.772 

History of falls in preceding 12 months 

(n/%) 

3 (23) 0 0.089 

Falls efficacy scale international score  

(mean ± SD) 

18.4 ± 2.2 20.6 ± 7.5 0.334 

Orthostatic hypotension present (n/%)  

SBP / DBP change (mmHg)  

(mean ± SD) 

3 (23) 

-21.0 ± 9.5 / 6.3 ± 3.5 

1 (9) 

-8 ± 7.6/ 1.3 ± 3.4 

0.200 

Autonomic dysfunction present (n/%) 2 (15) 0 0.474 

Charlson Comorbidity Index  

(mean ± SD) 

2.07 ± 0.9 1.3 ± 0.5 0.009 

Hypertension (n/%) 7 (54) 2 (18) 0.072 

Heart disease (n/%) 2 (15) 0 0.174 

Diabetes Mellitus (n/%) 1 (8) 0 0.347 

Hypothyroidism (n/%) 2 (15) 1 (9) 0.642 

Antihypertensives (n/%) 9 (69) 3 (27) 0.041 
 

PPH = postprandial hypotension; SD = standard deviation; n = number of subjects; SBP = systolic 
blood pressure; DBP = diastolic blood pressure 

4.3.1 SBP 

Subjects with PPH. There was a significant fall in SBP over time between t = 0 - 120 minutes on 

the ‘G’ day (P < 0.005) but there were no differences on the ‘WW’ (P = 0.830) or ‘GW’ (P = 

0.520) days. The mean maximum fall, and time of fall, in SBP on the ‘G’ day were 27.23 ± 

8.86mmHg at 70 ± 67 minutes (Table 4.1). Between t = 0 - 120 minutes there was a significant 

treatment effect for the AUC for the change in SBP from baseline between the study days 

(P < 0.005).  During this time, SBP was significantly greater during the ‘GW’ day than the ‘G’ day 

(95% CI = - 1780 –  - 389, P = 0.005) and there was a trend for a significant increase during the 

‘WW’ day (95% CI = - 1440 - 25, P = 0.060) [Figure 4.1 (a1)]. At t = 120 minutes, SBP was 

significantly less than baseline on the ‘G’ day (136.92 ± 19.22mmHg, P = 0.005), but not 

different from baseline on the ‘WW’ (151.45 ± 21.61mmHg, P = 0.137) or ‘GW’ (137.92 ± 

17.50mmHg, P = 0.093) days. 
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Subjects without PPH. There were no significant differences in SBP over time between t = 0 - 

120 minutes on the ‘G’ (P = 0.172), ‘WW’ (P = 0.392) or ‘GW’ (P = 0.685) days. Between t = - 

120 minutes there was a significant treatment effect for the AUC for the change in SBP from 

baseline between the study days (P = 0.021). During this time, SBP was significantly greater during 

the ‘WW’ day than the ‘G’ day (95% CI = 128 - 889, P = 0.014) but not during the ‘GW’ day 

(95% CI = - 433 - 303, P = 0.703) [Figure 4.1 (a2)]. At t = 120 minutes, SBP was not different 

from the baseline on the ‘G’ (135.00 ± 12.47mmHg, P = 0.843), ‘WW’ (142.30 ± 12.67mmHg, P 

= 0.851) or ‘GW’ (131.89 ± 12.54mmHg, P = 0.372) days. 
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Figure 4.1 Mean change in systolic blood pressure, gait speed and stride length 
variability in subjects with and without PPH 
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4.3.2 Gait speed 

Subjects with PPH. There was a trend for a significant decrease (P = 0.054) in gait speed over 

time between t = 0 - 120 minutes on the ‘WW’ day but there was no difference on the ‘GW’ (P = 

0.138) day. Between t = 0 - 120 minutes, there was no significant treatment effect for the AUC for 

the change in gait speed from the baseline between the ‘WW’ and ‘GW’ days (95% CI = - 238 - 

469, P = 0.491) [Figure 4.1 (b1)]. At t = 120 minutes, gait speed was not different from the baseline 

on the WW (108.74 ± 19.14cm/s, P = 0.367) or ‘GW’ (108.30 ± 24.70cm/s, P = 0.268) days. 

Subjects without PPH. There was a no significant difference in gait speed over time between t = 0 

- 120 minutes on the ‘WW’ (P = 0.327) or ‘GW’ (P = 0.216) days. Between t = 0 - 120 minutes, 

there was no significant treatment effect for the AUC for the change in gait speed from the baseline 

between the ‘WW’ and ‘GW’ days (95% CI = - 540 - 337, P = 0.617) [Figure 4.1 (b2)]. At t = 120 

minutes, gait speed was not different from the baseline on the ‘WW’ (113.25 ± 26.22cm/s, P = 

0.220) or ‘GW’ (110.25 ± 28.74cm/s, P = 0.590) days. 

4.3.3 Stride length variability 

Subjects with PPH. There was a significant increase (P = 0.028) in stride length variability over 

time between t = 0 - 120 minutes on the ‘GW’ day but there was no difference on the ‘WW’ day (P 

= 0.227). The mean maximum increase, and time of increase, in stride length variability were 0.27 

± 2.12cm at t = 69 ± 31 minutes. Between t = 0 – 120 minutes, there was no significant treatment 

effect for the AUC for the change in stride length variability from baseline between the ‘WW’ and 

‘GW’ days (95% CI = - 102 - 46, P = 0.419) [Figure 4.1 (c1)]. At t = 120 minutes, there was a 

trend for stride length variability to be less than baseline on the ‘WW’ (3.00 ± 1.37cm, P = 0.090) 

but not the ‘GW’ (3.46 ± 1.23cm, P = 0.868) day. 

Subjects without PPH. There was a significant decrease in stride length variability over time 

between t = 0 - 120 minutes on the ‘WW’ day (P = 0.008), but there was no difference on the 

‘GW’ day (P = 0.593). The mean maximum decrease, and time of decrease, in stride length 

variability were 0.27 ± 1.89cm at t = 87 ± 37 minutes. Between t = 0 - 120 minutes, there was no 

significant treatment effect for the AUC for the change in stride length variability from the baseline 

between the ‘WW’ and ‘GW’ days (95% CI = - 54 - 122, P = 0.410) [Figure 4.1 (c2)]. At t = 120 

minutes, stride length variability was not different from the baseline on the ‘WW’ (2.90 ± 1.27cm, 

P = 0.558) or ‘GW’ (3.35 ± 1.94cm, P = 0.858) days. 
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4.3.4 Double-support time variability 

Subjects with PPH. There was a trend for a significant change (P = 0.073) in double-support time 

variability over time between t = 0 - 120 minutes on the ‘GW’ day, but there was no difference on 

the ‘WW’ (P = 0.261) day. Between t = 0 - 120 minutes, there was no significant treatment effect 

for the AUC for the change in double-support time variability from the baseline between the ‘WW’ 

and ‘GW’ days (95% CI = -1156 - 373, P = 0.287) [Figure 4.2 (a1)]. At t = 120 minutes, double- 

support time variability was not different from baseline on the ‘WW’ (11.24 ± 8.05s, P = 0.692) or 

‘GW’ (13.37 ± 2.62s, P = 0.942) days. 

Subjects without PPH. There was no significant change in double-support time variability over 

time between t = 0 - 120 minutes on the ‘WW’ (P = 0.297) or ‘GW’ (P = 0.203) days. Between t = 

0 - 120 minutes, there was no significant treatment effect for the AUC for the change in double- 

support time variability from the baseline between the ‘WW’ and ‘GW’ days (95% CI = - 1283 - 

569, P = 0.411) [Figure 4.2 (a2)]. At t = 120 minutes, double-support time variability was not 

significantly different than baseline on the ‘WW’ (20.27 ± 25.10s, P = 0.119) or ‘GW’ (17.82 ± 

19.37s, P = 0.583) days. 
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Figure 4.2 Mean change in double-support time and swing time variability in 
subjects with and without PPH 
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4.3.5 Swing time variability 

Subjects with PPH. There was a trend for a significant increase (P = 0.073) in swing time 

variability over time between t = 0 - 120 minutes on the ‘GW’ day, but there was no difference on 

the ‘WW’ (P = 0.261) day. Between t = 0 - 120 minutes, there was no significant treatment effect 

for the AUC for the change in swing time variability from the baseline between the ‘WW’ and 

‘GW’ days (95% CI = -347 - 755, P = 0.436) [Figure 4.2 (b1)]. At t = 120 minutes, swing time 

variability was not different from the baseline on the ‘WW’ (4.62 ± 4.51s, P = 0.438) or ‘GW’ 

(9.24 ± 9.56s, P = 0.434) days. 

Subjects without PPH. There was no significant change in swing time variability between t = 0 - 

120 minutes on the ‘WW’ (P = 0.193) or ‘GW’ (P = 0.538) days. Between t = 0 - 120 minutes, 

there was no significant treatment effect for the AUC for the change in swing time variability from 

the baseline between the ‘WW’ and ‘GW’ days (95% CI = - 6.57 - 1549, P = 0.052) [Figure 4.2 

(b2)]. At t = 120 minutes, swing time variability was not different from the baseline on the ‘WW’ 

(7.88 ± 12.24s, P = 0.220) or ‘GW’ (4.94 ± 2.66s, P = 0.192) days. 

4.4 Discussion 

This is the first study to evaluate the effects of postprandial SBP decline on gait parameters in 

older individuals with and without PPH, especially gait parameter changes known to be associated 

with increased risk of falls; a decrease in gait speed; and an increase in the variability of stride 

length, double-support time and swing time (Dargent-Molina et al., 1996; Verghese et al., 2009; 

Callisaya et al., 2011). The main findings of this study indicate that in older subjects with PPH, 

glucose ingestion significantly increases stride length variability, whilst in subjects without PPH, 

ingestion of water has the opposite effect, significantly decreasing stride length variability. 

The control of gait is a complex task that requires co-ordination between sensory, visual, 

vestibular, cerebellar, cognitive, psychological and musculoskeletal systems (Lord & Rochester, 

2007). It has been suggested that in hypotensive states, the accompanying reduction in cerebral 

perfusion pressure may cause gait unsteadiness, potentially by affecting the vestibular, cerebellar 

and musculoskeletal systems (Barrett et al., 2008). Hence, this may be a possible mechanism by 

which PPH increases stride length variability. 
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Furthermore, there is evidence that hypotension is associated with poorer cognitive function, in 

particular, executive function (Frewen et al., 2014) which involves the ability to plan, sequence 

tasks and make judgements (Fuster, 1999). This reduction in function results from hypoperfusion 

of the prefrontal cortex, the area of the brain that controls executive function (Hayashida et al., 

1996). Given that executive function plays a dominant role in the regulation of walking (Yogev- 

Seligmann et al., 2008; Hausdorff & Yogev, 2006), it is postulated that this may be another 

possible contributing factor to the changes in gait parameters in subjects with PPH noted in this 

study. In contrast to the increase in stride length variability among subjects with PPH after glucose 

ingestion, which is associated with increased falls risk, the decrease in the same parameter among 

subjects without PPH, following water ingestion, indicates a more steady gait (Barak et al., 2006) 

which may be as a result of the lack of hypotension and so, better cerebral perfusion on this day. 

When considering the finding of this study, it is also interesting to note that in subjects with PPH, 

after glucose ingestion, the mean maximum fall in SBP occurred at ~ 70 minutes which coincides 

with the time that maximum changes in stride length variability become apparent. This observation 

supports the hypothesis that the accompanying hypotension may be the cause of detrimental gait 

changes. 

While the strength of this study is that it specifically investigated the effects on gait parameters of 

glucose and water ingestion in older people with and without PPH, it is important to point out the 

limitations. Low-intensity intermittent walking has been suggested as a possible intervention to 

reduce the postprandial fall in SBP evident in people with PPH (Nair et al., 2015). Therefore, the 

walking protocol may have limited the potential influence on gait parameters and future research 

should consider this in its design. For example, the maximum change in gait was noted at the 60 

minute mark and so it might be worthwhile undertaking an investigation to study the effect of 

glucose in subjects with PPH at the 60 minute mark only. However, it remains unknown whether 

prolonged sitting has an impact on gait measurements and this will also need to be considered in 

future study design. 

In considering the findings of this study, it is very important to acknowledge that the number of 

subjects studied with PPH was less than the estimated power size required for adequate power. 

Therefore, care is needed when interpreting the trending results, especially trends. The recruitment 
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of the additional three subjects required for adequate power is ongoing and the results will be 

reanalysed and discussions amended accordingly to reflect any changed findings. 

4.5 Conclusion 

In conclusion, this study establishes for the first time that in older people with PPH, glucose 

ingestion increases stride length variability, a change known to be associated with increased falls 

risk (Verghese et al., 2009; Callisaya et al., 2011) in older people. This detrimental change to gait 

following glucose ingestion in subjects with PPH may be one mechanism contributing to the 

observed association of PPH with falls (Aronow & Ahn, 1994; Jansen et al., 1995; Le Couteur et 

al., 2003; Puisieux et al., 2000). 
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Chapter 5 

Intermittent walking: A potential treatment for older people with 
postprandial hypotension 

Summary 

Exercise has been proposed as a possible treatment option for postprandial hypotension (PPH), 

(Jonsson et al., 1990; Oberman et al., 1999; Gentilcore et al., 2008c), yet its use has not been 

extensively investigated, as outlined in Chapter 2. This study was conducted to determine the 

effects of low-intensity, intermittent walking on the systolic blood pressure (SBP), diastolic blood 

pressure (DBP) and heart rate (HR) responses to a 50 g glucose drink in older people with PPH. 

The hypothesis was that low-intensity, repeated exercise would attenuate the hypotensive effects of 

a glucose drink in older people with PPH and that this effect would be sustained for the duration of 

the exercise. 

Thirteen subjects with PPH were recruited and studied on two randomised days (control and 

intervention). On both study days, subjects ingested 200 ml of water containing 50 g glucose, 

followed by ambulatory BP and HR monitoring for 120 minutes. On the intervention day, subjects 

walked at their usual pace for 30 metres before the glucose drink and every 30 minutes following 

the glucose drink for 120 minutes. The results revealed that despite the significant decline in SBP 

on the control day, on the intervention day over the same period, there was no significant decline in 

SBP. Hence, this study suggests that in older people with PPH, intermittent walking at a usual pace 

commenced before a glucose drink and repeated every 30 minutes, attenuates the decline in SBP 

after the ingestion of a glucose drink. As a result of this research, intermittent walking may be 

recommended as a practical treatment strategy for older people with PPH. 

This research forms the basis of a research paper peer reviewed and published in the Journal of the 

American Medical Directors Association, 2015 Feb 1;16(2):160-4 (Appendix 1). 
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5.1 Postprandial hypotension 

Postprandial hypotension (PPH) is defined as a 20 mmHg reduction in SBP or a decline in SBP to 

less than 90 mmHg from a pre-ingestion SBP of greater than 100 mmHg, occurring within 120 

minutes of meal commencement (Jansen & Lipsitz, 1995; Mathias et al., 1989). PPH occurs in 

older people, especially in those with autonomic dysfunction, most often due to diabetes (Jansen & 

Lipsitz, 1995) and Parkinson’s disease (Chaudhuri et al., 1997). Prevalence rates ranging from 

7% - 30% in healthy older people (Lipsitz & Fullerton, 1986), 24% - 57% in older nursing home 

residents (Aronow & Ahn, 1994; Le Couteur et al., 2003) and 24% - 91% among hospitalised 

older patients (Puisieux et al., 2000, Van Orshoven et al., 2010, Vloet et al., 2005) have been 

reported. Furthermore, PPH is more common than the more widely recognised orthostatic 

hypotension (Jansen & Lipsitz, 1995). 

Symptoms of PPH range from lethargy, giddiness, dizziness to visual disturbance (Jansen & 

Lipsitz, 1995; Lipsitz & Fullerton, 1986) and PPH may lead to more significant consequences such 

as syncope, angina and cerebrovascular accidents (Vaitkevicius et al., 1991; Tabara et al., 2014). 

PPH has also been associated with falls in this group of individuals (Jansen & Lipsitz, 1995; 

Puisieux et al., 2000). Many older people experiencing PPH are asymptomatic (Van Orshoven et 

al.; 2010, Vloet et al., 2005), yet it has been recently demonstrated (Tabara et al., 2014) that 

negative consequences such as silent lacunar infarcts occur even in an asymptomatic group. 

5.2 Attenuating postprandial fall in SBP in response to meals 

Following the diagnosis of PPH, management options may include non-pharmacological and 

pharmacological strategies. Among the former, exercise has been proposed as a possible 

intervention (Jonsson et al. 1990; Oberman et al. 1999; Gentilcore et al. 2008c) to reduce the 

postprandial fall in SBP in response to a meal. 

Jonsson et al. (1990). Jonsson et al. (1990) investigated the effects of a single walk at the subjects’ 

usual pace for five minutes, 60 minutes following a standardised breakfast on SBP and heart rate 

(HR) among 58 older subjects living in a residential facility and 10 young healthy controls. Among 

the older group, 38 subjects (mean age 87 ± 6 years) were recurrent fallers, defined by two or more 

falls in the preceding six months, and 20 subjects were non-fallers (mean age 85 ± 4 years), defined 

by no falls in the preceding six months. The investigators reported that low-intensity walking 

exercise attenuated the postprandial hypotensive response to the meal by significantly increasing 

SBP and HR, however, this effect was not sustained upon cessation of the walking exercise. 
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Oberman et al. (1999). Subsequently, Oberman et al. (1999) reported that in 14 older people 

(mean age 88 ± 7 years) with PPH living in a residential facility, 10 minutes of low-intensity 

walking exercise, 20 minutes following completion of a breakfast meal, ameliorated the 

postprandial decline in mean arterial blood pressure with an associated increase in HR. However, 

like Jonsson et al. (1990), the investigators reported that this effect was only sustained for the 

duration of the exercise. 

Gentilcore et al. (2008). More recently, Gentilcore et al. (2008) investigated the effects of high- 

intensity (ie 70% of the predicted maximum HR over 20 minutes) bicycle exercise on SBP and HR 

in ten healthy community dwelling older people (aged 67 - 79 years) following ingestion of a 300 

ml glucose (75 g) drink. This intensity of exercise was demonstrated to exacerbate the hypotensive 

response to the glucose drink and accentuate the subsequent rise in HR; the effect on SBP was 

sustained until 180 minutes post drink ingestion (Gentilcore et al., 2008c). 

A limitation of these previous studies is that postprandial exercise was conducted only a single time 

after a meal or after consuming a glucose drink. Hence, it remains unknown whether the observed 

effects of low-intensity exercise on postprandial SBP and HR will be sustained with low-intensity 

intermittent exercise commencing before a glucose drink. 

Therefore, the aim of this study was to determine the effects of low-intensity intermittent walking 

on the SBP and HR responses to a 50 g glucose drink in older people with PPH. The broad 

hypothesis was that low-intensity, repeated exercise would attenuate the hypotensive effects of a 

glucose drink in older people with PPH and that this effect would be sustained for the duration of 

the exercise. 

5.3 Methods 

The protocol for this study was approved by the Human Research Ethics Committees of The 

Queen Elizabeth Hospital/Lyell McEwin Hospital/Modbury Hospital, Adelaide, Australia 

(protocol number 2011011). Each subject provided written, informed consent before the 

commencement of the first study day. All experiments were carried out in accordance with the 

Declaration of Helsinki. 
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5.3.1 Subjects 

Thirteen older subjects (nine female, four male) with PPH were recruited from geriatrician clinics 

at The Queen Elizabeth Hospital, Adelaide, South Australia, or had previously participated in 

research studies conducted by the investigators. The mean age of the subjects was 76.5 ± 4 years 

(range 70 - 85 years). The studies were well tolerated with no adverse effects. No subject had a 

history of significant cardiovascular disease (myocardial infarction less than three months earlier, 

clinical coronary artery disease or symptomatic congestive heart failure), significant respiratory 

disease, renal impairment, epilepsy, dysphagia, chronic alcohol abuse or excessive cigarette 

smoking (more than10 cigarettes a day). Three subjects had orthostatic hypotension and of these, 

two also had definite autonomic dysfunction. Subjects withheld usual medication on the morning 

of the study days. All recruited subjects completed the study and no subject was symptomatic for 

giddiness, light-headedness, syncope or blurred vision. Subject characteristics are summarised in 

Table 5.1. 

Table 5.1  Subject characteristics 
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5.3.2 Protocol 

Each subject was studied on two occasions in a randomised order and each study day was 

separated by a minimum of 72 hours. The two study days were randomised using an online 

randomisation program (RANDOM.ORG, 1998). On both days, subjects underwent an overnight 

fast (10 hours for solids and 6 hours for liquids) and in the preceding 24 hours refrained from 

alcohol and caffeine containing beverages, and smoking for 12 hours. 

Subjects attended the Basil Hetzel Institute at The Queen Elizabeth Hospital at 0830 hours on both 

days and upon arrival were seated comfortably in a chair and an automated blood pressure (BP) 

cuff was placed around the right arm for measurements of BP and HR (Visvanathan et al., 2005). 

Following a 10 minute rest period, at t = 0 minutes, subjects ingested a drink consisting of 50 g 

glucose (glucose monohydrate, Fluka Analytical, Sigma-Aldrich Pty Ltd, NSW, Australia) 

dissolved in water (total volume of the drink 200 ml). BP (systolic and diastolic) and HR were then 

measured for 120 minutes. 

On the intervention day, subjects walked at their usual pace for a distance of 30 metres at t = - 20 

minutes and then every 30 minutes between t = 30 - 120 minutes. On one day, cardiovascular 

autonomic nerve function and orthostatic BP were evaluated before the commencement of the 

study (Visvanathan et al., 2005). 

5.3.3 Measurements 

Blood pressure and heart rate. SBP, DBP and HR were measured using an automated 

oscillometric BP monitor (Spacelabs Ultralite 24 hour ABP, JLM Accutek Health Care, NSW, 

Australia). ‘Baseline’ BP and HR (t = 0 minutes) were calculated as the mean of measurements 

taken at t = -9, -6, and -3 minutes before ingestion of the drink. BP and HR were measured every 6 

minutes between t = 0 - 60 minutes and then every 15 minutes between t = 60 - 120 minutes. 

Cardiovascular autonomic function. Autonomic nerve function was assessed using standardised 

cardiovascular reflex tests (Ewing & Clarke, 1982; Piha, 1991). Parasympathetic function was 

determined by the variation (R-R interval) of HR during deep breathing and response to standing 

(30:15 ratio). Sympathetic function was assessed by the fall in SBP in response to standing. Each 

of the test results was scored according to age-adjusted predefined criteria as 0 = normal, 1 = 

borderline and 2 = abnormal for a total maximum score of 6. A score >3 was considered to indicate 

autonomic dysfunction (Ewing & Clarke, 1982; Piha, 1991). 
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5.3.4 Statistical analysis 

Power calculations determined that to detect a mean change in SBP of 10 mmHg after oral glucose 

between study days (Visvanathan et al., 2005), a sample size of at least seven subjects was 

required to provide an 80% power, at the 0.05 significance level. SBP, DBP and HR were analysed 

as changes from baseline. One-way analysis of variance was used to analyse the effects of ‘time’ 

on SBP, DBP and HR. The maximum fall in SBP was defined as the greatest mean change from 

baseline in each subject at any given time point for each study day. Areas under the curve (AUC) 

between t = 0 - 120 minutes were calculated using the trapezoidal rule and analysed by one-way 

ANOVA to evaluate a ‘treatment’ effect for SBP, DBP and HR. All analyses were performed using 

SPSS Version 20 (SPSS Inc., Chicago, IL). Data are presented as means ± standard deviation. A 

P value < 0·05 was considered statistically significant in all analyses. 

5.4 Results 

There were no significant differences in baseline (t = 0 minutes) BP or HR between the study days 

(control vs. intervention): 

SBP:	148.69	 	14.06	mmHg	vs.	142.62	 	14.16	mmHg,	P	 	0.07	

DBP: 75.46  7.76 mmHg vs. 77.08  8.40 mmHg, P = 0.35  

HR: 65.15  7.86 bpm vs. 65.15  8.45 bpm, P = 1.00 

Systolic blood pressure. Between t = 0 - 120 minutes, there was a significant fall in SBP over 

time between t = 0 - 120 minutes on the control (P < 0.005) but not during the intervention (P = 

0.520) day. The maximum fall in SBP was 18.7 ± 10.78 mmHg at t = 60 minutes. There was a 

significant treatment effect (P = 0.005) for the AUC for the change in SBP from baseline between 

the two study days (Figure 5.1a). 

Diastolic blood pressure. Between t = 0 - 120 minutes, there was a significant fall in DBP over 

time on both the control (P = 0.016) and the intervention (P = 0.045) days. There was no significant 

treatment effect (P = 0.716) for the AUC for the change in DBP from baseline between the two 

study days (Figure 5.1b). 

Heart rate. Between t = 0 - 120 minutes, there was no significant change in HR over time on 

either the control (P = 0.854) or intervention (P = 0.168) days. When three subjects taking beta- 

blocker medication were excluded from the analyses, there was still no significant change in HR 

over time on the study days (control: P = 0.196 vs. intervention: P = 0.500). There was also no 

significant treatment effect (P = 0.798) for the AUC for the change in HR from baseline between 

the two study days (Figure 5.1c). 
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Figure 5.1(a, b, c) Mean changes in a) SBP, b) DBP and c) HR from baseline on the 
control (glucose only) vs the intervention day (glucose and walking). 
Values are means for 13 subjects, with standard deviation 
represented by vertical bars. 
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5.5 Discussion 

This study demonstrates that in older people with PPH: 

 Low-intensity exercise in the form of intermittent walking commencing before the ingestion of 

a glucose drink significantly attenuates the systolic postprandial hypotensive response to the 

drink. 

 This effect can be sustained for at least 120 minutes from drink ingestion commencement, the 

time period when PPH commonly occurs. These findings present a potential simple treatment 

strategy for older people who experience PPH. 

Exercise after a meal has been previously proposed as a possible treatment strategy for PPH, 

although the demonstrated SBP attenuating effects lasted only as long as the exercise duration and 

with high-intensity exercise, the postprandial fall in SBP was exacerbated (Oberman et al., 1999). 

As opposed to a single walking exercise regime occurring after meal ingestion, the current study 

differed in two ways from previously published research. Firstly, the exercise was instigated prior 

to a meal (glucose) ingestion and secondly, the exercise was intermittent; the latter probably a more 

realistic representation of the behaviour of individuals within two hours post meal commencement, 

intermittent walking to undertake different daily tasks. 

SBP is influenced by cardiac output and total peripheral resistance; the former is a function of 

stroke volume and HR (Daida et al., 1996). The mechanism by which exercise may attenuate the 

postprandial fall in SBP is thought to reflect an augmentation of cardiac output during exercise 

(Fletcher et al., 2001).Vasoconstriction of the venous vasculature resulting in increased total 

peripheral resistance and redistribution of blood from the splanchnic circulation to exercising 

muscles contributes to an increased cardiac output (Fletcher et al., 2001). This leads to greater 

venous return and stroke volume resulting in increased SBP (Piha, 1991). 

The rise in SBP demonstrated in the current study following walking exercise has been reported 

previously (Fletcher et al., 2001, Ogawa et al., 1992) in older people during acute exercise 

conditions. It has also been postulated that a rise in HR following exercise may also contribute to 

an increased SBP (Oberman et al., 1999); the former due to an initial withdrawal of vagal tone and 

a subsequent increase in sympathetic activity (Oberman et al., 1999). However, this physiological 

basis may not be a significant contributor to increasing SBP in this study, as there were no 

significant changes in HR following glucose induced hypotension and exercise. 
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The lack of HR increase noted in the current study has previously been described in other studies 

investigating PPH (Van Orshoven et al., 2010; Visvanathan et al., 2005; Lipsitz, 1983; 

Sivakumar & Soares, 2007), which suggest an additional mechanism at play contributing to the 

development of PPH. The most plausible explanation would be abnormalities in the baroreceptor 

function which may be impaired with ageing, particularly in hypertensive individuals (Ryan et al., 

1992). In people with baroreceptor dysfunction, when BP declines, there is a failure of 

baroreceptor activation, hence, HR does not increase (Goldsmith et al., 1992). 

Other possible contributing factors to the lack of a significant increase in HR in this study include 

the age-related decline in b-adrenergic responsiveness to sympathetic activation (Fletcher et al., 

2001, Pan et al., 1986) and concomitant usage of beta blockers which act to inhibit a rise in HR 

(Pan et al., 1986). In this study, however, only two subjects were taking this medication regularly 

and when excluded from the analyses, there was still no significant change in HR over time on 

either study day, suggesting this is unlikely to be the probable reason for the lack of HR response to 

hypotension or low-intensity intermittent exercise. 

Given people who exercise regularly exhibit a lower increase in HR during physical activity 

(Goldsmith et al., 1992) and that subjects in this study comprised relatively healthy older people 

residing in the community, this low-intensity intermittent walking exercise may not have been 

sufficiently challenging to exert a significant effect on HR, particularly in those people who 

participate in more intense exercise regularly. 

In contrast to the diminished postprandial decline in SBP following exercise, the decline in DBP 

was not attenuated by low-intensity exercise, indicating that the postprandial diastolic effects of 

glucose could not be negated by intermittent walking. DBP is influenced primarily by total 

peripheral resistance and has been shown in the older person to increase to a smaller degree than 

SBP following exercise (Rowlands et al., 1984; McHam et al., 1999), remain unchanged or 

moderately decline following exercise (Fletcher et al., 2001). Therefore, our finding that DBP 

does not change over time after walking is not surprising. 

The strengths of this study include that it investigated the role of low-intensity intermittent walking 

on postprandial BP specifically in older community dwelling people with PPH. This cohort has not 
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previously been evaluated. Low-intensity walking exercise was adopted in this group of subjects as 

it is widely accepted and achievable amongst a large number of older people, and can be 

incorporated into daily routine. 

However, it is important to point out the limitations of this study: 

 It was small and unblinded. 

 Medications were withheld on the morning of the study day and may not accurately reflect 

daily life. 

 The study concluded 120 minutes post drink ingestion commencement, therefore, it is 

uncertain if a decline in SBP would recur after this period. 

 It remains to be seen if this intervention will have impact on important health outcomes such 

as falls risk. 

5.6 Conclusion 

In conclusion, this study establishes for the first time that in older people with PPH, low-intensity 

intermittent walking exercise at a usual pace attenuates the fall in SBP after ingestion of a glucose 

drink, an effect that can be sustained for at least 120 minutes from drink ingestion commencement. 

These observations support and encourage low-intensity walking exercise in the management of 

PPH. 
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Chapter 6 

Neck of femur fractures within two hours of a meal 

Summary 

The study reported in this chapter sought to determine how commonly neck of femur (NOF) 

fractures occur following a fall within two hours of a meal, and the factors associated with the 

event. It was hypothesised that NOF fractures occurring within two hours of a meal could be 

related to PPH. 

A prospective study was undertaken in the orthopaedic unit of a 320 bed general hospital. 

Consecutive first admissions of patients aged 70 years and over with fragility NOF fractures 

between March and November 2011 were included. Patients or their carers were interviewed using 

a standardised questionnaire. From the interviewees, 120 patients were recruited. The median age 

was 84.0 years. Falls within two hours of a meal occurred in 21% of patients. Patients who 

sustained a NOF fracture within two hours of a meal were more likely to be from residential care 

and experience symptoms associated with hypotension before the fall than patients who fell after 

more than two hours. Identification of the reasons for hypotension and potential management 

strategies would require further investigation. 

This research forms the basis of a research paper peer reviewed and accepted for publication in the 

Journal of Geriatrics and Gerontology Research (Appendix 2). 
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6.1 Introduction 

Falls occur frequently in older people, with a prevalence of 30% among community dwelling 

individuals and 50% among older people living in residential care facilities (Tinetti & Speechley, 

1989). A major consequence of falls is fractures, which pose a considerable public health issue as 

they are associated with physical and psychological morbidity (Kannus et al., 1999; Rubenstein & 

Josephson, 2002), as well as significant health care costs (Moller, 2003). Over the past 50 years, 

the total number of fractures secondary to falls has increased worldwide, which is expected to 

continue (Kannus et al., 1999). In these circumstances, falls are already a critical issue and appear 

likely to pose a future challenge which it is crucial to address. 

The implications for hip fractures, which are a third of all fractures, is particularly dismal, as 

reflected by a mortality of 10% - 28% at six months (Hannan et al., 2001), 33% mortality in the first 

year, permanent functional disabilities in 32% - 80% of cases (Magaziner et al., 1990; Jette et al., 

1987) and institutionalisation in up to 35% of individuals who experience hip fracture (Johnell, 

1997). Compared to other fractures, medical costs as a result of hip fractures are the highest, with 

estimates of costs of up to $5 billion dollars annually (Haentjens et al., 2005). Therefore, where a 

hip fracture can be prevented, it is important to do so. 

Given that 90% of hip fractures in older people are a consequence of falls (Auron-Gomez & 

Michota, 2008), a key component of hip fracture prevention strategies requires the identification of 

risk factors associated with falls. The risk factors for falls in older people are typically 

multifactorial and the falls risk increases from 8% among those with no risk factors to 78% among 

those with four or more (Tinetti et al., 1988). Both orthostatic (Lipsitz, 1989; Rhebergen & 

Schölzel-Dorenbos, 2002) and postprandial hypotension (PPH) have been suggested as possible 

risk factors for falls (Tinetti et al., 1988; Aronow & Ahn, 1994; Le Couteur et al., 2003; Aronow & 

Ahn, 1997). PPH, as established earlier, is commonly defined as a 20 mmHg reduction in systolic 

blood pressure (BP) (Jansen et al., 1995) or a decline in systolic BP to less than 90 mmHg from a 

pre-ingestion pressure of greater than 100 mmHg within two hours of a meal (Mathias et al., 1989). 

Although the fracture prevalence in older people according to the time of day (Norton et al., 1997, 

Formiga et al., 2008), there have been no studies reporting the prevalence of neck of femur (NOF) 

fractures as a result of a fall occurring within two hours of a meal. Therefore, the aim of the current 

research was to determine the prevalence of NOF fractures occurring within two hours of a meal, 

and the factors associated with these fractures, in older hospitalised patients. 



64 

6.2 Materials and methods 

6.2.1 Participants 

A prospective study of all overnight emergency patients aged 70 years and over, admitted to the 

orthopaedic unit of a 320 bed general teaching hospital in South Australia with NOF fractures 

following a low impact fall, was undertaken between March and November 2011. In this study, a 

low impact fall was defined as an unexpected event in which an older individual falls to the ground 

from an upper level or the same level as the individual. Approval for this study was provided by the 

Central Northern Adelaide Health Service Ethics for Human Research Committee (approval 

number: 2010178). 

6.2.2 Protocol 

Patients or their carers were interviewed within 72 hours of admission using a standardised 

questionnaire consisting of questions relating to demographic variables and the circumstances of 

the patient’s fall. The time of the fracture in relation to meal ingestion was classified as either 

within two hours of a meal or longer. The time periods of the falls were categorised as 0000h- 

0600h, 0600h-1200h, 1200h-1800h, 1800h-2400h with the latter three time periods considered to 

correspond to breakfast, lunch and dinner, respectively. 

A change in posture preceding a fall was considered relevant if the patient or carer reported that the 

patient had moved from either a supine to a sitting or standing position or from a sitting to a 

standing position. Patients were considered symptomatic of PPH before the fall if the following 

symptoms were reported: giddiness, light-headedness, syncope or blurred vision (Jansen & 

Lipsitz, 1995). 

Global assessment of health status was assessed by calculating the Charlson Comorbidity Index 

(CCI), a measure of comorbidity, which predicts the one-year mortality rate for a patient by taking 

into account both the number and severity of 19 pre-defined comorbid conditions (Charlson et al., 

1987). Each condition is assigned a score of 1, 2, 3 or 6, depending on the mortality risk associated 

with the condition. The scores are summed and a total score is derived. The one-year mortality 

rates for the different scores are: ‘0’:12%; ‘1-2’:26%; ‘3-4’:52%; and ‘greater than or equal to 

5’:85% (Charlson et al., 1987). Premorbid functional status was assessed using the Katz Index 

based on proxy reports and referenced to two weeks prior to admission (Folstein et al., 1975). The 

Katz Index assesses an individual’s independence in performing six basic-care skills – feeding, 
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bathing, grooming, dressing, using the toilet and transferring between bed and chair. Each activity 

is scored ‘1’ if independent and ‘0’ if dependent in performing these tasks and the scores are 

summed. A score of ‘6’ indicates full function, ‘4’ indicates moderate impairment, and ‘2’ or less 

indicates severe functional impairment (Katz et al., 1963). 

Cognition was assessed by history of confusion and the Mini Mental State Examination (MMSE) 

(Folstein et al., 1975). The MMSE is a widely used screening instrument for measuring global 

cognitive status. The score is obtained from an aggregate of patient performance on questions that 

test orientation, memory, concentration, language, praxis, and visuoconstructional skills. Scores 

range from 0 to 30. Cognitive impairment is defined as either the mention of confusion in the 

medical records, a formal diagnosis of delirium, dementia or a MMSE of 24 or less. 

6.2.3 Statistical analysis 

Patients’ characteristics were summarised using means and standard deviations, or frequencies and 

percentages, as appropriate. Comparisons between patient groups were performed using the chi- 

squared test and independent-samples t-test. One-sample chi-square testing was used to determine 

whether falls occurred randomly across the different time categories. Logistic regression analysis 

was performed to determine the independent associations of variables with fractures occurring 

within two hours of a meal. Variables associated with the outcome with a P value of less than 0.05 

were entered into a multivariable logistic regression model and odds ratios with corresponding 

95% confidence intervals were derived. The final model contained three independent variables – 

pre-admission residence, presence of symptoms, history of recurrent falls. All statistics were 

performed with the assistance of a professional biostatistician using SPSS statistical software, 

version 20 (SPSS Inc., Chicago, Illinois, USA). 

6.3 Results 

There were 138 admissions eligible for this study over the nine month study period, with 120 

patients included in this study. Data from the remaining 18 patients were missing due to a shorter 

hospital admission duration or admission during holiday periods. There were no statistically 

significant differences between the included and the missed patients for age (included: 84.2 ± 7.5 

years vs. missed: 85.7 ± 8.1 years; P=0. 452), gender (included: male 26.7% vs. missed: male 

27.7%; P=0.921) and percentage admitted from their own home (included: 64.2% vs. missed: 

66.6%; P=0.836). 
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Table 6.1 summarises the patients’ characteristics and compares the overall group with those who 

fell within or after two hours of a meal. Generally, the patients in this study were considered very 

old with a mean age of 84.2 (± 7.5) years. In keeping with this age demographic, 73.3% of patients 

were female, 64.2% of patients were living at home prior to hospitalisation, while the remaining 

35.8% of patients were from residential care. 32.5% of all falls were related to a change in posture. 

The possibility of cognitive impairment was noted in 57.5% of patients. In keeping with this, only 

56.7% of patients provided a falls history themselves, while collaborative history was obtained 

from carers for 43.4% of patients. 

Table 6.1 Characteristics of patients admitted with neck of femur (NOF) fractures: overall patient 

characteristics comparing those who fell within and after two hours of a meal 

Variables Total
Population 
n = 120 

Fractures
occurring ≤ 2 
hours after a 
meal 
n = 25 

Fracture 
occurring ≥ 2 
hours after a meal 
n = 95 

P value

Age, years (Mean/SD) 84.2 (7.5) 83.3 (5.5) 84.4 (7.9) 0.384 

Gender, n (%)  
32 (26.7) 

 
4 (16) 

 
28 (29.5) 

 
0.212 Male 

Female 88 (73.3) 21 (84) 67 (70.5) 

Preadmission residence, n (%)  
77 (64.2) 

 
10 (40) 

 
67 (70.5) 

 
0.005* Home 

Residential care 43 (35.8) 15 (60) 28 (29.5) 

Time of fracture, n (%)  
41 (34.2) 

 
11 (44) 

 
30 (31.6) 

 
0.224^ 0600-1200 

1200-1800 36 (30) 8 (32) 28 (29.5) 

1800-2400 30 (25) 6 (24) 24 (25.2) 

0000-0600 13 (10.8) 0 (0) 13 (13.7) 

Source of history, n (%)  
68 (56.7) 

 
15 (60) 

 
53 (55.8) 

 
0.705 Patient 

Carer 52 (43.3) 10 (40) 42 (44.2) 

Change in posture preceding fall, n (%) 39 (32.5) 9 (36) 30 (31.6) 0.903 

Hypotensive symptoms prior to fall 
(giddiness, light-headedness, syncope 
or blurred vision), n (%) 

12 (10.0) 6 (24) 6 (6.3) 0.032* 

Number of medications (Mean /SD) 5.8 (3.2) 6.3 (3.6) 5.6 (3.1) 0.35 

> 1 fall in preceding 12 months, n (%) 65 (54.2) 18 (72) 47 (49.5) 0.044* 

CCI, (Mean/SD) 2.4 (1.9) 2.2 (2.0) 2.4 (1.9) 0.648 

Heart Disease, n(%) 64 (53.3) 11 53 0.293 

Hypertension, n (%) 76 (63.3) 15 61 0.697 

Diabetes Mellitus, n (%) 30 (25) 6 24 0.897 

MMSE, (Mean/SD) 20.1(8.4) 20.3 (9.2) 20.0 (8.2) 0.9 

Katz Index, (Mean/SD) 3.9 (2.2) 3.2 (2.4) 4.1 (2.2) 0.08 
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Overall, there was a statistically significant difference (P=0.002) between the proportion of total 

falls occurring in the four time categories, with the lowest percentage of falls occurring at night – 

10.8% between 0000h-0600h. Over the other time periods of falls, 34.2% of falls occurred between 

0600h-1200h (following breakfast), 30% between 1200h-1800h (following lunch), and 25% 

occurred between 1800h-2400h (following dinner). 

In the current study, 20.8% of NOF fractures occurred within, and 79.2% after, two hours of meal 

ingestion. NOF fractures as a result of a fall occurring within two hours of a meal occurred among 

34.8% of patients in residential care and 13.0% of patients living in their own homes (P=0.009). 

One or more falls in the preceding 12 months occurred among 72% of patients who sustained a fall 

within, compared to 49.5% after, two hours of meal ingestion (P=0.044). Symptoms of 

hypotension (giddiness, light-headedness, syncope or blurred vision) prior to the fall were reported 

more commonly (24.0%) by patients who fell within two hours of a meal when compared with 

those (6.3%) who fell after more than two hours (P=0.032). The percentage of participants who 

changed posture prior to a fall was similar – 36% for those falling within two hours; 31.6% for 

those falling after a two hour period (P=0.903). 

In the logistic regression model, factors found to be independently associated with NOF fractures 

occurring within two hours of a meal were being in residential care (OR 3.0, CI 1.009-8.687; 

P=0.048) and experiencing symptoms associated with hypotension prior to the fall (OR 5.2, CI 

1.342-20.129; P=0.017). There were no significant differences between the two groups for all other 

variables. 

6.4 Discussion 

Among older patients admitted with NOF fractures, one-fifth of fractures occurred within two 

hours of a meal. The majority of NOF fractures occurred during the day with only a small 

percentage occurring at night. Furthermore, compared with study patients who sustained a NOF 

fracture after more than two hours had passed, patients who sustained NOF fractures within two 

hours of a meal were more likely to be living in residential care, to have experienced symptoms 

associated with hypotension before a fall and have a history of recurrent falls in the preceding 12 

months. 
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The distribution of falls across the four time categories in the current research indicated that the 

least number of falls occurred at night. This is consistent with previous research, such as that by 

Norton et al. (1997), who found that 10.4% of falls among patients with a NOF fracture 

occurred at night. More falls occurred during the day, most likely due to increased 

ambulation in the daylight hours, which is desirable to maintain physical independence (Lehtola et 

al., 2006; Overstall, 1992). 

The significantly higher proportion of older patients from residential care who sustained NOF 

fractures within two hours of meal ingestion may be attributed to underlying differences in co- 

morbidities that affect the risk of falling following a meal. PPH would be one such co-morbidity in 

view of the accompanying BP changes that occur after a meal. Furthermore, a higher PPH 

prevalence has been reported among older people in residential care (24%-57%) (Aronow & Ahn, 

1994; Le Couteur et al., 2003; Vaitkevicius et al., 1991) compared to those at home (7%-30%) 

(Lipsitz & Fullerton, 1986). 

Patients sustaining a NOF fracture within two hours of a meal were more likely to report symptoms 

consistent with hypotension compared to those falling after two hours had passed. The absence of a 

significant difference in change in posture before the fall between the two groups of patients 

suggests that orthostatic hypotension is less likely to be a contributing factor. It can be speculated 

that the hypotensive symptoms may be related to PPH. We, therefore, suggest that older people 

presenting with falls might benefit from being assessed for symptoms of hypotension occurring 

within two hours of a meal, as when PPH is diagnosed there are a range of simple non- 

pharmacological strategies for its management. 

For example, drinking water before a meal (Deguchi et al., 2007; Jones et al., 2005) and dietary 

modification, such as consuming smaller portions of meals more frequently and avoiding excessive 

carbohydrate intake (Puvi-Rajasingham & Mathias, 1996) can reduce the occurrence of PPH, 

thus reducing the risk of falls and possibly, fractures. However, before firm conclusions can be 

drawn, there is a need to further investigate this theory by undertaking research involving the 

systematic measurement of blood pressure. 

A history of recurrent falls in the preceding 12 months, which was significantly more common 

among older patients who sustained NOF fractures within two hours of a meal, may be attributed to 



69 

the presence of factors that increase the falls risk in this group. The fact that there was no 

significant difference in the mean Charlson Comorbidity Index between older patients who 

sustained NOF fractures within or after two hours of a meal, suggests the presence of co- 

morbidities that the Charlson Comorbidity Index does not capture. 

In considering the observations of the research, it should be understood that cognitive impairment 

was present in over half of the patients and so there may be inaccuracies pertaining to the actual 

time of the fall reported in some patients. Furthermore, broad time categories were used to 

symbolise breakfast, lunch and dinner rather than specifically clarifying when patients had ingested 

their last meals. This surrogate history measure for PPH was considered more logistically feasible 

in this population group and was, therefore, employed rather than the more objective evaluation of 

BP reduction following a meal. The generalisability of the findings of this study is restricted and 

future research should consider all patients admitted overnight who have experienced a fall. 

In conclusion, in this prospective study, 20.8% of NOF fractures occurred within two hours of a 

meal. Patients who sustained a NOF fracture within two hours of a meal were more likely to be 

living in residential care, experience symptoms associated with hypotension before the fall and 

have a history of recurrent falls in the preceding 12 months compared with patients who 

experienced a fall after two hours of a meal. PPH may be a contributing factor in this group of 

patients, therefore, patients who present with falls and symptoms of hypotension within two hours 

of a meal could be further investigated for PPH. Where PPH is diagnosed, simple non- 

pharmacological strategies may be recommended. 
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Chapter 7 

Conclusion 

PPH is common among older people in the community, residential care and hospitals (Jansen & 

Lipsitz, 1995). It is associated with numerous adverse outcomes, one of which is falls (Jansen & 

Lipsitz, 1995; Puisieux et al., 2000), which itself results in devastating consequences particularly 

fractures. As Australia is experiencing an expanding ageing population (ABS, 2008), PPH will 

become increasingly prevalent hence there is a need to tackle this issue. However before this can be 

undertaken effectively, there are aspects of PPH which need to be explored further and these areas 

are covered in this thesis. 

Current management strategies for PPH are sub-optimal. Non-pharmacological strategies have not 

been specifically evaluated in older people with PPH and available options may not be widely 

applicable, whereas pharmacological strategies have potential adverse effects (Chiasson et al., 

2003). The role of exercise in treating PPH has not been extensively investigated. This aspect was 

explored in Chapter 5, where among community dwelling older people with PPH, it was 

demonstrated for the first time that intermittent walking for a short distance, commencing before 

a glucose drink and repeated at 30 minute intervals, was demonstrated to attenuate the postprandial 

decline in systolic BP, an effect that was sustained for at least 120 minutes after the beginning of 

drink ingestion (Nair et al., 2015). This could potentially ameliorate any negative consequences 

of PPH, including falls. Furthermore, as this level of low intensity intermittent exercise would be 

practical among a wide range of older people, this presents a therapeutic option which would be 

clinically relevant. In addition, in view that exercise has multiple other health benefits (Miller et 

al., 2000), this renders exercise all the more meaningful as a possible therapeutic option. 

The risk factors for falls in older people are typically multifactorial and it is essential to identify all 

falls risk factors (Tinetti et al., 1988; Stevens 2005; Tromp et al., 2001). PPH and gait impairments 

are examples of two risk factors relevant to falls prevention (Tan & Kenny, 2006; Tinetti et al., 

1988; Rubenstein, 2006). Although the association between falls and PPH has been established 

(Jansen & Lipsitz, 1995; Puisieux et al., 2000), it is uncertain if this occurs through detrimental 

effects on gait, as this has not yet been investigated. This was the aim of the study described in 

Chapter 4. In this novel study to evaluate the effects of postprandial decline in systolic BP on gait 
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parameters among community dwelling older people, among subjects with PPH, following glucose 

ingestion, there was a significant increase in stride length variability. Increased variability in stride 

length has been shown to predict future risk of falls and injurious falls specifically (Verghese et al., 

2009, Callisaya et al., 2011). Therefore the effect of postprandial systolic BP decline among 

subjects with PPH seen in this study is clinically relevant. There was a lack of significant 

detrimental change in stride length variability among subjects without PPH following glucose 

which is indicative that the accompanying systolic BP decline that occurs among subjects with 

PPH following glucose contributed to the detrimental gait changes. 

The main aim of falls prevention strategies are to reduce fractures as this is the most detrimental 

consequence of falls (Sattin et al., 1990; Rubenstein & Josephson, 2002). However, not all falls 

result in fractures and despite the studies exploring the relationship between PPH and falls, there 

are no studies evaluating the association between PPH and fractures. Chapter 6 explores this in an 

exploratory study to determine the prevalence of neck of femur fractures that occur within two 

hours of a meal and the factors independently associated with this among older hospitalised 

patients. Falls within two hours of a meal occurred in 20.8% of patients and independent factors 

associated with falls occurring within two hours of a meal were symptoms of hypotension prior to 

a fall and being in residential care (Nair et al., 2014). Therefore patients with symptoms of 

hypotension within two hours of a meal and a history of falls could be formally investigated for 

postprandial hypotension. 

The results of this thesis have contributed to providing evidence for the first time that intermittent 

walking exercise is an effective and practical therapeutic option for older people with PPH. The 

second contribution was demonstrating the detrimental effects of postprandial BP decline on stride 

length variability, which assist in understanding the relationship between PPH, gait impairments 

and falls. The third contribution was identifying the prevalence of fractures occurring within two 

hours of a meal and factors associated with this, thus emphasising that this cohort of patients need 

to be further investigated for the presence of PPH so that this can be addressed appropriately with 

the potential of preventing further fractures. 

The research presented in this thesis creates opportunities for future research possibilities: 
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 Arising from the study described in Chapter 4, a redesign of the walking protocol to ensure 

that gait analysis is only undertaken once each study day to eliminate the mitigating effects of 

walking itself on BP and evaluating the impact of prolonged sitting on gait measurements in 

older people. 

 From the results of Chapter 5, evaluating the effect of similar exercise on SBP beyond 120 

minutes as it is uncertain if a decline in SBP would recur after this period and appraising if the 

exercise intervention will have impact on health outcomes such as falls risk. In addition, the 

lack of a significant increase in heart rate among subjects with PPH even following exercise, 

warrants further investigation. 

 Finally, the results from Chapter 6, patients who present with falls and symptoms of 

hypotension within two hours of a meal could be further investigated for PPH thereby 

providing a targeted approach in measuring the prevalence of PPH among hospitalised older 

people. 

In conclusion, this thesis provides evidence for an effective therapeutic option for older people with 

PPH, insight into the possible mechanism by which postprandial SBP decline affects gait 

detrimentally and reports the timing of neck of femur fractures occurring within two hours of a 

meal. 
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3URWRFRO

3DWLHQWV� RU� WKHLU� FDUHUV� ZHUH� LQWHUYLHZHG� XVLQJ� D� VWDQGDUGL]HG
TXHVWLRQQDLUH� FRQVLVWLQJ� RI� TXHVWLRQV� UHODWLQJ� WR� GHPRJUDSKLF
YDULDEOHV�DQG�WKH�FLUFXPVWDQFHV�RI�WKH�SDWLHQWͤV�IDOO�ZLWKLQ����KRXUV�RI
DGPLVVLRQ��7KH� WLPH�RI� WKH� IUDFWXUH� LQ�UHODWLRQ�WR�PHDO� LQJHVWLRQ�ZDV
FODVVLILHG� DV� HLWKHU� ZLWKLQ� WZR� KRXUV� RI� D� PHDO� RU� ORQJHU�� 7KH� WLPH
SHULRGV� RI� WKH� IDOOV� ZHUH� FDWHJRULVHG� DV� ���������� K�� ���������� K�
����������K������������K�ZLWK�WKH�ODWWHU�WKUHH�WLPH�SHULRGV�FRQVLGHUHG
WR� FRUUHVSRQG� WR� EUHDNIDVW�� OXQFK� DQG� GLQQHU�� UHVSHFWLYHO\�� ,Q� WKLV
VWXG\��D�FKDQJH� LQ�SRVWXUH�SUHFHGLQJ�D� IDOO�ZDV�FRQVLGHUHG�UHOHYDQW� LI
WKH� SDWLHQW� RU� FDUHU� UHSRUWHG� WKDW� WKH� SDWLHQW� KDG� WUDQVIHUUHG� IURP
HLWKHU� D� VXSLQH� WR� VLWWLQJ� RU� VWDQGLQJ� SRVLWLRQ� RU� IURP� D� VLWWLQJ� WR
VWDQGLQJ� SRVLWLRQ�� 3DWLHQWV� ZHUH� FRQVLGHUHG� V\PSWRPDWLF� RI� 33+
EHIRUH� WKH� IDOO� LI� WKH� IROORZLQJ� V\PSWRPV� ZHUH� UHSRUWHG�� JLGGLQHVV�
OLJKW�KHDGHGQHVV��V\QFRSH�RU�EOXUUHG�YLVLRQ�>��@��*OREDO�DVVHVVPHQW�RI
KHDOWK� VWDWXV� ZDV� DVVHVVHG� E\� FDOFXODWLQJ� WKH� &KDUOVRQ� &RPRUELGLW\
,QGH[� �&&,��� D�PHDVXUH� RI� FRPRUELGLW\��ZKLFK� SUHGLFWV� WKH� RQH�\HDU
PRUWDOLW\� UDWH� IRU� D� SDWLHQW� E\� WDNLQJ� LQWR� DFFRXQW� ERWK� WKH� QXPEHU
DQG� VHYHULW\� RI� ��� SUH�GHILQHG� FRPRUELG� FRQGLWLRQV� >��@�� (DFK
FRQGLWLRQ�LV�DVVLJQHG�D�VFRUH�RI���������RU���GHSHQGLQJ�RQ�WKH�PRUWDOLW\
ULVN�DVVRFLDWHG�ZLWK�WKH�FRQGLWLRQ��7KH�VFRUHV�DUH�VXPPHG�DQG�D�WRWDO
VFRUH� LV�GHULYHG��7KH�RQH�\HDU�PRUWDOLW\� UDWHV� IRU� WKH�GLIIHUHQW� VFRUHV
DUH�� ͣ�ͤ������ ͣ���ͤ������ ͣ���ͤ������DQG�ͣJUHDWHU�WKDQ�RU�HTXDO�WR��ͤ����
>��@�� 3UHPRUELG� IXQFWLRQDO� VWDWXV�ZDV� DVVHVVHG� XVLQJ� WKH�.DW]� ,QGH[
EDVHG� RQ� SUR[\� UHSRUWV� DQG� UHIHUHQFHG� WR� WZR� ZHHNV� SULRU� WR
DGPLVVLRQ�>��@��7KH�.DW]�,QGH[�DVVHVVHV�DQ�LQGLYLGXDOͤV�LQGHSHQGHQFH
LQ� SHUIRUPLQJ� VL[� EDVLF�FDUH� VNLOOV� �IHHGLQJ�� EDWKLQJ�� JURRPLQJ�
GUHVVLQJ�� XVLQJ� WKH� WRLOHW� DQG� WUDQVIHUULQJ� EHWZHHQ� EHG� DQG� FKDLU��
(DFK� DFWLYLW\� LV� VFRUHG� ͣ�ͤ� LI� LQGHSHQGHQW� DQG� ͣ�ͤ� LI� GHSHQGHQW� LQ
SHUIRUPLQJ� WKHVH� WDVNV� DQG� WKH� VFRUHV� DUH� VXPPHG�� $� VFRUH� RI� �
LQGLFDWHV�IXOO�IXQFWLRQ����LQGLFDWHV�PRGHUDWH�LPSDLUPHQW��DQG���RU�OHVV
LQGLFDWHV� VHYHUH� IXQFWLRQDO� LPSDLUPHQW� >��@�� &RJQLWLRQ� ZDV� DVVHVVHG
E\� KLVWRU\� RI� FRQIXVLRQ� DQG� WKH� 0LQL� 0HQWDO� 6WDWH� ([DPLQDWLRQ
�006(�� >��@��7KH�006(� LV� D�ZLGHO\� XVHG� VFUHHQLQJ� LQVWUXPHQW� IRU
PHDVXULQJ� JOREDO� FRJQLWLYH� VWDWXV�� 7KH� VFRUH� LV� REWDLQHG� IURP� DQ
DJJUHJDWH� RI� SDWLHQW� SHUIRUPDQFH� RQ� TXHVWLRQV� DURXQG� RULHQWDWLRQ�
PHPRU\�� FRQFHQWUDWLRQ�� ODQJXDJH�� SUD[LV�� DQG� YLVXRFRQVWUXFWLRQDO
VNLOOV�� 6FRUHV� UDQJH� IURP��� WR�����&RJQLWLYH� LPSDLUPHQW� LV�GHILQHG�DV
HLWKHU� WKH� PHQWLRQ� RI� FRQIXVLRQ� LQ� WKH� PHGLFDO� UHFRUGV�� D� IRUPDO
GLDJQRVLV�RI�GHOLULXP��GHPHQWLD�RU�D�006(�RI����RU�OHVV�

6WDWLVWLFDO�DQDO\VLV

3DWLHQWVͤ� FKDUDFWHULVWLFV� ZHUH� VXPPDUL]HG� XVLQJ� PHDQV� DQG
VWDQGDUG� GHYLDWLRQV�� RU� IUHTXHQFLHV� DQG� SHUFHQWDJHV�� DV� DSSURSULDWH�
&RPSDULVRQV� EHWZHHQ� SDWLHQW� JURXSV�ZHUH� SHUIRUPHG� XVLQJ� WKH� FKL�
VTXDUHG� WHVW� DQG� LQGHSHQGHQW�VDPSOHV� W�WHVW�� 2QH�VDPSOH� FKL�VTXDUH
WHVW� ZDV� XVHG� WR� GHWHUPLQH� LI� IDOOV� RFFXUUHG� UDQGRPO\� DFURVV� WKH
GLIIHUHQW�WLPH�FDWHJRULHV��/RJLVWLF�UHJUHVVLRQ�DQDO\VLV�ZDV�SHUIRUPHG�WR
GHWHUPLQH� WKH� LQGHSHQGHQW� DVVRFLDWLRQV� RI� YDULDEOHV� ZLWK� IUDFWXUHV
RFFXUULQJ�ZLWKLQ� WZR� KRXUV� RI� D�PHDO�� 9DULDEOHV� DVVRFLDWHG�ZLWK� WKH
RXWFRPH�ZLWK�D�3�YDOXH�OHVV�WKDQ������ZHUH�HQWHUHG�LQWR�D�PXOWLYDULDEOH
ORJLVWLF� UHJUHVVLRQ� PRGHO� DQG� RGGV� UDWLRV� ZLWK� FRUUHVSRQGLQJ� ���
FRQILGHQFH� LQWHUYDOV� ZHUH� GHULYHG�� 7KH� ILQDO� PRGHO� FRQWDLQHG� WKUHH
LQGHSHQGHQW� YDULDEOHV� �SUH�DGPLVVLRQ� UHVLGHQFH�� SUHVHQFH� RI
V\PSWRPV�� KLVWRU\� RI� UHFXUUHQW� IDOOV��� $OO� VWDWLVWLFV� ZHUH� SHUIRUPHG
ZLWK� WKH� DVVLVWDQFH� RI� D� SURIHVVLRQDO� ELRVWDWLVWLFLDQ� XVLQJ� 6366
VWDWLVWLFDO�VRIWZDUH��YHUVLRQ�����6366�,QF���&KLFDJR��,OOLQRLV��86$��

5HVXOWV
7KHUH�ZHUH�D�WRWDO�RI�����DGPLVVLRQV�HOLJLEOH�IRU�WKLV�VWXG\�RYHU�WKH

QLQH�PRQWK�VWXG\�SHULRG�ZLWK�����SDWLHQWV�LQFOXGHG�LQ�WKLV�VWXG\��'DWD
IURP�WKH�UHPDLQLQJ����SDWLHQWV�ZHUH�PLVVLQJ�GXH�WR�D�VKRUWHU�KRVSLWDO
DGPLVVLRQ�GXUDWLRQ�RU�DGPLVVLRQ�GXULQJ�KROLGD\�SHULRGV��7KHUH�ZHUH
QR� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� LQFOXGHG� DQG� WKH
PLVVHG�SDWLHQWV� IRU�DJH��LQFOXGHG������s����\HDUV�YV��PLVVHG������s���
\HDUV��3 ���������JHQGHU��LQFOXGHG��PDOH�������YV��PLVVHG��PDOH�������
3 ������� DQG� SHUFHQWDJH� DGPLWWHG� IURP� WKHLU� RZQ� KRPH� �LQFOXGHG�
������YV��PLVVHG���������3 �������

7DEOH��� VXPPDUL]HV� WKH�SDWLHQWVͤ� FKDUDFWHULVWLFV� DQG�FRPSDUHV� WKH
RYHUDOO�JURXS�ZLWK�WKRVH�ZKR�IHOO�ZLWKLQ�DQG�DIWHU�WZR�KRXUV�RI�D�PHDO�
*HQHUDOO\�� WKH�SDWLHQWV� LQ� WKLV� VWXG\�ZHUH� FRQVLGHUHG� YHU\�ROG�ZLWK� D
PHDQ�DJH�RI�������s�����\HDUV��,Q�NHHSLQJ�ZLWK�WKLV�DJH�GHPRJUDSKLF�
������RI�SDWLHQWV�ZHUH� IHPDOH��������RI�SDWLHQWV�ZHUH� OLYLQJ�DW�KRPH
SULRU� WR� KRVSLWDOL]DWLRQ� ZKLOH� WKH� UHPDLQLQJ� ������ RI� SDWLHQWV� ZHUH
IURP� UHVLGHQWLDO� FDUH�� ������ RI� DOO� IDOOV� ZHUH� UHODWHG� WR� D� FKDQJH� LQ
SRVWXUH��7KH�SRVVLELOLW\�RI�FRJQLWLYH�LPSDLUPHQW�ZDV�QRWHG�LQ�������RI
SDWLHQWV�� ,Q�NHHSLQJ�ZLWK� WKLV��RQO\�������RI�SDWLHQWV�SURYLGHG�D� IDOOV
KLVWRU\� WKHPVHOYHV� ZKLOH� FROODERUDWLYH� KLVWRU\� ZDV� REWDLQHG� IURP
FDUHUV�IRU�������RI�SDWLHQWV�

9DULDEOHV 7RWDO�3RSXODWLRQ�Q� ���� )UDFWXUHV�RFFXUULQJ���KRXUV
DIWHU�D�PHDO�Q� ���

)UDFWXUH�RFFXUULQJ�!��KRXUV
DIWHU�D�PHDO�Q� ���

3�YDOXH

$JH��\HDUV��0HDQ�6'� ���������� ���������� ���������� �����
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6RXUFH�RI�KLVWRU\��Q����

3DWLHQW ���������
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&DUHU

&KDQJH�LQ�SRVWXUH�SUHFHGLQJ�IDOO��Q���� ��������� ������ ��������� �����

+\SRWHQVLYH� V\PSWRPV� SULRU� WR� IDOO� �JLGGLQHVV�� OLJKW�
KHDGHGQHVV��V\QFRSH�RU�EOXUUHG�YLVLRQ���Q����

��������� ������ ������� �����

1XPEHU�RI�PHGLFDWLRQV��0HDQ��6'� ��������� ��������� ��������� ����

����IDOO�LQ�SUHFHGLQJ����PRQWKV��Q���� ��������� ������� ��������� �����

&&,���0HDQ�6'� ��������� ��������� ��������� �����

+HDUW�'LVHDVH��Q���� ��������� �� �� �����

+\SHUWHQVLRQ��Q���� ��������� �� �� �����

'LDEHWHV�0HOOLWXV��Q���� ������� � �� �����

006(���0HDQ�6'� ��������� ���������� ���������� ���

.DW]�,QGH[���0HDQ�6'� ��������� ��������� ��������� ����

7DEOH����&KDUDFWHULVWLFV�RI�SDWLHQWV�DGPLWWHG�ZLWK�QHFN�RI�IHPXU��12)��IUDFWXUHV��RYHUDOO�SDWLHQW�FKDUDFWHULVWLFV�FRPSDULQJ�WKRVH�ZKR�IHOO�ZLWKLQ
DQG�DIWHU�WZR�KRXUV�RI�D�PHDO���������VLJQLILFDQW��AFKL�VTXDUHG�WHVW�EHWZHHQ�SDWLHQWV�ZKR�IHOO�ZLWKLQ�DQG�DIWHU�WZR�KRXUV�RI�D�PHDO�

2YHUDOO�� WKHUH� ZDV� D� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� �3 ������
EHWZHHQ� WKH� SURSRUWLRQ� RI� WRWDO� IDOOV� RFFXUULQJ� LQ� WKH� IRXU� WLPH
FDWHJRULHV�ZLWK�WKH�ORZHVW�SHUFHQWDJH�RI�IDOOV�RFFXUULQJ�DW�QLJKW�������
EHWZHHQ� ���������� K��2YHU� WKH� RWKHU� WLPH� SHULRGV� RI� IDOOV�� ������ RI
IDOOV� RFFXUUHG� EHWZHHQ� ���������� K� �IROORZLQJ� EUHDNIDVW��� ���
EHWZHHQ� ���������� K� �IROORZLQJ� OXQFK��� DQG� ���� RFFXUUHG� EHWZHHQ
����������K��IROORZLQJ�GLQQHU��

,Q� WKLV� VWXG\��������RI�12)� IUDFWXUHV�RFFXUUHG�ZLWKLQ�� DQG������
DIWHU�� WZR�KRXUV�RI�PHDO� LQJHVWLRQ��12)� IUDFWXUHV�DV�D� UHVXOW�RI�D� IDOO
RFFXUULQJ� ZLWKLQ� WZR� KRXUV� RI� D� PHDO� RFFXUUHG� DPRQJ� ������ RI
SDWLHQWV� IURP� UHVLGHQWLDO� FDUH� DQG� ������ RI� SDWLHQWV� IURP� WKHLU� RZQ
KRPH� �3 �������� 2QH� RU� PRUH� IDOOV� LQ� WKH� SUHFHGLQJ� ��� PRQWKV
RFFXUUHG�DPRQJ�����RI�SDWLHQWV�ZKR�VXVWDLQHG�D�IDOO�ZLWKLQ��FRPSDUHG
WR� ������ DIWHU�� WZR�KRXUV� RI�PHDO� LQJHVWLRQ� �3 �������� 6\PSWRPV�RI
K\SRWHQVLRQ� �JLGGLQHVV�� OLJKW�KHDGHGQHVV�� V\QFRSH� RU� EOXUUHG� YLVLRQ�
SULRU� WR� WKH� IDOO� ZHUH� UHSRUWHG�PRUH� FRPPRQO\� �������� E\� SDWLHQWV
ZKR�IHOO�ZLWKLQ�WZR�KRXUV�RI�D�PHDO�ZKHQ�FRPSDUHG�ZLWK�WKRVH�������
ZKR�IHOO�DIWHU�WZR�KRXUV�RI�D�PHDO��3 ��������$�FKDQJH�LQ�SRVWXUH�SULRU
WR�D� IDOO�ZDV�VLPLODU�EHWZHHQ�WKRVH�SDWLHQWV�ZKR�IHOO�ZLWKLQ��DQG�DIWHU
WZR�KRXUV�RI�D�PHDO������DQG��������UHVSHFWLYHO\��3� ���������

,Q�WKH�ORJLVWLF�UHJUHVVLRQ�PRGHO��IDFWRUV�IRXQG�WR�EH�LQGHSHQGHQWO\
DVVRFLDWHG�ZLWK�12)� IUDFWXUHV� RFFXUULQJ�ZLWKLQ� WZR�KRXUV�RI� D�PHDO
ZHUH�EHLQJ� LQ� UHVLGHQWLDO� FDUH� �25������&,��������������3 ������� DQG
H[SHULHQFLQJ� V\PSWRPV� DVVRFLDWHG�ZLWK� K\SRWHQVLRQ�SULRU� WR� WKH� IDOO
�25� ����&,�������������3 �������� 7KHUH� ZHUH� QR� VLJQLILFDQW
GLIIHUHQFHV�EHWZHHQ�WKH�WZR�JURXSV�IRU�DOO�RWKHU�YDULDEOHV�

'LVFXVVLRQ
$PRQJ� ROGHU� SDWLHQWV� DGPLWWHG� ZLWK� 12)� IUDFWXUHV�� RQH�ILIWK� RI

IUDFWXUHV�RFFXUUHG�ZLWKLQ� WZR�KRXUV�RI�D�PHDO��7KH�PDMRULW\�RI�12)
IUDFWXUHV� RFFXUUHG� GXULQJ� WKH� GD\� ZLWK� RQO\� D� VPDOO� SHUFHQWDJH
RFFXUULQJ� GXULQJ� WKH� QLJKW�� $OVR�� SDWLHQWV� ZKR� VXVWDLQHG� D� 12)
IUDFWXUH� ZLWKLQ� WZR� KRXUV� RI� D� PHDO� ZHUH� PRUH� OLNHO\� WR� EH� IURP
UHVLGHQWLDO� FDUH�� H[SHULHQFH� V\PSWRPV� DVVRFLDWHG� ZLWK� K\SRWHQVLRQ
EHIRUH� D� IDOO� DQG� KDG� D� KLVWRU\� RI� UHFXUUHQW� IDOOV� LQ� WKH� SUHFHGLQJ� ��
PRQWKV�FRPSDUHG�ZLWK�SDWLHQWV�ZKR�H[SHULHQFHG�D�IDOO�DIWHU�WZR�KRXUV
RI�D�PHDO�

7KH�RYHUDOO�GLVWULEXWLRQ�RI�IDOOV�DFURVV�WKH�IRXU�WLPH�FDWHJRULHV�ZDV
VLJQLILFDQWO\�GLIIHUHQW�ZLWK� WKH� ORZHVW�SUHYDOHQFH�RI� IDOOV�RFFXUULQJ�DW
QLJKW�� 7KLV� LV� FRQVLVWHQW� ZLWK� SUHYLRXV� UHVHDUFK� LQGLFDWLQJ� WKDW
LQMXULRXV�IDOOV�ZHUH�PRUH�OLNHO\�WR�RFFXU�GXULQJ�WKH�GD\�DQG�LV�EHOLHYHG
WR�EH� UHODWHG� WR� LQFUHDVHG�DPEXODWLRQ��ZKLFK� LV�GHVLUDEOH� WR�PDLQWDLQ
SK\VLFDO�LQGHSHQGHQFH�>�����@��,W�KDV�DOVR�SUHYLRXVO\�EHHQ�UHSRUWHG�E\
1RUWRQ�HW�DO�� >��@� WKDW�������RI� IDOOV�DPRQJ�SDWLHQWV�DGPLWWHG�ZLWK�D
IUDFWXUHG�IHPXU�RFFXUUHG�DW�QLJKW��FRQVLVWHQW�ZLWK�RXU�ILQGLQJ�

7KH� VLJQLILFDQWO\� KLJKHU� SURSRUWLRQ� RI� ROGHU� SDWLHQWV� IURP
UHVLGHQWLDO�FDUH�ZKR�VXVWDLQHG�12)�IUDFWXUHV�ZLWKLQ�WZR�KRXUV�RI�PHDO
LQJHVWLRQ�FRPSDUHG�WR�ROGHU�SDWLHQWV�OLYLQJ�DW�KRPH��PD\�EH�DWWULEXWHG
WR� XQGHUO\LQJ� GLIIHUHQFHV� LQ� FR�PRUELGLWLHV� WKDW� DIIHFWV� WKH� ULVN� RI
IDOOLQJ�IROORZLQJ�D�PHDO��33+�ZRXOG�EH�RQH�VXFK�FR�PRUELGLW\�LQ�YLHZ
RI�WKH�DFFRPSDQ\LQJ�%3�FKDQJHV�WKDW�RFFXU�DIWHU�D�PHDO��)XUWKHUPRUH�
D� KLJKHU� 33+� SUHYDOHQFH� KDV� EHHQ� UHSRUWHG� DPRQJ� ROGHU� SHRSOH� LQ
UHVLGHQWLDO� FDUH� ���������� >��������@� FRPSDUHG� WR� WKRVH� DW� KRPH
���������>��@�

3DWLHQWV�VXVWDLQLQJ�D�12)�IUDFWXUH�ZLWKLQ�WZR�KRXUV�RI�D�PHDO�ZHUH
PRUH� OLNHO\� WR� UHSRUW� V\PSWRPV� FRQVLVWHQW� ZLWK� K\SRWHQVLRQ

&LWDWLRQ� 1DLU�6��*HQWLOFRUH�'��7DP�.��1DLU�36��9LVYDQDWKDQ�5��������1HFN�RI�)HPXU�)UDFWXUHV�ZLWKLQ�7ZR�+RXUV�RI�D�0HDO���-�*HURQWRO�*HULDWU
5HV�������������GRL��������������������������

3DJH���RI��
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FRPSDUHG�WR�WKRVH�IDOOLQJ�DIWHU�WZR�KRXUV�RI�D�PHDO��7KH�DEVHQFH�RI�D
VLJQLILFDQW�GLIIHUHQFH�LQ�FKDQJH�LQ�SRVWXUH�EHIRUH�WKH�IDOO��EHWZHHQ�WKH
WZR�JURXSV�RI�SDWLHQWV��PD\�VXJJHVW�WKDW�RUWKRVWDWLF�K\SRWHQVLRQ�LV�OHVV
OLNHO\� WR� EH� D� FRQWULEXWLQJ� IDFWRU�� ,W� FDQ� EH� VSHFXODWHG� WKDW� WKH
K\SRWHQVLYH�V\PSWRPV�PD\�EH�UHODWHG�WR�33+��:H��WKHUHIRUH��VXJJHVW
WKDW� ROGHU� SHRSOH� SUHVHQWLQJ� ZLWK� IDOOV� PLJKW� EHQHILW� IURP� EHLQJ
DVVHVVHG�IRU�V\PSWRPV�RI�K\SRWHQVLRQ�RFFXUULQJ�ZLWKLQ�WZR�KRXUV�RI�D
PHDO� DV� ZKHQ� 33+� LV� GLDJQRVHG�� WKHUH� DUH� D� UDQJH� RI� VLPSOH� QRQ�
SKDUPDFRORJLFDO�VWUDWHJLHV� IRU� WKH�PDQDJHPHQW�RI�33+�WKDW�FRXOG�EH
UHFRPPHQGHG��)RU�H[DPSOH��GULQNLQJ�ZDWHU�EHIRUH�D�PHDO�>�����@�DQG
GLHWDU\� PRGLILFDWLRQ� VXFK� DV� FRQVXPLQJ� VPDOOHU� SRUWLRQV� RI� PHDOV
PRUH�IUHTXHQWO\�DQG�DYRLGLQJ�H[FHVVLYH�FDUERK\GUDWH�LQWDNH�>��@��7KLV
PD\� UHGXFH� WKH� ULVN� RI� 33+� DQG�� KHQFH�� IDOOV� DQG� SRVVLEOH� IUDFWXUHV�
+RZHYHU�� EHIRUH� ILUP� FRQFOXVLRQV� FDQ� EH� GUDZQ�� WKHUH� LV� D� QHHG� WR
IXUWKHU� LQYHVWLJDWH� WKLV� WKHRU\� E\� XQGHUWDNLQJ� UHVHDUFK� ZKHUHE\
PHDVXUHPHQW�RI�EORRG�SUHVVXUH�LV�XQGHUWDNHQ�

$�KLVWRU\�RI�UHFXUUHQW�IDOOV�LQ�WKH�SUHFHGLQJ����PRQWKV��ZKLFK�ZDV
VLJQLILFDQWO\�PRUH�FRPPRQ�DPRQJ�ROGHU�SDWLHQWV�ZKR�VXVWDLQHG�12)
IUDFWXUHV�ZLWKLQ�WZR�KRXUV�RI�D�PHDO��PD\�EH�DWWULEXWHG�WR�WKH�SUHVHQFH
RI� IDFWRUV� WKDW� LQFUHDVH� WKH� IDOOV� ULVN� LQ� WKLV�JURXS�� ,Q�YLHZ� WKDW� WKHUH
ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�PHDQ�&KDUOVRQ�&RPRUELGLW\�,QGH[
EHWZHHQ�ROGHU�SDWLHQWV�ZKR�VXVWDLQHG�12)�IUDFWXUHV�ZLWKLQ�DQG�DIWHU
WZR�KRXUV�RI�D�PHDO��WKLV�VXJJHVWV�WKH�SUHVHQFH�RI�FR�PRUELGLWLHV�WKDW
WKH�&KDUOVRQ�&RPRUELGLW\�,QGH[�GRHV�QRW�FDSWXUH�

,Q� FRQVLGHULQJ� RXU� REVHUYDWLRQV�� LW� VKRXOG� EH� UHFRJQL]HG� WKDW
FRJQLWLYH� LPSDLUPHQW� ZDV� SUHVHQW� LQ� SDWLHQWV� DQG� VR� WKHUH� PD\� EH
LQDFFXUDFLHV�SHUWDLQLQJ�WR�WKH�DFWXDO�WLPH�RI�WKH�IDOO�UHSRUWHG�LQ�VRPH
SDWLHQWV�� )XUWKHUPRUH�� EURDG� WLPH� FDWHJRULHV�ZHUH�XVHG� WR� V\PEROL]H
EUHDNIDVW�� OXQFK� DQG� GLQQHU� UDWKHU� WKDQ� VSHFLILFDOO\� FODULI\LQJ� ZKHQ
SDWLHQWV�KDG�LQJHVWHG�WKHLU� ODVW�PHDOV��7KLV�VXUURJDWH�KLVWRU\�PHDVXUH
IRU� 33+�ZDV� FRQVLGHUHG�PRUH� ORJLVWLFDOO\� IHDVLEOH� LQ� WKLV� SRSXODWLRQ
JURXS� DQG� ZDV�� WKHUHIRUH�� HPSOR\HG� UDWKHU� WKDQ� WKH� PRUH� REMHFWLYH
HYDOXDWLRQ� RI� %3� UHGXFWLRQ� IROORZLQJ� D�PHDO�� 7KH� JHQHUDOL]DELOLW\� RI
WKH� ILQGLQJV� RI� WKLV� VWXG\� LV� UHVWULFWHG� DQG� IXWXUH� UHVHDUFK� VKRXOG
FRQVLGHU�DOO�SDWLHQWV�DGPLWWHG�RYHUQLJKW�ZKR�KDYH�H[SHULHQFHG�D�IDOO�

,Q�FRQFOXVLRQ��LQ�WKLV�SURVSHFWLYH�H[SORUDWRU\�VWXG\��������RI�12)
IUDFWXUHV�RFFXUUHG�ZLWKLQ�WZR�KRXUV�RI�D�PHDO��3DWLHQWV�ZKR�VXVWDLQHG
D�12)�IUDFWXUH�ZLWKLQ�WZR�KRXUV�RI�D�PHDO�ZHUH�PRUH�OLNHO\�WR�EH�IURP
UHVLGHQWLDO� FDUH�� H[SHULHQFH� V\PSWRPV� DVVRFLDWHG� ZLWK� K\SRWHQVLRQ
EHIRUH�WKH�IDOO�DQG�KDG�D�KLVWRU\�RI�UHFXUUHQW�IDOOV�LQ�WKH�SUHFHGLQJ���
PRQWKV�FRPSDUHG�ZLWK�SDWLHQWV�ZKR�H[SHULHQFHG�D�IDOO�DIWHU�WZR�KRXUV
RI�D�PHDO��33+�PD\�EH�D�FRQWULEXWLQJ�IDFWRU�LQ�WKLV�JURXS�RI�SDWLHQWV�
WKHUHIRUH�� SDWLHQWV� ZKR� SUHVHQW� ZLWK� IDOOV� DQG� V\PSWRPV� RI
K\SRWHQVLRQ�ZLWKLQ�WZR�KRXUV�RI�D�PHDO�FRXOG�EH�IXUWKHU�LQYHVWLJDWHG
IRU� 33+�� :KHUH� 33+� LV� GLDJQRVHG�� VLPSOH� QRQ�SKDUPDFRORJLFDO
VWUDWHJLHV�PD\�EH�UHFRPPHQGHG�

$FNQRZOHGJPHQWV
7KH� DXWKRUV� ZLVK� WR� WKDQN� .\OLH� /DQJH�� ELRVWDWLVWLFLDQ�� &HQWUH� RI

5HVHDUFK� ([FHOOHQFH� LQ� 7UDQVODWLQJ� 1XWULWLRQDO� 6FLHQFH� WR� *RRG
+HDOWK�� 8QLYHUVLW\� RI� $GHODLGH�� IRU� VWDWLVWLFDO� DGYLFH�� 'DWD� IURP� WKLV
PDQXVFULSW� KDYH� EHHQ� SUHVHQWHG� DQG� DZDUGHG� WKH� %HVW� 2UDO
3UHVHQWDWLRQ���&OLQLFDO�5HVHDUFK�WR�'U�6KDLODMD�1DLU��1DLU�6��*HQWLOFRUH
'��9LVYDQDWKDQ�5��ͣ,V�SRVWSUDQGLDO�K\SRWHQVLRQ�D�SRVVLEOH�FRQWULEXWLQJ
IDFWRU� WR� KLS� IUDFWXUHV� LQ� ROGHU� SHRSOH"ͤ�� DW� WKH�%DVLO�+HW]HO� ,QVWLWXWH
DQG�7KH�4XHHQ�(OL]DEHWK�+RVSLWDO�5HVHDUFK�'D\��$GHODLGH��$XVWUDOLD�
������7KH�DXWKRUV�KDYH�QR�FRQIOLFWV�RI�LQWHUHVW�WR�GHFODUH�LQ�UHODWLRQ�WR
WKLV�UHVHDUFK�

5HIHUHQFHV
�� 7LQHWWL�0(��6SHHFKOH\�0��������3UHYHQWLRQ�RI�IDOOV�DPRQJ�WKH�HOGHUO\�1

(QJO�-�0HG����������������
�� .DQQXV�3��3DUNNDUL�-��.RVNLQHQ�6��1LHPL�6��3DOYDQHQ�0��HW�DO���������)DOO�

LQGXFHG�LQMXULHV�DQG�GHDWKV�DPRQJ�ROGHU�DGXOWV��-$0$����������������
�� 5XEHQVWHLQ� /=�� -RVHSKVRQ� .5� ������� 7KH� HSLGHPLRORJ\� RI� IDOOV� DQG

V\QFRSH��&OLQ�*HULDWU�0HG�������������
�� 0ROOHU�-��������3URMHFWHG�FRVWV�RI�IDOO�UHODWHG�LQMXU\�WR�ROGHU�SHUVRQV�GXH

WR� GHPRJUDSKLF� FKDQJH� LQ� $XVWUDOLD�� 5HSRUW� WR� WKH� &RPPRQZHDWK
'HSDUWPHQW�RI�+HDOWK�DQG�$JHLQJ��XQGHU� WKH�1DWLRQDO�)DOOV�3UHYHQWLRQ
IRU�2OGHU�3HRSOH�,QLWLDWLYH��,Q��$JHLQJ�'R+D��HG��&DQEHUUD

�� +DQQDQ�(/��0DJD]LQHU� -��:DQJ� --��(DVWZRRG�($�� 6LOEHU]ZHLJ� 6%�� HW� DO�
�������0RUWDOLW\� DQG� ORFRPRWLRQ���PRQWKV�DIWHU�KRVSLWDOL]DWLRQ� IRU�KLS
IUDFWXUH�� ULVN� IDFWRUV� DQG� ULVN�DGMXVWHG� KRVSLWDO� RXWFRPHV�� -$0$� ����
����������

�� 0DJD]LQHU� -��6LPRQVLFN�(0��.DVKQHU�70��+HEHO� -5��.HQ]RUD� -(�������
3UHGLFWRUV� RI� IXQFWLRQDO� UHFRYHU\� RQH� \HDU� IROORZLQJ� KRVSLWDO� GLVFKDUJH
IRU�KLS�IUDFWXUH��D�SURVSHFWLYH�VWXG\��-�*HURQWRO�����0��������

�� -HWWH� $0�� +DUULV� %$�� &OHDU\� 3'�� &DPSLRQ� (:� ������� )XQFWLRQDO
UHFRYHU\�DIWHU�KLS�IUDFWXUH��$UFK�3K\V�0HG�5HKDELO�������������

�� -RKQHOO�2� �������7KH� VRFLRHFRQRPLF� EXUGHQ� RI� IUDFWXUHV�� WRGD\� DQG� LQ
WKH���VW�FHQWXU\��$P�-�0HG��������6���6�

�� +DHQWMHQV� 3�� /DPUDVNL�*�� %RRQHQ� 6� �������&RVWV� DQG� FRQVHTXHQFHV� RI
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The effects of a postprandial blood pressure decline following a glucose drink on gait 
parameters in healthy older volunteers 
 
S. Nair 1,D. Gentilcore 2,R. Visvanathan 3 
 
1 Advanced Trainee, Aged and Extended Care Services, The Queen Elizabeth Hospital, Central Adelaide 
Local Health Network, Adelaide, Australia 
2 Senior Lecturer in Nuclear Medicine, School of Health Sciences, University of South Australia, Australia 
3 Academic, Discipline of Medicine, The University of Adelaide, Director, Aged and Extended Care 
Services, The Queen Elizabeth Hospital, Central Adelaide Local Health Network, Adelaide, Australia 

 
Aims The aims of this study were to determine if gait speed, stride length and double support 
percent time were affected by a blood pressure (BP) decline induced by the ingestion of a 
glucose (50g made up to 200 ml water) drink in healthy older volunteers. 
 
Methods Four volunteers (mean age 73 years) have been recruited to date. Participants were 
studied on three randomised days (Day A, B, C). Day A involves ingestion of a glucose drink 
followed by ambulatory BP monitoring every six minutes for 60 minutes and then every 15 
minutes until 120 minutes. Day B involves ingestion of 200ml water followed by ambulatory BP 
monitoring, as per Day A and gait analysis using the GAITRite walkway system every 30 minutes 
for 120 minutes. Day C involves ingestion of a glucose drink followed by ambulatory BP 
monitoring as per Day A and gait analysis as per Day B. 
 
Results An average decline in systolic BP of 19 mmHg (mean) was seen following ingestion of 
the glucose drink (Day A). Walking every 30 minutes following the glucose drink (Day C) 
attenuated the fall in BP (mean decline in systolic blood pressure was 1.8mmHg) Compared to 
Day B, there appeared to be a reduction in measured gait parameters on Day C at 30 minutes. 
 
Conclusions: Walking attenuates the fall in BP following ingestion of a glucose drink. The fall in 
BP following a glucose drink appears to impair gait parameters.  
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Intermittent walking: A potential treatment strategy for older people with postprandial 
hypotension  
 
S. Nair 1,3, D. Gentilcore 2,3, R. Visvanathan 1,3 
 
1 Aged and Extended Care Services, The Queen Elizabeth Hospital, Central Adelaide Local Health Network, 
Adelaide, South Australia 
2 School of Health Sciences, University of South Australia, Adelaide, South Australia 
3 Adelaide Geriatrics Training and Research with Aged Care Centre (Adelaide G-TRAC), School of Medicine, 
The University of Adelaide, Adelaide, South Australia 

 
Aim: The aim of this study was to determine the effects of intermittent walking on the systolic 
blood pressure (SBP) decline normally seen following ingestion of a 50g glucose drink in older 
people with postprandial hypotension (PPH). 
  
Methods: Eleven volunteers were recruited. Participants were studied on two randomised days 
(control, intervention). Both days involved ingestion of a 50g glucose (in 200ml water) drink 
followed by ambulatory SBP and heart rate (HR) monitoring six minutely for 60 minutes, then 15 
minutely until 120 minutes. On the intervention day, participants also walked at their usual pace for 
30 metres every 30 minutes over 120 minutes following the drink.  
 
Results: The median age was 75 years and 70% of subjects were female. Three participants had 
orthostatic hypotension and of these, two also had autonomic dysfunction. On the control day, a 
significant decline in SBP (P=0.009) was seen with the maximum fall of 20mmHg occurring at 60 
minutes. On the intervention day, there was no fall in SBP (P=0.129). A statistically significant 
difference between the two days was noted in terms of the SBP area under the curve (Control: 
1639 vs. Intervention: 601; P=0.016). There was no significant change in HR over time (Control: 
P=0.910; Intervention: P=0.790) on either day. 
  
Conclusion: This study confirms for the first time that in older people with PPH, intermittent 
walking at a usual pace ameliorates the fall in SBP normally seen after a glucose drink. The lack of 
HR increase with PPH and exercise requires further investigation.  
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Is postprandial hypotension a possible contributing factor to hip fractures in older people? 
 
S. Nair***, D. Gentilcore #, R. Visvanathan***  
 
*Aged and Extended Care Services, The Queen Elizabeth Hospital, Central Adelaide Local Health Network, 
Adelaide, South Australia 
#School of Health Sciences, University of South Australia, Adelaide, South Australia 
**Adelaide Geriatrics Training and Research with Aged Care Centre (Adelaide G-TRAC), School of Medicine, 
The University of Adelaide, Adelaide, South Australia      

 
Background: The aetiology of falls in elderly are typically multifactorial and postprandial 
hypotension has been identified as one potential cause. 
 
Objective: This study aimed to determine how commonly neck of femur fractures following a fall 
occurred within two hours of a meal and the factors independently associated with this 
circumstance. 
 
Methodology: A prospective study was undertaken in the orthopedic unit at The Queen Elizabeth 
Hospital in South Australia. Consecutive first admissions of patients aged 70 years and over with a 
low impact neck of femur fracture between March and November 2011 were eligible. Patients or 
carers were interviewed using a standardised questionnaire within 72 hours.  
 
Results: Data from 120 of 138 eligible patients were analysed. The median age was 84.0 years. 
Falls within two hours of a meal occurred in 21% patients. Among fractures occurring within two 
hours of a meal, there was a statistically significant difference in the percentage of fractures across 
the four time categories (P = 0.033) with the highest percentage (44%) of fractures occurring in the 
time category related to breakfast.  Logistic regression analysis demonstrated that symptoms 
before the fall predicted falls occurring within two hours of a meal (OR 5.817; 95% CI 1.393 - 
24.284).  
 
Conclusion: PPH might be a contributing factor in up to 21% of hip fractures in older people. 
Patients with falls and symptoms of hypotension within 2 hours of a meal should be formally 
investigated for post-prandial hypotension to allow for intervention and prevention of falls. 
 
Lay Description 
A decline in blood pressure (BP) after a meal is common in the elderly. If this decline is excessive, 
this is termed post-prandial hypotension (PPH) and is associated with increased risk of falling and 
fractures. This study revealed that up to 21% of older patients admitted to hospital following a neck 
of femur fracture may have underlying PPH. Symptoms of low blood pressure following a meal 
may be an indicator of PPH, hence these patients should be investigated for post-prandial 
hypotension as they may be provided with simple treatment strategies that might prevent future 
falls. 
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The postprandial blood pressure decline following a glucose drink affects gait detrimentally 
in older people 
 
S. Nair***, R. Visvanathan***D. Gentilcore #**,  
 
 *Aged and Extended Care Services, The Queen Elizabeth Hospital, Central Adelaide Local Health Network, 
Adelaide, South Australia 
**Adelaide Geriatrics Training and Research with Aged Care Centre (Adelaide G-TRAC), School of Medicine, 
The University of Adelaide, Adelaide, South Australia 
#School of Health Sciences, University of South Australia, Adelaide, South Australia 

 
Background: Postprandial hypotension (PPH) is a risk factor for falls in older people. It is 
unknown if PPH is associated with changes in gait parameters. 
 
Objective: To determine the impact of postprandial fall in systolic blood pressure (SBP) on gait 
speed, stride length and double support time in older subjects with and without PPH. 
 
Methodology: SBP was measured in 24 older subjects 6 minutely for 60mins, then 15 minutely 
until 120mins following ingestion of a study drink on 3 randomised separate study days. On one 
day, subjects consumed 50g glucose in 200ml water and SBP was measured for a diagnosis of 
subjects with PPH. On the control (A) and intervention (B) days, subjects consumed water (A) or 
the same glucose drink (B) and gait speed was assessed at baseline then every 30mins for 
120mins post drink ingestion. 
 
Results: 13 subjects had PPH. In subjects with PPH, there was no change from baseline in SBP 
on A (P=0.830) or B (P=0.520). There was a significant decline in stride length on B (P=0.026) but 
not A (P=0.159). There was no change in gait speed (A: P=0.066; B: P=0.089) or double support 
time (A: P=0.066; B: P=0.089). In subjects without PPH, there was no change in gait speed (A: 
P=0.327; B: P=0.216) or stride length (A: P=0.110; B: P=0.153) on either study days. There was a 
significant change in double support time on A (P=0.032) but not B (P=0.506).  
 
Conclusion: There was a significant reduction in stride length post oral glucose in older subjects 
with PPH; this may contribute to the increased falls risk in this group. 
 
Lay Description: 
Falls in older people usually have multiple causes. A decline in blood pressure after a meal, and 
changes in the way people walk or gait pattern, have been associated with increased falls risk. No 
studies have explored if there is a link between a post meal decline in blood pressure and a 
change in gait pattern. This study demonstrated that a decline in blood pressure after ingestion of 
a sugar drink is associated with a reduced walking stride length and this may contribute to an 
increased falls risk. 
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