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Abstract 

Nutritional frailty refers to the downward spiral of increasing frailty that may occur in old 

age as a result of rapid, unintentional loss of body weight and sarcopenia. In the studies 

described in this thesis, the prevalence of under-nutrition was high and these under-

nourished older people were more likely to be hospitalized, spend longer in hospital, be 

admitted to facilities with increased level of care, fall and report weight loss. Also, medical 

and emotional well-being, good oral and dental health and access to nutritious food were all 

shown to be associated with better nutritional health.  

Screening for under-nutrition is important. The ‘DETERMINE Your Nutritional Health 

Checklist’ was found to be a simple awareness tool that could be easily used to increase 

knowledge in carers and older people. The rapid screen, in which an older person is 

classified as under-nourished if they have: 1) body mass index < 22 kg/m2 and/or 2) 

unintentional weight loss > 7.5% in the previous 3 months, was found to be simple and 

highly specific and suitable for use in facilities with financial, time and staffing constraints. 

The Mini Nutritional Assessment tool with its better sensitivity and specificity may be 

better in resource rich settings as results from this tool can guide management.  

In one of the studies, fasting plasma ghrelin levels in under-nourished older people were 

comparable to that in nourished older people, not higher as in previous studies (in other 

states of negative energy balance) and this may indicate a failure in energy homeostasis. 

Relatively reduced ghrelin levels in under-nourished older people may contribute to the 

development and/or progression of the anorexia of ageing and this requires further 

evaluation.  

Many frail older people are at risk of post-prandial hypotension and its many adverse health 

effects. Dietary carbohydrate manipulation by substituting sucrose with fructose may be 

beneficial in reducing the post-prandial blood pressure fall in older people.  

In conclusion, nutritional frailty is prevalent and has many adverse health consequences. 

Early detection and systematic intervention may help reduce morbidity.  
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Chapter 1 

Nutritional frailty - A brief introduction to an important 
clinical problem affecting many older people 

Frailty is a clinical syndrome that can be viewed as a multidimensional construct consisting 

of a complex interplay of a person’s assets and deficits, including health and illness, 

attitudes, practices and resources, and dependence on others (Rockwood et al., 1994; 

Rockwood et al., 1996; Wells et al., 2003). Frailty involves a spiralling decline in non-

homeostatic, self sustained cyclic processes where initial impairments and limitations 

precipitate further decline (Ferrucci et al., 2002). Geriatric syndromes such as malnutrition, 

falls, delirium and incontinence may be possible markers of frailty (Rockwood et al., 1994; 

Wells et al., 2003). 

Nutritional frailty (Figure 1.1) is the disability that occurs in old age due to rapid, 

unintentional loss of body weight and sarcopenia (Bales & Ritchie, 2002). The term 

‘anorexia of ageing’ refers to the decline in energy intake and appetite that occurs with 

progressive ageing (Morley, 1997; Wurtman et al., 1988). This reduction in energy intake 

often exceeds the decrease in energy expenditure that occurs with normal physiological 

ageing, so body weight is unintentionally lost (Forbes & Reina, 1970). When body weight 

decreases in older people, lean body tissue is thought to be lost disproportionately 

(sarcopenia) (Chapman, 2004; Forbes & Reina, 1970). A complex interaction exists 

between unintentional weight loss, sarcopenia and the numerous health, physical, social and 

psychological insults that occur with increasing age, and this in turn can result in physical 

frailty and its undesirable outcomes which include nursing home placements, falls, 

malnutrition, immobilization and increased dependency and eventually death (Bales & 

Ritchie, 2002; de Jong, 2000).  
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Older adults comprise a heterogeneous group, ranging from the very robust to very frail 

individuals (Bales & Ritchie, 2002). With increasing age, there is a decreasing margin of 

homeostatic reserve and an increasing likelihood of experiencing numerous assaults to the 

homeostatic balance (Bales & Ritchie, 2002). For example, ageing may be associated with 

an impaired homeostatic regulation of feeding (Chapman, 2004). When 17 young and older 

men were underfed in one study by 3.17MJ/day (approximately 750 kcal/day) for 21 days, 

both groups lost weight (Roberts et al., 1994). When the men were permitted to eat as much 

as they wanted after the underfeeding period, younger men ate more than at baseline and 

regained their weight (Roberts et al., 1994). In contrast to this, the older men continued to 

under-eat and so did not regain the weight lost during the underfeeding period (Roberts et 

al., 1994). Therefore, it is likely that after a significant insult (i.e. surgery), older people are 

more likely than younger adults to become or remain under-nourished and take longer to 

regain weight (Chapman, 2004). 

Population ageing is a worldwide phenomenon. If anything, population ageing is more 

rapid in developing than in developed countries. For example, the population of Malaysia (a 

rapidly developing, newly industrialized country) is progressively ageing with a significant 

increase in life expectancy seen between 1980 and 2000; males from 66.4 years to 70.2 

years and females from 70.5 years to 75.0 years (Ministry of Health Malaysia, 2003). 

Similarly, the proportion of the Australian population aged 65 years and over is expected to 

increase from 12% in 1999 to 24 - 27% in 2051, at which point 1.3 million Australians or 

5% of the total Australian population will be over the age of 85 years (Australian Bureau 

Statistics, 2003).  

As nations age, compression of morbidity will become a more important goal as the number 

of years spent living healthily is a more important marker of successful ageing than 

chronological age per se. In 1999, Australia was ranked second in the world for this 

indicator with an estimated average (Australian Institute of Health and Welfare, 2002) 
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healthy life expectancy of 73.2 years at birth (Mathers et al., 2001) and a total life 

expectancy at birth of 79.8 years in 2000. To maintain this, if not improve on it, the 

management of common syndromes affecting elderly people such as under-nutrition and 

falls should be prioritized both in developed (for example Australia) and rapidly developing 

countries (for example Malaysia).  

For most, an ideal life is one that is vigorous and vital over the life span with a terminal 

collapse of physical and mental function limited to a short period (Fries, 2000). 

Unfortunately, with the human ageing process, when not prematurely stopped by trauma or 

disease, there is a progression towards multiple organ frailty (Fries, 1989; Fries, 2000; 

Gruenberg, 1977). Therapeutic interventions should be directed towards easily treatable 

causes with the goals of preventing functional decline and morbidity (i.e. falls, malnutrition) 

and optimizing overall quality of life.  

In view of this, the studies in this thesis have targeted two nutrition-related disorders, under-

nutrition and post-prandial hypotension, which are commonly associated with ageing 

syndromes (i.e. frailty and falls). These studies have focused on: 1) determining the 

prevalence, predictors and consequences of the major geriatric syndrome, under-nutrition 

[chapters 5-7], 2) identifying nutritional screening and assessment measures that would 

enable therapeutic targeting [chapters 5-7]; 3) investigating the effects of nutritional status 

on ghrelin, an orexigenic hormone possibly involved in the pathogenesis and/or progression 

of the anorexia of ageing [chapters 8]; and 4) evaluating the use of dietary carbohydrate 

manipulation in the management of post-prandial hypotension [PPH] in older people 

[chapters 9 & 10]. The possible impact of the results of these studies on clinical practice and 

future research is discussed in the final chapter [chapter 11].  
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Figure 1.1 The downward spiral to increasing frailty and eventual death. 
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Chapter 2 

Under-nutrition in older people –  
Prevalence, consequences and pathophysiology 

2.1 Introduction 

In this chapter, the prevalence of under-nutrition, as determined by the Mini Nutritional 

Assessment (MNA), in various clinical settings is detailed. The prevalence of under-

nutrition in the community (domiciliary care recipients) and in a sub-acute care facility in 

South Australia was determined using the MNA, in the studies described in Chapter 6 and 7 

of this thesis. In these same studies, the adverse consequences of under-nutrition in older 

people were also determined. Commonly seen adverse health outcomes in older people 

associated with impaired nutritional intake and status is also described in this chapter. It is 

said that under-nutrition in older people is due to physiological (Anorexia of Ageing and 

Sarcopenia) and non-physiological causes and these are briefly described in this chapter 

(MacIntosh et al., 2000). The studies described in Chapters 5 and 6 evaluated whether there 

were independent associations between some of the non-physiological factors which are 

discussed in this chapter (i.e. depression, illnesses) and impaired nutritional status in a 

group of older people. Ghrelin, an orexigenic gut hormone, may possibly play a role in the 

pathogenesis and/or progression of the physiological anorexia of ageing. The study 

described in Chapter 8 was performed to investigate if there were differences in fasting 

plasma ghrelin levels between under-nourished and well-nourished community dwelling 

older people (> 65 years).  
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2.2 The prevalence of under-nutrition in older people 

There is no gold standard for the diagnosis of under-nutrition and as a result the prevalence 

figures quoted in the literature vary widely depending on the diagnostic method chosen. To 

enable clear comparisons (table 2.1), the prevalence figures quoted below are from studies 

that have used the MNA (see 3.6.1, Appendix 1) as the preferred method to assess 

nutritional risk. Consistent with this clinical concept of nutritional frailty, the prevalence of 

under-nutrition increases as frailty and physical dependence increases. On average, the 

prevalence of nutritional risk is approximately 45% in the community (de Groot et al., 

1998), 45-51% in domiciliary care or home-care recipients (Soini et al., 2004; Visvanathan 

et al., 2003), 50-82% in hospitalized elderly (Barone et al., 2003; Persson et al., 2002) and 

between 84-100% in institutionalized elderly (Saletti et al., 2000). In every setting, for 

every malnourished individual (MNA <17), there are many more individuals at-risk of 

malnutrition (MNA 17-23.5). Screening for and early management of nutritional risk is 

clearly warranted given the high prevalence of under-nutrition as shown here. The studies 

described in chapter 5-7 were designed to evaluate the prevalence of under-nutrition 

amongst 1) older residents of shelter homes in Peninsular Malaysia, 2) domiciliary care 

recipients in Adelaide, South Australia and 3) sub-acute care patients in Adelaide, South 

Australia. At the time of these studies, the prevalence of under-nutrition in older people in 

these settings in Australia and Malaysia was not known.  
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Table 2.1 Prevalence of malnutrition by the level of care 

Clinical Setting Prevalence 
(%)- 

Under-
nourished 

Total  

 (MNA<17) (MNA 17-23.5) % 
Community    
European community (healthy)(de Groot et al., 1998) 1 44 45 
Elderly home-care rural Finland(Soini et al., 2004) 3 48 51 
Hospitals: Acute    
Australian acute hospital(Barone et al., 2003) 20 30 50 
Swiss acute hospital(Van Nes et al., 2001) 18.6 60 78.6  
Swedish acute geriatric unit(Persson et al., 2002) 26.5 55.9 82.4 
Hospitals: Sub-acute    
American sub-acute care(Thomas et al., 2002) 28.8 62.5 91.3 
Low Level Care    
Swedish Old People’s Home (Hostel)(Saletti et al., 2000) 33 51 84 

High Level Care    
Group Living- Demented- Sweden(Saletti et al., 2000) 38 57 95 
Swedish Nursing Home(Saletti et al., 2000) 71 29 100 

MNA < 17- malnourished MNA 17-23.5- at-risk of malnutrition 
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2.3 The health and economic consequences of under-nutrition in older 
people 

Under-nutrition is associated with negative health outcomes and increased financial burden 

to the individual, families and the community at large. The studies described in Chapters 6 

and 7 were performed in South Australia to evaluate the effects of under-nutrition on health 

in frail older people receiving domiciliary care services and also older people admitted to a 

sub-acute care facility. 

2.3.1 Economic costs 

It has been stated that people with gastrointestinal-, respiratory- and neurological disease- 

related malnutrition have a 6% higher general practitioner consultation rate, are given 9% 

more prescriptions and have a 26% higher hospital admission rate than people who are 

well-nourished (Martyn et al., 1998). The King’s Fund (UK) has previously estimated that 

up to 266 million pounds (1992 figures) could be saved each year if malnourished 

hospitalized patients were given appropriate nutritional intervention (Lennard Jones, 1992). 

It has also been postulated that the direct cost of malnutrition in the United Kingdom was in 

excess of 1 million pounds per average Parliamentary constituency per year (Malnutrition 

Advisory Group). In addition, there would also be added indirect costs as a result of social 

care, lost workdays, and disability benefits (Malnutrition Advisory Group). It is likely that 

under-nutrition in the elderly result in similar increases in costs in other developed countries 

such as Australia. 

2.3.2 Health consequences 

Under-nutrition in older people is associated with many undesirable health consequences 

which impact on overall quality of life, increase morbidity and eventually may result in 

death. Below, some of the more common adverse consequences are briefly described. 

Where possible, examples using the Mini Nutritional Assessment (MNA) are provided. 
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Mortality 

The Survey in Europe on Nutrition and the Elderly, a Concerted Action [SENECA] studies 

were part of a large longitudinal study spanning Europe whereby older people were 

assessed in 1989 (n=2586, born between 1913 and 1918), 1993 (n=1273) and 1999 (n=843) 

(de Groot & van Staveren, 2002). In the SENECA study, subjects with nourished MNA 

scores (MNA > 24) had significantly lower mortality (OR: 0.35, 95% CI 0.18-0.66) 

compared to subjects at nutritional risk (MNA < 24) (Beck et al., 1999). Similarly, in their 

study of 83 consecutive acute geriatric patients, Persson and colleagues reported that 

nutritional risk (MNA <24) was associated with an OR of 3.3 (95% CI 1.11-9.79) for death 

within 3 years in comparison to nourished scores (MNA > 24) (Persson et al., 2002). In a 

study of 175 acutely admitted elderly patients, Gazzotti and colleagues found that the MNA 

scores in survivors were significantly higher than the MNA scores in non-survivors (20.9 

vs. 14.1; P <0.001) (Gazzotti et al., 2000). Therefore, there appears to be a strong 

association between under-nutrition in older people as defined by the MNA and increased 

mortality. 

Geriatric failure to thrive 

Under-nutrition in older people may result in a ‘geriatric failure to thrive’. The accepted 

definition for this syndrome includes several parameters pertaining to nutritional status in 

the older person: weight loss > 5% of baseline weight, decreased appetite, poor nutrition, 

impaired immune status and low cholesterol levels (Institute of Medicine (U.S.) & 

Committee on a National Research Agenda on Ageing, 1991).  

Impaired social functioning or institutionalization 

Previous studies have shown that under-nourished older people are at increased risk of 

declining physical health and placement in residence with increased level of care (i.e. 

nursing homes or hostels). For example, in a study of hospitalized elderly subjects, it was 

found that of the 908 patients who had previously been living independently at home prior 
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to admission, 32 (20.3%) of 158 subjects with a score < 17 (malnourished) were discharged 

to a nursing home compared to 16 (7.7%) of 208 subjects with a score of > 24 (nourished 

[P<0.001]) (Van Nes et al., 2001). 

Increased health care utilization and hospitalization 

Under-nourished older people experience more frequent and prolonged hospitalizations. 

Thomas and colleagues studied 837 consecutively admitted elderly patients to a sub-acute 

care facility in the United States and found that malnourished patients (MNA <17) spent 11 

days more (P= 0.007) than at-risk patients (MNA 17-23.5) in hospital (Thomas et al., 

2002). Similarly, another study of 1319 hospitalized elderly patients found that subjects 

scoring < 17 on the MNA (malnourished) spent 42.0 days in hospital in comparison to the 

30.5 days spent by those scoring > 24 on the MNA (nourished; P<0.0002) (Van Nes et al., 

2001). In a study of 94 patients older than 65 years attending general practice clinics in 

Denmark, there was increased trend towards greater utilization of meals on wheels (39% vs. 

8%), home-care assistance for cleaning (52% vs. 26%) and shopping (48% vs. 18%) by 

under-nourished patients (MNA 17-23.5) in comparison to nourished patients (MNA > 24) 

(Beck et al., 1999). 

Decreased immunity, increased risk of infections, pressure sores  
and delayed wound healing 

Under-nourished older people have impaired immunity and are at increased risk of 

infections. Timely management may be beneficial. For example, a study of 3012 patients 

(mean age 73.3 + 12 [SD] years) hospitalized following an acute cerebral-vascular event 

found that those who were under-nourished on admission were more likely to suffer 

infections and other complications than nourished patients [pneumonia- 21% vs. 12%; 

P=0.0001, other infections 21% vs. 15%; P = 0.0005, pressure sores 4% vs. 1%; P=0.010] 

(FOOD Trial Collaboration, 2003). Similarly, in another study, following transtibial 
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amputation, under-nourished patients receiving nutritional supplementation (91.3%) 

experienced greater (P=0.01) wound healing success than the non-supplemented (55.6%) 

control group (Eneroth et al., 1997). 

Poorer post-operative outcomes 

In a study of 87 post-hip fracture patients, patients with low albumin and total lymphocyte 

counts, two indicators of under-nutrition, were 2.9 times more likely to have a length of stay 

greater than two weeks (p = 0.03), 3.9 times more likely to die within one year after surgery 

(p = 0.02), and 4.6 times less likely to recover their pre-fracture level of independence in 

basic activities of daily living than in patients with normal values (p < 0.01) (Koval et al., 

1999). 

Falls 

Under-nourished older people are at risk of sarcopenia and falls. Nutritional 

supplementation may possibly be beneficial in reducing this falls risk. A recent meta-

analysis found that lower extremity weakness was associated with an increased risk of falls 

(OR1.76; 95%CI 1.31-2.37), recurrent falls (OR 3.06; 95% CI 1.86-5.04) and injurious falls 

(OR 1.52; 95% CI 1.05-2.20) (Moreland et al., 2004). The prevalence of sarcopenia (see 

2.3.2) is thought to be as high as 30% in people aged 60 years and older (Doherty, 2003). 

By the seventh and eighth decade of life, maximal voluntary contractile strength may be 

decreased, on average, by 20-40% for both men and women in proximal and distal muscles 

(Doherty, 2003). In a recent intervention trial, 85 subjects with a diagnosis of chronic 

obstructive airways disease were randomized to receive either a 570 kcal carbohydrate rich 

supplement or a non-nutritive placebo daily for 7 weeks. A positive correlation between 

changes in carbohydrate intake and incremental shuttle walk test was seen (r=0.337; P= 

0.01) (Steiner et al., 2003). There was also a trend toward increased handgrip (0.64kg vs. –

0.05; P=0.06) and quadriceps strength (17.4 N vs. 3.6 N; P=0.068) in supplemented 

subjects in comparison to non-supplemented subjects) (Steiner et al., 2003).  
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2.4 The pathophysiology of under-nutrition in older people 

Broadly speaking, the pathophysiology of under-nutrition can be classified into 

physiological (anorexia of ageing and sarcopenia) and non-physiological causes and these 

are discussed below with brief examples given.  

2.4.1 The anorexia of ageing 

The anorexia of ageing describes the physiological decrease in appetite and food intake that 

accompanies normal ageing and which may result in undesirable weight loss. In the cross-

sectional 3rd National Health and Nutrition Examination Survey [NHANES (III)] study 

from the United States of America, an average decline in energy intake between the ages of 

20 and 80 years, of 1321 cal/day (1.32 kcal/day) in men and 629 cal/day (0.63 kcal/day) in 

women was seen (Briefel et al., 1995). Similarly, in the SENECA [Survey in Europe on 

Nutrition and the Elderly, a Concerted Action] longitudinal study of older people, over the 

first 4 years of follow-up, the average energy intake in men declined by 0.6 MJ/day (142.9 

kcal/day) and in women by 0.4 MJ/day (95.2 kcal/day) (de Groot et al., 2000). In these 

same studies, over a period of 10 years, 23% of men and 27% of women had lost 5 kg of 

their initial body weight (de Groot & van Staveren, 2002). Over the 4-year follow-up 

period, a weight loss of more than 5 kg was predictive of reduced survival (de Groot & van 

Staveren, 2002). There was also strong evidence that older people were at an increased risk 

of reduced energy and nutrient intake (de Groot & van Staveren, 2002).  

Although weight loss and decreased nutrient intake may accompany normal ageing, perhaps 

secondary to decreased physical activity and energy demands, this effect may be 

undesirable. The control of feeding involves complex interactions between the cortex, 

limbic system and the midbrain, in addition to peripheral inputs from the organs transducing 

taste and smell (Table 2.2), the gut, adipose tissue and the endocrine system. The effects of 

ghrelin, an orexigenic gut hormone on appetite and food intake are described in greater 

detail, as plasma ghrelin levels were measured in the study described in Chapter 8 which 
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was performed to investigate if differences existed in fasting plasma ghrelin levels between 

under-nourished and well-nourished community dwelling older people. Ghrelin is thought 

to play a role in meal initiation and ghrelin infusions have been shown to increase food 

intake in certain groups of people and may possibly be of benefit in the management of the 

Anorexia of Ageing (Cummings et al., 2004; Neary et al., 2004). 

Table 2.2 An overview of the central and peripheral mechanisms involved in the regulation of 
appetite (MacIntosh et al., 2000) 

Central satiety system Corticotrophin–releasing factor, serotonin, insulin, cholecystokinin 
(CCK), insulin 

Central feeding drive mediators neuropeptide Y, noradrenaline, opioids, orexins (ghrelin), galanin 

Peripheral satiety system 

Stomach: gastric distension, gastric emptying 
Small intestine gastrointestinal hormones: insulin, CCK, amylin, 
peptide YY, glucagonlike peptide-1, ghrelin 
Small intestine motility 
Plasma nutrient levels: amino acids, monosaccharides, fatty acids 
Fat stores: leptin, tumour necrosis factor α 
Cytokines: Interleukin-6 

Ghrelin 

Ghrelin, an endogenous ligand for the growth hormone secretagogoue receptor (GHS-R), 

has recently been purified from the human stomach and found to release more growth 

hormone synergistically, than growth hormone releasing hormone (GHRH)(Arvat et al., 

2000; Kojima et al., 1999). Ghrelin is present in the hypothalamus but is mainly produced 

in the fundus of the stomach and reaches brain centers via the bloodstream (Tschop et al., 

2000; Ukkola, 2003). Ghrelin stimulates lactotroph and corticotroph secretion, has 

orexigenic activity, modulates energy balance via the influence on glucose metabolism and 

insulin secretion, and also regulates gastric motility and acid secretion through vagal 

mediation (Arvat et al., 2001; Muccioli et al., 2002; Takaya et al., 2000).  

Ghrelin is thought to play an important role in meal initiation and so perhaps the exogenous 

administration of ghrelin may stimulate increased food intake (Cummings et al., 2004). In 

one study, 6 young adults (mean age 21.2 + 1.2 [SD] years, BMI 21.3 + 1.8 kg/m2) were 

deprived of all visual and auditory time cues (Cummings et al., 2004). Following a 
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standardized dinner, usual breakfast and an unrestricted lunch, subjects were asked to eat 

only when hungry (study meal - ad libitum). Plasma ghrelin was measured frequently 

(every 5 minutes) for 10 hours following lunch. Subjects were only permitted to leave after 

10pm. In this study, there was a pre-prandial rise in plasma ghrelin levels just before the 

study meal in 5 subjects. The temporal profiles of mean ghrelin levels and subjective hunger 

scores overlapped closely and in at least 4 subjects, the rise in pre-prandial ghrelin levels 

slightly preceded the increase in hunger scores. A high ghrelin level was also associated 

with a high hunger score in 5 subjects. Therefore, it is likely that ghrelin is associated with 

meal initiation. In this study also, there was no significant association between the energy 

intake at lunch and the test meal, anthropometric measures (BMI, fat mass, % fat, fat-free 

mass) and the area under the ghrelin curve. 

Two recent studies have shown that ghrelin infusion in humans can increase energy intake 

at meals. In a recent cross-over study of 7 patients with a diagnosis of metastatic cancer 

(mean weight loss 13% compared to pre-cancer weight, mean BMI 22.6kg/m2), ghrelin 

(5pmol/kg.min) and saline were infused on two separate study days one and a half hours 

after a standardized breakfast and for 90 minutes before a buffet lunch (Neary et al., 2004). 

The infusion continued during the buffet lunch. In that study, a marked increase (31 + 7%; 

P=0.005) in energy intake was seen on the ghrelin day in comparison to the saline day. 

Therefore, it would appear that exogenous ghrelin administration is able to stimulate oral 

intake and so may be beneficial in the management of under-nutrition. Similarly, in another 

earlier randomized blinded cross-over study in nine non-obese young adult Caucasian 

volunteers (five male, age 21-32 years, BMI 19-26.8 kg/m2), ghrelin (5 pmol/kg/min) or 

saline was infused intravenously for 270 minutes (Wren et al., 2001). At 120 minutes post 

commencement of infusion, subjects ate a breakfast (1550 kJ/369 kcal). Subjects were then 

offered a buffet lunch at 240 minutes post commencement of the infusion. In this study, 

there was an increase in energy intake (mean increase 28 + 3.9 [SEM]%, approximately 306 

kcal, P<0.001) at the buffet lunch on the ghrelin infusion day. 
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States of negative energy balance may be associated with increased ghrelin levels. 

Voluntary weight loss following an exercise program (3 months) and an energy-deficit diet 

was followed by a significant compensatory increase in fasting plasma ghrelin levels in one 

study (Leidy et al., 2004). In that study of 22 healthy young people (age 18-30 years) with 

BMI between 18 and 25 kg/m2, subjects were randomized to three study groups: 1) weight-

stable exercisers (exercises but body weight did not change significantly), 2) weight-loss 

exercisers (exercised and lost a significant amount of weight), and 3) control group (no 

exercise, weight maintenance diet) (Leidy et al., 2004). This study found that ghrelin 

concentrations increased significantly from pre- to post-intervention (770 + 296 [SD] to 

1322 + 664 pmol/l) in the weight lost exercisers but did not change significantly in the 

controls (403 + 102 to 466 +161 pmol/l) or weight-stable exercisers (744 + 399 to 646 + 

263 pmol/l) (Leidy et al., 2004). In this study also, the change in fasting plasma ghrelin 

levels occurred after weight loss had occurred (Leidy et al., 2004). Changes in plasma 

ghrelin levels were significantly correlated with changes in body weight in the exercising 

group (r = -0.607; P<0.05). The authors of this study suggested that in an attempt to 

maintain energy homeostasis, plasma ghrelin levels may be reduced in response to positive 

energy balance states (i.e. voluntary weight gain) to promote a reduction in food intake, but 

increased in response to negative energy balance states (i.e. voluntary weight loss) to 

promote an increase in food intake (Leidy et al., 2004). Similarly, other studies have also 

shown that fasting plasma ghrelin concentrations decrease with weight gain in patients with 

anorexia nervosa and increase with weight loss in patients with obesity (Hansen et al., 

2002; Otto et al., 2001).  

Concurring with this, it has been previously demonstrated in humans (age 16-39 years) that 

mean fasting plasma ghrelin levels in subjects with Anorexia Nervosa and obesity were 

higher (630 + 32 pg/ml, P<0.05) and lower (136 + 18 pg/ml, P<0.05) respectively than that 

in normal weight young people (245 + 35 pg/ml) (Rigamonti et al., 2002). It may be that in 

these disease states, a new theoretical set-point for plasma ghrelin levels may have been 

reestablished at higher or lower levels in response to either a chronic negative energy 

balance or chronic positive energy balance state respectively (Leidy et al., 2004).  
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Similarly, increased fasting ghrelin levels may also be seen in under-nourished older people 

who may have been exposed to prolonged periods of negative energy balance. This is 

supported by the findings of a recent small study in Adelaide (Sturm et al., 2003). In their 

study, Sturm and colleagues classified the older women in their study as being under-

nourished if they had a BMI < 18.5kg/m2 and/or at least two of the following risk factors: 

(a) a food intake < 1000 kcal/day (on a 3-day food diary); (b) serum albumin concentration 

< 30g/L; > 10% weight loss > 10% in the previous 6 months (Sturm et al., 2003). In their 

study, they found that older under-nourished women (Table 2.3) had higher fasting plasma 

ghrelin levels that nourished older women (1320 + 348 [SEM] pg/ml vs. 552 + 132 pg/ml; 

P<0.1) (Sturm et al., 2003). It is not clear if ghrelin levels were increased in under-

nourished, older women, because of marked ghrelin resistance, increased concentrations of 

bio-inactive ghrelin or due to a compensatory response of plasma ghrelin to under-nutrition 

(similar to that seen when healthy young subjects exercised and lost weight in the study 

described earlier) (Leidy et al., 2004). This is the only study to date that has explored the 

effects of nutritional status on fasting plasma ghrelin levels in older people. To confirm 

these results, and to investigate the effects of nutritional status on plasma ghrelin levels in 

men, the study described in Chapter 8 was performed. 

Some but not all studies (as discussed above- (Cummings et al., 2004)) have suggested that 

differences in lean and fat mass are associated with differences in fasting plasma ghrelin 

levels. For instance, in a recent study of 50 men and women with chronic obstructive 

airways disease (COAD) (age range 41-83 years), fasting plasma ghrelin levels were found 

to negatively correlate with fat-free mass (lean body mass) measured using bioelectrical 

impedance [r=-0.49; P<0.05] in a subset of 16 subjects (Itoh et al., 2004). In this same 

study, fasting plasma ghrelin levels correlated negatively with the body mass index (BMI) 

[r=-0.38; P<0.01] (Itoh et al., 2004). Fasting plasma ghrelin levels were significantly higher 

in underweight subjects than in normal weight subjects with COAD (272 + 20 fmol/L vs. 

195 + 11 fmol/L; P<0.01) (Itoh et al., 2004). In another larger study of 852 healthy Swedish 
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men (58 year olds), fasting plasma ghrelin levels were inversely associated with several 

measures indicating obesity and abdominal obesity [waist circumference: r=-0.46, P<0.001; 

waist to hip ratio: r= - 0.38, P<0.01; body fat: r= -0.53, P<0.01] (Fagerberg et al., 2003). In 

this study, following multiple regression analysis, body fatness was found to be the 

strongest determinant of circulating ghrelin (Fagerberg et al., 2003). 

It is not clear as to what the effect of age is on plasma Ghrelin levels. In a small study of 

60 volunteers (age range 19-64 years, BMI range 20-64 kg/m2) where plasma ghrelin 

was measured frequently over 24 hours (standardized meals provided), multiple linear 

regression analysis found that age, weight, BMI, % fat, fat mass and lean mass were all 

not independently associated with the fasting plasma ghrelin levels (Purnell et al., 

2003). In contrast to this, two other small studies have reported that circulating ghrelin 

concentrations were 20% and 35% lower in healthy older people when compared to 

younger adults (Table 1.1) (Rigamonti et al., 2002; Sturm et al., 2003). In one study, 

Ghrelin levels were significantly (P<0.05) lower in older normal weight people (158 + 

29 [SEM] pg/ml) than younger normal weight people (245 + 35 pg/ml) (Rigamonti et 

al., 2002). In a second study, Ghrelin levels were non-significantly lower in healthy 

older people (552 + 132 [SEM] pg/ml) than in younger nourished older people (664 + 

83 pg/ml)(Sturm et al., 2003). In contrast to this, in a third study in 10 healthy people 

(age 29-1-63.7 years, BMI 22.0-30.0 kg/m2), a multivariate regression analysis with 24-

hour area under the curve (AUC) ghrelin as the dependant variable and age, BMI and 

total calories ingested over 24 hours as the independent variables found that age was the 

only variable that correlated significantly with ghrelin levels (P=0.045) (Cummings et 

al., 2001). Age correlated positively with the 24-hour AUC ghrelin values (r= 0.701, 

P=0.022) (Cummings et al., 2001). A limitation of these studies was that differences in 

body composition measurements (i.e. free fat mass and body fat mass), factors that may 

affect plasma ghrelin levels, were not adjusted for (Itoh et al., 2004).  
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It is also not clear if fasting plasma ghrelin levels are different in men and women. 

Greenman and colleagues recently found in their small study of 24 healthy adults (13 men, 

mean age 55.3 + 2.9 [SEM] years, range 26-74 years) that fasting plasma ghrelin levels 

were significantly higher in women compared to men (794 + 198 [SEM] pg/ml vs. 397 + 72 

pg/ml; P=0.04) (Greenman et al., 2004). This study had not adjusted for differences in 

waist/hip ratios [men 0.95 + 0.03 [SEM] vs. female 0.79 + 0.002]. As previously discussed, 

increased body fat may affect plasma ghrelin levels (Fagerberg et al., 2003; Greenman et 

al., 2004). In contrast to this study, in another study of 60 volunteers (described earlier), no 

significant differences were found between gender and ghrelin levels ([AUC] 417 + 247 vs. 

362 + 290 pg/ml; P=0.19)(Purnell et al., 2003). 

Table 2.3 The relationship between plasma ghrelin, nutritional status and age. 

[mean + SEM] Mean Age (year) Body Mass 
Index (kg/m2) 

Fasting Ghrelin 
Levels (pg/ml) 

(Rigamonti et al., 2002)    
Healthy Old (n=7) 79.8 + 2.1 25.0 + 1.7 158 + 29 
Healthy Young 
(n=12) 

33.4 + 1.0 21.2 + 0.9 245 + 35 

(Sturm et al., 2003) - all women    
Old Under-nourished (n=8) 80.4 + 2.6 16.9 + 0.57 1320 + 348 
Old Nourished (n=8) 77.0 + 0.9 23.7 + 0.8 552 + 132 
Young Nourished (n=8) 22.0 + 1.3 20.5 + 0.4 664 + 83 
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2.4.2 Sarcopenia and older people 

Rosenberg coined the term sarcopenia in 1989 from a Greek word that means ‘poverty of 

flesh’ (Rosenberg, 1997). Sarcopenia refers to the decline in muscle mass and strength that 

may occur with healthy ageing and is thought to be both a process and an outcome 

(Roubenoff & Hughes, 2000). Changes in muscle, decreasing anabolic hormones, 

decreasing physical activity, impaired oral intake and changes in the cytokine system 

contribute to sarcopenia (Figure 2.1). 

 
Figure 2.1 The multifactorial origin of sarcopenia     [*possible interventions] 

2.4.3 Non-physiological causes of under-nutrition in  
older people 

Non-physiological factors (Table 2.4) are important in the pathophysiology of under-

nutrition in older people. Brief important examples are discussed below. The studies 

described in Chapter 5 and 6 aimed to determine what non-physiological factors were 

associated with a poor nutritional status in South Australia (domiciliary care recipients) and 

Malaysia (shelter care residents). 
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Cognitive impairment 

Older people with cognitive impairment are at increased risk of under-nutrition. In an 

observational study of 32 residents of a long term care facility with a confirmed diagnosis 

of Alzheimer’s disease(AD), BMI was negatively associated with the baseline 

Neuropsychiatric Inventory: Nursing Home Version [NPI-NH] total score (r=-0.52, P 

<0.01), suggesting that subjects with low BMIs were more likely to have a higher frequency 

and severity of behavioral problems (White et al., 2004). In another study, 21 consecutive 

days of investigator-weighed food intake collections were conducted on 25 subjects with 

likely AD residing at a home for the aged in Canada (Young & Greenwood, 2001). In that 

study, approximately 88% of participants did not meet targeted energy needs and so it was 

concluded that people with cognitive impairment were at significant risk of weight loss and 

under-nutrition (Young & Greenwood, 2001). 

Depression 

In one study which looked at 837 elderly patient admitted consecutively to a sub-acute care 

facility in the United States of America, the Geriatric Depression Scale score in 

malnourished patients (Mini Nutritional Assessment [MNA] <17; Maximum 30) were 

worse than in patients at-risk of malnutrition (17-23.5 on the MNA) [12.2 + 6.4 [SD] vs. 8.7 

+ 5.8; P=0.05] (Thomas et al., 2002). The diagnosis of depression may be associated with 

reduced nutritional intake and treatment of depression may improve the nutritional status of 

older people (Kazes et al., 1994). In another study, some under-nourished subjects (n=381) 

as per the DETERMINE Your Nutritional Health Checklist received lunch only (5 

days/week) through an Elderly Nutrition Program in the United States of America whilst 

others received two meals per day for 5 days (breakfast and lunch; n=167) (Gollub & 

Weddle, 2004). This difference had occurred as a result of financial constraints to the 

program (Gollub & Weddle, 2004). The combined meals (lunch and breakfast) supplied 

two thirds of the recommended daily dietary intake (RDI) whilst lunch alone only provided 
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one third of the RDI (Gollub & Weddle, 2004). Subjects on the combined meals (6.26 + 

3.52) had less depressive symptoms based on a modified Geriatric Depression Scale (max 

score 16) than subjects on only one meal per day (7.45 + 4.16; P=0.03) after at least 6 

months of supplementation (Gollub & Weddle, 2004).  

Social isolation 

Older people who live alone are less likely to eat properly and are also likely to be at risk of 

under-nutrition. For example in an age-, sex- and race- matched study comparing 58 

recently widowed women to 58 married women in Israel, weight loss was significantly 

higher in the widowed women in comparison to the control group (Shahar et al., 2001). It 

may have been because, widowed women ate more meals alone, ate more commercial 

meals per week and fewer snacks and homemade meals and enjoyed eating less than 

married women (Shahar et al., 2001). 

Poverty 

Being poor is also a risk factor for under-nutrition in older people. For example, a large 

cross-sectional survey conducted in the United States of America (n=709), found that an 

annual income of less than $USD 10000 (OR 4.12; 95% CI 1.98-8.58) and a reduction in 

food stamps (OR 2.02; 95% CI 1.23-3.32) were predictors of food insecurity (Nelson et al., 

1998). 

Polypharmacy 

Many drugs have adverse effects that can impair nutritional intake (table 2.4) and so 

polypharmacy is likely to put older people at risk of under-nutrition. In the same study 

described above, drug use (OR 2.11; 95% CI 1.66-5.08) was also a strong independent 

predictor of food insecurity (Nelson et al., 1998). 
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Medical illnesses 

Many acute and chronic illnesses are associated with reduced oral intake. For example, an 

elderly person who has suffered a stroke may have limited oral intake due to dysphagia. A 

person with severe chronic obstructive disease may suffer from malnutrition as they may be 

too breathless to eat, may have increased metabolic needs, may be depressed and may also 

have difficulty shopping and preparing their own meals. Older, under-nourished people, 

with other co-morbidities (medical illnesses) are more likely to experience adverse health 

outcome (i.e. death) than healthier older people. In one study, the odds of death in patients 

with concurrent protein energy malnutrition (PEM) and congestive heart failure were 36.2 

(95% CI 6.7 – 196), relative to patients with neither congestion nor PEM (Cederholm et al., 

1995).  

Poor dentition and oral disease 

Nutritional status is also influenced by oral health. In a study on 51 subjects (mean age 83.7 

years) in Finland, dry mouth and eating problems (subjective assessment) were found to be 

significantly associated to lower MNA scores (p = 0.049 and p = 0.015, respectively) (Soini 

et al., 2003). Complimentary to this, subjects with natural functioning dentition had higher 

BMI scores (p = 0.049) (Soini et al., 2003). 



Chapter 2: Under nutrition in older people 

24 

Table 2.4 The many well-known non-physiological causes of under-nutrition in the elderly 
(Chapman, 2004; MacIntosh et al., 2000). 

Non-physiological causes of anorexia in older persons 
Social factors 

poverty 
inability to shop 
inability to prepare and cook meals 
inability to feed oneself 
living alone, social isolation, or lack of social –support network 
failure to cater to ethnic food preferences 

Psychological factors 
alcoholism 
bereavement 
depression 
dementia or Alzheimer’s disease 
cholesterol phobia 

Medical factors  
(mediated through anorexia, early satiation, malabsorption, increased metabolism, cytokine-mediated 
and impaired functional status) 
cancer 
alcoholism 
cardiac failure  
chronic obstructive airways disease 
infection 
dysphagia 
rheumatoid arthritis 
Parkinson’s disease 
hypermetabolism (e.g., hyperthyroidism) 
malabsorption syndromes 
gastrointestinal symptoms: dyspepsia, atrophic gastritis, vomiting, diarrhoea,  
constipation 
poor dentition 
medications  

nausea/vomiting – antibiotics, opiates, digoxin, theophylline, non-steroidal anti-inflammatory agents (nsa
anorexia- antibiotics, digoxin 
hypogeusia- metronidazole, calcium channel blockers, angiotensin –converting enzyme inhibitors 
(acei), metformin 
early satiety- anticholinergic drugs, sympathomimetic agents 
reduced feeding ability- sedatives, opiates, psychotropic agents 
dysphagia –potassium supplements, NSAIDs, biphosphonates, prednisolone 
constipation- opiates, iron supplements, diuretics 
diarrhoea- laxatives, antibiotics 
hypermetabolism- thyroxine, ephedrine 

 

 



Chapter 3: Screening for and diagnosing under-nutrition 

25 

Chapter 3 

Screening for and diagnosing under-nutrition in older people 

3.1 Introduction 

A number of techniques have been used to determine nutritional status in older people. 

However, there is no consensus about the best way to diagnose protein energy malnutrition 

(PEM), or screen for those at risk of under-nutrition. In-depth assessment of nutritional 

status usually involves some combination of: 1) dietary intake evaluation, 2) anthropometric 

measures, 3) laboratory markers, and 4) body composition analysis. It is unlikely that the 

use of a single measure can adequately screen or diagnose PEM. It is more likely that a 

combination of methods, preferably tailored to the individual person’s needs, is required to 

diagnose under-nutrition. For this reason, in the study described in Chapter 7, several 

measures were combined to form the Standard Nutritional Assessment (SNA, Table 7.1) 

grid. The benefits and limitations of some of these assessment methods are discussed here. 

Nutritional screening for use in the community at-large, needs to be cheap, quick, easily 

administered, reliable, sensitive and specific. In this Chapter also, the benefits and limitation 

of some commonly used nutritional screening tools, including those utilized and assessed 

by the author in the studies described in Chapters 5-8, are addressed.  



Chapter 3: Screening for and diagnosing under-nutrition 

26 

3.2 Assessment of dietary intake  

Best performed by trained dietitians are four methods to obtain information regarding food 

habits and food consumption: 1) food records (diaries), 2) the 24-hour recall method, 3) the 

Food Frequency Questionnaire (FFQ) and 4) diet histories (Omran & Morley, 2000a). No 

one method has been established as clearly superior (Omran & Morley, 2000a). The 24-

hour recall method and food diaries are discussed here as they were used to estimate food 

intake in the study described in Chapter 8. 

3.2.1 The 24 hour recall method 

The 24-hour recall method requires participants to recall the type and portion size of the 

food consumed in the preceding 24 hours. It’s accuracy may be affected by short-term 

memory difficulties, which are more common in elderly than younger subjects (Omran & 

Morley, 2000a). The best results are often obtained when this is performed by professionals 

trained in dietetics, as they are able to prompt subjects to estimate portion size accurately 

and ask probing questions regarding commonly used snacks to refresh the subject’s 

memory [multiple pass] (Omran & Morley, 2000a). Another limitation of this method is 

that it does not allow for day-to-day variations in food intake (Omran & Morley, 2000a). 

For example, in a study of 587 adults, the food intake varied significantly over the week 

with the greatest intake of meat, carbohydrate and alcohol occurring over the weekend (Jula 

et al., 1999).  

Validity studies comparing this method to food records have shown mixed results 

highlighting the limitations of this dietary evaluation method (Omran & Morley, 2000a). In 

one study, there was a weak correlation between 24-hour urine nitrogen excretion (gold 

standard) and dietary nitrogen as estimated from the 24-hour food recall method and the 

FFQ, in the order of 0.01 to 0.5 (Bingham et al., 1995). The 7 day food diary and weighed 

records were found to be more accurate than the 24-hour food recall method (Bingham et 
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al., 1995). Similar findings were seen in a more recent study, when weighed records had the 

highest correlation [r=0.78-0.87] with biological variables (eg. urine nitrogen excretion), 

whilst the 24-hour recall and the food frequency questionnaire recorded the lowest [r=0.10-

0.27] correlation with biological variables (Bingham et al., 1997).  

The 24-hour recall method was used to assess food intake in a group of older under-

nourished people who were enrolling into an intervention study and the results derived were 

also used in the study described in Chapter 8. That randomized control intervention trial 

involved the administration of many different (some lengthy) assessment tools at baseline, 6 

and 12 months. The 24-hour recall method, which is the quickest method of food intake 

estimation, was chosen to be used in that study despite it’s limitations because of it’s 

simplicity. Investigators recorded the details of all food and beverage items consumed over 

the preceding 24-hour period based on interviews conducted with the subject’s in their own 

homes. Subjects were asked to estimate portion size using measure cups or spoon measures. 

Subjects were also asked for recipes used for meals as well as the method of cooking of 

foods. Individual food items recorded were entered into and the dietary energy intake (kJ) 

was calculated using a computer software program Foodworks version 3.1 (Xyris Software, 

Australia, Pty Ltd).  

3.2.2 Food diaries (records) 

Motivated and literate subjects are expected to record all food and beverages consumed in 

type and amount, estimated by weight, for a period of time (Omran & Morley, 2000a). This 

method has several advantages. In their study, Bingham and colleagues found that there was 

a strong correlation of 0.87 between 24 hour urine nitrogen excretion and dietary nitrogen 

estimated from 7 day weighed food records (Bingham et al., 1995). Other advantages of 

this method are that it takes into account day-to-day variation in food intake and it’s limited 

dependence on recall (memory) (Omran & Morley, 2000a). Recording food intake over a 

shorter period (i.e. 3 days) may have better accuracy than food records over a longer period 

(i.e. 7 days). In one study of 587 adults where it was clearly shown that food intake varied 
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over the week (i.e. greater intake on weekends compared to weekdays), there was a very 

strong correlation between the shorter 5-day food record and the 7-day food record (r=0.96-

0.98) (Jula et al., 1999). It has also been previously shown that the accuracy of food records 

decline in the later part of a week (5th, 6th and 7th days) and so shorter periods of record (5 

days or less) may be preferable (Gersovitz et al., 1978; Omran & Morley, 2000a). It has 

been proposed that the 3-day food record method may have a lower error rate. In a study 

comparing the 24-hour recall method, 3-day food diary and 5-day food frequency method to 

observed intake, in 58 girls aged 9 and 10 years, the 3-day food diary recorded the lowest 

percentage of absolute error (12-22%) in comparison to the 24-hour recall (19-39%) and the 

5-day food frequency method (20-33%) (Crawford et al., 1994).  

The 3 day diary was used in the study described in Chapter 8 to assess the food intake of 

healthy nourished volunteers because it was shorter than the 7-day food diary and so, less 

taxing on the volunteers encouraging better compliance with record keeping. We had opted 

to use the 3-day food diary as we were fairly certain that these healthier older people would 

be able to reliably complete the diary as opposed to the frail older people in the intervention 

study who were asked to complete a 24 hour food recall record instead. The 3-day food 

diary would more accurately reflect food intake than the 24-hour food recall diary. Subjects 

were asked to record, in a diary that was provided, the details (including weight) of all food 

and beverage items consumed over 3 days. When it was impractical to weigh the foods or 

beverages, subjects were asked to estimate portion size using measure cups or spoon 

measures. Subjects were also asked to record recipes used for meals as well as the method 

of cooking of foods in the diary. Individual food items recorded were entered into and the 

dietary energy intake (kJ) was calculated using a computer software program Foodworks 

version 3.1 (Xyris Software, Australia, Pty Ltd).  

The main disadvantages of this method is that it is cumbersome and time consuming for the 

subject and also it requires some training in terms of estimating portion size (Omran & 

Morley, 2000a).  
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3.3 Anthropometric measurements 

In this section, the use of the body mass index (BMI), as an anthropometric measure to 

predict nutritional risk is discussed. Also, we discuss the use of unintentional change in 

weight over time as a predictor of change in nutritional status. Weight measurement is the 

most basic anthropometric measure available and serial monitoring of weight change is 

very simple to perform. These 2 measures (low BMI and unintentional weight loss over 

time) have been shown to strongly predict the mortality and morbidity risk within various 

settings (Bo et al., 2003; Maurer et al., 2002; Somes et al., 2002). These 2 measures were 

used in the studies described in Chapters 5-8 to screen or diagnose nutritional risk. Detailed 

description of other anthropometric measures are described elsewhere (Omran & Morley, 

2000a). 

3.3.1 Body Mass Index (BMI) 

BMI (kg/m2) is calculated by dividing body weight (kg) by height2 (m2). BMI estimation is 

frequently performed in clinical practice but has several limitations and these are discussed 

below. Nevertheless, it remains one of the cheapest and easiest method of screening for 

under-nutrition in older people and so should be utilized. Healthy BMI ranges are likely to 

vary with age, sex and ethnicity and as yet there is no consensus as to the best normative 

values for various population groups. However, there is strong evidence that a reduced BMI 

in an older person is associated with increased mortality and morbidity and this is discussed 

below (Bo et al., 2003; Maurer et al., 2002; Somes et al., 2002). The BMI was estimated in 

the studies described in Chapter 6 - 8 as part of the Mini Nutritional Assessment (MNA- 

Appendix 1), Standard Nutritional Assessment (SNA-Table 7.1) and rapid screen. The BMI 

was also used as an objective comparator for the evaluation of the translated ‘DETERMINE 

Your Nutritional Health Checklist’ (NHC) in the study described in Chapter 5. 

As stated earlier, at present there is no consensus on the best cut-off values to be used for 

the diagnosis of under-nutrition in older people, especially in Australia and Malaysia. The 
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Nutrition Screening Initiative (NSI) had previously defined that the normal BMI for the 

American population is between 22 and 27kg/m2 (Committee on Diet and Health et al., 

1989). The Nutrition Screening Initiative was a collaborative effort of the American Dietetic 

Association, the American Academy of Family Practitioners, and the National Council on 

the Ageing Inc to aid in the evaluation of the nutritional status of older persons in the United 

States of America (The Nutrition Screening Initiative, 1994). As the composition of the 

Australian population is very similar to the American population, we elected to us a lower 

cut-off value of 22 kg/m2 in the SNA and rapid screen, similar to the NSI, to define 

nutritional risk in the study described in Chapters 7 and 8. In keeping with this, in an 

Australian study comparing the MNA to the Subjective Global Assessment, the authors 

similarly recommended that the BMI range for healthy older adults should be 22-27 kg/m2 

(Barone et al., 2003; Bartlett, 1998). This lower cut-off (BMI < 22kg/m2) has also been 

associated with poorer health outcomes. In their prospective cohort study of 586 

hospitalized patients (> 3days), Sullivan et. al. found that the adjusted relative risk of a life 

threatening complication for a BMI < 22kg/m2 (15.4%) was 7.1 (95% CI 2.0-25.7) in 

comparison to BMI > 22 kg/m2 (4%) (Sullivan et al., 2002). Similar cut-off values have 

been used in other studies (Barone et al., 2003; Sullivan et al., 2002).  

This normal range is likely to vary as the ethnicity of the study population changes. Several 

studies have shown that Asian populations have a higher body fat percent at similar BMI, 

compared with Caucasian/European populations (Deurenberg et al., 2002; Ministry of 

Health Malaysia, 2003; Wang et al., 1994). For this reason, in Malaysia, the healthy BMI 

range for adult Malaysians has been determined to be between 18.5 and 22.9 kg/m2 

(Ministry of Health Malaysia, 2003). Therefore, when a Malaysian population was studied 

in Chapter 5, a lower cut-off value of <18.5 kg/m2 was used to define nutritional risk 

(Ministry of Health Malaysia, 2003).  

There is good evidence to support the fact that a low BMI in an older person is associated 

with increased mortality and morbidity (Bo et al., 2003; Maurer et al., 2002; Somes et al., 
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2002). In a restrospective study reviewing complication rates in a population of older 

patients (n=1448, >75 years older) admitted for cardiac surgery in the United States, 

subjects with BMI < 23kg/m2 had a higher risk of experiencing serious post-operative 

complications (Maurer et al., 2002). In the large Systolic Hypertension in the Elderly 

Program (SHEP), 4736 participants 60 years and older were studied and those with a BMI 

values less than 23.6 kg/m2 had a 35% increased odds of mortality in comparison to those 

with BMI between 23.6 (inclusive) and 28 kg/m2 (Somes et al., 2002). 

The result of recent large studies (i.e. SHEP trial) contradict previously held beliefs that a 

U-shaped curve model of survival to BMI (i.e. Framingham study) exists (Harris et al., 

1988; Somes et al., 2002). These new studies suggest that an increased BMI in older people 

is not associated with increased risk of death (Stevens et al., 1998). For instance, in the 

SHEP trial, the lowest mortality rates (6%) were seen at the highest BMI quintiles (BMI > 

31.0 kg/m2) and the highest mortality rate (9.4%) was seen when the BMI values were < 

23.6 kg/m2 (Somes et al., 2002). In another large study of over 320,00 people followed for 

12 years, Stevens and colleagues found that increasing BMIs was not associated with 

increased mortality in older age groups (men > 85 years, female > 75 years) (Stevens et al., 

1998). Similarly, in another study of 4208 people (age > 65 years), Taylor and Ostbye 

found that BMI and mortality had a ‘reverse-J’ relationship for both men and women with 

the highest mortality rate found among persons who were very light (<18.5kg/m2) and the 

lowest mortality being found in those with a BMI between 30 and 34.9 regardless of age 

(Taylor & Ostbye, 2001). This relationship was totally reversed when the BMI at age 50 

was analyzed (Taylor & Ostbye, 2001). Therefore, BMIs commonly associated with being 

over-weight or obese in middle age may actually be protective in older people and this 

requires further study as this may have public health policy implications in ageing nations, 

especially with increasing awareness with regards to the dangers of obesity in younger age 

groups. Misconception amongst older people that being thin is healthy may need to be 

addressed sooner rather than later.  
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3.3.2 Unintentional weight loss 

Unintentional weight loss occurs frequently in the elderly, and the loss of body weight is 

disproportionately lean body mass (sarcopenia), as opposed to fat mass (Liu et al., 2002; 

MacIntosh et al., 2000; Somes et al., 2002; Wedick et al., 2002). The unintentional loss of 

body weight is strongly associated with an increased risk of mortality (Liu et al., 2002; 

Somes et al., 2002; Wedick et al., 2002). In one study looking at patients discharged from 

hospital, weight loss > 10% of their body weight in the 12 months before discharge was 

strongly associated with mortality at 12 months after discharge [RR of 2.31 (95% CI 1.35-

3.94)] (Liu et al., 2002). In fact, in the large SHEP trial (Systolic Hypertension in The 

Elderly Program), it was shown that after adjustment for baseline BMI and covariates, a 

weight loss of >1.6 kg/year was associated with increased mortality with an odds ratio of 

4.9 (95% CI: 3.5-6.8) in comparison to the reference group (i.e. weight change –0.7 to 0.5 

kg/year) (Somes et al., 2002). A ‘U’ shaped curve was also seen (Figure 1 and 2) with the 

extremes of weight change being associated with the highest mortality (Somes et al., 2002). 

The combination of weight loss and a low BMI put subjects at greatly increased risk of 

death (Somes et al., 2002).  
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Figure 3.1 Mortality risk by baseline body mass index (BMI) and average annualized 
weight change (quintile medians displayed), Systolic Hypertension in the 
Elderly Program, 1984–1990. The error bars represent 95% confidence 
intervals (Somes et al., 2002). [Reproduced with permission] 

 

Figure 3.2 Mortality risk by baseline body mass index (A) and by average annualized 
weight change (B), Systolic Hypertension in the Elderly Program, 1984–
1990. The error bars represent 95% confidence intervals (Somes et al., 
2002). [Reproduced with permission] 
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3.4 Laboratory markers of under-nutrition 

Laboratory markers potentially provide an objective method of defining nutritional risk. 

The use of only one specific marker is unlikely to provide a satisfactory diagnosis in all 

older people as each of these marker has potential limitations. There are many laboratory 

markers that that may reflect protein energy malnutrition and these include: serum proteins 

(albumin, pre-albumin), urine creatinine, immune function parameters (total lymphocyte 

count), serum cholesterol and haemoglobin (Omran & Morley, 2000b). Serum albumin, 

total lymphocyte count and total serum cholesterol were used as part of the standard 

nutritional assessment (SNA- Table 7.1, described in 7.3.1), which was devised for use as 

the in-depth nutritional assessment comparator for the study described in the study 

described in Chapter 7, and so these are described below. These markers were also selected 

because they are performed frequently in clinical practice for evaluation of other common 

medical complaints. There is evidence for their utility and this is described here. Detailed 

description of other laboratory measures are available elsewhere (Omran & Morley, 2000b). 

3.4.1 Albumin 

Albumin has a long circulating half-life of approximately 18 days (Omran & Morley, 

2000b; Rothschild et al., 1972). Serum levels of albumin reflect the net balance of hepatic 

synthesis (12-15 g/d), plasma distribution, and protein loss. Over 60% of albumin is present 

in the extravascular pool and can be mobilized into the intravascular space in periods of 

stress due to surgery or infection. With ageingageingageing, there may be a small decline in 

serum albumin of up to 0.8g/l per decade after the age of 60 years, although this is not 

certain (Omran & Morley, 2000b; Rall et al., 1995). Serum albumin levels often decrease 

acutely following hospitalization for an illness and this is thought to be due to release of 

cytokines and/or the adoption of the recumbent position for prolonged periods (Omran & 

Morley, 2000b). Cytokines are produced during and participate in inflammatory processes 

and are the chief stimulators of the production of many acute-phase proteins (e.g. 
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fibrinogen) (Gabay & Kushner, 1999). It is not clear what functional advantages may arise 

from decreases in plasma concentrations of negative acute-phase proteins (i.e. albumin) 

(Gabay & Kushner, 1999). Possibly, there may be a need to divert available amino acids to 

the production of other more necessary acute-phase proteins for host defense (Gabay & 

Kushner, 1999). Chronic alteration in serum albumin levels can also occur with diseases 

that reduce hepatic production of albumin (i.e. cirrhosis or heart failure) and diseases that 

increase peripheral protein loss (i.e. nephrotic syndrome). For this reason, the use of serum 

albumin levels alone to diagnose under-nutrition is not recommended.  

Nevertheless, as many studies have shown a strong relationship between hypoalbuminemia 

and increased mortality, most in-depth assessment of nutritional status include an 

assessment of serum albumin levels (Omran & Morley, 2000b). For review see Omran and 

Morley (Omran & Morley, 2000b). In the MacArthur Research Network on Successful 

Ageing Community Study, subjects who were hypoalbuminemic (< 38g/l) [normal serum 

cholesterol levels] had an adjusted relative risk (RR) 1.84 (95% CI 0.80-4.29) of dying 

within 3 years and an adjusted RR of 1.33 (95% CI 0.77-2.30) of dying within 7 years 

compared with those with normal serum albumin values (Reuben et al., 1999). This 

association with increased risk of mortality was amplified when subjects were both 

hypoalbuminemic (< 38g/l) and hypocholesterolemic (< 4.33 mmol/l). Subjects who were 

both hypoalbuminemic and hypocholesterolemic had an adjusted RR of 3.62 (95% CI 1.07-

12.20) of dying within 3 years and an adjusted RR of 3.52 (95%CI 1.39-8.96) of dying 

within 7 years when compared to subjects with normal serum and cholesterol values 

(Reuben et al., 1999). This large cohort study of 1192 community dwelling older people 

(age 70-79 years) with good physical and cognitive function was conducted over a period of 

7 years (Reuben et al., 1999). 937 subjects had blood chemistries performed in 1988 and 

had follow-up dates in 1991 and 1995 (Reuben et al., 1999). In another study, pre-operative 

hypoalbuminemia (<25g/l) was associated with increased risk of death and was also an 

independent predictor of post-operative (cardio-thoracic) complications (Engelman et al., 
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1999). Operative mortality was highest in those with concomitant hypoalbuminemia and 

low BMI (<20kg/m2) (Engelman et al., 1999). The exact serum albumin cut-off value that 

should be used in older people has not been clearly defined and varying cut-off values have 

been used in various studies with the most common value being < 35 g/l (Azad et al., 1999; 

Engelman et al., 1999; Reuben et al., 1999; Reuben et al., 1997; Thomas et al., 2002). 

3.4.2 Total Lymphocyte Count (TLC) 

Malnutrition is not only a major risk factor for infection, but because of an increase in 

metabolic demand and its duration, infection is also an important cause of malnutrition 

(Gavazzi & Krause, 2002). There is still no consensus as to what happens to the TLC with 

ageing (Omran & Morley, 2000b) (Krause et al., 1999; Mazari & Lesourd, 1998). TLC 

may decrease at times of stress and with tumors, sepsis and steroid use (Omran & Morley, 

2000b). Total plasma lymphocyte count (TLC) decreases with progressive malnutrition and 

correlates with mortality and morbidity in hospitalized patients (Omran & Morley, 2000b). 

Under-nutrition in older people results in decreased lymphocyte proliferation and impaired 

cell-mediated immunity (Lesourd, 1997). TLC have been used in many studies as a 

nutritional markers often in combination with other anthropometric, dietary and 

biochemical markers (Azad et al., 1999; Millen et al., 2001; Sungurtekin et al., 2004). Up 

to a four-fold increase in mortality has been reported with a TLC of less than 1500/mm3 

(Omran & Morley, 2000b; Seltzer et al., 1979). In another study, a pre-operative 

lymphocyte count of less than 1500/mm3 was associated with a three times higher 

frequency of healing complications post knee or hip replacement surgery (Marin et al., 

2002). Based on these literature evidence, a cut-off value of TLC < 1500/ mm3 was chosen 

as one of the parameter indicating an impaired nutritional status in the SNA (Table 7.1) 

which was used in Chapter 7.  
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3.4.3 Total cholesterol 

Total plasma cholesterol concentrations increase with age in healthy individuals, reaching a 

peak between the sixth and ninth decades and decreasing afterwards (Omran & Morley, 

2000b; Tietz et al., 1992). It is unclear if low total serum cholesterol is a marker of poor 

nutrient intake (Noel et al., 1991; Omran & Morley, 2000b; Sullivan et al., 1999) or a 

nonspecific feature of poor health status (Goichot et al., 1995; Rosenthal et al., 1998). Low 

cholesterol values (e.g. <4.2 mmol/l [+ hypoalbuminemia, + low BMI]) have been shown to 

be associated with increased mortality and morbidity (e.g. functional decline) in older 

people in hospitals (Noel et al., 1991; Onder et al., 2003; Sullivan et al., 1999), nursing 

homes (Verdery & Goldberg, 1991) and community settings (Casiglia et al., 2003; Reuben 

et al., 1999; Schalk et al., 2004) in many studies. For example, in a recent longitudinal 

study of 3282 elderly subject older than 65 years conducted in Italy, overall mortality was 

higher with lower total serum cholesterol and this association was particularly evident in 

women and amplified by the co-existence of a low BMI (Casiglia et al., 2003). Total 

cholesterol had a protective role in women (P = 0.0001) (Casiglia et al., 2003). In women, 

there was 0.2% risk reduction for every mmol/l total serum cholesterol increase (Casiglia 

et al., 2003). In that study also, men and women with total cholesterol levels < 4.66 mmol/l 

and BMIs < 25 kg/m2 had an increased relative risk for overall mortality of 1.38 and 1.39 

respectively in comparison to men and women with total cholesterol levels > 4.66 mmol/l 

and BMIs > 25kg/m2. A decrease in cholesterol levels after admission to hospital was 

associated with more complications and increased length of stay in another study (Noel et 

al., 1991). A larger Italian study (Italian Longitudinal Study on Ageing) found that subjects 

with higher serum total cholesterols (> 4.9mmol/l) were at lower risk of mortality than those 

with lower serum cholesterol levels even after adjustment for multiple confounders such as 

pre-existing medical illnesses and frailty markers (Brescianini et al., 2003). Interestingly, 

most subjects with very low serum total cholesterol levels were not on cholesterol lowering 

medications (Brescianini et al., 2003). In their study using a detailed nutritional grid to 
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evaluate various nutritional screening tools, Azad et. al. included serum cholesterol 

measurements and used a cut-off value of < 4.15 mmol/l as a marker of under-nutrition 

(Azad et al., 1999). Based on this study, we arbitrarily opted to use a lower cut-off value of 

< 4.15 mmol/l as an indicator of malnutrition in the SNA (Table 7.1) which we devised for 

use in the study described in Chapter 7 (Azad et al., 1999).  
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3.5 Body composition assessment 

3.5.1 Background 

Weight loss can be due to either a loss of body fat mass or fat free mass or a combination of 

both (Omran & Morley, 2000a). There are good reasons for including objective 

measurements of fat free mass (FFM) and body fat mass (BFM) in the nutritional 

assessment of older people (Kyle et al., 2001c). Age-related loss of muscle mass and 

muscle strength or sarcopenia is common in the elderly and is associated with disability, 

loss of independence and morbidity (Baumgartner et al., 1998). Nutritional depletion in 

older people may be missed as weight stability may mask sarcopenia (Gallagher et al., 

2000). Older subjects are known to have lower FFM and appendicular skeletal muscle mass 

(ASMM) and higher body fat than younger people (Haapanen et al., 1997; Kyle et al., 

2004; Kyle et al., 2001a; Williamson et al., 1991).  

3.5.2 Methods for estimating body composition 

Several methods exist for estimating body fat (FM) and fat free mass (FFM). For instance, 

the use of triceps skinfold (TSF; measured by a caliper) and the measurement of the mid 

arm circumference (MAC; using a flexible tape) provides an approximate assessment of fat 

stores and muscle mass (Omran & Morley, 2000a). Bioelectrical impedance (BIA) on the 

other hand is a non-invasive method to determine body composition based on the resistance 

of FFM to a high frequency, low – amplitude, alternating electric current that is 

inexpensive, safe, quick and highly reliable (Omran & Morley, 2000a). Computed 

Tomography (CT) has the ability to visualize subcutaneous and intra-abdominal fat whilst 

Magnetic Resonance Imageing (MRI) has the ability to also provide accurate information 

regarding fat distribution and muscular changes with age (Omran & Morley, 2000a). Dual 

energy X-ray absorptiometry (DEXA) is also an important, non-invasive, method for 

quantifying changes in bone and soft tissue with age (Omran & Morley, 2000a). The 

underwater weight remains the gold standard against which all other measures are validated 



Chapter 3: Screening for and diagnosing under-nutrition 

40 

(Omran & Morley, 2000a). DEXA was used in the study described in Chapter 8 to estimate 

FFM and FM. Therefore, this method is described in greater detail here. Omran and 

colleagues have discussed the other methods for assessing body composition in their 

published review (Omran & Morley, 2000a). 

The dual energy X-ray absorptiometry method 

Dual energy X-ray absorptiometry (DEXA), bioelectrical impedance analysis (BIA) and air 

displacement plethysmography are frequently used, mainly in research settings, as non-

invasive methods for estimation of body composition, and are said to have similar accuracy 

(Kyle et al., 2002a).  

In Chapter 8, DEXA (Norland TM densitometer XR36, Norland Medical Systems, Fort 

Atkinson, Wisconsin, USA) was used to assess FFM and FM at baseline in under-nourished 

and healthy older people. The DEXA method involves subjects lying supine on a scanning 

bed with minimal clothing whilst a low dose x-ray scans their body. Individuals are scanned 

at 130mm/s using a scan resolution of 6.5 x 13mm for approximately 20 minutes. The 

Norland XR36 DEXA which uses version Revision 3.9.4 software, defines the head region 

as the area from the top of the head to the bottom of the cervical vertebra; the trunk region 

from the top of the clavicle bone to the bottom of the pubic bone; the abdominal region 

from the bottom of the rib cage to the bottom of the pubic bone. The leg region is defined as 

the area from the spinal line of the femur bone to the tip of the distal phalanx bone of the 

foot. The arm region on the other hand is defined as the area from the top of the humerus 

bone to the tip of the distal phalanx bone of the hand. The left and right leg and arms are 

analyzed separately, and then both masses are summed to calculate the total mass of the 

legs and arms, respectively. Total fat and lean mass were calculated as the sum of all these 

respective components.  
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DEXA directly measures percentages of fat and lean soft tissue and compares the ratio of 

photon attenuation and low and high energy beams (Rst) to experimental ratio values of fat 

and lean soft tissue, established by calibration with phantoms equivalent to 100% fat and 

100% lean soft tissue (Blake, 1999; Genton et al., 2002). DEXA measurements are quick, 

non-invasive, precise and largely operator independent (Genton et al., 2002). They deliver a 

radiation exposure of 2 to 5 microSv, which is low in comparison to background radiation 

of 5 to 7 microSv (Genton et al., 2002; Madden & Morgan, 1997).  

Limitations of the DEXA method 

Several limitations with DEXA arise from the need to make certain assumptions: 1) there is 

the same amount of fat over bone as over neighbouring bone-free tissue; 2) that designed 

calibration phantoms correct for beam hardening [increased tissue thickness interferes with 

Rst estimation]- may not be true in very obese individuals; and 3) that there is constant 

hydration and electrolyte content of lean soft tissue (Genton et al., 2002). Changes in body 

positioning on the examination table may also affect body composition measurements by 

DEXA. 

A recent Australian study compared DEXA-derived [NorlandXR36] skeletal muscle mass 

(SMM) values [1.333 (total arm and leg skeletal mass)] with those calculated by a nuclear 

method (TBK) from total body potassium (TBK) and total body nitrogen (TBN) using an 

equation (SMM= [0.188 x TBK] + [0.00183 X TBN]) in 75 older Australian (aged 51-84 

years) and found that the DEXA could be used confidently (men r=0.83, women r=0.87; 

P<0.0001 for both) to estimate SMM in older people (Hansen et al., 1999; Wang et al., 

1996). DEXA measurements, however, were found to underestimate FFM estimates in 

older women in comparison to FFM determined by TBK (37.4kg vs. 41.1kg; P<0.01), 

possibly because of software modeling inaccuracies in defining truncal fat (Hansen et al., 

1999). It is thought that in individuals with increased upper body adipose tissue (i.e. obese 

older people), DEXA may underestimate % body fat (Clasey et al., 1999). Therefore, 

caution was recommended when interpreting these values in older women (Hansen et al., 

1999).  
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In another study comparing % body fat mass (FM) estimation by DEXA against a 4-

compartment model (validated against neutron-activation analysis), the mean difference 

between % fat estimated by DEXA and the 4-comp model ranged from 0.9-4.5%, with the 

largest difference seen in younger women (mean difference –4.5%; P<0.01) (Clasey et al., 

1999). The fact that DEXA assumes constant hydration state for the FFM of all individuals 

may have contributed significantly to the large individual errors in the estimation of % fat 

by DEXA in this study (Clasey et al., 1999). Therefore, changes in the hydration status of 

older people may possibly affect body composition results (Clasey et al., 1999).  

Changes in body positioning on the examination table may also affect body composition 

measurements by DEXA due to subtle changes in regional tissue depth and fat distribution 

(Lambrinoudaki et al., 1998). In one study, the DEXA estimated (fan beam mode) mean fat 

tissue mass (FTM) and mean lean tissue mass (LTM) with the head excluded, was 

significantly different in the prone and supine position (FTM supine vs. prone, 25.129 + 

10.445 vs. 24.030 + 10.388 kg, P=.0001; LTM supine vs. prone, 37.309 + 9.357 vs. 38.246 

+ 9.150 kg, P=.0001) (Lambrinoudaki et al., 1998).  

3.5.3 Body composition and nutritional status 

The inclusion of body composition analysis may aid the assessment of nutritional risk in 

older people. In their study of 995 patients admitted consecutively to a hospital in 

Switzerland, Kyle et al. found that 73% of patients with a BMI < 20kg/m2 and 31% of 

patients with a BMI between 20 and 25kg/m2 fell below the 10th percentile for FFM [BIA 

assessment] (Kyle et al., 2001c). The use of a BMI cut-off value of < 20kg/m2 (17.3%) or a 

serum albumin value < 35g/l (14.9%) as a marker of under-nutrition under-estimated the 

percentage of patients who had a very low FFM (31%). FFM was also significantly lower in 

severely under-nourished (by subjective global assessment) patients and moderately 

undernourished female patients and body fat was significantly higher in well- nourished 

patients in comparison to healthy aged-matched volunteers (Kyle et al., 2002c).  
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3.5.4 Population percentile distributions  

Percentile distributions for FFM have been formulated for use in countries such as 

Switzerland (Caucasian population) and Japan (Japanese population) (Ito et al., 2001; Kyle 

et al., 2002a; Kyle et al., 2001b). Percentile ranks such as the 10th and the 90th percentiles 

can be used to define nutritional depletion and obesity (Kyle et al., 2003). Body 

composition is known to vary with age, sex and population specifics (Craig et al., 2001; 

Kyle et al., 2002a; Molarius & Seidell, 1998). It can be expected that over time, the 

population distribution will change (ethnicity, lifestyle etc.) and with this, reassessment of 

cut-off values must be made (Kyle et al., 2002a). Unfortunately, presently, there are no 

known normative data for use in an Australian population.  

3.5.5 Height adjusted body composition measures may be better 

It has been suggested that height-normalized indices of body composition (adjusted for 

height2 - kg/m2) should be used in preference to other measurements in the assessment of 

nutritional status (Kyle et al., 2003; VanItallie et al., 1990). The fat free mass index (FFMI) 

and the body fat mass index (BFMI) have the advantage of being height adjusted 

(VanItallie et al., 1990). FFM values decline in men and women from 50 years of age 

onwards (Ito et al., 2001). It is thought that this decrease in FFM is partly caused by the 

shorter height of older individuals (Ito et al., 2001; Kyle et al., 2001b). In contrast to this, 

the FFMI is said to be stable until the ages of 75 years before declining thereafter (Kyle et 

al., 2003; Schutz et al., 2002). In the First National Health and Nutrition Examination 

Survey (NHANES1) which was conducted in the United States between 1971 and 1975, 

baseline height measurements (n=14,407) revealed that 70-74 year olds were shorter than 

the 40-59 year olds by an average of 4.2 cm, an absolute difference of 2.6% (Opotowsky et 

al., 2003). Therefore, height adjusted body composition measures can be advantageous. 
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3.5.6 Poor body composition measures are associated with increased 
morbidity 

Reduced amounts of lean mass have been associated with increased risk of prolonged 

hospitalization (Kyle et al., 2002b). A significant association between the length of 

hospitalization and low FFMI and very high BFMI was seen when 1762 patients were 

evaluated upon admission to hospitals in Geneva and Berlin and compared to healthy 

volunteers who were selected from a database of Geneva volunteers (Kyle et al., 2002b). In 

another Swiss age-matched study of 995 patients (age 15-98 years) hospitalized for medical 

and surgical reasons, low FFM values (< 17.4 kg in men and < 15.0 in women) were noted 

in 37% and 55.6% of patients who were hospitalized for 1-2 and >12 days respectively. In 

that study, severe nutritional depletion as assessed by a low FFM was associated with an 

increased length of hospitalization (low FFM [<17.4 kg (men) and < 15.0 kg (women)] vs. 

normal/high FFM [2.5-8.2kg (men) and 4.9-11.8kg (women)] = 8.7 days vs. 4.3 days, P 

<0.001) (Pichard et al., 2004).  
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3.6 Nutritional screening tools 

Several nutritional screening tools exist to identify elderly people at risk of the negative 

health consequences of under-nutrition, so they can then be targeted for suitable 

interventions. All these tools have strengths and weaknesses. This section focuses on the 

Mini Nutritional Assessment (MNA- Appendix 1) and the ‘DETERMINE Your Nutritional 

Health Checklist’ [NHC- Appendix 2] for the reasons given below.  

The Mini Nutritional Assessment (MNA) and the Australian Nutritional Screening Index 

(ANSI) have been used to screen older people for nutritional risk in several recent 

Australian studies. The ANSI was developed based on the ‘DETERMINE Your Nutritional 

Health Checklist’ (NHC). Of the two screening instruments, the MNA has been most 

extensively validated for use in the elderly in various settings, has been used widely 

overseas, and shown to accurately identify under-nourished older people at-risk of negative 

health outcomes. The MNA (Appendix 1) was used in the studies described in Chapters 6 

and 7 to determine the prevalence and consequences of under-nutrition in older people in 

the community and a sub-acute care facility in Adelaide, South Australia, and in the study 

described in Chapter 8 as a means of defining the study population suitable for intervention. 

To the best of our knowledge, the MNA had not been previously compared to a more in-

depth nutritional assessment in Australia. Therefore, in the study described in chapter 7, the 

results of the MNA were also compared to those of a more in-depth nutritional assessment 

(SNA- Table 7.1), which combined several parameters previously described in Sections 3.3 

and 3.4.  

The ‘DETERMINE Your Nutritional Health Checklist’ (NHC-Appendix 2), on the other 

hand, is a self-reporting nutritional tool that has been used for nutritional screening in many 

large European and American studies. It is a simple, short questionnaire, although it has not 

been as widely validated as the MNA and is probably not as effective as the MNA in 

screening for under-nutrition. Nevertheless, it has the advantage of simplicity and for that 
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reason was translated into Bahasa Malaysia, the national language of Malaysia and used in 

Chapter 5 to determine the prevalence of under-nutrition in older people residing in publicly 

funded shelter homes in Peninsular Malaysia.  

3.6.1 Mini nutritional assessment 

The MNA (Appendix 1), which was developed and validated for use in older adults in the 

early 1990s, is easily administered within 15 minutes with no biochemical investigations 

(Guigoz et al., 1994). It has been used in various settings with ease and has been shown to 

accurately identify older people at-risk of increased mortality and morbidity (Persson et al., 

2002; Thomas et al., 2002). The MNA has a reported sensitivity of 96%, specificity of 98% 

and predictive value of 97% for malnutrition, when compared to the nutritional status 

determined by physicians using anthropometric, clinical biochemistry and dietary 

parameters (Vellas et al., 1999). It contains 18 items grouped into four main sections: 

anthropometric assessment (weight, height and weight loss); general assessment (lifestyle, 

medication use, and mobility); dietary assessment (number of meals, food and fluid intake, 

and autonomy of feeding); and subjective assessment (self-perception of health and 

nutrition status). Each response has a numerical value, which contributes to a final score 

(maximum =30). These questions can be completed by a carer if the older person is unable 

to answer them due to speech, hearing or cognitive impairment (5). Subjects scoring 17 or 

less are classified as malnourished whilst those scoring between 17 and 23.5 are at-risk of 

malnutrition and should be further investigated (Guigoz et al., 1994). Subjects scoring 24 or 

more are classified as nourished.  

To simplify things, a Short-form Mini Nutritional Assessment was developed subsequently 

(MNA-SF- Appendix 1) (Guigoz et al., 2002; Rubenstein et al., 2001). The MNA-SF 

consists of 6 questions and has a maximum score of 14. It takes approximately 3 minutes to 

administer but still requires some anthropometric measurements to be made (height and 

weight). A screening score of 11 or less suggests a risk for under-nutrition and the full 
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MNA should then be completed. This 2-step screening method was found to predict the 

absence of malnutrition (i.e. a score > 17 on the MNA) with a sensitivity of 100% and 

negative predictive value of 100% (Cohendy et al., 2001). It has also been shown that 

subjects scoring 11 or less on the MNA-SF (i.e. risky nutritional status) were at increased 

risk of mortality compared to nourished subjects (score >12)(Persson et al., 2002). The 

MNA-SF’s ability to predict the absence of risk for malnutrition (i.e. MNA score > 24) was 

not as good with a sensitivity of 86% and a negative predictive value of 93% (Cohendy et 

al., 2001; Guigoz et al., 2002). The use of this 2-step process can save considerable time 

especially in settings with low prevalence of under-nutrition (i.e. community). The use of 

the MNA-SF in settings with an expected high prevalence of under-nutrition (i.e. nursing 

homes) is probably less useful, as more often the full MNA will still be required (Guigoz et 

al., 2002; Murphy et al., 2000). In such circumstances, it would be better to perform the 

MNA in all patients rather than complicate any screening process by a 2-tiered system. 

3.6.2 The DETERMINE Your Nutritional Health checklist  

The ‘DETERMINE Your Nutritional Health Checklist’ (NHC- Appendix 2), which is 

widely used in North America, was designed to enhance the older persons’ understanding 

of the determinants of nutritional well-being and to promote the consideration of nutritional 

problems by health professionals (Dwyer, 1994; Posner et al., 1993). Those identified by 

the checklist as being at-risk of under-nutrition are prompted to seek further evaluation by 

their medical practitioners. The NHC is a simple questionnaire of 10 statements on a single 

page requiring yes/no answers (Omran & Morley, 2000a). These statements represent 

different common risk factors for malnutrition and are scored in relation to their importance 

(Omran & Morley, 2000a). The statements cover: a) dietary assessment [questions related 

to the number of meals, autonomy in food preparation, food and alcohol intake], b) general 

assessment [questions related to medical condition, medications, oral health and weight 

loss] and c) social assessment [questions related to economic hardship and reduced social 
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contact] (Omran & Morley, 2000a). Older adults scoring 6 or more (out of a maximum of 

21) are thought to be at high risk of under-nutrition and require further medical and 

nutritional evaluation. Those scoring between 3 and 5 should be aware that they are 

possibly at-risk of under-nutrition and require advice on improving their dietary habits. 

Those scoring less than 3 are said to be well-nourished.  

The NHC also has the added advantage over many other screening methods (i.e. the MNA) 

in that it does not involve anthropometric or biochemical measurements. It can therefore be 

used as a self-administered tool, with the subject answering the questions themselves 

without assistance. However, when used as a screening instrument, it has been shown to 

have poor sensitivities (75%, 25%, 52%) and specificities (54%, 52%, 51%) when 

compared to other markers of under-nutrition such as weight loss (>10%), 

hypoalbuminemia (<30g/l) and lymphopenia (< 1500/ml)(de Groot et al., 1998). For this 

reason, it has been strongly recommended that the NHC should only be used as an 

awareness tool and not as a screening tool (de Groot et al., 1998). Despite this limitation, in 

the SENECA studies [longitudinal study- Survey in Europe of Nutrition in the Elderly, a 

Concerted Action], subjects identified as being at-risk of nutrition (score > 6, 33%) in 1988 

using this scale were at significantly greater risk than nourished subjects (score < 6, 26% 

[P<0.001]) of experiencing acute illnesses in the 6 months leading up to the follow-up 

survey in 1993 than nourished subjects (Beck et al., 1999). The NHC was able to identify 

population groups that were at risk of adverse health outcomes and so its use can still be 

recommended in settings where resources to administer screening tools is severely limited 

and its use is intended as a guide to stimulate interest in nutritional status and prompt further 

screening.  
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Chapter 4 

Post-prandial hypotension – Prevalence, consequences  
and pathophysiology 

4.1 Introduction 

Post-prandial hypotension (PPH) is generally defined as a decrease in systolic blood 

pressure (BP) of 20 mmHg or more within 2 hours of the start of a meal, or a decrease in 

systolic BP to less than 90 mmHg after a meal, especially when the systolic BP before that 

meal was greater than 100 mmHg (Jansen & Lipsitz, 1995). The fall in systolic BP often 

reaches a nadir between 30 and 60 minutes (Lipsitz et al., 1983). It is possible, however, to 

have symptomatic PPH with BP values which do not meet this arbitrary definition, and it is 

also common for older people to be asymptomatic when this definition is fulfilled (Jansen 

& Lipsitz, 1995). Therefore, the value of this definition is uncertain (Jansen & Lipsitz, 

1995). Nevertheless, as this is currently the definition of choice, the studies described in 

Chapters 9 and 10 use this definition.  

PPH was first documented as a clinical problem in 1977 (Jansen & Lipsitz, 1995; Seyer-

Hansen, 1977). In 1983, Lipsitz and colleagues documented that older people (mean age 87 

years) were at increased risk of experiencing PPH than younger subjects (mean age 24 

years) (Lipsitz et al., 1983). PPH is now clearly accepted as a common disorder affecting 

older people (see 4.2) and although most times it is asymptomatic, it can result in falls, 

syncope and other medical complications (see 4.3) contributing to the development of 

frailty in older people (Jansen & Lipsitz, 1995). The etiology of PPH has not been clearly 

defined but may possibly involve the gastrointestinal, endocrine, nervous and vascular 

system (Jansen & Lipsitz, 1995). Dietary manipulation in symptomatic older people may be 

a simple, safe, cost-effective, non-pharmacological management measure and this is 

investigated in the studies described in Chapters 9 and 10. 
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4.2 Prevalence of post-prandial hypotension in older people 

PPH occurs more commonly in older and hypertensive people than in healthy 

(normotensive) younger people. For example, in one study, after a glucose load (75g 

glucose/300ml water), mean arterial BP decreased significantly (P<0.01) by 17 mmHg in 

the elderly hypertensive group (n=10, mean age 75 + 1 [SEM] years), 6 mmHg in the 

elderly normotensive group (n=10, mean age 75 + 2 years), 7 mmHg in the young (n=10, 

mean age 44 + 2 years) hypertensive group, but did not fall in the young (n=10, mean age 

28 + 1years) normotensive group (Jansen et al., 1987).  

The prevalence of PPH in elderly people in different studies has been reported to be 

between 20-45 % (Table 4.1) (Aronow & Ahn, 1994; Grodzicki et al., 1998; Le Couteur et 

al., 2003; Puisieux et al., 2002; Vaitkevicius et al., 1991). Most often, these elderly people 

with PPH are asymptomatic (Aronow & Ahn, 1994; Grodzicki et al., 1998; Le Couteur et 

al., 2003; Puisieux et al., 2002; Vaitkevicius et al., 1991). The Cardiovascular Health 

Study, a large prospective cohort study (n=5888), found that systolic BP measurements 

immediately after a meal, at 0-, 1-, 2-, 3- and 4-hours were 133.7, 129.9, 132.1, 134.9 and 

136.2 mmHg respectively (Smith et al., 2003). Therefore, it is apparent that in many older 

people, BP decreases following a meal, but not low enough to meet the definition of PPH. 

Of note, the prevalence of symptomatic PPH is said to be much lower than asymptomatic 

PPH and in one simple study using mail out questionnaires (n=1611), only 2.6-2.7% of 

respondents reported symptoms such as faintness, weakness and dizziness within one hour 

of a meal (Cohen et al., 1998). Therefore, it is likely that the extent of symptomatic PPH is 

considerably lower than that of asymptomatic PPH. 
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Table 4.1 The reported prevalence of post-prandial hypotension in older people in different 
clinical settings. 

Setting Description Prevalence  
Nursing Home 
(Vaitkevicius et 
al., 1991) 

113 residents. Mean age 78 + 9 [SD] years. Blood 
pressure measurements were made whilst patient 
was sitting. Diet content: 65% carbohydrate and 
650kcal in total. 

> 20 mmHg systolic blood 
pressure drop seen in 36% 
(n=41) following lunch. 

Nursing Home 
(Aronow & Ahn, 
1994) 

499 residents, ambulatory and wheelchair bound. 
Mean age 80 + 9 [SD] years. Residents ate usual 
lunch. Blood pressure measurements were made 
whilst patient was sitting. 

24% of subjects (n=118) 
subjects experienced a blood 
pressure fall > 20 mmHg 
following lunch. 

Hostel (Le 
Couteur et al., 
2003) 

179 subjects from 8 aged care hostels. Mean age 
83.2 + 7.0 [SD] years. Resident’s own usual 
breakfast. Blood pressure measurements made 
with subject sitting, followed by standing (1 and 3 
minutes) and walking. 

A decline in systolic blood 
pressure to > 20 mmHg 
occurred in 38% following 
breakfast, 44% after standing 
for 1 or 3 minutes and in 41% 
with walking. 

Acute and 
rehabilitation 
units (Puisieux et 
al., 2002) 

126 inpatients. Mean age 81.4 + 7.9 [SD] years. 
Seated position. Test meal: Coffee 10g, Milk 19g, 
3 slices of bread (90g), Marmelade 30g and 
natural yoghurt 125g [Carbohydrate was 75% of 
total calories]. 

A decline in systolic blood 
pressure to > 20  mmHg 
occurred in between 38 – 
42% following breakfast and 
in 32% following lunch. 

Community 
(Grodzicki et al., 
1998) 

530 patients (median age 70 years) with isolated 
systolic hypertension. Ambulatory blood pressure 
monitoring. Subject’s usual meals. 

In 24.1% of subjects, a fall in 
systolic blood pressure > 16 
mmHg was seen. 

Community 
(Cohen et al., 
1998) 

1611 respondents to a questionnaire asking if 
subjects experienced faintness, weakness and 
dizziness after a meal. 

2.7% of men and 2.6% of 
women described 
experiencing such 
symptoms. 
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4.3 Clinical presentations associated with post-prandial hypotension 
(PPH) in older people 

PPH has been associated with syncope, cerebrovascular accidents (stroke), falls and even 

death. In what is probably the largest prospective study to date, 118 (24%) of 499 

ambulatory or wheelchair-bound residents of a long-term care facility in the United States 

of America (mean age 80 + 9 [SD]) were shown to have PPH at baseline (i.e. post-prandial 

systolic BP fall of 20 mmHg or more) (Aronow & Ahn, 1994). Residents with a history of 

syncope in the preceding 6 months had a mean maximal post-prandial decrease in systolic 

BP of 24 + 5 [SD] mmHg, compared to 14 + 5 mmHg in residents with no history of 

syncope (P<0.0001), whilst residents with a history of falls in the preceding 6 months had a 

mean maximal fall in post-prandial systolic BP of 21 + 5 mmHg, compared to the mean of 

13 + 4 mmHgmmHg in residents with no history of falls (P<0.0001) (Aronow & Ahn, 

1994). These subjects were then followed up for an average of 29 + 10 [SD] months. In the 

follow-up period, the maximum decrease in post-prandial systolic BP was 20 + 5 [SD] 

mmHg in residents who experienced falls, compared to 12 + 4 mmHg in those that had not 

fallen (P<0.001), 23 + 5 mmHg in subjects with syncope, compared to 14 + 5 mmHg in 

those without syncope (P<0.001), 18 + 6 mmHg in those with coronary events, compared to 

14 + 5 mmHg in those without coronary events (P<0.001), 21 + 6 mmHg in those with 

stroke compared to 15 + 5 mmHg in those without stroke (P<0.001) and 17 + 6 mmHg in 

those who died compared to 15 + 5 mmHg in those who were still alive (P<0.001) (Aronow 

& Ahn, 1997). In this study, the maximal decrease in post-prandial systolic BP at baseline 

was found to be an independent risk factor (P<0.001) for mortality, falls, syncope, new 

coronary events and new cerebrovascular accidents (Aronow & Ahn, 1997).  
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4.4 Factors affecting post-prandial blood pressure  

The reported prevalence of PPH varies widely from study to study (Table 4.1). To some 

extent these differences are due to the variations in the definition chosen to define PPH, the 

posture of the subject, the temperature of the meal, intra-individual variability, the timing of 

the studies and the health status of the subjects (Jansen & Lipsitz, 1995; O'Mara & Lyons, 

2002). Nutrient delivery, meal composition, and cardiovascular and hormonal factors have 

also been shown to influence the severity of PPH (Jansen & Hoefnagels, 1989; Jansen et al., 

1988; Jansen et al., 1990; O'Donovan et al., 2002; O'Donovan et al., 2004). The exact 

mechanisms leading to the development of PPH are still a mystery but are most likely 

multi-factorial.  

The effect of meal composition on post-prandial blood pressure is discussed in more detail 

below, as the effects of carbohydrate drinks with varying glycaemic effects (or indices) and 

nutrient content on post-ingestion blood pressure were investigated in the studies described 

in Chapters 9 and 10. Other factors affecting post-prandial BP have been extensively 

reviewed elsewhere (Jansen & Lipsitz, 1995; O'Mara & Lyons, 2002). 

4.4.1 What normally happens after a meal? 

Splanchnic blood pooling following meal ingestion results in reduced systemic vascular 

resistance, but it is thought to not be the sole cause of PPH (Jansen & Lipsitz, 1995). For 

instance, it has been shown that bowel blood volume increases by approximately 20% after 

a meal in both healthy young and old people (Jansen & Lipsitz, 1995; Lipsitz et al., 1993). 

It has also been shown that the increase in superior mesenteric arterial blood flow velocity 

after a high-carbohydrate meal is similar in both healthy young and elderly subjects and yet 

we know that PPH is more common in older people compared to younger people (Jansen & 

Lipsitz, 1995; Lipsitz et al., 1993; Sidery et al., 1993).  
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Accompanying splanchnic blood pooling, there is usually an increase in cardiac output and 

heart rate (Fagan et al., 1986; Jansen & Lipsitz, 1995; Lipsitz et al., 1993). Sympathetic 

nervous system activity also increases following a meal, as indicated by increases in heart 

rate, plasma noradrenaline levels and muscle recorded microneurographic readings (Fagius 

& Berne, 1994; Jansen & Hoefnagels, 1989; Jansen & Lipsitz, 1995; Jansen et al., 1987). 

Plasma renin activity is also increased following meal ingestion (de Mey et al., 1987; 

Jansen & Lipsitz, 1995). In older people, any one of these compensatory responses may be 

impaired. It is possible that with failure of some of these processes in older people, blood 

pressure homeostasis fails and PPH develops. 

4.4.2 Nutrient content of a meal  

The meal composition is an important determinant of the degree of post-prandial BP 

decrease. Ingestion of carbohydrates, particularly glucose and to a lesser degree starch but 

not fructose or xylose, lowers BP more than ingestion of water (Heseltine et al., 1991a; 

Jansen et al., 1990; Jansen et al., 1987; Mathias et al., 1989; Robinson TG, 1995). The 

effect of fat and protein ingestion on post-prandial BP is not clearly defined, with some 

studies showing a fall in post-prandial BP and others not (Hoeldtke et al., 1985; Jansen et 

al., 1990; Potter et al., 1989). Strikingly, no study has documented the effect of sucrose 

(table sugar) on post-prandial BP, despite sucrose being used more often in drinks and food 

than glucose. The study described in Chapter 10 evaluated the effects of 50g carbohydrate 

drinks with varying nutrient content (glucose, sucrose and fructose) on post-prandial BP in 

10 healthy older people and for the first time, the effect of sucrose ingestion on post 

ingestion blood pressure was defined.  

4.4.3 Nutrient amount or meal size 

Reducing the carbohydrate content in a meal or the meal size may reduce the duration, 

symptoms and severity of PPH in healthy older people. In a randomized cross-over study 

involving twelve elderly patients (> 70 years) with a confirmed diagnosis of PPH receiving 
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low (25g)-, normal (65g)- and high (125g)- carbohydrate meals, the fall in systolic BP was 

of significantly smaller magnitude (P<0.05 between groups) and shorter duration (P<0.01 

between groups) [SBP 28 + 5 [SEM] mmHg; time 18 + 6 minutes] after the smallest (25g) 

carbohydrate meal in contrast to the other two meals [65g carbohydrate meal: SBP 39.7 + 7 

mmHg, time 37 + 7 minutes; 125g carbohydrate meal: SBP 40 + 5 mmHg, time 43 + 6 

minutes] (Vloet et al., 2001). In this same study, the number of reported adverse effects 

increased with increasing carbohydrate amounts. Following the low carbohydrate meal, 

seven of the twelve subjects reported feeling sleepy but none felt unwell, whilst eleven out 

of twelve subjects felt unwell after the normal- and high- carbohydrate meals. After the 

normal- carbohydrate meal seven subjects felt sleepy and some also reported feeling 

nauseous, dizzy or restless. Following the high carbohydrate meal, two patients felt dizzy, 

one very sleepy, one had chest pain, two described blurred vision and three had reduced 

consciousness. These symptoms were related to hypotensive periods, where systolic BP had 

declined by 20 mmHg or more (Vloet et al., 2001).  

In another study, seven subjects with primary autonomic failure consumed either three large 

meals or six smaller meals of identical total calorie content. Systolic and diastolic BP 30 

minutes after the meal was lower following the large meals than the smaller meals (lying: 

systolic BP 131 + 5.1 [SEM] vs. 151 + 3.8 mmHg, P = 0.005, diastolic BP 76 + 3.4 vs. 90 + 

3.0 mmHg, P = 0.02; sitting: systolic BP 109 + 5.7 vs. 124 + 5.0 mmHg [not significant], 

diastolic BP 66 + 3.9 vs. 78 + 3.7 mmHg, P = 0.07; standing: systolic BP 89 + 5.1 vs. 103 + 

6.4 mmHg [not significant], diastolic BP 50 + 3.5 vs. 66 + 5.1 mmHg, P = 0.06) (Puvi-

Rajasingham & Mathias, 1996). Therefore, splitting larger meals into smaller but more 

frequent meals is likely to be of benefit in reducing the post-prandial BP decreases in 

symptomatic older people with PPH. 
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4.4.4 Meal composition  

The addition of guar, a naturally occurring, non-absorbed, gel-forming carbohydrate of 

vegetable origin, to a meal has been shown to attenuate the fall in post-prandial BP 

following a glucose drink in healthy older people (Jones et al., 2001). This may be due to a 

combination of delayed gastric emptying and reduced nutrient absorption or contact in the 

duodenum (Jones et al., 2001; O'Donovan et al., 2004). In one study looking at the effects 

on systolic BP measurements of intra-duodenal glucose infusions (3 kcal min-1) with and 

without guar added, the fall in systolic BP measurements was reduced on the day with guar 

in comparison to the control day and it was thought that the reduction in the rate of luminal 

glucose exposure (or reduced glucose absorption) resulting from the addition of guar to the 

glucose drink was the cause of this (O'Donovan et al., 2004).  

The glycaemic index is a surrogate marker for the glycaemic effect of a drink. Per gram of 

carbohydrate, foods with a high glycaemic index (GI) produce a higher peak in postprandial 

blood glucose and a greater overall blood glucose reponse during the first two hours after 

consumption than foods with a low GI (Foster-Powell et al., 2002). The addition of 14.5 g 

of guar to a 50g glucose drink reduces its GI from 100 (arbitrarily designated) to 62 (Foster-

Powell et al., 2002). Perhaps, by lowering the GI (or it’s glycaemic effect) of the glucose 

drink by adding guar, the post-ingestion fall in BP usually seen after a pure glucose drink 

may be reduced (Jones et al., 2001). If so, using the increasingly available published tables 

of glycaemic index of foods as a guide, people with PPH might be able to choose drinks or 

meals with lower GIs and these would be a simple non-pharmacological intervention 

measure (Foster-Powell et al., 2002). With this in mind, the study described in Chapter 9 

was performed to investigate the effects of 50g carbohydrate drinks with varying glycaemic 

effects (low GI [<55] vs. intermediate GI [55-69] vs. high GI [>70]) on post-ingestion BP. 
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4.5 Management options for older people with postprandial 
hypotension 

As with all medical syndromes, management strategies for PPH can be broadly divided into 

non-pharmacological and pharmacological options. In older people, it is usually better to 

maximize the use of non-pharmacological interventions in preference to pharmacological 

measures to avoid drug interactions and polypharmacy. Drug interactions and 

polypharmacy are common in older people and are responsible for significant morbidity 

and mortality in older people (Juurlink et al., 2003; Onder et al., 2003a).  

4.5.1 Non-pharmacological management options for older people 
with postprandial hypotension 

Changing the meal composition and meal size 

Reducing the meal size (see 4.4.3) and the amount (see 4.4.3) or type of carbohydrate (see 

4.4.2) in a meal may be beneficial in the management of PPH. The addition of guar to a 

meal may also be beneficial but this option is less appealing as guar is not very palatable. 

However, the future design of a more palatable agent along the same principle may be 

beneficial. The studies described in Chapters 9 and 10 were designed to evaluate two 

simple, practical, non-pharmacological management strategies involving dietary 

manipulation (varying the glycaemic effect or varying the carbohydrate nutrient type) that 

could be used to manage PPH in symptomatic older people. 

Walking after a meal  

Walking after a meal is effective in ameliorating the fall in BP following meal ingestion but 

this effect disappears once the person stops walking. In a study of fourteen elderly nursing 

home residents with confirmed PPH, on the control day, subjects remained seated for 60 

minutes following the meal (Oberman et al., 1999). On the intervention day, following a 20 

minute rest post-meal, subjects walked at their own pace for 10 minutes. On the 

intervention day, mean arterial BP increased by 18 + 4 mmHg from pre-exercise values 
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with walking. In contrast to this, mean arterial BP continued to decline on the control day 

where the subject remained seated during the same 10 minute period. On the intervention 

day, 10 minutes after walking, at rest and sitting, the mean arterial BP declined to be similar 

to that seen on the control day during this same period. Therefore, this treatment modality is 

perhaps not practical, as postprandial blood pressure decrease in sufferers of PPH can last 

more than one hour and older people are unlikely to be able or likely to walk for such a long 

time (Smith et al., 2003). 

Drinking water with a meal 

In some studies, water ingestion (at least 500 ml) has been associated with a transient 

increase in blood pressure (Jordan et al., 2000; Shannon et al., 2002). In one study 

involving 11 healthy older subjects (mean age 57 + 2.2 [SEM] years), water (480 ml) 

ingestion was associated with a 11 + 2.4 [SEM] mmHg increase in systolic BP 

approximately 35 minutes after water ingestion. In another study of 9 healthy subjects (age 

26-57 years), water ingestion was associated with significant increases in multi-unit bursts 

(muscle sympathetic nerve activity; MSNA) and single-unit impulses (s-MSNA). 

Accompanying this was also increased calf vascular resistance and plasma noradrenaline 

levels. Therefore, it is thought that the pressor effect of water is mediated through 

sympathetic activation. The efficacy of water in preventing PPH has not been assessed. 

4.5.2 Pharmacological management options for older people with 
postprandial hypotension 

The use of Octreotide (somostatin analogue) in the treatment of PPH 

The efficacy of Octreotide (somatostatin analogue) in the management of symptomatic PPH 

in older adults has not been studied. However, its efficacy in preventing the reduction in 

postprandial BP in normal and hypertensive elderly people has previously been 

demonstrated (Jansen et al., 1988; Jansen et al., 1989). In one randomized double-blind 

controlled study, on the placebo study day, mean arterial pressure fell (P<0.001) by 15 + 1 
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[SEM] mmHg in hypertensive older people and by 7 + 2 mmHg in normotensive elderly 

people on the placebo study day (Jansen et al., 1988). This fall in mean arterial BP was 

ameliorated when Octreotide was administered on the treatment day (Jansen et al., 1988). 

The exact mechanism by which Octreotide exerts its effect is not known but is thought to 

possibly involve suppression of vasoactive gut peptides, reduce post-meal increase in 

splanchnic blood flow, increase cardiac output and increase peripheral vascular resistance 

(i.e. reduced forearm blood flow) (Hoeldtke et al., 1991; Jansen et al., 1989; Kooner et al., 

1989). Treatment with Octreotide is expensive and requires subcutaneous administration. It 

can also cause diarrhoea and is painful. 

Other agents  

Smaller studies have investigated the use of other agents such as caffeine, vasopressin, 

indomethacin, cimentidine, diphenhydramine, cimentidine, dihydroergotamine, 

denopamine and midodrine (Jansen & Lipsitz, 1995). The efficacy of caffeine has not been 

confirmed and results of various studies have been conflicting (Heseltine et al., 1991b; 

Lipsitz et al., 1994). The efficacy of vasopressin in treating older people with PPH is yet to 

be proven although some benefits have been shown in patients (n=4) with Shy-Drager 

syndrome and confirmed PPH (Hakusui et al., 1991). In a study of six patients with 

autonomic failure, indomethacin was shown to ameliorate the hypotensive effect of a meal 

(Jansen & Lipsitz, 1995; Robertson et al., 1981). Also, in another study in subjects with 

autonomic failure, the combination of denopamine (beta 1 adrenergic agonist) and 

midodrine (alpha 1 adrenergic agonist) attenuated the fall in postprandial BP (Hirayama et 

al., 1993; Jansen & Lipsitz, 1995). The other medications have not been found to be 

efficacious in preventing PPH, especially in older people (Jansen & Lipsitz, 1995). 
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Chapter 5 

The nutritional status of 1081 elderly people residing in 
publicly funded shelter homes in Peninsular Malaysia  

5.1 Summary 

Under-nutrition in older people is common and frequently overlooked. At the time of this 

study, there was no published information on the nutritional status of elderly Malaysians 

residing in publicly funded shelter care facilities. Therefore, the aim of this study was to 

determine the: 1) prevalence of under-nutrition as determined by the ‘DETERMINE Your 

Nutritional Health Checklist’ (NHC- Appendix 2); and 2) factors independently associated 

with under-nutrition amongst the older residents of these publicly funded shelter homes in 

Peninsular Malaysia. 1081 elderly people over the age of 60 years were surveyed using 

questionnaires determining baseline demographics, nutritional and cognitive status, physical 

function and psychological well-being.  

In this study, 41.4% (n=447) of subjects were nourished [NHC score <3], 32.1% (n=347) at 

moderate risk [score between 3 and 5] of under-nutrition and 26.6% (n=287) were at high 

risk of under-nutrition [score>5] according to the NHC. A large proportion of subjects were 

underweight with 14.3 % of subjects recording a low body mass index (BMI) < 18.5 kg/m2. 

The residential geriatric depression score [GDS-12R] (Relative Risk [RR] = 1.03 [95% CI 

1.01-1.05]; P =0.002) and the number of illnesses (RR = 1.14 [95% CI 1.07-1.21]; P< 

0.001) were found to be independently associated with nutritional risk (NHC score > 3). 

Having no family (RR 1.80 [95%CI 1.26-2.57), P<0.001) and negative responses to 

statement 3 [I eat few fruits or vegetables or milk products] (RR 0.78 [95% CI 0.57-1.07]; 

P=0.013) and statement 5 [I have tooth or mouth problems that make it hard for me to eat] 

(RR 0.57 [95%CI 0.42-0.77]; P=0.023) of the ‘DETERMINE Your Nutritional Health 

Checklist’ were independently associated with low BMIs (<18.5 kg/m2). Using a BMI < 
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18.5 kg/m2 as an objective marker for nutritional risk, the NHC was shown to have a 

sensitivity of 66.4% (95% CI 58.0-74.2%), specificity of 42.7% (95% CI 39.3-46.1%), 

positive predictive value of 16.2% (95% CI 13.3-19.5%) and a negative predictive value of 

88.4% (95% CI 84.9- 91.4%). As a result of this study, it was determined that many elderly 

people residing in publicly funded shelter homes in Malaysia may be at-risk of under-

nutrition and were underweight. The NHC is better used as an awareness tool rather than as 

a screening tool.  
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5.2 Introduction 

Malaysia has enjoyed economic prosperity and improvements in health care delivery over 

the past 20 years. With increasing affluence and community expectations, the need for 

improved overall health and quality of life now governs many national health care policies. 

Before policies can be formulated and interventions devised, the extent of any problem 

should be clearly defined.  

The nine 'Rumah Seri Kenangan' in this study are publicly funded shelter homes for the 

elderly and admission to these institutions is voluntary. The aims of these homes are to 

provide adequate care and support in the form of medical and rehabilitative services and 

counseling to older people who lack family and financial support. Presently, the extent of 

nutritional risk amongst elderly Malaysians residing in these shelter homes is not known.  

Whilst the 'Rumah Seri Kenangan' is different to a nursing home in that its residents are 

generally less dependent, it is still likely that the prevalence of under-nutrition will be high, 

as these elderly people have often lived an impoverished and lonely life prior to admission. 

Both social isolation and poverty are known to be associated with nutritional risk in older 

people (Visvanathan, 2003; Walker & Beauchene, 1991). It is also probable that a large 

percentage of the residents residing in these facilities would have originated from rural 

villages. With industrialization and with the disappearance of extended family network 

systems, the displacement of older people from rural villages to urban shelters is very likely. 

A very recent Malaysian study had found that almost 38.5% of elderly people residing in 

rural areas in Malaysia had Body Mass Indices (BMIs) < 18.5 kg/m2(Suzana et al., 2002). 

Therefore, it is postulated that a large proportion of older people in these shelter homes may 

be at-risk of under-nutrition, especially with rural to urban displacement. Remedial 

strategies may need to be devised to improve their nutritional health. Protein energy 

malnutrition in older people is known to be associated with prolonged hospitalization, 

increased complications, institutionalization and death, whilst adequate treatment has been 

shown to reduce mortality and complications (Milne et al., 2002; Persson et al., 2002; 

Visvanathan, 2003; Visvanathan et al., 2003; Walker & Beauchene, 1991).  
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As with the rest of the world, the population of Malaysia is progressively ageing with a 

significant increase in life expectancy seen between 1980 and 2000; males from 66.4 years 

to 70.2 years and females from 70.5 years to 75.0 years (Ministry of Health Malaysia, 

2003). It is expected that the prevalence of under-nutrition in older people and its many 

negative health consequences will increase and result in increasing individual and 

community health care costs over the next few decades. Therefore, the aim of this study 

was to determine: 1) the prevalence of under-nutrition; and 2) the factors associated with 

under-nutrition amongst the older residents of these publicly funded shelter homes in 

Peninsular Malaysia. 
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5.3 Method 

5.3.1 Study population 

A total of nine publicly funded shelter homes ('Rumah Seri Kenangan') were visited in 

Peninsular Malaysia between March and September 2002. Residents who were 60 years 

and older and had resided in these homes for at least three months were invited to 

participate in this study. Out of a total of 1341 residents, only 1126 were eligible for the 

study. 45 (4%) residents did not participate due to poor health, severe dementia or 

intercurrent illnesses. Informed consent was obtained from all 1081 subjects and/or their 

carers. The study was approved by the Department of Social Welfare, Malaysia and ethics 

approval was obtained from the University Putra Malaysia. This study was funded by a 

grant to Dr Zaiton Ahmad from the University Putra Malaysia. The author and her 

collaborator, Dr Zaiton Ahmad from the University Putra Malaysia designed this study to 

meet its study objectives (described earlier). All questionnaires described below were 

translated into ‘Bahasa Malaysia’, the official written and spoken language of Malaysia, by 

Dr Zaiton Ahmad and it’s accuracy was verified by the author (Appendix 3). Two research 

assistants (trained by Dr Zaiton Ahmad) administered all questionnaires and made all 

measurements. The author was primarily responsible for the analysis of the results (with 

statistical assistance from Mr Justin Lokhurst, Department of Public Health, University of 

Adelaide) and the authorship of the two papers related to this chapter. 

5.3.2 Baseline Patient Characteristics 

Nutritional status  

1) The ‘DETERMINE Your Nutritional Health Checklist’ (NHC) [Appendix 2] has been 

described in detail in 3.6.2. In this study, subjects scoring 3 or more were considered to be 

at nutritional risk (AR) [3-5 moderate risk, > 6 high risk]. 
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2) The BMI can be used as an anthropometric measure of nutritional status. Body weight 

and height were measured and the body mass index (BMI) calculated (weight in kg/[height 

in m]2). It has been suggested that adult Malaysians with a BMI < 18.5 kg/m2 are 

underweight [under-nourished] and this was discussed in 3.3.1 (Ministry of Health 

Malaysia, 2003). The reason for this lower healthy BMI range [18.5 and 22.9 kg/m2] in 

adult Malaysians compared to Caucasian populations is because Asian people have a higher 

body fat percent at a similar BMI in comparison to Caucasian/European populations 

(Deurenberg et al., 2002; Ministry of Health Malaysia, 2003; Wang et al., 1994). To the 

best of our knowledge, at present, there are no clear guidelines in Malaysia defining the 

healthy BMI range for older people based on life expectancy or other similar end-points. 

Similar cut-off values (i.e. < 18.5 kg/m2) have also been used in other Malaysian research 

studies involving older people (Shahar et al., 1999a; Suzana et al., 2002). Weight was 

measured using the same portable weighing scale (TANITA weighing scale) in light 

clothing (without shoes) to the nearest 0.1kg. Height (SECA bodymeter) was measured 

whilst the patient was standing to the nearest 0.5cm. 

Cognition 

The Elderly Cognitive Assessment Questionnaire (ECAQ - Appendix 4) was used to 

evaluate cognitive status and was developed specifically for use among elderly people in 

developing countries (Kua & Ko, 1992). The questionnaire consists of 10 items grouped 

under 3 categories: memory (3 items), orientation (6 items) and memory recall (1 item). Out 

of a maximum score of 10, subjects were classified in this study as experiencing probable 

(< 5), borderline (5-6) and no (>6) cognitive impairment.  
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Physical Function 

The 10-item modified Barthel Index (Appendix 5) was used to determine ability to 

independently perform activities of daily living (ADL) and it has a maximum score of 20 

(Wade & Collin, 1988). Subjects were classified according to their scores; ‘moderate to 

very severe disability’ (<14), ‘mild disability’ (15 to 19) and ‘ fully independent’ (20). 

Depression  

The 12 question Geriatric Depression Scale for people in residential care facilities (GDS-

12R- Appendix 6) was used to diagnose depression in this study (Sutcliffe et al., 2000). It 

was developed from the 15-item Geriatric Depression Scale (GDS-15) by excluding items 

that were found to be poor identifiers of depression in nursing and residential home 

populations (Sutcliffe et al., 2000). The 3 items excluded were the questions pertaining to: 

1) the preference of going out rather than staying home; 2) the feeling of having more 

problems with memory than other people; and 3) the feeling that most people were better 

off than them (Sutcliffe et al., 2000). In this study, subjects scoring 5 and above (maximum 

score of 12) were said to be at high risk of experiencing clinically relevant depression 

(Sutcliffe et al., 2000). 

Others 

Frequency of visits from family/friends and the presence of social support were also 

determined. History was obtained from the subject, staff members and clinical records. 

5.3.3 Statistical analysis 

Log-binomial regression univariate analyses of subject’s clinical characteristic based on 

impaired nutritional status (NHC score > 3) and low BMI (< 18.5 kg/m2) were performed. 

The potential predictors of an impaired nutritional state [NHC score > 3](P<0.10 by 

univariate analysis) were included into a log-binomial regression multivariate analysis 
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adjusting for age, sex and BMI, yielding factors independently associated with nutritional 

risk as indicated by a NHC score > 3. Similarly, the potential predictors of low BMI 

(P<0.12 by univariate analysis) were included into a log-binomial regression multivariate 

analysis adjusting for age and sex. Using a BMI cut-off of < 18.5 kg/m2 as an objective 

marker of under-nutrition, the sensitivity, specificity, positive and negative predictive value 

(PPV and NPV) of the NHC for identifying older people at-risk of under-nutrition were 

calculated. Sensitivity was defined as the proportion of subjects who were objectively 

under-nourished (BMI < 18.5 kg/m2) who were classified as under-nourished by the NHC 

(> 3). The specificity was defined as the proportion of subjects who were objectively 

nourished (BMI > 18.5 kg/m2) who were classified as nourished by the NHC (< 3). The 

PPV was defined as the proportion of subjects screening positive (under-nourished- >3) on 

the NHC that was actually underweight (BMI < 18.5 kg/m2). The NPV was defined as the 

proportion of subjects screening negative (nourished- <3) on the NHC that was not 

underweight (BMI > 18.5 kg/m2). SAS was the software program used (SAS Institute, inc, 

Cary, NC). P values < 0.05 were considered to be statistically significant.  
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5.4 Results 

The socio-demographic characteristics of the study population are shown in Table 5.1. Most 

subjects had minimal (33%) or had not received any (64%) formal education. Of special 

note was that 73% of subjects were generally independent with their activities of daily 

living. However, many (86%) scored poorly on the ECAQ scale indicating risk of cognitive 

impairment and almost two thirds (79%) of subjects were at risk of depression. The BMI 

was not determined in 102 people as 93 were too physically dependent and a further nine 

people declined. 42% of subjects reported having no medical illnesses. Approximately 9% 

of subjects had diabetes, 14% hypertension, 6% asthma, 8% ischaemic heart disease, 2% 

cerebrovascular disease and 4% osteoarthritis. According to clinical records, 32% of 

subjects were on 3 or more medications. 

The response of the residents to each of the statements comprising the NHC is shown in 

Table 5.2. A little more than a third of respondents reported eating few fruits, vegetables or 

milk products, suffering from some form oral or dental troubles or not having sufficient 

money to buy the food they required. Very few people reported drinking too much alcohol 

(<1%), consuming 3 or more prescription medications (8.0%) or loosing weight 

unintentionally (<4%). Consistent with the result of the Barthel Index (almost 9% severely 

dependant), only 3.5% of respondents stated that they were physically unable to shop, cook 

or feed themselves. 

Table 5.3 shows the results of the univariate log-binomial regression analysis of subjects’ 

clinical characteristics, based on the NHC score of > 3. Subjects were grouped as nourished 

(41.4%) and at-risk of under-nutrition [AR] (58.6%). Eight parameters were potentially 

associated with (P<0.10) higher scores on the NHC (> 3) and being AR. These included 

lower level of education, rural origin, fewer visits from family or friends, worse scores on 

the ECAQ, the GDS-12R and the modified 10-item Barthel Index, increasing number of 

medications and reported illnesses. When these parameters were further evaluated by a log-
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binomial regression multivariate analysis [adjusted for age, sex and BMI], the GDS-12R 

score (Relative Risk [RR] = 1.03 [95% Confidence Interval (CI) 1.01-1.05]; P =0.002) and 

the number of illnesses (RR = 1.14 [95% CI 1.07-1.21]; P< 0.001) were found to be 

independently associated with higher NHC scores [AR]. 

Table 5.4 shows the results of the univariate log-binomial regression analysis of subjects’ 

clinical characteristics, based on the baseline BMI. Subjects were grouped as not 

underweight (BMI > 18.5 kg/m2) and underweight (BMI < 18.5 kg/m2). Fifteen parameters 

were potentially associated with (P<0.12) being underweight and having a low BMI. These 

included, female gender, lack of education, no family, no visits from friends and family, 

negative responses to statements 1-3, 5, 6, 8-10 of the NHC (Table 5.2), being on less than 

3 medications and the number of medical illness. All these parameters were further 

evaluated by multivariate analysis [adjusted for age and sex] except: 1) the nutritional score 

and nutritional status derived from the NHC as individual statements from the NHC were 

included into the analysis; 2) sex as the analyses was adjusted for this; and 3) statement 8 on 

the NHC as the number of medications determined using the medical records was more 

accurate and this was included into the analysis instead. The multivariate analysis (adjusted 

for age and sex) revealed that having no family (RR 1.80 [95%CI 1.26-2.57), P<0.001) and 

negative responses to statement 3 [I eat few fruits or vegetables or milk products] (RR 0.78 

[95% CI 0.57-1.07]; P=0.013) and statement 5 [I have tooth or mouth problems that make it 

hard for me to eat] (RR 0.57 [95%CI 0.42-0.77]; P=0.023) of the NHC were independently 

associated with a lower BMI. 

When the scoring on the NHC was compared to an objective marker for under-nutrition 

(BMI < 18.5 kg/m2), the sensitivity was 66.4% (95% CI 58.0-74.2%), specificity was 

42.7% (95% CI 39.3-46.1%), PPV was 16.2% (95%CI 13.3-19.5%) and the NPV was 

88.4% (95% CI 84.9-91.4%).  
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5.5 Discussion 

A high proportion of elderly people living in these shelter homes in Peninsular Malaysia 

were at risk of being under-nourished or developing under-nutrition. The ‘DETERMINE 

Your Nutritional Health Checklist’ [NHC] identified more than half of the elderly people in 

this study as being at-risk of under-nutrition (25% high risk - Table 5.1). Approximately 

14% of these elderly residents were clearly underweight with a BMI < 18.5 kg/m2. It is 

important to note that this low BMI cut-off value had been selected with the aim of 

targeting obesity amongst adult Malaysians (Ministry of Health Malaysia, 2003). However, 

there is strong evidence that increasing adiposity and BMI in older people is not as strongly 

associated with increased mortality as in younger people (Somes et al., 2002; Taylor & 

Ostbye, 2001). Instead, loss of lean body mass (sarcopenia) is associated with significant 

morbidity (Bales & Ritchie, 2002; Janssen et al., 2004). Therefore, it can be argued that 

when attempting to diagnose and treat under-nutrition and prevent its many adverse 

consequences in older people, it may be prudent to choose a slightly higher BMI cut-off 

value (e.g. under-nourished < 20 kg/m2) and there is some local evidence supporting this 

(Suriah AR, 1998). In their study of 344 older Malay (one racial group) village residents, 

the mean BMI was 23.5 + 4.49 [SD- standard deviation] kg/m2 in the 60-69 year age group, 

22.30 + 4.34 [SD] kg/m2 in the 70-79 year age group and 21.52 + 4.32 [SD] kg/m2 in the 

80-89 year age group (differences between group not significant)(Suriah AR, 1998). The 

authors of this paper had suggested that the lower cut-off for a normal BMI should be 20 

kg/m2 but unfortunately had not quantified the proportion of older people in their study who 

were underweight (i.e. BMI < 20 kg/m2) (Suriah AR, 1998). In this study, we found that 

almost one third of respondents had a BMI of less than 20 kg/m2. There is a need to define 

the lower cut-off for under-nutrition in older people in Malaysia based on life expectancy or 

similar end-points. 
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To the best of our knowledge, no study has previously examined the nutritional status of 

elderly people living in publicly funded shelter care facilities such as this, especially in 

Malaysia. Such shelter care facilities provide care to destitute elderly people who lack 

financial and family support but are physically quite healthy. Consistent with this, subjects 

in this study were mostly independent (>70%) with their activities of daily living. Also, 

slightly more than 60% of respondents reported having no kin. Often seen in developing 

economies is a displacement of rural people to urban shelters as exhibited in this study 

whereby 81% of subjects were originally from rural communities. Consistent with the rural 

origin of the study population, there is also a high proportion of people with only primary 

education or less (90%). Therefore, a large proportion of residents in these shelter homes, 

originated from rural villages, were poorly educated and at-risk of under-nutrition. The 

results of this study are supported by those by Shahar et al. who also found that rural 

Malaysians were at high risk of under-nutrition (39 %) and unemployment with no steady 

financial support (60%) and were also often uneducated (48%) (Shahar et al., 2001). 

Interestingly, far fewer older people in this study had BMIs < 18.5 kg/m2 than in the study 

by Suzana et al. [14.30% vs. 38.5%] (Suzana et al., 2002). We do not have information 

about their BMIs on arrival at the shelter but possibly, once there, the provision of regular 

and nutritious meals improved nutritional status increasing body weight. This needs further 

confirmatory investigation. Nevertheless, these studies highlight the fact that these 

displaced, isolated, poor and often illiterate people are at risk of being or becoming under-

nourished.  

When looking at the responses to individual questions making up the NHC (Table 5.2), the 

following questions received the most positive responses (approximately one third of 

respondents); 1) eating few fruits, vegetables or milk products, 2) having oral or dental 

problems and 3) not having enough money to buy food. Between 15 to 20% of respondents 

also reported having an illness that changed the type of food eaten, eating fewer than two 

meals per day and eating alone most of the time. Once again, similar findings were found in 
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2 smaller Malaysian studies in rural regions whereby chewing difficulties were reported 

frequently (43%), poverty was found to be an independent predictor of being underweight 

(< 18.5kg/m2) and decreased fruit intake and less than 3 meals per day were independent 

predictors of dietary inadequacies (Shahar et al., 1999b; Suzana et al., 2002). These dietary, 

economic and health factors are known to be associated with poor nutritional status and 

similarly high responses to these questions were seen in other studies using the checklist (de 

Groot et al., 1998; Sahyoun et al., 1997). Interestingly, less than 1% of respondents reported 

consuming more than 3 standard drinks of alcohol per day and this is most likely due to 

cultural and religious beliefs that prohibit social drinking, especially in women. As an 

awareness tool, the responses of an individual person to the NHC provides us with clues as 

to what non-physiological factors may be contributing to the older person’s poor nutritional 

status and appropriate corrective measures may be instituted accordingly (i.e., ensuring 3 

full meals are eaten per day).  

In this study, the GDS-12R score was found to be independently associated with nutritional 

risk as identified by the NHC (score > 3). Depression is known to be associated with poor 

nutritional status and depressed older people are at an increased risk of mortality and 

morbidity (Luukinen et al., 2003; Visvanathan et al., 2003). It has also been recently shown 

that anti-depressant therapy may promote weight gain or prevent weight loss in elderly 

people (Thomas et al., 2003). A high proportion of elderly people residing in these facilities 

appear to be at-risk of depression (65%) and it is important that potential stressors (i.e. lack 

of visitation) are sought and treatment plans instituted to prevent further decline in health 

and social wellbeing. Emotional and mental health are often neglected but they are strong 

determinants of one’s ability to live life to the fullest.  

In this study also, the number of medical illnesses was strongly associated with nutritional 

risk. For every additional illness suffered, there was a 14% increase in relative risk of being 

at-risk of under-nutrition (NHC score > 3). Gastrointestinal disease, malabsorption 
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syndromes, acute and chronic infections, cancer, hypermetabolism (i.e., hyperthyroidism), 

rheumatoid arthritis and many other diseases are associated with anorexia, micronutrient 

deficiencies and increasing energy requirement, which may result in an impaired nutritional 

status (Katelaris et al., 1993; Kerstetter et al., 1992; Morley, 1997; Roubenoff, 1993; 

Visvanathan, 2003).  

Attention to oral and dental health in older people is very important in older people but 

unfortunately access to dental care is sometimes difficult. Consistent with the results of 

many other studies, this study found that residents reporting no oral or dental health troubles 

were less likely to be underweight. In another study on 51 subjects (mean age 83.7 years) in 

Finland, dry mouth and eating problems (subjective assessment) were found to be 

significantly associated to lower MNA scores (p = 0.049 and p = 0.015, respectively) (Soini 

et al., 2003). Older people who are poor, isolated and frail (as in this study) are less likely to  

access dental services. In a recent study conducted in New South Wales, Australia, being 

edentulous was associated with being older, having no private dental insurance, being 

female, leaving school at less than 15 years of age, being poor, not owning a home, living in 

a rural area, and being unable to travel alone (Ringland et al., 2004).  

Regular consumption of fruit and vegetables is said to be associated with a reduced risk of 

cancer, cardiovascular disease, stroke, Alzheimer disease, cataracts, and some of the 

functional declines associated with aging (Liu, 2003). Therefore, not surprisingly, the 

World Health Organization recommends adequate consumption of fruits, vegetables and 

milk products (Wahlqvist et al., 2002). Older people in this study who reported eating fruits, 

vegetables or milk products were more likely to be nourished and so not surprisingly were 

less likely to be underweight. Encouraging older people to consume fruits, vegetables and 

milk products should be strongly encouraged. 
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Older people in these shelter homes often had no independent income and were dependent 

on support from family or outside agencies. Often, these people had lived alone for quite 

some time, dependent on the help of others prior to admission to these shelter facilities. 

Therefore, it was not surprising that older people without families were at increased risk of 

having a low BMI. This group of older people are at high risk of developing under-nutrition 

and its many adverse consequences. Targeting this group of elderly people early using 

community support services is likely to be beneficial. 

This study has several limitations. The NHC was designed for use in North America as an 

awareness tool. Similar to many other nutritional screening tools (i.e. Mini Nutritional 

Assessment), at the time of this study it had not been validated for use in Asia. When 

compared to an objective marker for under-nutrition (BMI < 18.5 kg/m2), not surprisingly, a 

low sensitivity (66.4%), specificity (42.7%) and positive predictive value (16.2%), but very 

good negative predictive value (88.4%) was seen. We had elected to use the NHC instead of 

other screening tools (i.e. Mini Nutritional Assessment) for logistical reasons, given its 

simplicity (i.e. biochemical and anthropometric measures not required). Azad and 

colleagues had compared the NHC to a more detailed nutritional assessment including 

objective markers in Canadian hospitals and similarly found that the sensitivity of this 

awareness tool was 54.4% whilst its specificity was 61.3% (Azad et al., 1999). Another 

European community study comparing the NHC to a BMI < 20 kg/m2 reported a sensitivity 

of 59% and a specificity of 53% (de Groot et al., 1998). Given the similarities in these 

values, it would appear that the response to the NHC in our population (South East Asian) 

was comparable to the responses seen in western populations. It’s excellent negative 

predictive value of almost 90% is reassuring as older people classified as nourished (< 3) on 

the NHC are unlikely to be at nutritional risk. Older people scoring > 3 on the NHC should 

be prompted to improve their dietary practices or consult their medical practitioners for 

further evaluation. The NHC may be used as an awareness tool in Malaysia for these 

reasons. It should not be used as a nutritional screening tool in Malaysia given its poor 
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sensitivity and positive predictive value. Further studies are required to identify a suitable 

nutritional screening tool that can be easily and reliably administered to a multicultural 

Malaysian population. Also, almost 76% of the residents surveyed in this study were 

identified as being cognitively impaired. This high prevalence of cognitive impairment may 

impair the accuracy of responses to the questionnaires. Scores on cognitive assessment tools 

are influenced negatively by low educational background (De Yebenes et al., 2003). It 

should be noted that at least 64% of participants were uneducated and a further 32.7% had 

only received primary educations and this may account somewhat for the high prevalence 

of low ECAQ scores seen in this study. 

In conclusion, there is a high risk of under-nutrition in residence of these shelter homes in 

Peninsular Malaysia. There is a need for a simple, cost-effective and validated nutritional 

screening tool that can be used to evaluate older people in countries such as Malaysia and 

further efforts to develop this is urgently required. The NHC should be used mainly as an 

awareness tool and not as a screening tool. Under-nutrition is a clinical syndrome with 

many physiological and non-physiological causes. Several well-established non-

physiological causes of under-nutrition, like depression and medical illnesses, were 

positively identified in this study, and measures should be instituted to manage these 

conditions appropriately. Attention to oral health is important and the provision of nutritious 

food in such facilities should not be under-valued. Older people who lack family support are 

at high risk of developing under-nutrition and its adverse consequences and so targeting this 

population group early (perhaps with community support services) may be beneficial.  



Chapter 5: The nutritional status of shelter home residents 

76 

Table 5.1 Characteristics of the 1081 elderly people residing in the shelter homes in Peninsular 
Malaysia 

 Male Female Total 
Number (%) 633(58.6) 448(41.4) 1081 
Age* 
60-74 
75-84 
>85 

 
418(66.4) 
174(27.6) 
38(6.0) 

 
302(68.2) 
113(25.5) 
28(6.3) 

 
720 
287 
66 

Ethnicity 
Malay 
Chinese 
Indian 
Others 

 
249(39.3) 
213(33.7) 
171(27.0) 
0(0) 

 
231(51.6) 
116(25.9) 
97(21.7) 
4(0.9) 

 
480 
329 
268 
4 

Education 
None 
Primary 
Secondary or more 

 
362(57.2) 
248(39.2) 
23(3.6) 

 
331(73.9) 
105(23.4) 
12(2.7) 

 
693 
353 
35 

Origin 
Urban 
Rural 

 
118(18.6) 
515(81.4) 

 
86(19.2) 
362(80.8) 

 
204 
877 

Family Relationships 
[Remove this line across all columns] 
None 
Siblings 
Children 
Others 

 
377(59.6) 
49(7.7) 
158(25.0) 
49(7.7) 

 
290(64.7) 
22(4.9) 
108(24.1) 
28(6.3) 

 
667 
71 
266 
77 

Nutritional Status 
Nourished 
Moderate of Under-nutrition (UN) 
High-risk of (UN) 

 
260(41.1) 
219(34.6) 
154(24.3) 

 
187(41.7) 
128(28.6) 
133(29.7) 

 
447 
347 
287 

Body Mass Index [BMI] (kg/m2)+ 
<18.5 
[18.5-19.99] 
>23 
18.5-22.9 

 
59(10.3) 
[115(22.8)] 
131(22.9) 
383(66.8) 

 
81(20.0) 
[63(15.5)] 
110(27.1) 
215(53.0) 

 
140 
[178] 
241 
598 

Mood± 
Normal 
At-risk of depression 

 
109(21.2) 
405(78.8) 

 
79(20.7) 
302(79.3) 

 
188 
707 

Cognitive State 
Normal 
Borderline Cognitive Impairment (CI) 
CI 

 
44(9.8) 
67(10.6) 
453(71.6) 

 
113(17.9) 
40(8.9) 
44(81.3) 

 
157 
107 
817 

Physical Function 
Independent 
Mildly dependent 
Moderate-severe dependence 

 
463(73.1) 
123(19.4) 
47(7.4) 

 
322(72.1) 
79(17.6) 
46(10.3) 

 
786 
202 
93 

* 8 missing data for age + 102 missing data for BMI  
± 186 missing data for geriatric depression score 
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Table 5.2 Number of people responding with a ‘Yes’ to each of the questions in the ‘DETERMINE 
Your Nutritional Health Checklist’. 

Statement 
No. Statements: ‘DETERMINE Your Nutritional Health Checklist’ [Points] 

Number (%) 
of residents 
with positive 
response 
(‘Yes’) 

1 
I have an illness or condition that made me change the kind and/or amount 
of food that I eat [2] 

202 (18.7) 

2 I eat fewer than two meals per day [3] 175 (16.2) 
3 I eat few fruits or vegetables or milk products [2] 381 (35.3) 
4 I have 3 or more drinks of beer, liquor or wine almost every day [2] 5 (0.5) 
5 I have tooth or mouth problems that make it hard for me to eat [2] 374 (34.6) 
6 I don’t always have enough money to buy the food I need [4] 342 (31.6) 
7 I eat alone most of the time [1] 160 (14.8) 
8 I take 3 or more different prescribed or over-the-counter drugs a day [1] 86 (8.0) 
9 Without wanting to, I have lost or gained 10 pounds in the last 6 months [2] 36 (3.3) 
10 I am not always physically able to shop, cook and/or feed myself [2] 38 (3.5) 
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Table 5.3 Descriptive statistics of patients’ baseline clinical characteristics and log–binomial 
regression univariate analysis of subjects’ clinical characteristics based on the ‘ 
DETERMINE your nutritional health checklist’ [NHC] score 

 

At-Risk of Under-
nutrition 
(NHC > 3) 

Nourished 
(NHC < 3) 

Relative Risk (95% 
CI) P-value 

N (%) 634 (58.6) 447 (41.4)   
Age (years): mean (95% CI) 72.1 (71.4-72.7) 71.4 (70.8-72.1) 1.00 (1.00-1.01) 0.164 
Female: n (%) 261 (41.2) 187 (41.8) 0.99 (0.89-1.09) 0.827 
BMI (kg/m2): mean (95% CI) 21.6 (21.2-21.9) 21.4 (21.1-21.8) 1.00 (0.99-1.02) 0.597 
No Education: n (%) 392 (61.8) 301 (67.3) 0.91 (0.82-1.00) 0.058 
Rural Origin: n (%) 503 (79.3) 374 (83.7) 0.89 (0.79-1.00) 0.059 
No Family: n (%) 395 (62.3) 272 (60.9) 1.03 (0.92-1.14) 0.630 
No visit: n (%) 501 (79.0) 372 (83.2) 0.90 (0.80-1.01) 0.070 
ECAQ score: mean (95% 
CI) 

2.8 (2.5- 3.0) 2.3 (2.0- 2.6) 1.02 (1.00-1.03) 0.014 

No CI: n (%) 93 (14.7) 64 (14.3) 1.01 (0.88-1.16) 0.871 
GDS score: mean (95% CI) 7.5 (7.3- 7.8) 7.0 (6.7- 7.3) 1.03 (1.01-1.05) 0.007 
Not at risk of depression: n 
(%) 

112 (20.4) 76 (22.0) 0.96 (0.84-1.10) 0.559 

Barthel score: mean (95% 
CI) 

18.4 (18.1-18.7) 18.8 (18.6-19.1) 0.99 (0.97-1.00) 0.027 

Moderately-severely 
dependent: n (%) 

59 (9.3) 34 (7.6) 1.09 (0.93-1.28) 0.300 

No difficulty eating: n (%) 616 (97.2) 434 (97.1) 1.01 (0.75-1.37) 0.947 
No past history fall: n (%) 397 (62.6) 285 (63.8) 0.98 (0.88-1.09) 0.701 
Medications > 3: n (%) 222 (35.0) 124 (27.7) 1.14 (1.03-1.27) 0.009 
Number of illness: mean 
(95% CI) 

0.9 (0.8- 1.0) 0.7 (0.7- 0.8) 1.09 (1.04-1.14) <0.001 

Presence of any illness: n 
(%) 

373 (58.8) 252 (56.4) 1.04 (0.94-1.15) 0.423 

Illness < 2: n (%) 498 (78.5) 380 (85.0) 0.85 (0.76-0.95) 0.004 
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Table 5.4 Descriptive statistics of patients’ baseline clinical characteristics and log–binomial 
regression univariate analysis of subjects’ clinical characteristics based on the 
subject’s weight as determined by body mass index (BMI- Underweight= <18.5kg/m2) 

 BMI < 18.5 kg/m2 BMI > 18.5 
kg/m2 RR (95% CI) P-value 

Number (n) (%) 140 (14.3) 839 (85.7)   
Age (years): mean (95% CI) 72.4 (71.0-73.7) 71.6 (71.1-72.1) 1.01 (0.99-1.03) 0.275 
Female: n (%) 81 (57.9) 325 (38.7) 1.94 (1.42-2.64) <0.001 
No Education: n (%) 96 (68.6) 514 (61.3) 1.42 (1.00-2.03) 0.051 
Rural Origin: n (%) 115 (82.1) 679 (80.9) 1.07 (0.72-1.60) 0.735 
No Family: n (%) 104 (74.3) 499 (59.5) 1.80 (1.26-2.57) 0.001 
No visits: n (%) 119 (85.0) 665 (79.3) 1.41 (0.91-2.18) 0.1234 
Nourished as per NHC: n (%) 47 (33.6) 358 (42.7) 0.72 (0.52-0.99) 0.0454 
NHC Score: mean (95% CI) 4.7 (4.1- 5.3) 3.7 (3.5- 3.9) 1.08 (1.04-1.13) 0.0003 
S1- Negative response: n (%) 97 (69.3) 699 (83.3) 0.52 (0.38-0.71) <0.001 
S2- Negative response: n (%) 103 (73.6) 731 (87.1) 0.48 (0.35-0.67) <0.001 
S3- Negative response: n (%) 83 (59.3) 554 (66.0) 0.78 (0.57-1.07) 0.120 
S4- Negative response: n (%) 139 (99.3) 835 (99.5) 0.71 (0.12-4.15) 0.707 
S5- Negative response: n (%) 72 (51.4) 565 (67.3) 0.57 (0.42-0.77) <0.001 
S6- Negative response: n (%) 105 (75.0) 553 (65.9) 1.46 (1.02-2.09) 0.037 
S7- Negative response: n (%) 117 (83.6) 736 (87.7) 0.75 (0.50-1.13) 0.168 
S8- Negative response: n (%) 120 (85.7) 784 (93.4) 0.50 (0.33-0.75) <0.001 
S9- Negative response: n (%) 128 (91.4) 815 (97.1) 0.41 (0.25-0.66) <0.001 
S10- Negative response: n (%) 134 (95.7) 822 (98.0) 0.54 (0.27-1.09) 0.084 
No Cognitive Impairment: n (%) 17 (12.1) 133 (15.9) 0.76 (0.47-1.23) 0.268 
ECAQ score: mean (95% CI) 2.4 (1.9- 2.8) 2.8 (2.6- 3.0) 0.96 (0.91-1.02) 0.161 
GDS score: mean (95% CI) 7.1 (6.6- 7.6) 7.2 (7.0- 7.4) 0.99 (0.93-1.04) 0.642 
Not Depressed: n (%) 31 (24.2) 152 (21.7) 1.13 (0.78-1.63) 0.523 
Barthel score: mean (95% CI) 19.2 (18.8-19.6) 19.3 (19.2-19.4) 0.98 (0.92-1.05) 0.622 
Moderately-severely dependent: 
n (%) 

6 (4.3) 23 (2.7) 1.47 (0.71-3.04) 0.304 

No past history fall: n (%) 94 (67.1) 507 (60.4) 1.29 (0.93-1.78) 0.134 
Medications < 3: n (%) 55 (39.3) 246 (29.3) 1.46 (1.07-1.99) 0.018 
Number of illness: mean (95% 
CI) 

0.9 (0.8- 1.0) 0.7 (0.7- 0.8) 1.19 (1.01-1.39) 0.036 

NHC- ‘DETERMINE Your Nutritional Health Checklist’, GDS- Geriatric Depression Scale, ECAQ- Elderly Cognitive 
Assessment Questionnaire; S1-10- Statements in the NHC- see method 
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Chapter 6 

The nutritional status of 250 older Australian recipients  
of domiciliary care services, and its association with  

outcomes at 12 months 

6.1 Summary 

It is thought that the prevalence of under-nutrition increases with increasing frailty and so it 

was hypothesized that elderly recipients of domiciliary care services in South Australia may 

be at nutritional risk. Therefore, the aim of this study was to identify predictors and 

consequences of nutritional risk, as determined by the Mini Nutritional Assessment (MNA), 

among older recipients of South Australian domiciliary care services living at home. The 

prevalence of under-nutrition was determined based on the Mini Nutritional Assessment 

(MNA) scores. Factors independently associated with low MNA scores (<24) at baseline 

were also identified. One year later, at follow-up, the consequences of these low scores in 

250 domiciliary care clients (age 67-99, 173 women) were assessed. Letters suggesting 

nutritional intervention were sent to the general practitioners of subjects who were not well 

nourished following the initial interview at baseline. At baseline, 56.8% were well 

nourished (MNA > 24), 38.4% at-risk of malnutrition (MNA 17-23.5) and 4.8% 

malnourished (MNA < 17) [43.2% not well nourished (NWN)]. Independent factors 

associated with low MNA scores (<24) were living alone, the Physical and Mental 

Component Scale of the 36-Item Short Form Health Survey (SF-36). Follow-up 

information was obtained for 240 subjects (96%). In the ensuing year not well-nourished 

subjects were more likely than well-nourished subjects to have been admitted to hospital 

(RR 1.51, 95%CI 1.07-2.14), have two or more emergency hospital admissions (2.96,1.15-

7.59), spend more than 4 weeks in hospital (3.22, 1.29-8.07), fall (1.65, 1.13-2.41) and 

report weight loss (2.63, 1.67-4.15). In this study, the MNA identified a large number of 

subjects with impaired nutrition who did significantly worse than well-nourished subjects 

during the following year. Studies are needed to determine if nutritional or other 

interventions in people with low MNA scores can improve clinical outcomes. 
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6.2 Introduction 

The decline in body weight after the age of 60 years is disproportionately that of lean body 

tissue, i.e., sarcopenia , and this has adverse effects (Evans & Campbell, 1993). In a recent, 

large study of community-dwelling people aged 65 years or older in the United States of 

America, weight loss in excess of 5% body weight over 3 years occurred in 17% and was 

associated with a significant increase in mortality of some 70%, irrespective of the initial 

weight (Newman et al., 2001). Studies in both the United States and Australia have 

established that up to 15% of community-dwelling and home-bound elderly, between 23 

and 62%, of hospitalized patients, and up to 85% of nursing-home residents suffer from 

protein energy malnutrition, with an associated increase in morbidity and mortality 

(MacIntosh et al., 2000; Morley, 1996). 

Domiciliary care services help elderly people with moderate or severe functional limitations 

remain at home. In South Australia, approximately 10% of persons over the age of 65 years 

receive publicly funded in-home care, such as domiciliary care (ie. the provision of 

equipment, assistance with personal care) or home-delivered meals (Australian Bureau 

Statistics, 1995; Payette et al., 1995). The ‘functionally dependant’ elderly may be at 

increased risk for malnutrition and should perhaps be targeted for screening, treatment and 

prevention of malnutrition (Beck et al., 2001; Payette et al., 1995).  

The major aims of this study were to identify factors associated with and the consequences 

of nutritional risk as determined by the Mini Nutritional Assessment (MNA), in elderly 

individuals receiving domiciliary care services.  
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6.3 Materials and methods 

6.3.1 Study population 

Contact details of all clients (n=1295) who registered with the Eastern Domiciliary Care 

Service in Adelaide over an eight month period were obtained with the permission of the 

Research Ethics Committee of the Royal Adelaide Hospital (RAH). Subjects younger than 

65 years (16.2%), non-English speaking (7.9%) and with the diagnosis of dementia (11.2%) 

were excluded. The 838 remaining subjects were sent an information sheet inviting them to 

participate. The 250 participating subjects gave informed consent and were interviewed at 

home by either Dr Caroline MacIntosh or Dr Mandy Callary.  

6.3.2 Baseline patient characteristics 

The Mini Nutritional Assessment (MNA- Appendix 1) was used to assess nutritional status 

in this study and is described in detail in 3.6.1. 

The Standardized Mini Mental State Examination (SMMSE- Appendix 7) which consists of 

11 tasks was used to assess cognitive impairment or dementia (Folstein et al., 1975). 

Cognitive status was classified as intact (score>24); moderately impaired (17-23) or 

demented (<17). Score range was 0-30. All subjects in this study scored > 24 (Folstein et 

al., 1975).  

The 30 question Geriatric Depression Scale (GDS 30 – Appendix 8) was used to diagnose 

depression. It focuses on the cognitive aspects of a depressive illness and consists of a series 

of 30 questions in a simple ‘yes/no’ format (Yesavage et al., 1982). A score >11 indicates 

depression (Yesavage et al., 1982). 

The 36-Item Short Form Health Survey (SF-36- Appendix 9) was used to assess health 

status and quality of life. The SF-36 is a multi-item scale which assesses 8 health concepts: 

1) limitations in physical functioning because of health problems (SF-36 PF); 2) role 
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limitations due to physical problems (SF-36 RP); 3) bodily pain (SF-36 BP); 4) role 

limitation due to emotional problems (SF-36 RE); 5) general mental health (SF-36 MH); 6) 

limitations in social functioning (SF-36 SF) 7) vitality (SF-36 VT); and 8) general health 

perceptions (SF-36 PCS). From the 8 health concepts an overall score for physical (SF-36 

PCS) (0-100) and mental (SF-36 MCS) (0-100) health status can be calculated (Ware & 

Sherbourne, 1992). 

Age, body weight, height, body mass index (BMI), smoking status, the amount of formal 

care (hours/month), receipt of ‘Meals on Wheels’ (MOW), number of medications used per 

day, hospital admissions within the last 12 months, were recorded. History was obtained 

from the subject supplemented by review of Domiciliary Care case files, to determine the 

presence of medical disorders, such as cardiovascular and respiratory disorders, depression 

and Parkinson's disease. 

6.3.3 Intervention 

A letter was sent to the general practitioner of all subjects identified as being malnourished 

or at-risk of malnutrition alerting them to this finding and suggesting further nutritional 

assessment and/or intervention. In addition, subjects classified as malnourished were 

offered a referral to a clinical dietitian at the Royal Adelaide Hospital.  

6.3.4 Prospective survey 

Twelve to fifteen months after the initial interview, subjects were contacted by telephone by 

the author to obtain information about changes in their living situation, hospital admissions 

and their duration, the occurrence of nutritional intervention, subjective weight loss and 

falls over the 12-month period following initial contact. Some subjects (16%) were 

contacted 13 to 15 months after baseline. However, efforts were made to ensure that 

information only pertaining to the 12 months following baseline contact was obtained and 

analyzed.  
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6.3.5 Statistical analysis 

As the number of malnourished subjects (MNA<17) was small, subjects were re-grouped as 

either well nourished (N) or not well nourished (NWN =MNA <24) for statistical analyses. 

Chi square and t-tests were used to compare the participants to those who elected not to 

participate. Log-binomial regression univariate analysis of subjects’ clinical characteristics 

based on low baseline MNA scores (<24) was performed. The potential predictors of low 

MNA scores derived (P<0.15 by univariate analysis) were included into a log-binomial 

regression multivariate analysis yielding independent predictors of low MNA scores (ie. 

MNA <24). The number of medications, BMI and GDS scores were not included into the 

multivariate analysis, as these factors contributed 2, 3 and 2 points on the MNA, 

respectively, and were accordingly expected to be a determinant of nutritional status. Log- 

regression binomial univariate analysis of 12-month outcomes based on baseline MNA 

scores was then performed whilst correcting for age and living status as confounders. SAS 

was the software program used. P values < 0.05 were considered to be statistically 

significant. 
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6.4 Results 

Although Dr Caroline MacIntosh had described some of the baseline results in her PhD 

thesis, the baseline results presented here have been re-analysed using different statistical 

methods. Furthermore, new information regarding health outcomes is presented here. 

Of the 838 domiciliary care clients contacted, 250 (29.8%) agreed to take part. 77 men and 

173 women were assessed and formed the baseline population. The majority of subjects 

were Caucasian (98.8%), with the rest either Oriental, Indian or of Aboriginal descent 

(0.4% each).  

Compared to those subjects who did not participate in the study (n=588), participating 

subjects were more likely to be living alone (53.60% vs. 45.44%; P=0.03) and younger 

(mean 79.45 (CI 78.63-80.27) vs. 80.63 (80.05-81.20); P=0.03). There was no significant 

difference with regards to gender (P=0.15). 

Table 6.1 shows the results of the univariate log-binomial regression analysis of subjects’ 

clinical characteristics, based on baseline MNA scores of <24. Subjects were grouped as 

well nourished (N 56.8%) and not well nourished (NWN 43.2%). 21 parameters were 

identified as potential predictors (P<0.15) of a low MNA score (< 24). These included age, 

Body Mass Index (BMI), living alone, number of medications, receipt of formal care, 

receipt of ‘Meals on Wheels’, number of hospital admission days in the preceding 12 

months, cardiovascular disorders, gastrointestinal disorders, diabetes, respiratory disorders, 

Geriatric Depression Scale (GDS) scores and several quality of life domains. The factors 

found to be independently associated with nutritional risk derived by multivariate analysis 

were 1) living alone, 2) the Physical Component Scale score (SF-36 PCS) and 3) the Mental 

Component Scale score (SF-36 MCS) of the 36-Item Short Form Health Survey (SF-36); a 

low score on these scales was associated with low MNA scores (<24). 
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244 (97.6%) subjects were successfully re-contacted at 12-15 months. 6 could not be 

contacted (1 N, 5 NWN). 4 subjects declined further participation (3 N, 1 NWN). Of the 

240 subjects re-analyzed, 138 (57.5%) were N at baseline, while 102 (42.5%) were NWN. 

Table 6.2 shows the results of the log-binomial regression analysis of the 12 month 

outcomes based on low MNA scores at baseline (< 24), corrected for age and living status, 

which were likely confounders. 20 subjects had died since the initial assessment (9 NWN 

vs. 11 N, RR 1.02, 95% CI 0.44-2.38, P=0.96). NWN subjects were more likely to have 

been admitted to hospital (42 NWN vs. 37 N, RR 1.51, 95% CI 1.07-2.14, P=0.02), 

particularly as an emergency admission (35 NWN vs. 24 N, RR 1.94, 95% CI 1.24-3.03, 

P<0.01), to have 2 or more emergency admissions (13 NWN vs. 6 N, RR 2.96, 95% CI 

1.15-7.59, P=0.02), to spend more than 4 weeks in hospital (15 NWN vs. 6 N, RR 3.22, 

95% CI 1.29-8.07, P=0.01), to report weight loss (41 NWN vs. 21 N, RR 2.63, 95% CI 

1.67-4.15, P<0.001) and fall (39 NWN vs. 33 N, RR 1.65, 95% CI 1.13-2.41, P<0.001) 

compared to N subjects over a 12 month period (Table 6.2). Subjective reports of nutritional 

intervention were infrequent (11 NWN) and therefore no statistical analysis of this outcome 

was undertaken. An impact on study outcome was unlikely as only 11 out of 93 subjects 

reported receiving nutritional intervention. 
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6.5 Discussion 

This study revealed a high prevalence of malnutrition amongst ‘functionally dependant’ 

community dwelling elders. Living alone, and score on the Physical Component Scale (SF-

36 PCS) and the Mental Component Scale (SF-36 MCS) of the 36-Item Short Form Health 

Survey (SF-36) were found to be independently associated with an impaired nutritional 

status. The MNA, an easily administered, validated screening tool was able to identify 

subjects (not well nourished (NWN)) who experienced increased hospitalization frequency 

and duration, falls and subjective weight loss over a 12 month period.  

As classified by the MNA, 38.4% of subjects in this study were at-risk of malnutrition and 

4.8% were malnourished. Our findings are consistent with those of two recent studies that 

used the MNA to screen similar population groups. In a study of 61 patients presenting to 

general practitioners in Denmark, 38% were classified as at-risk of malnutrition and none as 

malnourished (Beck et al., 2001). In a Spanish study of 3,460 community-dwelling subjects 

older than 65 years, 3.3% were classified by the MNA as malnourished and 40% at-risk of 

malnutrition (Ramon & Subira, 2001; The Spanish Geriatric Oral Health Research Group, 

2001).  

Subjects with MNA scores <24 (not well nourished) were significantly more likely to 

perform substantially and significantly worse than subjects scoring > 24 (well nourished) 

during the following year. These results are consistent with that of a Danish general practice 

study (Beck et al., 2001), which reported a hospitalization rate among at-risk patients twice 

that of the well nourished, although the increase was not significant. It therefore appears 

that subsets of under-nourished community dwelling older people at-risk of adverse 

consequences can be identified relatively easy, and could be selectively targeted for 

intervention. Home-based services such as domiciliary care could play an important role in 

screening and systematically delivering intensive nutritional supplements or other 

interventions to elders in their homes. Protein energy supplementation has previously been 
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shown to be of benefit in more severely malnourished older populations, such as people in 

hospital or nursing homes (Bourdel-Marchasson et al., 2000; Lauque et al., 2000; Potter et 

al., 2001). Little is known about the benefits, if any, and the most appropriate form of 

intervention, in more marginally under-nourished community dwelling older people such as 

those in this study. 

This study had several potential limitations. There may have been a selection bias in the 

choice of the sample population, as 70.2% of eligible subjects declined participation. 

Participating subjects were younger and more likely to be living alone. Individuals who 

were non-English speaking, without access to an interpreter or had been clinically 

diagnosed with dementia were specifically excluded for logistical reasons. The majority of 

subjects in this study were Caucasians. Medical information was provided by the subject 

and supplemented by review of the Domiciliary Care Service case-file, which may be 

incomplete. The data obtained at follow-up was dependent on the subject’s ability to 

recollect events over the previous 12 months, thus also introducing a possible reporting 

bias. Some strengths of the study were the relatively high follow-up rate (96%), and limited 

potential for inter-observer bias. 

In conclusion, almost half of community dwelling older recipients of domiciliary care 

services in this study were malnourished or at-risk of malnutrition and this was associated 

with a poorer outcome. These findings are consistent with a high rate of under nutrition 

among older people in developed countries, even among those living relatively 

independently. To be effective, interventions may need to target elders directly in their 

homes. Community organizations such as domiciliary care could be instrumental in 

delivering such care. There is need both to develop effective intervention strategies for these 

at-risk elderly, and to determine how best to implement them. Studies are needed to 

determine if nutritional or other interventions in patients with low MNA scores can improve 

clinical outcomes. 
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Table 6.1 Baseline Data:- Descriptive statistics of patients’ baseline clinical characteristics and 
log–binomial regression analysis of subjects’ clinical characteristics based on a low 
baseline Mini Nutritional Assessment score of <24. 

 
#Not-Well-
Nourished 
( MNA <24) 

#Nourished 
(MNA >24) 

*RR (95% CI) *P-
value 

Total Subjects (%) 108 (43.2) 142 (56.8)   

Gender-Female (%) 78 (72.2) 94 (66.2) 1.18 (0.85-1.63) 0.321 

Age (years): mean (/-sd) 79.7 (6.8) 78.4 (6.5) 1.02 (1.00-1.04) 0.106 

BMI (kg/cm2): mean (/-sd) 24.6 (5.5) 27.2 (4.5) 0.93 (0.90-0.96) <0.001 

MNA Score: mean (/-sd) 20.5 (2.6) 26.0 (1.5)   

Lives Alone: n (%) 68 (63.0) 66 (46.5) 1.47 (1.09-1.99) 0.012 

Number of Medications: mean (/-sd) 5.8 (2.9) 4.3 (2.6) 1.08 (1.05-1.12) <0.001 

Formal Care (hours/month): median (IQ range) 1.0 (0.0-3.6) 0.0 (0.0-2.0) 1.01 (1.00-1.02) 0.093 

Receive Meals on Wheels: n (%) 28 (25.9) 16 (11.3) 1.64 (1.24-2.17) 0.001 

Hospital Admissions (days): median (IQ range) 10.0 (0.0-28.0) 5.0 (0.0-17.0) 1.00 (1.00-1.01) 0.116 

Cardiovascular Disorders: n (%) 64 (59.3) 100 (70.4) 0.76 (0.58-1.01) 0.059 

GI Disorders: n (%) 29 (26.9) 21 (14.8) 1.47 (1.10-1.97) 0.010 

Cancer: n (%) 22 (20.4) 21 (14.8) 1.23 (0.88-1.72) 0.221 

Diabetes: n (%) 24 (22.2) 20 (14.1) 1.34 (0.98-1.83) 0.071 

Osteoporosis: n (%) 29 (26.9) 30 (21.1) 1.19 (0.87-1.62) 0.275 

Respiratory Disorders: n (%) 35 (32.4) 24 (16.9) 1.55 (1.18-2.05) 0.002 

Stroke: n (%) 20 (18.5) 29 (20.4) 0.93 (0.64-1.35) 0.712 

Fractured Hip: n (%) 10 (9.3) 11 (7.7) 1.11 (0.69-1.79) 0.658 

Parkinson’s Disease: n (%) 7 (6.5) 5 (3.5) 1.37 (0.83-2.27) 0.213 

Past Depression: n (%) 17 (15.7) 17 (12.0) 1.19 (0.82-1.72) 0.365 

SF-36 Physical functioning (PF): mean (/-sd) 26.7 (9.1) 31.4 (10.1) 0.97 (0.95-0.98) <0.001 

SF-36 Role limitation due to physical problems (RP): 
mean (/-sd) 

36.5 (9.5) 40.8 (10.6) 0.98 (0.96-0.99) 0.001 

SF-36 Bodily pain (BP): mean (/-sd) 41.6 (13.4) 43.7 (13.2) 0.99 (0.98-1.00) 0.225 

SF-36 Role limitation due to emotional problems 
(RE): mean (/-sd) 

48.1 (8.3) 51.9 (7.0) 0.97 (0.96-0.99) <0.001 

SF-36 General mental health (MH) : mean (/-sd) 46.3 (12.8) 53.5 (8.1) 0.99 (0.99-1.00) 0.006 

SF-36 Limitations in social functioning (SF): mean (/-
sd) 

39.9 (13.3) 47.0 (11.2) 0.97 (0.96-0.98) <0.001 

SF-36 Vitality (VT): mean (/-sd) 37.7 (10.1) 43.6 (9.6) 0.97 (0.96-0.98) <0.001 

SF-36 General health (GH): mean (/-sd) 37.8 (10.5) 43.1 (10.1) 0.98 (0.96-0.99) <0.001 

SF-36 Physical component scale (PCS): mean (/-sd) 32.2 (4.1) 32.9 (4.0) 0.97 (0.94-1.01) 0.118 

SF-36 Mental Component Scale (MCS): mean (/-sd) 37.0 (5.1) 40.6 (3.7) 0.94 (0.92-0.95) <0.001 

SMMSE Score: median (IQ range) 28.0 (26.0-29.0) 28.0 (26.0-29.0) 0.98 (0.93-1.03) 0.434 

GDS: mean (/-sd) 11.1 (6.0) 7.1 (4.8) 1.04 (1.03-1.05) <0.001 

# Descriptive statistics of patients’ clinical characteristics* Univariate analysis of subjects’ clinical characteristics based on 
MNA  score 

BMI: Body mass index; MNA: Mini Nutritional Assessment (0-30); SF-36: 36-Item Short Form Health Survey; SMMSE: 
Standardized Mini Mental State Examination (0-30); GDS: Geriatric Depression Scale Score (0-30) 
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Table 6.2 12-Month Follow-up Data, log-binomial regression analysis of variables associated with 
clinical outcomes based on Mini-Nutritional Assessment (MNA) scores at baseline 
adjusted for age and living status as confounders 

 

Not-Well-
Nourished 
(MNA<24) 
n (%) 

Nourished 
(MNA>24) 
n (%) 

Unadjusted 
RR (95% CI) 

Unadjusted 
P-value 

Adjusted 
RR (95% CI) 

Adjusted 
P-value 

Deaths 9 (8.7) 11 (7.8) 1.11 (0.48-2.58) 0.8096 1.02 (0.44-2.38) 0.961 

Move to more 
supportive 
accommodation 

12 (12.9) 10 (7.9) 1.64 (0.74-3.63) 0.2236 1.32 (0.59-2.95) 0.493 

Needing any form of 
admission 42 (45.2) 37 (29.1) 1.55 (1.09-2.20) 0.0146 1.51 (1.07-2.14) 0.021 

Needing emergency 
admission 35 (37.6) 24 (18.9) 1.99 (1.28-3.11) 0.0024 1.94 (1.24-3.03) 0.004 

Requiring > 2 
admissions 17 (18.3) 11 (8.7) 2.11 (1.04-4.29) 0.0391 2.17 (1.05-4.44) 0.035 

Requiring>2 
emergency 
admissions 

13 (14.0) 6 (4.7) 2.96 (1.17-7.50) 0.0222 2.96 (1.15-7.59) 0.024 

Spending > 4 weeks in 
hospital 15 (16.1) 6 (4.7) 3.41 (1.38-8.47) 0.0081 3.22 (1.29-8.07) 0.012 

Reported weight  
loss  41 (44.1) 21 (16.5) 2.67 (1.70-4.19) 0.0000 2.63 (1.67-4.15) <0.001 

Falls 39 (41.9) 33 (26.0) 1.61 (1.11-2.36) 0.0132 1.65 (1.13-2.41) 0.010 
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Chapter 7 

Nutritional screening of older people in a sub-acute care 
facility in Australia and its relation to discharge outcomes  

7.1 Summary 

Many older people admitted to hospital are at nutritional risk. The aim of this study was to 

determine the prevalence of under-nutrition using brief screening methods and to determine 

the relation between these results and (1) those of a more standard nutritional assessment 

(SNA) and (2) discharge outcomes. A prospective study involving 65 (21 males) patients 

older than 65 years was performed in a sub-acute care facility in Adelaide, South Australia. 

The Mini Nutritional Assessment (MNA), SNA, ‘rapid screen’ and discharge outcome were 

recorded. The prevalence of under-nutrition was high, ranging from 35.4% to 43.1%, 

depending on the screening method used. Compared to the SNA the ‘rapid screen’ 

consisting of (1) Body Mass Index (BMI) < 22kg/m2; and/or (2) reported unintentional 

weight loss of > 7.5% over the previous 3 months and the two–tiered MNA process (at-risk 

subjects [46% of total] further evaluated using SNA) had sensitivities of 78.6 and 89.5%, 

specificities of 97.3% and 87.5%, positive predictive values of 95.7% and 89.5% and 

negative predictive values of 85.7% and 87.5% respectively in diagnosing under-nutrition. 

Under-nourished [U] patients as identified by the SNA (50.0%[U] vs. 21.6%[N]; P=0.02), 

the two-tiered MNA process (50.0%[U] vs. 21.6%[N]; P=0.02) and the rapid screen 

(56.5%[U] vs. 21.4%[N]; P<0.01) were more likely to be discharged to an acute hospital or 

an accommodation with increased supports (poor discharge outcome) than nourished [N] 

patients. In conclusion, all screening methods identified patients who were more likely to 

experience a poor discharge outcome. The highly specific but less sensitive ‘rapid screen’ 

may be the best method in facilities with limited resources as it can be easily incorporated 

into nursing/medical admissions and avoids biochemical investigations in all patients. The 

more sensitive two-tiered MNA may be better if resources permit.  
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7.2 Introduction 

Malnutrition is prevalent in the elderly and is associated with impaired muscle function, 

decreased bone mass, immune dysfunction, anaemia, reduced cognitive functioning, 

prolonged hospitalisation, delayed post-operative recovery, and increased falls, morbidity 

and mortality (MacIntosh et al., 2000; Visvanathan et al., 2003).  

In two recent Australian studies (including the study described in Chapter 6), 20% of 

hospitalised patients and 4.8% of community dwelling functionally dependant elderly 

people (Chapter 6) were malnourished as assessed by the Mini Nutritional Assessment 

(MNA- Appendix 1) (Barone et al., 2003; Visvanathan et al., 2003). The prevalence of 

under-nutrition in sub-acute care facilities in Australia is not readily known. Nutritional 

status often deteriorates after acute hospitalisation, due to poor recognition and monitoring 

of nutritional status and inadequate intake of nutrients for days at a time (Kamath et al., 

1986; Riffer, 1986; Sullivan et al., 1989; Sullivan et al., 1999; Thomas et al., 2002). In one 

study, 40% of patients admitted to an acute hospital in Scotland were under-nourished and 

75% of these under-nourished patients when reassessed upon discharge had lost weight 

whilst in hospital (McWhirter & Pennington, 1994). It is therefore likely that more people 

are under-nourished at discharge from an acute hospital to a subacute care facility than in 

the acute hospital or in the community as a whole.  

Impaired appetite, inadequate nutrient intake and weight loss may continue for long periods 

following discharge from acute hospitals (Williams et al., 1990). Therefore, at admission to 

a subacute care facility, there may be a ‘golden opportunity’ for health care providers to 

screen for and correct under-nutrition. However, this is not done routinely in most facilities, 

because of the time and need for blood tests and nutritionally trained health professionals 

(eg dietitians) to complete more comprehensive nutritional assessments.  
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Any screening tool adopted in a high patient-load, sub-acute facility, would ideally be 

sensitive, specific, cheap, simple and rapid to administer. Several screening tools are 

available to detect under-nutrition in older people. The MNA, an easily administered, 

validated (in the elderly) and widely used clinical tool can be performed in 15 minutes 

without the need for biochemical testing or nutritional training (Guigoz et al., 1994; Guigoz 

et al., 1996). To the best of our knowledge, the results of MNA assessment have not been 

compared previously to those of comprehensive nutritional assessment in any Australian 

setting. A low body mass index (BMI) and unintentional weight loss are the two most 

important contributors to a low (impaired) MNA score and so a simple assessment 

incorporating these two variables (‘rapid screen’) could also possibly function as a quick 

measure of under-nutrition and predictor of subsequent worse outcome (Murphy et al., 

2000).  

The aim of this study was to determine the prevalence and consequences of under-nutrition 

among older people in a sub-acute health care facility, using different screening methods 

(the single and two-tiered MNA processes and the ‘rapid screen’), and compare the results 

to those of a more standard nutritional assessment (SNA).  
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7.3 Method 

This study was conducted at the Hampstead Rehabilitation Centre in Adelaide, a sub-acute 

care facility admitting patients on discharge from surrounding acute hospitals. Consecutive 

patients admitted to the geriatric, medical and orthopaedic rehabilitation units were 

recruited and only the patient’s first subacute-care admission during the study period was 

considered. Patients admitted to this facility are assessed for their rehabilitation potential 

and are selected for admission if 1) they have the potential to be eventually discharged 

directly to their own homes; 2) they are medically stable and 3) they would have been 

discharged home from the acute care facility if not for their physical disability and need to 

recover. A poor discharge outcome for this sub-acute care facility was therefore defined as a 

transfer to an acute hospital directly from the sub-acute care facility or discharge to 

accommodation with greater supports than they lived in before admission to the acute 

hospital (eg. home to nursing home/hostel). All participating patients were followed-up 

until they left the sub-acute care facility for home, hospital or other accommodation. 

All patients (n=86) aged 65 years and over, admitted to the centre over a 3-month period, 

were invited to participate in this study. For logistical reasons, the following patients were 

excluded from the study: those who were unable to speak English (n=5), unable to provide 

informed consent (n= 4), with moderate to severe dysphasia (n=3), on nasogastric feeds 

(n=1) and amputees (n=8). All participating patients (n=65) provided informed consent and 

the study was approved by the Research Ethics Committee of the Royal Adelaide Hospital. 

7.3.1 Nutritional assessment 

All participating patients were assessed using the Mini Nutritional Assessment (MNA), 

standard nutritional assessment (SNA) (Table 7.1) and the rapid screen within 48 hours of 

admission by two investigators at separate times, in random order. One investigator always 

administered the SNA, the other the MNA. The patient and the investigators were initially 
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blinded to the results of the assessments. Once all 3 assessments were completed, a referral 

to the dietitian was made based on the results of the SNA (see below). 

The standard nutritional assessment (SNA) (Table 7.1) was devised for this study based on 

the usual clinical practices of the trained dietitians at this facility and is similar to that used 

in previous studies (Azad et al., 1999; Laporte et al., 2001). The SNA was used as the ‘gold 

standard’ comparator in this study. Food records were not included due to time and 

personnel constraints. The parameters and cut-off values were selected based on literature 

evidence (see 3.3 and 3.4) and the clinical experience of the dietitians in this facility. In the 

Nutritional Screening Initiative, the normal BMI in the elderly was determined to be 

between 22 and 27 kg/m2 and therefore a cut-off value of 22 kg/m2 was chosen for this 

study to identify under-nourished patients [Table 7.1] (Omran & Morley, 2000a). The other 

cut-off values selected for the other parameters used in this study (Table 7.1) were based on 

a previous detailed nutritional assessment grid used by Azad et al. as the ‘ gold standard’ 

comparator to assess three different nutritional screening tools (Azad et al., 1999). In this 

study, patients were classified as moderately to severely under-nourished if they met the 

cut-off values for at least three criteria in the under-nourished column (U) as shown in 

Table 7.1. Patients with a combination of two values in the borderline (B) and one in the U 

columns or two in the U and one in the B columns were classified as mildly under-

nourished. Patients classified by the SNA as having any degree of under-nutrition (mild, 

moderate-severe) were referred to the dietitian for further assessment and for treatment as 

deemed appropriate. Those with mild under-nutrition were monitored whilst those with 

moderate-severe under-nutrition received nutritional supplements whilst in this sub-acute 

care facility. 

The MNA has been previously described in chapter 3 (Appendix 1). The single and two–

tiered MNA results are derived from the MNA scores. In the single-tiered MNA process, 

subjects scoring less than 24 were classified as under-nourished. In accordance with a 
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previous validation study of the MNA (Guigoz et al., 1994), in which the authors 

recommended a more in-depth assessment of the subjects at-risk of malnutrition (MNA= 

17-23.5), in the two-tiered MNA process, patients scoring between 17 and 23.5 were 

investigated by the SNA–described earlier. This resulted in all 65 subjects being classified 

as under-nourished or nourished as opposed to three categories when the MNA is used 

alone (M, AR, N; see above).  

Patients screened positive on the ‘rapid screen’ which was devised for use in this study, if 

they fulfilled one or both of the following 1) BMI < 22 kg/m2; 2) reported unintentional 

weight loss of > 7.5% in the preceding 3 months. As previously stated, a low BMI and 

unintentional weight loss, are known to contribute greatly towards mortality and morbidity 

in older people. These cut-off values were chosen for the reasons previously described (see 

above- SNA). 

7.3.2 Statistical Analysis 

The sensitivity, specificity, positive predictive value (PPV) and negative predictive value 

(NPV) of the single and two-tiered MNA process and the ‘rapid screen’ when compared to 

the SNA were calculated. Sensitivity was defined as the proportion of patients classified as 

under-nourished by the SNA who were classified as under-nourished by the various 

screening tools. The specificity was defined as the proportion of patients identified as 

nourished by the SNA who were classified as nourished by the various screening tools. The 

PPV was defined as the proportion of patients screening positive (under-nourished) on the 

various tools that were classified as under-nourished by the SNA. The NPV was defined as 

the proportion of patients screening negative (nourished) on the various tools that were 

classified as nourished by the SNA. Chi-square analysis was used to evaluate the 

differences in the rate of occurrence of poor discharge outcomes between groups of subjects 

with different nutritional status. P values < 0.05 were considered to be statistically 

significant. 
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7.4 Results  

The baseline characteristics of the study population are outlined in Table 7.2. Using the 

two-tiered Mini Nutritional Assessment (MNA) process, with further evaluation of the at-

risk (AR) group using the Standard Nutritional Assessment (SNA), 28 (43.1%) patients 

were under-nourished and 37 (56.9%) were nourished [Table 7.3a]. The ‘rapid screen’ 

classified 23 (35.4%) patients as under-nourished and 42 (64.6%) as nourished [Table 7.3b]. 

Eight (34.8%) subjects screened positive as they had a BMI < 22kg/m2, nine (39.1%) 

patients had weight loss (unintentional) > 7.5% of their body weight in the 3 months before 

evaluation and six (26.1%) fulfilled both criteria. The single–tiered MNA process classified 

75.4% of patients as under-nourished and 24.6% as nourished [Table 7.3c]. The SNA 

classified 28 (43.1%) of the patients as under-nourished and 37 (56.9%) as nourished. 20 

were mildly undernourished and eight were moderately-severely under-nourished.  

When compared to the SNA (Table 7.3a and 7.3b), the two-tiered MNA process had a 

higher sensitivity (89.5% vs. 78.6%), a higher negative predictive value (NPV) (87.5% vs. 

85.7%) but a lower specificity (87.5% vs. 97.3%) and lower positive predictive value (PPV) 

(89.5% vs. 95.6%) than the rapid screen. The single-tiered MNA process had a high 

sensitivity of 92.5%, NPV of 87.5%, but a low specificity of 37.8% and a low PPV of 

53.1% (Table 7.3c). 

Under-nourished [U] patients as identified by the SNA (50.0%[U] vs. 21.6%[N]; P=0.02), 

the two-tiered MNA process (50.0%[U] vs. 21.6%[N]; P=0.02) and the rapid screen 

(56.5%[U] vs. 21.4%[N]; P<0.01) were more likely to experience a poor discharge outcome 

than nourished [N] patients (Table 7.4).  
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7.5 Discussion 

The prevalence of under-nutrition in the patients in this sub-acute care facility varied 

according to the nutritional screening method. The SNA and the two-tiered MNA process 

classified 43.1% of patients as having some degree of under-nutrition requiring review 

and/or intervention by the dietitian, whilst the rapid screen identified 35.4% of the patients 

as under-nourished. These results show that there is a high prevalence of under-nutrition in 

this sub-acute care facility, a much higher prevalence than that seen in the community as a 

whole [4.8% malnourished – chapter 6]. The results of this study are similar to previous 

studies in other countries, which have found that 29 to 33% of patients admitted to sub-

acute care facilities are malnourished (score < 17) when assessed by the MNA (Salva et al., 

1999; Thomas et al., 2002).  

The BMI has been widely utilized as a surrogate marker of under-nutrition but controversy 

remains as to the best lower cut-off values, especially in older people. The 1990 United 

State guidelines for weight found that the healthy body-mass index was between 21 and 27 

kg/m2 for people aged 35 years and older but these values were biased by reverse causation 

and inadequate control for smoking (Department of Agriculture & Services., 1990; Willett 

et al., 1999). In a recently published large prospective study of one million adults, the 

lowest rates of death from all causes were found at BMIs between 23.5 and 24.9 kg/m2 in 

men and 22.0 and 23.4 kg/m2 in women; relative risks were not significantly increased for 

the range of BMIs between 22.0 and 26.4 kg/m2 in men and 20.5 and 24.9 kg/m2 in women 

(Calle et al., 1999). In this study, we arbitrarily selected a lower cut-off value of 22 kg/m2 

and this may need to be re-evaluated in the future when evidence based cut-off values are 

agreed upon. 

In this study, under-nourished patients were more likely than well-nourished patients to 

transfer to an acute hospital directly from the sub-acute care facility or to require discharge 

to accommodation with increased supports. This too is consistent with the results of a larger 
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study which found that malnourished patients scoring less than 17 on the MNA in a tertiary 

geriatric hospital had a 3 fold increased risk of mortality and rate of discharge to a nursing 

home in comparison to those who were nourished [score > 24] (Van Nes et al., 2001). 

We cannot be sure that under-nutrition per se is the cause of the worse discharge outcomes 

experienced by the ‘under-nourished’ patients in this study. There is likely to be some 

contribution, at least, from frailty and co-existing medical and other conditions that do not 

respond to nutritional intervention. Nevertheless, nutritional intervention has been shown to 

decrease mortality, hospitalisations and morbidity in under-nourished people in various 

clinical settings (Delmi et al., 1990; Milne et al., 2002; Schurch et al., 1998; Tkatch et al., 

1992). We believe the results support the need for nutritional screening of patients in sub-

acute facilities and nutritional intervention in those identified as under-nourished.  

It is not possible to determine with certainty from this study the best screening tool for 

under-nutrition. As in previous studies, when the MNA was used with a cut-off value of 24 

[single tiered MNA process; (Murphy et al., 2000)], a high proportion of patients (75.4%) 

were designated as malnourished and, while this categorisation had a high sensitivity, it had 

a specificity of 37.8% and a positive predictive value of only 53.1% in relation to the results 

of the SNA (Table 7.3c). Such a low specificity and positive predictive value is 

unacceptable in our sub-acute facility, as it would result in many patients being 

unnecessarily referred to an over-worked part-time dietitian and maybe receiving 

unnecessary treatment. However, the use of the MNA in this way may be acceptable when 

screening for the use of interventions that are safe and cost-effective.  

Both the two-tiered MNA process and rapid screen had a high rate of agreement with the 

results of the SNA (Table 7.3a and 7.3b). The two-tiered MNA process avoided the need to 

do the SNA (and hence blood sampling) in the 54% of patients who were initially classified 

as mal- (<17) or well-nourished (≥ 24) by the MNA. The rapid screen had a higher 

specificity and positive predictive value but a lower sensitivity than the 2-tiered method. 
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The use of the rapid screen avoided the need for biochemical investigations in all patients. It 

appears from the results of this study and the experience whilst conducting this study that it 

might be best to use the rapid screen (which can readily be included into nursing and/or 

medical admission procedures) if budgetary and staffing resources are limited and there is a 

need to minimise unnecessary referrals for detailed nutritional assessment and interventions 

as in this facility. If more resources are available, the 2-tiered approach with its higher 

sensitivity, would appear to be the better approach as the content of the MNA can prompt 

and guide clinical intervention (eg. medication review if taking more than three medications 

or screening for depression/cognitive impairment).  

A major limitation of this study was that there was no one ‘gold standard’ diagnostic tool 

for the diagnosis of under-nutrition in older people against which these screening tools 

could be compared to. Two parameters in the SNA (BMI and unintentional weight loss) 

were also present in the MNA and the rapid screen and this would have influenced the 

sensitivity, specificity, PPV and NPV calculations somewhat. However, it is impossible to 

perform an in-depth nutritional assessment without the inclusion of these two very 

important parameters. Also, the SNA was devised based on the usual practices of the 

clinical dietitians in our facility and closely reflects the objective method that would 

normally be used by them to assess the older patient’s nutritional status (minus clinical 

examination and food diaries). Therefore, it can be assumed that the rapid screen and the 

two-tiered MNA process would identify older people who would most benefit from further 

evaluation and management by the clinical dietitian. It is unlikely that older people who are 

nourished would be inappropriately referred to the clinical dietitian when these screening 

methods are used.  

In conclusion, there is a need to systematically screen for under-nutrition in sub-acute care 

facilities and intervene, as the prevalence of under-nutrition is high. The choice of screening 

tool would be highly dependent on the staffing resources available at individual institutions. 
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Studies attempting to confirm the independent predictors of poor discharge outcomes (i.e. 

prolonged length of stay or mortality) are required, as addressing these risk factors very 

early on during an admission is likely to translate into improved health and functional 

outcomes. Studies demonstrating effective intervention strategies that result in beneficial 

health outcomes in facilities such as this should also be encouraged. 

Table 7.1 The standardized nutritional assessment (SNA) devised based on the usual clinical 
practices of the dietitians at this facility was used in this study as comparator (see 
Table 7.3a-c). 

 N B U 
Total lymphocyte count (×109/l )  >1.5  1.2–1.5  <1.2  
Serum albumin level ( g/l )  >35  28–34  <28  
Total cholesterol level (mmol/ l )  >4.15  –  <4.15  
No of risk factors:     
Nausea, vomiting, diarrhoea, constipation, difficulty     
Chewing or swallowing, history of gastrointestinal disease  0,1  2  ≥3  
% Unintentional weight loss over 3 months (subjective)   0  1.0–7.5  >7.5  
BMI (kg/m2)  ≥22   <22  

 

Under nourished (Mild) =1U +2B or 2U +1B  
Undernourished (Moderate-Severe) = 3U and greater 

Table 7.2 Baseline characteristics of the patients admitted to the Hampstead Rehabilitation 
Centre, South Australia between October 2002 and January 2003 who participated in 
this study. 

Rehabilitation Units Surveyed Medical Orthopaedic Geriatric 

No of patients studied (n=65) 14 (21.5%) 25 (38.5%) 26 (40.0%) 

Mean Age + Standard Deviation [SD] 
(years) 

76.5 + 5.3 79.5 + 5.6 79.8 + 7.7 

Total number male  6 (42.9%) 10 (40.0%) 5 (19.2%) 

Body mass index (BMI) [kg/m2] + SD 26.3 + 4.8 25.9 + 5.7 25.0 + 5.8 

Main reason for rehabilitation 

Cerebrovascular 
accident (CVA), 
critical care 
neuropathy 

Fracture, joint 
replacement 
surgery 

Pneumonia, 
post-abdominal 
surgery, minor 
CVA etc. 
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Table 7.3a Comparison of the 2-tired Mini Nutritional Assessment Process against the Standard 
Nutritional Assessment. 

  
Standard Nutritional 
Assessment 

Standard Nutritional 
Assessment  

  Under-nourished  Nourished  

Mini Nutritional 
Assessment 

Malnourished 
[Score <17] 

17 2 19 (29.2%) 

Mini Nutritional 
Assessment 

Nourished  
[Score > 24] 

2 14 16 (24.6%) 

Mini Nutritional 
Assessment 

At-risk  
[Score 17-23.5] 

9 21 30 (46.2%) 

 Total 28 (43.1%) 37 (56.9%) 65 

This analysis 
excludes patient’s 
classified as at-
risk and they are 
further evaluated 
using the SNA 

 

Sensitivity [%] (and 
95% Confidence 
Interval [CI]) 
89.5 (68.6-97.1) 
Positive Predictive 
Value [%] (and 
95%CI) 
89.5 (66.9-98.7) 

Specificity [%] (and 
95% CI) 
87.5 (64.0-96.5) 
Negative Predictive 
Value [%] (and 95% CI) 
87.5 (61.6-98.5) 

 

 

Table 7.3b Comparison of the Rapid Screen against the Standard Nutritional Assessment. 

  Standard Nutritional 
Assessment 

Standard Nutritional 
Assessment  

  Under-nourished Nourished  

Rapid Screen Under-nourished 22 1 23 (35.4%) 
Rapid Screen Nourished 6 36 42 (64.6%) 

 Total 28 (43.1%) 37 (56.9%) 65 

  

Sensitivity [%] (and 
95% Confidence 
Interval [CI]) 
78.6 (60.5-89.8) 
Positive Predictive 
Value [%] (and 
95%CI) 
95.7(78.1-99.9) 

Specificity [%] (and 
95% CI) 
97.3 (86.2-99.9) 
Negative Predictive 
Value [%] (and 95%CI) 
85.7(71.5-94.6) 
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Table 7.3c Comparison of the Single-tiered Mini Nutritional Assessment Process against the 
Standard Nutritional Assessment. 

  Standard Nutritional 
Assessment 

Standard Nutritional 
Assessment  

  Under-nourished Nourished  

Single-tiered 
Mini Nutritional 
Assessment 
Process 

Under-nourished 26 23 49 (75.4%) 

Single-tiered 
Mini Nutritional 
Assessment 
Process 

Nourished 
 2 14 16 (24.6%) 

 Total 28 (43.1%) 37 (56.9%) 65 

  

Sensitivity [%] (and 
95% Confidence 
Interval [CI]) 

92.5 (77.4-98.0) 

Positive Predictive 
Value [%] (and 95%CI) 

53.1 (38.3-67.5) 

Specificity [%] (and 
95% CI) 

37.8 (24.1-53.9) 

Negative Predictive 
Value [%] (and 
95%CI) 

87.5 (61.7-98.5) 
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Table 7.4 The ability of various screening tools to predict the occurrence of poor discharge 
outcomes. 

  Total 
patients 
(n=65) 

Re-admitted 
to acute 
care (AC) 

Admitted to 
long term 
care facility 
(LTC) 

Total with 
poor 
discharge 
outcome 
(AC+LTC) 

P 
[chi-square 
analysis] 

Rapid Screen 
Positive 
(under-nourished) 
Negative (nourished) 

23 (35.4%)
 
42 (64.6%) 

8 
 
6 

5 
 
3 

13 (56.5%) 
 
9 (21.4%)  

<0.01 

Standard Nutritional Assessment 

Under-nourished 
Nourished 

28 (43.1%) 
37 (56.9%) 

9 
5 

5 
3 

14 (50.0%) 
8 (21.6%) 0.02 

Two-tiered Mini Nutritional Assessment (MNA) process 
Under-nourished 
Nourished 

28(43.1%) 
37(56.9%) 

9 
5 

5 
3 

14 (50.0%) 
8 (21.6%) 0.02 

MNA single-tiered process 

Under-nourished 
(<24) 
Nourished (>24) 

49 (75.4%)
 
16 (24.6%) 

12 
 
2 

6 
 
2 

18 (66.7%) 
 
4 (10.5%) 

* 

* chi square analysis not performed as event rate was too low amongst nourished patients 
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Chapter 8 

Fasting plasma ghrelin levels are comparable in under-
nourished and well-nourished older people 

8.1 Summary 

Ghrelin, an orexigenic hormone is thought to play an important role in meal initiation. The 

main aim of this study was to determine whether fasting plasma ghrelin levels were 

different between under-nourished and well-nourished older people. 25 under-nourished (10 

male) and 12 well-nourished (6 male) community dwelling older people were investigated. 

Under-nourished subjects were required to have a score < 24 on the Mini Nutritional 

Assessment and a body mass index < 22 kg/m2 and/or >7.5% unintentional weight loss in 

the preceding 3 months. Fasting plasma ghrelin levels (RIA) and food intake were 

determined. Body composition (free fat mass index [FFMI] and body fat mass index 

[BFMI]) was measured using dual-energy-x-ray absorptiometry. Under-nourished subjects 

were older (mean age 77.5 + 1.4 [SEM] vs. 72.2 + 1.6 years), leaner (FFMI 12.81 + 0.41 vs. 

15.45 + 0.66 kg/m2), had less body fat (BFMI 5.50 + 0.29 vs. 8.69 + 0.71 kg/m2) and less 

oral intake (1465 + 75 vs. 2097 + 130 kcal/day) than well-nourished subjects (all 

significant). Fasting plasma ghrelin levels in malnourished and well-nourished older people 

were not significantly different (2598 + 340 vs. 2314 + 293 pg/ml). Fasting plasma ghrelin 

levels in under-nourished older people are comparable to those in well-nourished older 

people, not higher as may have been predicted from previous studies in under-nourished 

young adults. The lack of a significant rise in under-nourished older people may signify a 

defect in energy homeostasis, which may contribute to the development and/or progression 

of the anorexia of ageing. 
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8.2 Introduction 

There is evidence that, ghrelin, a hormone produced primarily in the fundus of the stomach, 

which reaches brain centres via the bloodstream, has orexigenic activity and modulates 

energy balance (Arvat et al., 2001; Muccioli et al., 2002; Takaya et al., 2000; Tschop et al., 

2000; Ukkola, 2003). Ghrelin is purported to play an important role in meal initiation and 

energy intake (Cummings et al., 2004). Exogenous administration of ghrelin to healthy 

young volunteers and cachetic patients with cancer has been reported to increase appetite 

and energy intake (Neary et al., 2004; Wren et al., 2001). 

In negative energy balance states (i.e. under-nutrition, acute weight loss) there may be a 

compensatory increase in plasma ghrelin levels. In a recent study by our group plasma 

ghrelin levels were shown to be higher (140%) in a small cohort of very under-nourished 

older women when compared to nourished older women, and it was postulated that this 

increase may reflect either ghrelin resistance, increased concentrations of bio-inactive 

ghrelin or a compensatory increase of plasma ghrelin levels (Sturm et al., 2003). In another 

study in young subjects, weight loss, induced by a 3 month exercise program in 

combination with energy-deficit diet, was associated with a 70% increase in fasting plasma 

ghrelin levels in young volunteers (Leidy et al., 2004). In the latter study, it was observed 

that weight loss preceded changes in plasma ghrelin levels; accordingly, it was suggested 

that the rise in plasma ghrelin levels represented a compensatory response to a state of 

negative energy balance (Leidy et al., 2004). Similarly, in a study comparing young adults 

with anorexia nervosa (n=6), a state of negative energy balance, to healthy young controls 

(n=12), fasting plasma ghrelin levels were found to be approximately 160% higher 

(Rigamonti et al., 2002). 

The anorexia of ageing describes the physiological decrease in appetite and food intake that 

may accompany ageing (Chapman, 2004). Changes in hormonal responses to weight loss in 

older people may contribute to the anorexia of ageing. Ageing is said to be associated with 
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an impaired regulation of feeding. For example, in one study, following an underfeeding 

period that resulted in weight loss in both groups, older subjects continued to under-eat and 

did not regain lost weight whilst younger subjects ate more and regained the lost weight 

during the recovery period (Roberts et al., 1994).  

The main aim of this study was to determine whether plasma ghrelin was altered in 

malnourished older people. The potential effects of daily food intake, age, gender and body 

composition on fasting plasma ghrelin levels in community dwelling older people were also 

evaluated. 
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8.3 Method 

The study involved 25 under-nourished and 12 well-nourished community-dwelling older 

people (age range 65-93 years). Informed consent was obtained from all participants and the 

protocol was approved by the Research Ethics Committee of the Royal Adelaide Hospital, 

South Australia. 

8.3.1 Protocol 

All subjects provided a venous blood sample (10ml) at approximately 09 00 h after an 

overnight fast (12 hours duration, with the exception of sips of water which was permitted 

until 06 00 h). Intake of water is known to not affect plasma ghrelin (Gottero et al., 2003). 

Subjects also provided a record of their food intake (Crawford et al., 1994; Gersovitz et al., 

1978; Jula et al., 1999). Body composition was assessed using dual energy X-ray 

absorptiometry (DEXA). In all subjects blood sampling, DEXA and food intake estimation 

were performed within a 2-week period. 

8.3.2 Subjects  

Under-nourished  

The under-nourished community dwelling older people were derived from a cohort who 

were to be enrolled in a randomized, controlled nutritional intervention study. Subjects were 

classified as under-nourished if they fulfilled the following criteria: i) a Mini Nutritional 

Assessment (MNA) score < 24 and/or ii) screened positive on the ‘rapid screen’ (Guigoz et 

al., 2002; Visvanathan et al., 2004b).  

The MNA consists of 4 main components: a) anthropometric measurements (weight, height 

and weight loss); b) global assessment (six questions related to lifestyle, medication and 

mobility); c) dietary assessment (eight questions related to number of meals, food and fluid 

intake, and autonomy of feeding); and d) subjective assessment (self-perception of health 
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and nutrition)(Guigoz et al., 1994). Patients are classified as well nourished [N] (MNA>24), 

at risk of malnutrition [AR] (MNA= 17-23.5) or malnourished [M] (MNA<17) according to 

the MNA score (maximum=30). 

Subjects screened positive on the ‘rapid screen’ if their body mass index (BMI) was < 22 

kg/m2; and/or their reported weight loss in the preceding 3 months was > 7.5% (Chapter 7). 

The ‘rapid screen’, which only evaluates BMI and weight loss, has been reported to have a 

sensitivity of 78.6% and specificity of 97.3% when compared to a more detailed nutritional 

assessment of patients of a sub-acute care facility (Chapter 7). 

Nourished subjects 

Nourished community dwelling older subjects were recruited by advertisement; all these 

subjects had a MNA > 24.  

8.3.3 Measurements  

Plasma ghrelin 

Venous blood was collected in ice-chilled EDTA tubes containing 1000 kallikrein 

inhibitory units aprotinin (Trasylol)/ml blood for measurement of fasting plasma ghrelin. 

Plasma was separated by centrifugation (3000 rpm for 15 min at 40C) within one hour of 

collection and stored at -70 C until assayed. Ghrelin was measured by radioimmunoassay 

(RIA), using an adaptation of a method developed by Prosearch International with a 

commercial antisera (RAST-4745, Bachem, Ca) which does not cross-react with secretin, 

orexin, motilin, galanin or vasoactive intestinal peptide (VIP). Human ghrelin was iodinated 

with an equimolar quantity of 125 iodine by the chloramines-T oxidisation method. Iodo-

histidyl-ghrelin was separated from free 125 iodine and unlabelled ghrelin by reverse phase 

high performance liquid chromatography on a Phenomenex Jupiter C4 300A 5u column cat 

no. 00B-4167-EO 250 x 4.6 mm. The column was eluted isocratically with 27% acetonitrile 

in triethylamine phosphoric acid buffer pH 3.0. (Prosearch International, Victoria). 



Chapter 8: Fasting ghrelin levels in older people 

110 

Standards were serially diluted from ghrelin peptide (Phoenix Pharmaceuticals, Ca) in a 

range from 4 to 256 pg/ml in buffer (50mM phosphate pH 7.4 containing 10 mM EDTA 

and 2g/L gelatin). Incubation was for 20-24 hours at 4°C and second antibody precipitation 

was used to separate the antibody bound peptide from free peptide. The second antibody 

was added at the time the assay was setup (100 µl of sheep antirabbit antibody (Prosearch 

International,Victoria) and 100 µl of 2% normal rabbit serum) and 1 ml 8% 

polyethylenglycol 6,000 added immediately prior to centrifugation. After centrifugation for 

25 minutes at 4°C, tubes were decanted and counted on Crystal LKB gamma counter. The 

minimum detectable level was 40pg/ml, inter-assay coefficient of variation (CV) was 23% 

and intra-assay CV was 17%. 

The performance of the ghrelin assay incorporating Bachem antisera (used in this study) 

was assessed by measuring ghrelin levels in 20 samples and comparing results to those 

obtained using a ghrelin kit (Phoenix Pharmaceuticals, Ca). There was an excellent 

correlation between the two assays (r=0.932; P<0.001). The absolute levels of ghrelin 

measured by the two assays varied markedly (slope+intercept: 8.5+-1686.7) as there is 

currently no standardized calibrator or reference method for the assay of human ghrelin. 

Food intake 

In the nourished subjects food intake was evaluated using a 3-day food diary. In contrast, in 

under-nourished subjects, food intake was assessed using the 24-hour recall method; this 

approach was selected because the under-nourished older subjects were about to participate 

in an intervention study, which required the administration of several other lengthy 

questionnaires. The nourished subjects were asked to complete a 3-day food diary as this 

method is reported to reflect food intake more accurately than the 24-hour recall method 

and is more likely to be completed than the longer 7-day food diary (Crawford et al., 1994; 

Gersovitz et al., 1978; Jula et al., 1999). 
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Body composition 

DEXA (Norland TM densitometer XR36, Norland Medical Systems, Fort Atkinson, 

Wisconsin, USA) was used to assess free fat mass (FFM) and body fat mass (BFM) and 

these measurements were then height adjusted to produce the free fat mass index (FFMI) 

and body fat mass index (BFMI). This investigation required each subject to lie supine on a 

scanning bed with minimal clothing whilst a low dose x-ray scans their body. Individuals 

were scanned at 130 mm/s using a scan resolution of 6.5 x 13 mm for approximately 20 

minutes. When the DEXA-derived [Norland XR36] skeletal muscle mass values were 

compared to those calculated by a nuclear method from total body potassium and total body 

nitrogen in 75 older Australian, a good correlation was seen (men r=0.83, women 

r=0.87)(Hansen et al., 1999; Wang et al., 1996). 

8.3.4 Statistical analysis 

All values are expressed as mean + standard error of mean [SEM]. Subject characteristics 

were compared using independent sample t-test analyses (equal variance not assumed). The 

relationships between fasting plasma ghrelin levels and other parameters were evaluated 

using the Spearman’s non-parametric correlation analysis. Fixed effects 6-way ANOVA 

was used to determine if any of the subject factors (nutritional status, gender, age, food 

intake, FFMI, BFMI) had an independent effect on fasting plasma ghrelin levels. Adjusted 

mean ghrelin levels were derived from the fixed effects-6 way ANOVA model where raw 

mean values were adjusted for age, gender, food intake, FFMI and BFMI. SAS was the 

software program used (SAS Institute, inc, Cary, NC). P values < 0.05 were considered to 

be statistically significant.  
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8.4 Results 

The characteristics of well-nourished and under-nourished subjects are summarized in table 

8.1. Under-nourished subjects were older (P<0.05), leaner (P<0.05), had less body fat 

(P<0.001) and less energy intake (P<0.001) when compared to well-nourished subjects. 

Fasting plasma ghrelin levels in well-nourished older subjects were 11% lower than in 

under-nourished subjects, but this difference was not significant (P=0.53). Adjusted mean 

ghrelin levels derived by the 6-way ANOVA were also not significantly (P=0.56) different, 

although 33% lower in the under-nourished subjects compared to nourished subjects (i.e. 

reversal of trend). There was no independent effect of energy intake (P=0.92), FFMI 

(P=0.26), BFMI (P=0.50), age (P=0.68) or gender (P=0.49) on fasting plasma ghrelin 

levels. Consistent with this, the correlations between fasting plasma ghrelin levels and age 

(r= -0.26), body mass index [BMI] (r= -0.37) and FFMI (r= -0.14) were all weak and non-

significant. There were also no significant correlations between fasting plasma ghrelin 

levels and either BFMI (r=0.02) or food intake (r=0.06). 
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8.5 Discussion 

The novel observation in this study was that fasting plasma ghrelin levels in under-

nourished and well-nourished community dwelling older people are comparable. We 

anticipated that ghrelin levels may be increased in the malnourished older people and the 

absence of a difference is consistent with the concept of a role for ghrelin in the impaired 

energy homeostasis seen in older people. States of negative energy balance have been 

associated with increased ghrelin levels and this would favor the maintenance of energy 

homeostasis by stimulating appetite and energy intake (Rigamonti et al., 2002). Ghrelin is 

said to play an important role in meal initiation and therefore, given this relative ghrelin 

deficiency in under-nourished older people, the administration of exogenous ghrelin may 

prove effective in increasing appetite and energy intake (Cummings et al., 2004; Neary et 

al., 2004; Wren et al., 2001).  

The results of this study apparently conflict with observations in a smaller study by our 

group where fasting plasma ghrelin levels in older under-nourished subjects [n=8] were 

more than double those seen in well-nourished [n=8] older people (1320 + 348 [SEM] vs. 

552 + 132 pg/ml)(Sturm et al., 2003). There are, however, several differences which may 

well account for the discrepancies between these two studies. In the study by Sturm et al., 

the under-nourished subjects were more underweight and, almost certainly, more severely 

under-nourished than the under-nourished subjects in this study (i.e. mean BMI 16.9 vs. 

19.0 kg/m2; mean MNA score 18.7 vs. 20.4), although the under-nourished subjects in this 

study were demonstrably nutritionally impaired as evidenced by their lower scores on the 

MNA, reduced lean mass and reduced oral intake compared to nourished subjects. Four of 

the eight subjects in the study by Sturm et al. had a score of less than 17 [malnourished] on 

the Mini Nutritional Assessment (MNA) and two others (n=2) had a score between 17 and 

23.5 [at-risk of malnutrition]. In contrast, in the current study, 24 subjects were at-risk of 

malnutrition (MNA score 17-23.5) and only one subject was malnourished (MNA score < 
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17). Perhaps, a compensatory increase in baseline plasma ghrelin levels does not occur in 

under-nourished older people until severe protein energy malnutrition has developed. The 

ghrelin assay used in the current study was different to that used by Sturm et al. (Phoenix 

Pharmaceuticals, Ca), but the results have been shown to correlate very closely (r=0.932), 

so this is unlikely to be an issue. No adjustment for age, gender, food intake and body 

composition measures were made in the study by Sturm et al. and some, but not all, studies 

have suggested that these measures may affect plasma ghrelin levels, especially in younger 

people (Cummings et al., 2004; Fagerberg et al., 2003; Greenman et al., 2004; Itoh et al., 

2004; Purnell et al., 2003; Rigamonti et al., 2002; Sturm et al., 2003). 

The results of this study are inconsistent with observations in younger subjects with weight 

loss where acute weight loss, through the inducement of negative energy balance (e.g. 

exercise and an energy deficit diet), results in an increase in plasma ghrelin levels (Leidy et 

al., 2004). Similarly, more chronic negative energy balance states in younger people such as 

anorexia nervosa, are associated with a substantial increase in plasma ghrelin levels than in 

healthy normal weight younger subjects (Rigamonti et al., 2002). Accordingly, our 

observations support the hypothesis that with ageing, there may be an impairment in the 

regulation of ghrelin secretion, with failure of a compensatory rise in fasting ghrelin levels 

occurring in older people but not in younger people.  

With increasing age, there is a decreased margin of homeostatic reserve and an increasing 

likelihood of experiencing numerous assaults to homeostasis (Bales & Ritchie, 2002). Frail 

older people are at high risk of homeostasis disruption and are also a heterogeneous group 

with varying pathology (Ferrucci et al., 2002). In essence, the results of this study, 

unchanged ghrelin levels in response to what is presumably a state of chronic negative 

energy balance, lends support to the hypothesis that relative ghrelin deficiency may play a 

role in the development and/or progression of the anorexia of ageing in older people. The 

term ‘anorexia of ageing’ refers to the decline in energy intake and appetite that may 
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accompany ageing (MacIntosh et al., 2000). In part, this decline in energy intake is in 

response to a decrease in energy expenditure, but in many cases the former exceeds the 

decline in energy expenditure leading to an overall loss of body weight (MacIntosh et al., 

2000). Based on this definition, the anorexia of ageing represents a state of negative energy 

balance and accompanying this, one may be expected to see a compensatory rise in plasma 

ghrelin levels. It remains to be determined whether exogenous administration of ghrelin to 

this population group may be beneficial in improving nutritional status by increasing food 

intake, as it has been found to do with short term administration to cachetic patients with 

metastatic cancer (Neary et al., 2004).  

Although in this study, only one fasting plasma ghrelin level was obtained for each subject, 

it has been shown that a single conveniently obtained plasma ghrelin level (i.e. fasting early 

morning levels) can sufficiently serve as a surrogate for an integrated 24-hour AUC ghrelin 

value in human subjects (Cummings et al., 2001). A potential limitation of this study was 

small subject numbers. But based on these results, the likelihood of such under-nourished 

older people having significantly higher ghrelin levels than their healthy peers when we 

found adjusted mean values to be non-significantly lower is extremely low.  

In summary, the main and novel finding of this study was that fasting plasma ghrelin levels 

in under-nourished and nourished older people were comparable. We hypothesize that these 

unchanged (if not lower) ghrelin levels in the setting of a negative energy balance state may 

contribute to the development and/or progression of the anorexia of ageing in older people. 



Chapter 8: Fasting ghrelin levels in older people 

116 

Table 8.1 The baseline characteristics of the study population (mean + SEM). 

 Nourished  
(SEM) 

Under-nourished 
(SEM) 

n 12 25 
Age [years]  72.17 (1.63) 77.52 (1.40) + 
Body Mass Index [kg/m2]  24.58 (0.52) 19.02 (0.32) * 
Food Intake [kcal/day]  2097.43 (130.07) 1465.28 (74.63) * 
Mini Nutritional Assessment (max score 30) 28.92 (0.33) 20.44 (0.43) * 
Free Fat Mass Index [kg/m2] 15.45 (0.66) 12.81± (0.41)* 
Body Fat Mass Index [kg/m2]  8.69 (0.71) 5.50 (0.29) * 
Fasting plasma ghrelin  2313.67 (293.16) 2597.56 (339.78) 
Adjusted mean fasting plasma ghrelin 
(pg/ml) levels from fixed effects 6-way 
ANOVA analysis 

3027.93 (891.74) 2287.53 (486.15) 

[UN vs. N] * P< 0.001 ±P<0.05] 
SEM-standard error of mean 
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Chapter 9 

Blood pressure responses in healthy older people to 50g 
carbohydrate drinks with differing glycaemic effects 

9.1 Summary 

The objective of this study was to determine the blood pressure response to 50g 

carbohydrate drinks with varying glycaemic effects. A randomized, cross-over study was 

performed. 10 healthy elderly subjects (age > 65 years) participated in this study. Systolic 

(SBP), diastolic (DBP) and mean (MAP) blood pressure (BP), heart rate (HR), plasma 

glucose levels were determined following ingestion of equal volumes (379 ml) of water and 

50g carbohydrate drinks with reported varying glycaemic indices [surrogate marker for 

glycaemic effect]: 1) low -‘Apple & Cherry’ juice, 2) intermediate -‘Fanta Orange’ and 3) 

high-glucose. Glucose (SBP and DBP- P<0.001, MAP- P<0.01) and Fanta (SBP- P<0.01, 

DBP and MAP- P<0.001) ingestion caused a significant decrease in BP whilst BP increased 

(SBP- P<0.01 and MAP– P<0.01) from baseline following Apple and Cherry juice 

ingestion. Water had no significant effect on post-ingestion BP. Fanta and Apple and 

Cherry juice ingestion had similar (P=0.68) glycaemic effects, which were significantly 

greater than water but lower than glucose (P<0.001). No significant correlation between the 

glycaemic effect of the carbohydrate drinks and BP changes from baseline were seen (SBP 

[r = -0.12, P = 0.51], DBP [r = -0.05, P = 0.78] and MAP [r=-0.07, P=0.71]). Apple and 

Cherry juice and Fanta orange had similar glycaemic effects but discrepant effects on BP. 

Therefore it is unlikely that the glycaemic effect of a drink can be used to predict the 

subsequent cardiovascular response.  
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9.2 Introduction 

Blood pressure (BP) normally decreases after a meal and reaches a nadir between 30 to 60 

minutes after eating (Jansen & Lipsitz, 1995; Smith et al., 2003). When excessive, this 

decrease is termed post-prandial hypotension (PPH), defined as a decrease in systolic BP of 

20 mmHg or more within two hours of the start of a meal. PPH is associated with an 

increased incidence of falls, syncope, angina and transient ischaemic attacks, particularly in 

older people and patients with autonomic neuropathy; the latter most frequently due to 

diabetes mellitus (Jansen & Lipsitz, 1995; Mathias et al., 1989). PPH is a relatively 

common, yet under-recognized problem in older people. For example, in a study of 499 

older, ambulatory or wheelchair-bound residents of a long-term health care facility, 24% 

were found to have PPH, with significantly greater post-prandial BP decreases occurring in 

those who had experienced falls or syncope in the preceding 6 months than in those who 

had not (Aronow & Ahn, 1994). 

The pathophysiology of PPH is poorly understood, but likely to be multifactorial (Jansen & 

Lipsitz, 1995). The magnitude of the postprandial BP fall is dependant on meal 

composition. Ingestion of carbohydrates, particularly glucose and to a lesser degree starch 

but not fructose or xylose, lowers BP more than ingestion of protein, fat or water (Heseltine 

et al., 1991a; Jansen & Lipsitz, 1995; Jansen et al., 1990; Mathias et al., 1989; Robinson 

TG, 1995). Guar, a naturally occurring, non-absorbed, gel-forming carbohydrate of 

vegetable origin has been shown to attenuate the fall in BP seen following the ingestion of a 

glucose drink (Jones et al., 2001). Thus, modification of meal composition could provide a 

means of reducing excessive post-prandial BP falls in people with PPH.  

A revised list of the relative glycaemic indices (GIs) of different foods was recently 

published (Foster-Powell et al., 2002). Per gram of carbohydrate, foods with a high 

glycaemic index (GI) produce a higher peak in postprandial blood glucose and a greater 

overall blood glucose response during the first two hours after consumption, reflecting a 
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greater glycaemic effect than foods with a low GI. The GI is calculated by measuring the 

incremental area under the capillary blood glucose curve following ingestion of a test meal 

providing 50g carbohydrate, compared with the area under the capillary blood glucose 

curve following an equal carbohydrate intake from the reference meal (glucose drink or 

bread) multiplied by 100. Foods are classified as having a low (< 55), intermediate (55-69), 

or high (>70) GI.  

The addition of guar to a glucose drink reduces its glycaemic effect - adding 14.5 g of guar 

to a 50g glucose drink reduces its GI from 100 (arbitrarily designated) to 62 (Foster-Powell 

et al., 2002). This reduction in glycaemic effect could be a mechanism by which it 

attenuates the fall in BP (Jones et al 2001). We therefore hypothesized that the lower the 

glycaemic effect of a food, the smaller the postprandial reduction in BP. If so, it may be 

possible to design diets for people with PPH based on the glycaemic effects of food using 

published GI values of foods as a surrogate marker.  

The purpose of this study, therefore, was to determine the effects of drinks with equal 

volume and carbohydrate content but differing glycaemic effects, on post-ingestion BP. 
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9.3 Methods 

9.3.1 Subjects 

10 healthy, subjects (6 male), aged 65-77 years were recruited by advertisement. All 

subjects were non-smokers and had no history of gastrointestinal disease or surgery, 

diabetes mellitus, significant respiratory or cardiovascular disease, chronic alcohol abuse, 

epilepsy or symptoms of autonomic dysfunction. No subject was on any medications 

known to influence BP and all medications remained unchanged during the study.  

9.3.2 Protocol 

Each subject had blood pressure (BP), heart rate (HR) and plasma blood glucose 

measurements taken on four se arate study days before and after ingestion of one of the 

study drinks (described below), in random order. The studies were not blinded and 

separated by at least 72 hours. All drinks were served at a temperature of 220C to avoid the 

potential effect of temperature on BP (Kuipers et al., 1991). In one study, a warm glucose 

drink (500C) caused a fall in mean arterial BP whilst a cold drink (50C) caused an increase 

in mean arterial BP (Kuipers et al., 1991). The carbonated drink (Fanta orange) was 

allowed to stand for 20 minutes to reduce carbonation. Subjects attended the Department of 

Medicine following an overnight fast (10 hours for solids and 6 hours for liquids), at the 

same time (08 30h) for all studies. The study room was air-conditioned with the 

temperature set at 22 + 3 0C. A cannula was placed in the left antecubital vein for blood 

sampling and subjects were seated comfortably in a chair to mimic normal physiological 

conditions during a meal. A BP cuff was attached to the right upper arm. Cardiovascular 

autonomic function was evaluated on one of the study days. Each subject gave written, 

informed consent and the study was approved by the Research Ethics Committee of the 

Royal Adelaide Hospital. 
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9.3.3 Study drinks 

The study drinks were selected based on their predicted glycaemic effect using the GI as a 

surrogate marker (Foster-Powell et al., 2002). The commercially available drinks (2 and 3) 

were manufactured in Australia and bought from the local supermarket.  

 50g glucose [GI= 100- arbitrarily designated] in 359 ml of water and 20ml of bottled 

lemon squeeze manufactured by Berri Ltd., Victoria, Australia (99.9% lemon juice with 

2.5mg per 100ml carbohydrate content);  

 368 ml ‘Fanta Orange’ [Fanta], a commercially available carbonated drink 

manufactured by Coca Cola Amatil, Australia [reported intermediate GI= 68 + 6 

(Foster-Powell et al., 2002)] and 11ml of water;  

 379 ml ‘Apple and Cherry’ Juice [reported low GI= 43 + 3 (Foster-Powell et al., 

2002)], a commercially available preservative free fruit juice manufactured by Wild 

About Fruit, Australia; and  

 379 ml of water (control drink). 

9.3.4 Measurements 

Blood pressure and heart rate 

BP (systolic [SBP], diastolic [DBP], mean arterial pressure [MAP]) and heart rate (HR) 

were measured using an automated oscillometric BP monitor [DINAMAP ProCare, GE 

Medical Systems, NSW, Australia]. Following a 20-minute rest post cannula insertion, 

three measurements were obtained at 9, 6 and 3 minutes prior to drink ingestion at t = 0 

min. The mean of these three readings formed the baseline value. Following ingestion of the 

drink, BP and HR measurements were measured three minutely for the first 60 minutes (to 

t=60). 
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Plasma glucose measurements 

Venous blood was obtained from the intravenous cannula for glucose estimation at baseline 

and t=15, 30, 45 and 60 minutes and stored in tubes containing fluoride and potassium 

EDTA. These samples were than centrifuged for 15 minutes at 4000 rpm before being 

processed on an Olympus 5400 analyser using the hexokinase method at the Institute of 

Medical and Veterinary Science (IMVS), Frome Road, Adelaide, South Australia.  

Cardiovascular autonomic function 

Autonomic nerve function was evaluated using standardized cardiovascular reflex tests 

(Ewing & Clarke, 1982; Piha, 1991). Parasympathetic function was evaluated by the 

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

from a lying position. The maximum and minimum R-R interval for each respiratory cycle 

(converted to beats/min) was determined. The ratio of the longest R-R interval (around the 

30th beat) to the shortest R-R interval (around the 15th beat) upon standing was also 

determined (‘30:15’). Sympathetic function was assessed by the fall in systolic BP 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). 

9.3.5 Analyses 

Carbohydrate content analysis  

An analysis of the carbohydrate content of the Apple and Cherry juice and Fanta was 

undertaken by Health Sciences and Nutrition Division of the Commonwealth Scientific and 

Industrial Research Organisation (CSIRO) in Adelaide, South Australia. Sugars were 

extracted using aqueous ethanol (50% ethanol v/v), as described in ‘Association of Official 

Analytical Chemists’ Method 982.14, and quantified by high performance liquid 
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chromatography using a pump (GBC scientific equipment Pty Ltd., Melbourne, Victoria, 

Australia) and refractive index detector, and a polyamine-bonded polymeric gel column 

from Astec (Advanced Separation Technologies Inc., Whippany, NJ. USA). 

Acetonitrile:water (75:25, v/v) was used as the mobile phase.  

Statistical analysis 

All values are expressed as mean + SEM. Two-way repeated measures analysis of variance 

(ANOVA) was used to examine the overall effects of time and drink type (treatment) and 

the treatment by time interaction on the change in cardiovascular and plasma glucose 

measurements from baseline. When a treatment effect was seen, post-hoc analysis using the 

Bonferroni/Dunn adjustment was performed. One-way repeated measures ANOVA were 

conducted to evaluate the effects of the drink type on BP, HR and plasma glucose 

measurements over the first 60 minutes. The correlation between BP response at time T 

[mean of measurements from t=30-60 as the nadir in blood pressure measurements is 

known to be reached in this time (Jansen & Lipsitz, 1995)] and the individual area under the 

plasma glucose curve (first 60 minutes) calculated by the trapezoidal method for each 

carbohydrate containing drink for each subject, was evaluated by the Spearman correlation 

analysis (i.e. combined analysis of 30 [10 subjects x 3 study days] values for each 

cardiovascular variable). All analyses were performed using Statview version 5.0 and 

SuperANOVA. P values < 0.05 were considered statistically significant.  
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9.4 Results 

All subjects consumed the four drinks within the allocated time. The drinks were well 

tolerated. One person had sub-clinical autonomic dysfunction (score 3) without overt 

symptoms and so was not excluded from the study.  

Carbohydrate content analysis  

Approximately 50% of the total carbohydrate content of the Apple and Cherry juice was 

fructose, 29.3% glucose and 20.7% sucrose. 45% of the total carbohydrate content of Fanta 

was fructose, 45% glucose and 10% sucrose.  

Plasma glucose 

Plasma glucose concentrations are shown in Figure 9.1. There was no significant difference 

in the baseline plasma glucose values between the 4 study days (Table 9.1).  

There were significant treatment ([drink type] P<0.001]) and time (P<0.001) effects and a 

treatment x time interaction (P<0.001) on plasma glucose values over the first 60 minutes. 

Glucose (P<0.001), Fanta (P<0.001) and Apple & Cherry juice (P<0.001) ingestion resulted 

in a significant increase in plasma glucose measurements over the first 60 minutes. Glucose 

concentrations were similar after Apple&Cherry juice and Fanta (P=0.68), with glucose 

concentrations after both significantly higher than after water, but significantly lower than 

after glucose (P<0.001). 

Blood pressure 

Figure 9.2a-9.2c show the changes in BP from baseline during the 60 minutes after drink 

ingestion. There was no significant difference in the baseline BP (SBP, DBP and MAP) 

values between the 4 study days (Table 9.1). 
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There were significant treatment (all BP measurements P<0.001) and time (all BP 

measurements P<0.001) effects and treatment x time (DBP and MAP - P<0.001) interaction 

on BP during the 60 minutes after drink ingestion. BP decreased significantly following 

glucose (SBP and DBP- P<0.001, MAP- P<0.01) and Fanta (SBP- P<0.01, DBP and MAP 

- P<0.001) ingestion, but did not change significantly following water ingestion (SBP - 

P=0.34, DBP - P=0.38, MAP - P=0.26). SBP (P<0.01) and MAP (P<0.01), but not DBP 

(P=0.10) increased significantly following Apple & Cherry juice ingestion. Glucose and 

Fanta had similar effects on post-ingestion SBP, DBP and MBP (all P>0.05). Similarly, 

water and Apple and Cherry juice ingestion also had similar effects on post-ingestion BP 

measurements (all P > 0.05). Fanta ingestion was associated with a greater fall in BP than 

Apple & Cherry juice ingestion (SBP and DBP P<0.001, MAP P=0.08) in the first 60 

minutes. 

Glycaemic effect and blood pressure change  

There was no significant correlation between the glycaemic responses to the carbohydrate 

containing drinks and the change in SBP (r = -0.12, P = 0.51), DBP (r = -0.05, P = 0.78) and 

MAP (r=-0.07, P=0.71) from baseline to time T (mean 30-60 min).  

Heart rate 

The heart rate (HR) responses to the drinks are shown in Figure 9.2d. There was no 

significant difference in the baseline HR values between the 4 study days (Table 9.1). 

Significant treatment (P=0.03) and time (P <0.001) effects and treatment x time (P < 0.001) 

interaction were seen. The HR did not change significantly from baseline in the 60 minutes 

after glucose (P=0.07) and Fanta (P=0.12), increased following Apple and Cherry juice 

(P<0.001), and decreased following water ingestion (P < 0.001). Post-hoc analysis showed 

that glucose, Fanta and Apple and Cherry juice had similar effects on heart rate (P > 0.05) 

which were all significantly different than the bradycardic effect seen following water 

ingestion (P<0.001). 
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9.5 Discussion 

The major finding of this study was the lack of a significant relationship between the 

glycaemic effects of the three 50g carbohydrate containing drinks, and the BP changes after 

their ingestion. No significant correlation between the fall in BP measurements and the 

glycaemic response after the ingestion of the carbohydrate drinks was found. It is not 

possible, therefore, to predict with any accuracy the BP response to a particular 

carbohydrate drink from its glycaemic effect. This was exemplified by the different BP 

responses to Apple and Cherry juice and Fanta. Their glycaemic effects were very similar, 

but their effects on BP were clearly different, with a slight rise after Apple and Cherry, fall 

after Fanta, and significant difference between these responses.  

The fall in BP following the ingestion of carbohydrate drinks is related in part to the 

gastrointestinal response to their ingestion and not the ensuing hyperglycemia, as indicated 

by previous findings that intravenous glucose administration does not cause a fall in BP 

whilst oral glucose consumption resulting in a similar glycaemic response, does (Jansen et 

al., 1987). A reduction of luminal glucose exposure is likely to attenuate the fall in BP, 

perhaps by preventing or delaying the release of vasoactive gut peptides as supported by a 

recent study by our group in which the addition of guar (naturally occurring, gel-forming 

carbohydrate of vegetable origin) to an intra-duodenal glucose infusion attenuated the fall in 

BP and rise in blood glucose, plasma insulin, glucagon-like peptide-1 and glucose-

dependant insulinotropic polypeptide induced by intra-duodenal glucose (O'Donovan et al., 

2004). 

Our results suggest that the change in BP following the ingestion of these carbohydrate 

drinks is determined by factors other than their glycaemic effects. Although the Fanta was 

allowed to de-carbonate in air for 20 minutes before consumption, it was still carbonated 

compared to the Apple and Cherry juice. Factors that decelerate gastric emptying of 

carbohydrate solutions act to decrease their glycaemic effect and attenuate the drop in BP 

(Jones et al., 2001; Jones et al., 1998). We did not measure the rate of gastric emptying in 

this study, but several studies have examined the effect of carbonation of drinks on the rate 
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of gastric emptying, and found either a delay (Ploutz-Snyder et al., 1999) or no effect 

(Pouderoux et al., 1997; Ryan et al., 1991). The lower BP readings after Fanta than Apple 

and Cherry are therefore unlikely to be due to any effects of drink carbonation on gastric 

emptying. It remains possible that another, unknown effect of carbonation, may be 

involved.  

We think a more likely cause is the differing types of saccharides contained in these drinks. 

The fall in BP from baseline following the ingestion of glucose in this study is consistent 

with the results of previous studies (Jones et al., 2001; O'Donovan et al., 2002). When the 

effects on BP of a fructose drink (75 g fructose in 300 ml) were compared to those of an 

equi-energetic glucose drink (75 g glucose in 300ml) in older people, there was no 

significant change in BP following fructose ingestion, while BP fell significantly following 

glucose (Jansen et al., 1987). Analysis of the drinks in this study indicated that 50% of the 

Apple and Cherry drink was fructose and approximately 30% glucose (25 vs. 15 gm), with 

a fructose: glucose ratio of 1.7:1, whereas fructose and glucose both comprised 45% of the 

Fanta (22.5 gm each), for a ratio of 1:1. Even if allowance is made for complete post-

ingestion breakdown of the sucrose in these drinks to equal parts fructose and glucose, the 

fructose: glucose ratio decreases only slightly to 1.5:1 (30 vs. 20 gm) for the Apple and 

Cherry drink and is unchanged at 1:1 for Fanta (25 gm each). As glucose lowers BP but 

fructose does not, the differing effects on BP of these drinks may be due to the greater 

amounts of fructose than glucose, both absolutely and relatively, in the Apple and Cherry 

drink.  

In this study, we chose the drinks based on their published GIs as the GI is a surrogate 

marker for the glycaemic effects of food. However, we found that ‘Fanta Orange’ and 

Apple and Cherry juice had a similar glycaemic effects despite having differing published 

GIs. The direct comparison of the published GI values to our findings is not possible as we 

had not followed strict GI estimation methodology in that 1) we did not measure capillary 

blood glucose values; 2) each drink was not tested thrice to reduce intra-subject and day to 
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day variation; 3) most published GI studies have studied the glycaemic response of food in 

younger people as the GI may vary with age; and 4) the drinks were consumed in 3 minutes 

as opposed to 15 minutes used with GI testing (Foster-Powell et al., 2002; Miller et al., 

1995; Wolever et al., 1988; Wolever et al., 2003).  

In conclusion, the decrease in BP seen after the consumption of 50g carbohydrate 

containing drinks of equal volume is not closely related to, or predictable from, the 

glycaemic effects of the drink. It is more likely determined by the nature of the sugars in the 

drink. As equi-energetic drinks containing differing carbohydrates have varying effects on 

post-ingestion BP, manipulation of the carbohydrates in a meal may provide a means of 

reducing PPH. This requires more investigation and confirmation in a population with PPH.  
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Table 9.1 Subject characteristics and baseline blood pressure, heart rate and glucose 
measurements.  

  Standard Error Of Mean 
Mean Age (years)   71.30 1.38 
Total subjects  10  
Female (%)  40  
Body Mass Index (kg/m2)   26.69 0.82 
Autonomic Nerve Function Score  0.90 0.31 
Baseline systolic blood pressure [BP] (mmHg) 
Glucose drink   123.10 5.59 
Fanta drink   123.75 5.82 
Apple&Cherry drink  120.07 4.44 
Water   121.80 3.87 
Baseline diastolic BP (mmHg) 
Glucose drink   68.67 3.38 
Fanta drink   68.77 3.91 
Apple&Cherry drink   66.87 3.55 
Water   67.87 3.26 
Baseline mean arterial BP (mmHg) 
Glucose drink   89.83 3.96 
Fanta drink   88.53 5.08 
Apple&Cherry drink   85.97 3.63 
Water   89.43 3.51 
Baseline heart rate (bpm) 
Glucose drink  63.60 2.06 
Fanta drink  63.67 3.09 
Apple&Cherry drink  61.47 2.31 
Water  65.23 1.76 
Baseline plasma glucose (mmol/L) 
Glucose drink   4.61 0.23 
Fanta drink   4.80 0.15 
Apple&Cherry drink   4.72 0.15 
Water  4.90 0.16 
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Figure 9.1 Mean (+ SEM) plasma glucose values (mmol/L) over 60 minutes 
following the ingestion of 4 different test drinks in 10 healthy older 
people. 
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a) Systolic blood pressure 
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c) Mean arterial pressure 
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d) Heart rate 

Figure 9.2 (a-d)  The change (mean + SEM) in blood pressure (mmHg) and heart 
rate (bpm) from baseline over 60 minutes following the ingestion 
of 4 different test drinks in 10 healthy older people. 
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Chapter 10 

The effects of drinks made from simple sugars on blood 
pressure in healthy older people 

10.1 Summary 

The objective of this study was to determine the blood pressure lowering effects of 50g 

carbohydrate drinks with varying carbohydrate content in healthy older people. A 

randomised, cross-over study was performed involving 10 (6 females) healthy older 

subjects (72.20 + 1.50 years [mean age + SEM]). Blood pressure (BP), heart rate (HR) and 

glucometer-derived blood glucose levels were determined at baseline and following the 

ingestion of equal volumes (300ml) of water and carbohydrate drinks with varying nutrient 

content (glucose, sucrose and fructose). A significant decline in BP over the first 60 minutes 

was seen following glucose (SBP P <0.01, DBP P< 0.01, MAP P=0.03) and sucrose (SBP 

P<0.01, DBP P<0.01, MAP P<0.01) ingestion, although the decrease occurred earlier after 

glucose than sucrose ingestion (SBP 7.33 + 2.19 vs. 21.00 + 4.30 minutes [P=0.03] and 

MAP 11.22 + 3.10 vs. 17.00 + 3.78 minutes [P=0.03]). BP increased after water ingestion 

(SBP P=0.04, DBP P=0.18, MAP P=0.02) but did not change after fructose ingestion (SBP 

P=0.36, DBP P=0.81, MAP P=0.34). Post-hoc analyses revealed that the BP (SBP, DBP 

and MAP) decreases following glucose and sucrose ingestion were similar but significantly 

greater than following fructose or water ingestion. Sucrose, which is used widely (table 

sugar), reduces BP as much as glucose. In contrast no change in BP measurements were 

seen following fructose ingestion. Further studies are required to determine if the 

substitution of fructose for glucose or sucrose may be beneficial in the medical management 

of older people with severe symptomatic post-prandial hypotension.  
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10.2 Introduction 

Blood pressure normally falls slightly after food ingestion in older people. When the fall is 

excessive it can produce post-prandial hypotension (PPH), which is defined as a decrease in 

systolic blood pressure of 20 mmHg or more within two hours from the start of a meal. The 

nadir is usually reached between 30 and 60 minutes after the start of eating (Jansen & 

Lipsitz, 1995; Smith et al., 2003). PPH is associated with an increased incidence of falls, 

syncope, angina and transient ischaemic attacks, particularly in older people and patients 

with autonomic neuropathy; the latter most frequently due to diabetes mellitus (Jansen & 

Lipsitz, 1995). Despite a reported prevalence between 20 and 45%, PPH in older people is 

an under recognized problem (Aronow & Ahn, 1994; Grodzicki et al., 1998; Le Couteur et 

al., 2003; Puisieux et al., 2002; Vaitkevicius et al., 1991).  

The pathophysiology of PPH is poorly understood, but is likely to be multifactorial (Jansen 

& Lipsitz, 1995). Meal composition is thought to be an important determinant of the degree 

of postprandial blood pressure decrease (Jansen & Lipsitz, 1995). Ingestion of 

carbohydrates, particularly glucose and to a lesser degree starch but not fructose or xylose, 

lowers blood pressure more than ingestion of protein, fat or water (Heseltine et al., 1991a; 

Jansen et al., 1990; Jansen et al., 1987; Mathias et al., 1989; Robinson TG, 1995). The 

addition of guar, a naturally occurring, non-absorbed, gel-forming carbohydrate of 

vegetable origin attenuates the fall in blood pressure seen following the ingestion of a 

glucose drink (Jones et al., 2001). Reducing the total carbohydrate amounts in meals has 

also recently been shown to reduce the magnitude, duration and symptoms of PPH (Vloet et 

al., 2001). Thus, modification of meal composition, particularly its carbohydrate content 

and type, could provide a means of reducing excessive post-prandial blood pressure falls in 

people with PPH.  
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Interestingly, the effects of sucrose the main constituent of table sugar, on post-prandial 

blood pressure have not been reported before. Therefore, the aim of this study was to 

determine the effects of drinks with equal volume and carbohydrate content (50g), but 

differing carbohydrate types (glucose vs. sucrose vs. fructose) on post-ingestion blood 

pressure in healthy older people. 
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10.3 Methods 

10.3.1 Subjects 

10 healthy, older subjects (6 female), aged 65-78 years were recruited by advertisement. All 

subjects were non-smokers and had no history of gastrointestinal disease or surgery, 

diabetes mellitus, significant respiratory or cardiovascular disease, autonomic dysfunction, 

chronic alcohol abuse or epilepsy. No subject was on any medications known to influence 

blood pressure (BP) and all medications remained unchanged during the study.  

10.3.2 Protocol 

This study protocol was similar to that previously described in the previous chapter (9.3.2). 

10.3.3 Study drinks 

The four study drinks were: 

 50g glucose in 270 ml of water and 30 ml of lemon juice 

 50g sucrose in 270 ml of water and 30 ml of lemon juice 

 50g of fructose in 270 ml of water and 30 ml lemon juice 

 270 ml of water and 30 ml of lemon juice (control) 

10.3.4 Measurements 

Blood pressure and heart rate 

BP (systolic [SBP], diastolic [DBP], mean arterial pressure [MAP]) and HR were measured 

using an automated oscillometric BP monitor [DINAMAP ProCare, GE Medical Systems, 

NSW]. Following a 20-minute rest post cannula insertion, three measurements were 

obtained at 9, 6 and 3 minutes before drinks ingestion. The mean of these three readings 

formed the baseline value (t=0). The study drink was consumed within three minutes. BP 

and HR measurements were then measured three minutely for the first 60 minutes (to t=60) 

post drink ingestion. 
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Blood glucose measurements 

Venous blood was obtained from the intravenous cannula for glucose estimation at baseline 

and t=15, 30, 45 and 60 minutes. Blood glucose levels from these venous samples were 

immediately determined at the bedside, using a glucometer [True Sense; Abbott Diagnostic 

Division, Australia]. 

Cardiovascular Autonomic Function 

Autonomic nerve function was evaluated in the same way as previously described in 9.3.4. 

10.3.5 Statistical analysis 

All values are expressed as mean + SEM. Two-way repeated measures analysis of variance 

(ANOVA) was used to examine the overall effects of time and drinks type (treatment) and 

the treatment by time interaction on BP and blood glucose changes from baseline. Post-hoc 

analysis using the Bonferroni/Dunn (all means) correction was performed when significant 

treatment effects were seen. One-way repeated measures ANOVA was conducted to 

evaluate the effects of each drink type on changes of BP and HR measurements from 

baseline over the first 60 minutes and a one-way ANOVA was conducted to compare the 

differences between the baseline BP, HR and whole blood glucose values between the study 

days. The time to BP decrease was the first time point after drink ingestion at which the BP 

was below the baseline value. The time values derived for glucose and sucrose were then 

compared using a paired t-test. All analyses were performed using Statview version 5.0 and 

SuperANOVA. P values < 0.05 were considered statistically significant. 
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10.4 Results 

The drinks were well tolerated. One person had sub-clinical autonomic dysfunction (score 

3) without overt symptoms and so was not excluded from the study.  

Blood pressure (Figs.10.1a-c)  

There was no significant difference in the baseline BP (SBP, DBP and MAP) values 

between any of the 4 study days (Table 10.1). One person had asymptomatic (≥ 20 mmHg) 

systolic BP decrease following both glucose and sucrose ingestion. 

Significant treatment (P=0.04) and time (P=<0.01) effects on SBP [change from baseline 

values] over the first 60 minutes were seen. In the first 60 minutes, the SBP (Figure 10.1a) 

decreased significantly from baseline following glucose (P<0.01; -3.96 + 1.38 mmHg 

[mean of 30-60 min post ingestion values when nadir reached (Jansen & Lipsitz, 1995)]) 

and sucrose (P=<0.01; -3.03 + 1.37 mmHg) ingestion, increased non-significantly following 

fructose ingestion (P=0.36; 2.59 + 1.62 mmHg) and increased significantly from baseline 

following water ingestion (P=0.04; 2.96 + 2.39mmHg). The decrease in SBP occurred 

earlier after glucose than sucrose ingestion (7.33 + 2.19 vs. 21.00 + 4.30 minutes; P=0.03).  

For DBP (change from baseline) there were significant treatment (P<0.01) and time 

(P<0.01) effects and treatment x time (P < 0.01) interaction. In the first 60 minutes, the 

DBP (Figure 10.1b) decreased significantly from baseline following glucose (P<0.01; -4.07 

+ 1.09 mmHg) and sucrose (P<0.01; -4.491 + 1.092 mmHg) ingestion, and increased 

slightly but not significantly following fructose (P=0.81; 0.97 + 0.69 mmHg) and water 

(P=0.18; 2.46 + 0.54 mmHg) ingestion. The decrease in DBP occurred at a similar time 

following glucose and sucrose ingestion (8.70 + 2.12 vs. 8.70 + 1.81 minutes; P=1.00). 

For MAP [change from baseline] there were significant treatment (P<0.01) and time 

(P<0.01) effects and treatment x time (P=0.01) interaction. MAP (Figure 10.1c) decreased 

significantly from baseline following glucose (P=0.03; -3.22+ 1.35 mmHg) and sucrose 

(P<0.01; -3.46 + 1.05 mmHg) ingestion, increased non-significantly following fructose 
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(P=0.34; 2.30 + 0.92 mmHg) ingestion and increased significantly following water 

ingestion (P=0.02; 2.77 + 0.78 mmHg). The decrease in MAP occurred sooner after glucose 

ingestion than sucrose ingestion (11.22 + 3.10 vs. 17.00 + 3.78 minutes; P=0.03). 

Post-hoc analyses using the Bonferonni/Dunn correction found that glucose and sucrose 

ingestion had similar effects on post-ingestion BP (SBP, DBP and MAP) to each other (P > 

0.05), water and fructose ingestion had similar effects on BP to each other (P > 0.05), and 

glucose and sucrose ingestion were each associated with a greater decline in BP than both 

fructose and water ingestion (P<0.01).  

Heart rate (Figure 10.1d) 

There was no significant difference in the baseline HR values between the 4 study days 

(Table 10.1). There was a significant treatment effect (P=0.04) and treatment x time 

interaction (P<0.01). The HR (Figure 1d) increased non-significantly from baseline 

following glucose (P=0.49; 1.43 + 1.06 beats per minute [bpm]) and sucrose (P=0.33; 0.54 

+ 0.72 bpm) ingestion, increased significantly following fructose ingestion (P=0.01; 2.49 + 

0.75 bpm) and decreased significantly following water ingestion (P<0.01; -1.68 + 0.67 

bpm). 

Blood glucose (Figure 10.2) 

There was no significant difference in the baseline blood glucose values between the 4 

study days (Table 10.1). The blood glucose values increased significantly from baseline 

following the glucose (P<0.01), sucrose (P<0.01) and fructose drinks but did not change 

from baseline over time (60 minutes) following water (P=0.51) ingestion. The change in 

blood glucose value from baseline was greater following the glucose drink and lesser 

following the fructose drink in comparison to the changes seen following the sucrose drink 

(P<0.01). 



Chapter 10: Simple sugars and blood pressure 

140 

10.5 Discussion 

In agreement with the results of previous studies of healthy, young and older adult subjects, 

the BP of healthy, older subjects in this study decreased in the hour after glucose ingestion, 

increased after water ingestion and did not change after fructose ingestion (Jansen & 

Lipsitz, 1995; Lu et al., 2003). Sucrose ingestion was followed by a significant BP 

decrease, similar in degree to that following glucose, but later in onset. During the 60 

minutes after drink ingestion, SBP decreased on average between 3 – 4 mmHg following 

glucose and sucrose ingestion and one subject had a greater than 20 mmHg SBP decrease 

following both sucrose and glucose, fulfilling the criteria for PPH. To our knowledge, this is 

the first report of the effect of sucrose ingestion on BP in any age group. 

Sucrose (molecular weight 342) is a disaccharide widely present in the diet as a component 

of food and also as table sugar. After ingestion it is hydrolysed by sucrase in the brush 

border of the small intestine to release an equimolar mixture of glucose and fructose, both 

with a molecular weight of 180. Sasaki et. al. have reported that the use of oral acarbose, a 

sucrase inhibitor, reduced the fall in post-prandial SBP in an elderly man with severe, 

symptomatic PPH from 45-50 mmHg to 18 mmHg, with resolution of symptoms (Sasaki et 

al., 2001). This suggests that sucrose must be broken down to glucose and fructose to exert 

its full hypotensive effect, as does the delayed onset of the BP decrease after sucrose 

compared to glucose ingestion in the present study. It is unlikely that this difference is due 

to differences in gastric emptying rates as there is no evidence to suggest that gastric 

emptying is quicker following glucose ingestion than sucrose ingestion (Murray et al., 

1994). Although the presence of glucose in the small intestine is thought to be an important 

prerequisite for the development of post-prandial BP decreases, the changes in measured 

plasma glucose values are not predictive of subsequent post-prandial BP changes. A recent 

study by our group found that the BP response to carbohydrate drinks could not be reliably 

predicted from their glycaemic index (glycaemic effect)(Visvanathan et al., 2004a).  
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The BP decrease after 50g sucrose was not different to that after 50g glucose, despite the 

former only delivering 25g of glucose to the gut, together with 25g fructose which has no 

BP lowering effect. Sucrose may therefore exert a hypotensive effect additional to that of its 

glucose content. Alternately the hypotensive effect of glucose may be saturable at a dose of 

approximately 25g. The results of a recent study by Vloet et. al. supports this possibility 

(Vloet et al., 2001). They found no increase in the BP lowering effect of a liquid meal when 

its carbohydrate content was increased from 65g (-39 + 7 mmHg) to 100 g (-40 + 5 mmHg). 

A glucose dose-response study would be required to distinguish between these possibilities.  

This study was performed in healthy, older subjects, whose BP fell to be approximately 7.5 

mmHg lower after sucrose and glucose than after fructose. There could be possible 

therapeutic implications for older people with PPH if they have similar (or greater) BP 

responses to these sugars. The substitution of fructose for sucrose (table sugar) is potentially 

an inexpensive and convenient treatment option in the management of symptomatic PPH. 

Further studies are required to assess the efficacy and safety of such a strategy, particularly 

in older people with symptomatic PPH. 

In conclusion, the decrease in BP in older people after the consumption of 50g carbohydrate 

containing drinks of equal volume was determined by the nature of the sugars in the drink, 

with glucose and sucrose, but not fructose, lowering BP. Manipulation of the carbohydrates 

in a meal to increase fructose and decrease glucose and sucrose content, may be a relatively 

simple and inexpensive management strategy for symptomatic PPH and this requires 

further evaluation.  
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Table 10.1 Subject characteristics and baseline blood pressure, heart rate and blood glucose 
measurements. 

  Standard Error Of Mean 
Mean Age (years)  72.20 1.50 
Total subjects  10  
Female (%)  60  
Body Mass Index (kg/m2)  26.14 0.95 
Autonomic Nerve Function Score  0.8 0.2 
Baseline systolic blood pressure [BP] (mmHg) 
Glucose drink  117.43 5.35 
Sucrose drink  118.20 5.63 
Fructose drink  116.37 5.24 
Water  119.40 7.38  
Baseline diastolic BP (mmHg) 
Glucose drink  65.19 3.25  
Sucrose drink  65.80 3.27 
Fructose drink  65.00 3.59 
Water  63.90 4.23  
Baseline mean arterial BP (mmHg) 
Glucose drink  83.60 3.98 
Sucrose drink  84.93 3.79  
Fructose drink  83.83 5.24  
Water  84.40 5.80 
Baseline heart rate (bpm) 
Glucose drink  65.47 1.78 
Sucrose drink  65.13 1.72 
Fructose drink  63.30 1.42  
Water  62.57 2.01 
Baseline blood glucose (mmol/L) 
Glucose drink  5.87 0.23 
Sucrose drink  5.63 0.09 
Fructose drink  5.89 0.16 
Water  5.93 0.17 
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c) Mean arterial pressure 
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d) Heart rate 

Figure 10.1 (a-d) The mean blood pressure and heart rate changes from baseline 
following ingestion of the 4 different test drinks in ten healthy 
older people (SEM bars shown) 
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Figure 10.2 Changes in mean blood glucose values (mmol/l) from baseline 
over the first 60 minutes following ingestion of the four test 
drinks in 10 healthy older subjects. 
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Chapter 11 

Nutritional frailty in older people – Discussion  
and future directions 

The studies presented in Chapters 5-10 targeted two nutrition-related disorders, under-

nutrition and post-prandial hypotension, which are commonly associated with ageing 

syndromes (i.e. frailty and falls). These studies confirmed that under-nutrition is indeed a 

common disorder in older people in both Australia and Malaysia, has many adverse health 

consequences and several simple screening measures were identified. Several non-

physiological factors (i.e. medical illnesses, depression) were found to be independently 

associated with under-nutrition. It was also discovered that there may be a failure of energy 

homeostasis in under-nourished older people and this may possibly contribute to the 

physiological anorexia of ageing. Finally, dietary carbohydrate manipulation was found to 

be possibly beneficial in the management of post-prandial hypotension in older people. The 

impact of these studies on clinical practice is discussed in this final chapter.  

Malaysia like Australia has an ageing population. Ageing research is relatively new to 

Malaysia. Unlike Australia, Malaysia currently has no national insurance or an aged 

pension scheme. Furthermore, there are no co-ordinated community services and so many 

elderly people with no financial or family support often become dependant on shelter home 

facilities. Like many other newly industrialized developing country, there is a high rate of 

rural to urban displacement of older people. This social disruption puts the older person at 

high risk of isolation, poverty and neglect. Therefore, there is urgent need for social policies 

to be developed to ensure that disadvantaged older people in Malaysia have adequate social 

and financial support in their twilight years. The author of this thesis had the fortunate 

opportunity to collaborate with a Malaysian community medicine specialist, Dr Zaiton 

Ahmad, and together they designed, conducted and analyzed the results of the pioneering 

study described in Chapter 5. It is now known that the prevalence of under-nutrition in these 
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facilities is indeed high and non-physiological factors, such as medical illnesses, depression, 

oral and dental health are important in determining nutritional health. Attention to the 

quality of meals served at these facilities is also important as it was shown that eating fruits, 

vegetables and diary products was protective against being underweight. Funding is 

presently being sought to evaluate the nutritional content of the meals served at this facility 

and perhaps with the help of dietitians, nutritious meal plans can be devised if shortcomings 

are identified. The author and her collaborator also hope to observe these residents over the 

next 5 years. Information with regards to institutionalization in high care facilities and 

mortality will be gathered. The results of this study have been presented to the Department 

of Social Welfare in Malaysia and it was well received. It is hoped that the results of this 

study will bring about beneficial changes for the elderly residents in these shelter care 

facilities and perhaps eventually guide new policy development within this Malaysian 

ministry. This study also evaluated for the first time the use of the ‘DETERMINE Your 

Nutritional Health Checklist’ in Malaysia. Similar to studies performed in Europe and 

North America, it confirmed that this questionnaire is best used as an awareness tool given 

its excellent negative predictive value. It is not a nutritional screening tool. Therefore, there 

is still a need to develop a nutritional screening tool for use in Malaysia. 

The studies described in Chapters 6 and 7 determined for the first time the prevalence and 

consequences of under-nutrition in the community and in hospitals in South Australia. 

Approximately 5% of community dwelling recipients of domiciliary care services were 

found to be malnourished (MNA score < 17) as defined by the Mini Nutritional Assessment 

and this is comparable to community studies done overseas. The prevalence of malnutrition 

in the sub-acute hospital in South Australia was also high at 30% (MNA score < 17). These 

two studies confirmed that under-nourished older people were at risk of experiencing 

adverse health outcomes. The study described in Chapter 6 confirmed that frail older 

subjects in the community identified as being under-nourished by the Mini Nutritional 

Assessment (i.e. malnourished + at-risk groups [score <24]) were at increased risk of falls, 
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frequent and prolonged hospitalization. Similarly, the study described in Chapter 7 found 

that older under-nourished patients of a sub-acute care facility were more likely to be 

discharged to an accommodation with increased supports or re-admitted to an acute care 

facility than nourished subjects. Several nutritional screening measures (the rapid screen 

and the Mini Nutritional Assessment) were compared to more in-depth nutritional 

assessment in the study described in Chapter 7. It was concluded that the rapid screen, 

where an older person was classified as under-nourished if they fulfilled one or both of the 

following: 1) Body Mass Index < 22 kg/m2; 2) > 7.5% weight loss in the preceding 3 

months, was more suitable for resource limited (time, financial and staffing) settings given 

it’s higher specificity. With the rapid screen, biochemical investigations are not needed. The 

Mini Nutritional Assessment may be better if resources permit given its better sensitivity in 

comparison to the rapid screen. However, older people scoring between 17 and 23.5 (at-risk 

of malnutrition) on the MNA would require further in-depth assessment and this is likely to 

require biochemical investigations. The responses to the questions in the questionnaire 

could guide the implementation of simple management strategies. For example, someone 

not eating three full meals a day could be encouraged to do so.  

As a direct result of these two studies, the South Australian Department of Health has 

funded a large community project (healthy ageing-nutrition), which is currently ongoing. 

The aims of this project are to: 1) increase awareness and knowledge of the food and 

nutritional needs of older people among community, carers and professional groups; 2) 

increase knowledge and skills of these group in early identification of nutritional risk by the 

use of simple assessment and screening tools (i.e. MNA and rapid screen); 3) increase the 

use of appropriate early nutritional intervention strategies; and 4) increase inter-sectoral 

collaboration in addressing food and nutrition needs among organizations and groups who 

support healthy ageing. Our team has also secured funding to conduct a randomized 

placebo controlled nutritional intervention study evaluating the use of oral nutritional and 

testosterone supplementation in frail community dwelling older people. The power 
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calculations for this study and the selection criteria (the need to score < 24 on the MNA and 

to be under-nourished as per the rapid screen) were based on the results of the studies 

presented in Chapters 6 and 7. This intervention study is ongoing. 

The study described in Chapter 8 found that a failure in energy homeostasis in older under-

nourished people may be contributing to the development and/or progression of the 

anorexia of ageing. In this study, fasting plasma ghrelin levels in under-nourished and well-

nourished older people were comparable and not higher as in previous studies in younger 

people. As ghrelin is said to be involved in meal initiation, it is expected that in a state of 

negative energy balance such as under-nutrition, ghrelin levels would increase to stimulate 

energy intake (compensatory increase). In this study, plasma ghrelin levels in under-

nourished older people were non significantly lower (33%) than in well-nourished older 

people. Although this study was underpowered, the likelihood of fasting plasma ghrelin 

levels being higher in under-nourished older people is very unlikely. The results of this 

study provide some optimism that exogenous ghrelin administration may be beneficial in 

treating this homeostatic imbalance and increase food intake in under-nourished older 

people. This will require further evaluation. 

The studies described in Chapters 9 and 10 investigated the effects of dietary carbohydrate 

manipulation on post-prandial blood pressure response. Post-prandial hypotension is a 

common blood pressure disorder occurring after meal ingestion, particularly in older 

people, that can contribute to frailty by increasing the risk of falls, cerebrovascular 

accidents, angina and syncope. These studies were performed with the intention of 

identifying simple non-pharmacological measures that could be used to manage 

symptomatic post-prandial hypotension in older people. The study described in Chapter 9 

was performed to determine the effects of drinks with varying glycaemic effects (or 

glycaemic indices) on post-ingestion blood pressure. The results of this simple study were 

conclusive and it was determined that the glycaemic effect (or glycaemic index) of a drink 
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could not be used to predict the subsequent blood pressure response. Therefore, published 

glycaemic index tables cannot be reliably used to guide the choice of meals in patients with 

severe post-prandial hypotension. The study described in Chapter 10 evaluated the effect of 

carbohydrate drinks containing simple sugars (glucose, fructose and sucrose) on post-

ingestion blood pressure.  For the first time, it was shown that the fall in blood pressure 

following glucose and sucrose ingestion was of similar magnitude, although, the blood 

pressure fall occurred later following sucrose in comparison to glucose. The author 

postulated that the delay was possibly because sucrose exerted it hypotensive effect only 

once it had been hydrolyzed to its monosaccharide components (i.e. glucose and fructose). 

Perhaps, prevention of this hydrolysis might ameliorate this fall in blood pressure. Another 

PhD student in this department is currently investigating the effects of arcabose, a 

glucosidase inhibitor, on the post-prandial blood pressure fall normally seen following 

sucrose ingestion. This study also confirmed the results of a previous study performed a 

decade ago that unlike glucose or sucrose, fructose ingestion did not cause a significant fall 

in blood pressure in older people. Substituting sucrose (table sugar) with fructose may be a 

simple,cost-effective option in the management of symptomatic post-prandial hypotension 

in older people. The findings of this study need to be confirmed in a population of older 

people with post-prandial hypotension. 

To summarize, nutritional frailty is a common disorder affecting older people with many 

adverse health consequences (for example falls). Frail older people are vulnerable to social 

and health insult that may overwhelm already strained homeostatic mechanisms. Failure of 

energy homeostasis, as evidenced by a lack of increase in plasma ghrelin levels in under-

nourished older people in response to a negative energy balance state, may contribute to the 

development and/or progression of the anorexia of ageing. Perhaps, exogenous ghrelin 

administration may be beneficial and this requires further investigation in older people. 

Screening and awareness tools were identified and these should be used routinely in clinical 

practice to identify at-risk older people that may benefit from nutritional intervention. As 
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with many other geriatric syndromes (eg. Delirium), non-physiological factors (for example 

depression) should be sought and treated where possible. Frail older people are also at risk 

of post-prandial hypotension and it’s many adverse consequences. As fructose ingestion 

was not associated with a significant fall in post-prandial blood pressure, substitution of 

sucrose with fructose (dietary carbohydrate manipulation) may be a useful non-

pharmacological management option for older people with symptomatic post-prandial 

hypotension. 



References 

152 

 

References 

Allison, D.B., Gallagher, D., Heo, M., Pi-Sunyer, F.X. & Heymsfield, S.B. (1997). Body mass 
index and all-cause mortality among people age 70 and over: the Longitudinal Study of 
Aging. Int J Obes Relat Metab Disord, 21, 424-31. 

Andersen, J.L., Terzis, G. & Kryger, A. (1999). Increase in the degree of coexpression of 
myosin heavy chain isoforms in skeletal muscle fibers of the very old. Muscle Nerve, 22, 
449-54. 

Anker, S.D., Chua, T.P., Ponikowski, P., Harrington, D., Swan, J.W., Kox, W.J., Poole-Wilson, 
P.A. & Coats, A.J. (1997). Hormonal changes and catabolic/anabolic imbalance in 
chronic heart failure and their importance for cardiac cachexia. Circulation, 96, 526-34. 

Aronow, W.S. & Ahn, C. (1994). Postprandial hypotension in 499 elderly persons in a long-
term health care facility. J Am Geriatr Soc, 42, 930-2. 

Aronow, W.S. & Ahn, C. (1997). Association of postprandial hypotension with incidence of 
falls, syncope, coronary events, stroke, and total mortality at 29-month follow-up in 499 
older nursing home residents. J Am Geriatr Soc, 45, 1051-3. 

Arvat, E., Di Vito, L., Broglio, F., Papotti, M., Muccioli, G., Dieguez, C., Casanueva, F.F., 
Deghenghi, R., Camanni, F. & Ghigo, E. (2000). Preliminary evidence that Ghrelin, the 
natural GH secretagogue (GHS)-receptor ligand, strongly stimulates GH secretion in 
humans. J Endocrinol Invest, 23, 493-5. 

Arvat, E., Maccario, M., Di Vito, L., Broglio, F., Benso, A., Gottero, C., Papotti, M., Muccioli, 
G., Dieguez, C., Casanueva, F.F., Deghenghi, R., Camanni, F. & Ghigo, E. (2001). 
Endocrine activities of ghrelin, a natural growth hormone secretagogue (GHS), in 
humans: comparison and interactions with hexarelin, a nonnatural peptidyl GHS, and 
GH-releasing hormone. J Clin Endocrinol Metab, 86, 1169-74. 

Australian Bureau Statistics. (1995).Census of population and housing. Basic community 
profile. 

Australian Bureau Statistics. (2003). Population Projections, Australia (3222.0). 

Australian Institute of Health and Welfare. (2002). Australia's Health 2002. 

Avasthi, P.S., Greene, E.R. & Voyles, W.F. (1987). Noninvasive Doppler assessment of human 
postprandial renal blood flow and cardiac output. Am J Physiol, 252, F1167-74. 

Azad, N., Murphy, J., Amos, S.S. & Toppan, J. (1999). Nutrition survey in an elderly 
population following admission to a tertiary care hospital. CMAJ, 161, 511-5. 

Baez-Franceschi, D. & Morley, J.E. (1999). [Pathophysiology of catabolism in undernurished 
elderly patients]. Z Gerontol Geriatr, 32 Suppl 1, I12-9. 

Bales, C.W. & Ritchie, C.S. (2002). Sarcopenia, weight loss, and nutritional frailty in the 
elderly. Annu Rev Nutr, 22, 309-23. 

Barone, L., Milosavljevic, M. & Gazibarich, B. (2003). Assessing the older person: is the MNA 
a more appropriate nutritional assessment tool than the SGA? J Nutr Health Aging, 7, 13-
7. 

Bartlett, S., Marian, M., Taren, D., Mauramoto, M. (1998). Geriatric nutrition handbook. 
Nutrition Handbooks, 5. Chapman & Hall: New York. 



References 

153 

Baumgartner, R.N., Koehler, K.M., Gallagher, D., Romero, L., Heymsfield, S.B., Ross, R.R., 
Garry, P.J. & Lindeman, R.D. (1998). Epidemiology of sarcopenia among the elderly in 
New Mexico. Am J Epidemiol, 147, 755-63. 

Beck, A.M., Ovesen, L. & Osler, M. (1999). The 'Mini Nutritional Assessment' (MNA) and the 
'Determine Your Nutritional Health' Checklist (NSI Checklist) as predictors of morbidity 
and mortality in an elderly Danish population. Br J Nutr, 81, 31-6. 

Beck, A.M., Ovesen, L. & Schroll, M. (2001). A six months' prospective follow-up of 65+-y-
old patients from general practice classified according to nutritional risk by the Mini 
Nutritional Assessment. Eur J Clin Nutr, 55, 1028-33. 

Bellomo, G., Santucci, S., Aisa, G. & Parnetti, L. (1988). Meal-induced arterial blood pressure 
variations in the elderly. Gerontology, 34, 311-4. 

Bennett, R.G. (2001). In re Megestrol acetate treatment. J Am Geriatr Soc, 49, 339. 

Bernstein, A., Nelson, M.E., Tucker, K.L., Layne, J., Johnson, E., Nuernberger, A., Castaneda, 
C., Judge, J.O., Buchner, D. & Singh, M.F. (2002). A home-based nutrition intervention 
to increase consumption of fruits, vegetables, and calcium-rich foods in community 
dwelling elders. J Am Diet Assoc, 102, 1421-7. 

Berry, M.K., Russo, A., Wishart, J.M., Tonkin, A., Horowitz, M. & Jones, K.L. (2003). Effect 
of solid meal on gastric emptying of, and glycemic and cardiovascular responses to, 
liquid glucose in older subjects. Am J Physiol Gastrointest Liver Physiol, 284, G655-62. 

Bertinieri, G., Grassi, G., Rossi, P., Meloni, A., Ciampa, M., Annoni, G., Vergani, C. & Mancia, 
G. (2002). 24-hour blood pressure profile in centenarians. J Hypertens, 20, 1765-9. 

Bingham, S.A., Cassidy, A., Cole, T.J., Welch, A., Runswick, S.A., Black, A.E., Thurnham, D., 
Bates, C., Khaw, K.T., Key, T.J. & et al. (1995). Validation of weighed records and other 
methods of dietary assessment using the 24 h urine nitrogen technique and other 
biological markers. Br J Nutr, 73, 531-50. 

Bingham, S.A., Gill, C., Welch, A., Cassidy, A., Runswick, S.A., Oakes, S., Lubin, R., 
Thurnham, D.I., Key, T.J., Roe, L., Khaw, K.T. & Day, N.E. (1997). Validation of 
dietary assessment methods in the UK arm of EPIC using weighed records, and 24-hour 
urinary nitrogen and potassium and serum vitamin C and carotenoids as biomarkers. Int J 
Epidemiol, 26 Suppl 1, S137-51. 

Bistrian, B.R., Sherman, M., Blackburn, G.L., Marshall, R. & Shaw, C. (1977). Cellular 
immunity in adult marasmus. Arch Intern Med, 137, 1408-11. 

Blackburn, G.L., Bistrian, B.R., Maini, B.S., Schlamm, H.T. & Smith, M.F. (1977). Nutritional 
and metabolic assessment of the hospitalized patient. JPEN J Parenter Enteral Nutr, 1, 
11-22. 

Blackman, M.R., Sorkin, J.D., Munzer, T., Bellantoni, M.F., Busby-Whitehead, J., Stevens, 
T.E., Jayme, J., O'Connor, K.G., Christmas, C., Tobin, J.D., Stewart, K.J., Cottrell, E., St 
Clair, C., Pabst, K.M. & Harman, S.M. (2002). Growth hormone and sex steroid 
administration in healthy aged women and men: a randomized controlled trial. JAMA, 
288, 2282-92. 

Blake, G.M. (1999). Appendix: mathematical background for body composition studies. In The 
evaluation of osteoporosis: dual energy X-ray absorptiometry ad ultrasound in clinical 
practice, Blake, G.M., Wahner, H.W. & I, F. (eds) pp. 337. Martin Dunitz: London. 

Bo, M., Massaia, M., Raspo, S., Bosco, F., Cena, P., Molaschi, M. & Fabris, F. (2003). 
Predictive factors of in-hospital mortality in older patients admitted to a medical intensive 
care unit. J Am Geriatr Soc, 51, 529-33. 

Bos, C., Benamouzig, R., Bruhat, A., Roux, C., Valensi, P., Ferriere, F. & Tome, D. (2001). 
Nutritional status after short-term dietary supplementation in hospitalized malnourished 
geriatric patients. Clin Nutr, 20, 225-33. 



References 

154 

Bosy-Westphal, A., Mast, M., Eichhorn, C., Becker, C., Kutzner, D., Heller, M. & Muller, M.J. 
(2003). Validation of air-displacement plethysmography for estimation of body fat mass 
in healthy elderly subjects. Eur J Nutr, 42, 207-16. 

Bourdel-Marchasson, I., Barateau, M., Rondeau, V., Dequae-Merchadou, L., Salles-Montaudon, 
N., Emeriau, J.P., Manciet, G. & Dartigues, J.F. (2000). A multi-center trial of the effects 
of oral nutritional supplementation in critically ill older inpatients. GAGE Group. Groupe 
Aquitain Geriatrique d'Evaluation. Nutrition, 16, 1-5. 

Brescianini, S., Maggi, S., Farchi, G., Mariotti, S., Di Carlo, A., Baldereschi, M. & Inzitari, D. 
(2003). Low total cholesterol and increased risk of dying: are low levels clinical warning 
signs in the elderly? Results from the Italian Longitudinal Study on Aging. J Am Geriatr 
Soc, 51, 991-6. 

Briefel, R.R., McDowell, M.A., Alaimo, K., Caughman, C.R., Bischof, A.L., Carroll, M.D. & 
Johnson, C.L. (1995). Total energy intake of the US population: the third National Health 
and Nutrition Examination Survey, 1988-1991. Am J Clin Nutr, 62, 1072S-1080S. 

Brodaty, H., Luscombe, G., Parker, G., Wilhelm, K., Hickie, I., Austin, M.P. & Mitchell, P. 
(1997). Increased rate of psychosis and psychomotor change in depression with age. 
Psychol Med, 27, 1205-13. 

Broglio, F., Benso, A., Castiglioni, C., Gottero, C., Prodam, F., Destefanis, S., Gauna, C., van 
der Lely, A.J., Deghenghi, R., Bo, M., Arvat, E. & Ghigo, E. (2003). The endocrine 
response to ghrelin as a function of gender in humans in young and elderly subjects. J 
Clin Endocrinol Metab, 88, 1537-42. 

Brown, W.F. (1972). A method for estimating the number of motor units in thenar muscles and 
the changes in motor unit count with ageing. J Neurol Neurosurg Psychiatry, 35, 845-52. 

Byles, J.E., Tavener, M., O'Connell, R.L., Nair, B.R., Higginbotham, N.H., Jackson, C.L., 
McKernon, M.E., Francis, L., Heller, R.F., Newbury, J.W., Marley, J.E. & Goodger, B.G. 
(2004). Randomised controlled trial of health assessments for older Australian veterans 
and war widows. Med J Aust, 181, 186-90. 

Calle, E.E., Thun, M.J., Petrelli, J.M., Rodriguez, C. & Heath, C.W., Jr. (1999). Body-mass 
index and mortality in a prospective cohort of U.S. adults. N Engl J Med, 341, 1097-105. 

Carlson, J.E., Zocchi, K.A., Bettencourt, D.M., Gambrel, M.L., Freeman, J.L., Zhang, D. & 
Goodwin, J.S. (1998). Measuring frailty in the hospitalized elderly: concept of functional 
homeostasis. Am J Phys Med Rehabil, 77, 252-7. 

Casiglia, E., Mazza, A., Tikhonoff, V., Scarpa, R., Schiavon, L. & Pessina, A.C. (2003). Total 
cholesterol and mortality in the elderly. J Intern Med, 254, 353-62. 

Castaneda, C., Charnley, J.M., Evans, W.J. & Crim, M.C. (1995). Elderly women accommodate 
to a low-protein diet with losses of body cell mass, muscle function, and immune 
response. Am J Clin Nutr, 62, 30-9. 

Castracane, V.D., Kraemer, R.R., Franken, M.A., Kraemer, G.R. & Gimpel, T. (1998). Serum 
leptin concentration in women: effect of age, obesity, and estrogen administration. Fertil 
Steril, 70, 472-7. 

Cederholm, T., Jagren, C. & Hellstrom, K. (1995). Outcome of protein-energy malnutrition in 
elderly medical patients. Am J Med, 98, 67-74. 

Chapman, I.M. (2004). Endocrinology of anorexia of ageing. Best Pract Res Clin Endocrinol 
Metab, 18, 437-52. 

Chia, Y.C. (1995). Primary care in the elderly. In First International Symposium On 
Gerontology, Srinivas, P. (ed) pp. 98-110. Gerontological Association of Malaysia: 
University of Malaya, Malaysia. 



References 

155 

Chu, L.W., Lam, K.S., Tam, S.C., Hu, W.J., Hui, S.L., Chiu, A., Chiu, K.C. & Ng, P. (2001). A 
randomized controlled trial of low-dose recombinant human growth hormone in the 
treatment of malnourished elderly medical patients. J Clin Endocrinol Metab, 86, 1913-
20. 

Chumlea, W.C., Garry, P.J., Hunt, W.C. & Rhyne, R.L. (1988). Distributions of serial changes 
in stature and weight in a healthy elderly population. Hum Biol, 60, 917-25. 

Chung, W.Y., Sohn, D.W., Kim, Y.J., Oh, S., Chai, I.H., Park, Y.B. & Choi, Y.S. (2002). 
Absence of postprandial surge in coronary blood flow distal to significant stenosis: a 
possible mechanism of postprandial angina. J Am Coll Cardiol, 40, 1976-83. 

Clarkston, W.K., Pantano, M.M., Morley, J.E., Horowitz, M., Littlefield, J.M. & Burton, F.R. 
(1997). Evidence for the anorexia of aging: gastrointestinal transit and hunger in healthy 
elderly vs. young adults. Am J Physiol, 272, R243-8. 

Clasey, J.L., Kanaley, J.A., Wideman, L., Heymsfield, S.B., Teates, C.D., Gutgesell, M.E., 
Thorner, M.O., Hartman, M.L. & Weltman, A. (1999). Validity of methods of body 
composition assessment in young and older men and women. J Appl Physiol, 86, 1728-
38. 

Cohen, I., Rogers, P., Burke, V. & Beilin, L.J. (1998). Predictors of medication use, compliance 
and symptoms of hypotension in a community-based sample of elderly men and women. 
J Clin Pharm Ther, 23, 423-32. 

Cohendy, R., Rubenstein, L.Z. & Eledjam, J.J. (2001). The Mini Nutritional Assessment-Short 
Form for preoperative nutritional evaluation of elderly patients. Aging (Milano), 13, 293-
7. 

Committee on Diet and Health, Food and Nutrition Board, Comission on Life Sciences & 
Health, N.R.C.D.a. (1989). Implications for reducing chronic disease risk. National 
Academy Press: Washington DC. 

Connelly, C.M., Waksmonski, C., Gagnon, M.M. & Lipsitz, L.A. (1995). Effects of isosorbide 
dinitrate and nicardipine hydrochloride on postprandial blood pressure in elderly patients 
with stable angina pectoris or healed myocardial infarction. Am J Cardiol, 75, 291-3. 

Cornyn, J.W., Massie, B.M., Unverferth, D.V. & Leier, C.V. (1986). Hemodynamic changes 
after meals and placebo treatment in chronic congestive heart failure. Am J Cardiol, 57, 
238-41. 

Craig, P., Halavatau, V., Comino, E. & Caterson, I. (2001). Differences in body composition 
between Tongans and Australians: time to rethink the healthy weight ranges? Int J Obes 
Relat Metab Disord, 25, 1806-14. 

Crawford, P.B., Obarzanek, E., Morrison, J. & Sabry, Z.I. (1994). Comparative advantage of 3-
day food records over 24-hour recall and 5-day food frequency validated by observation 
of 9- and 10-year-old girls. J Am Diet Assoc, 94, 626-30. 

Cummings, D.E., Frayo, R.S., Marmonier, C., Aubert, R. & Chapelot, D. (2004). Plasma ghrelin 
levels and hunger scores in humans initiating meals voluntarily without time- and food-
related cues. Am J Physiol Endocrinol Metab, 287, E297-304. 

Cummings, D.E., Purnell, J.Q., Frayo, R.S., Schmidova, K., Wisse, B.E. & Weigle, D.S. (2001). 
A preprandial rise in plasma ghrelin levels suggests a role in meal initiation in humans. 
Diabetes, 50, 1714-9. 

Cummings, D.E., Weigle, D.S., Frayo, R.S., Breen, P.A., Ma, M.K., Dellinger, E.P. & Purnell, 
J.Q. (2002). Plasma ghrelin levels after diet-induced weight loss or gastric bypass 
surgery. N Engl J Med, 346, 1623-30. 

Davidson, N.O., Hausman, A.M., Ifkovits, C.A., Buse, J.B., Gould, G.W., Burant, C.F. & Bell, 
G.I. (1992). Human intestinal glucose transporter expression and localization of GLUT5. 
Am J Physiol, 262, C795-800. 



References 

156 

Davis, S. (1999). Androgen replacement in women: a commentary. J Clin Endocrinol Metab, 
84, 1886-91. 

Day, H.E., McKnight, A.T., Poat, J.A. & Hughes, J. (1994). Evidence that cholecystokinin 
induces immediate early gene expression in the brainstem, hypothalamus and amygdala 
of the rat by a CCKA receptor mechanism. Neuropharmacology, 33, 719-27. 

de Castro, J.M. (1995). The relationship of cognitive restraint to the spontaneous food and fluid 
intake of free-living humans. Physiol Behav, 57, 287-95. 

de Groot, C.P. & van Staveren, W.A. (2002). Undernutrition in the European SENECA studies. 
Clin Geriatr Med, 18, 699-708, vi. 

de Groot, C.P., van Staveren, W.A. & de Graaf, C. (2000). Determinants of macronutrient 
intake in elderly people. Eur J Clin Nutr, 54 Suppl 3, S70-6. 

de Groot, L.C., Beck, A.M., Schroll, M. & van Staveren, W.A. (1998). Evaluating the 
DETERMINE Your Nutritional Health Checklist and the Mini Nutritional Assessment as 
tools to identify nutritional problems in elderly Europeans. Eur J Clin Nutr, 52, 877-83. 

de Jong, N. (2000). Nutrition and senescence: healthy aging for all in the new millennium? 
Nutrition, 16, 537-41. 

de Jong, N., Chin, A.P.M.J., de Groot, L.C., de Graaf, C., Kok, F.J. & van Staveren, W.A. 
(1999). Functional biochemical and nutrient indices in frail elderly people are partly 
affected by dietary supplements but not by exercise. J Nutr, 129, 2028-36. 

de Mey, C., Enterling, D., Brendel, E. & Meineke, I. (1987). Postprandial changes in supine and 
erect heart rate, systemic blood pressure and plasma noradrenaline and renin activity in 
normal subjects. Eur J Clin Pharmacol, 32, 471-6. 

de Mey, C., Hansen-Schmidt, S., Enterling, D. & Meineke, I. (1989). Effects of low-dose 
atenolol on postural and postprandial changes in heart rate, blood pressure, venous 
plasma catecholamines, and plasma renin activity. Eur J Clin Pharmacol, 37, 121-5. 

De Yebenes, M.J., Otero, A., Zunzunegui, M.V., Rodriguez-Laso, A., Sanchez-Sanchez, F. & 
Del Ser, T. (2003). Validation of a short cognitive tool for the screening of dementia in 
elderly people with low educational level. Int J Geriatr Psychiatry, 18, 925-36. 

Delmi, M., Rapin, C.H., Bengoa, J.M., Delmas, P.D., Vasey, H. & Bonjour, J.P. (1990). Dietary 
supplementation in elderly patients with fractured neck of the femur. Lancet, 335, 1013-6. 

Department of Agriculture & Services., D.o.H.a.H. (1990). Nutrition and your health: dietary 
guidelines for Americans (3rd edition). In Home and Garden Bulletin, Vol. Bulletin No 
232. Government Printing Office: Washington, D.C. 

Department of Statistics Malaysia. Yearbook of Statistics Malaysia. Kuala Lumpur: Department 
of Statistics Malaysia-1980 to 2000. 

Deurenberg, P., Deurenberg-Yap, M. & Guricci, S. (2002). Asians are different from 
Caucasians and from each other in their body mass index/body fat per cent relationship. 
Obes Rev, 3, 141-6. 

Doherty, T.J. (2003). Invited review: Aging and sarcopenia. J Appl Physiol, 95, 1717-27. 

Doty, R.L., Shaman, P., Applebaum, S.L., Giberson, R., Siksorski, L. & Rosenberg, L. (1984). 
Smell identification ability: changes with age. Science, 226, 1441-3. 

Douglas, R.M., Chalker, E.B. & Treacy, B. (2000). Vitamin C for preventing and treating the 
common cold. Cochrane Database Syst Rev, CD000980. 

Dwyer, J. (1994). Strategies to detect and prevent malnutrition in the elderly: the Nutritional 
Screening Initiative. Nutr Today, 29, 14-24. 

Eicke, B.M., Seidel, E. & Krummenauer, F. (2003). Volume flow in the common carotid artery 
does not decrease postprandially. J Neuroimaging, 13, 352-5. 



References 

157 

Eisenberg, E. & Bental, E. (1986). Postprandial transient painful amaurosis fugax. J Neurol, 
233, 209-11. 

Eneroth, M., Apelqvist, J., Larsson, J. & Persson, B.M. (1997). Improved wound healing in 
transtibial amputees receiving supplementary nutrition. Int Orthop, 21, 104-8. 

Engelman, D.T., Adams, D.H., Byrne, J.G., Aranki, S.F., Collins, J.J., Jr., Couper, G.S., Allred, 
E.N., Cohn, L.H. & Rizzo, R.J. (1999). Impact of body mass index and albumin on 
morbidity and mortality after cardiac surgery. J Thorac Cardiovasc Surg, 118, 866-73. 

Erim, Z., Beg, M.F., Burke, D.T. & de Luca, C.J. (1999). Effects of aging on motor-unit control 
properties. J Neurophysiol, 82, 2081-91. 

Evans, J.R. & Henshaw, K. (2000). Antioxidant vitamin and mineral supplementation for 
preventing age-related macular degeneration. Cochrane Database Syst Rev, CD000253. 

Evans, W.J. & Campbell, W.W. (1993). Sarcopenia and age-related changes in body 
composition and functional capacity. J Nutr, 123, 465-8. 

Ewing, D.J. & Clarke, B.F. (1982). Diagnosis and management of diabetic autonomic 
neuropathy. Br Med J (Clin Res Ed), 285, 916-8. 

Fagan, T.C., Sawyer, P.R., Gourley, L.A., Lee, J.T. & Gaffney, T.E. (1986). Postprandial 
alterations in hemodynamics and blood pressure in normal subjects. Am J Cardiol, 58, 
636-41. 

Fagerberg, B., Hulten, L.M. & Hulthe, J. (2003). Plasma ghrelin, body fat, insulin resistance, 
and smoking in clinically healthy men: the atherosclerosis and insulin resistance study. 
Metabolism, 52, 1460-3. 

Fagius, J. & Berne, C. (1994). Increase in muscle nerve sympathetic activity in humans after 
food intake. Clin Sci (Lond), 86, 159-67. 

Fagius, J., Ellerfelt, K., Lithell, H. & Berne, C. (1996). Increase in muscle nerve sympathetic 
activity after glucose intake is blunted in the elderly. Clin Auton Res, 6, 195-203. 

Feinle, C., D'Amato, M. & Read, N.W. (1996). Cholecystokinin-A receptors modulate gastric 
sensory and motor responses to gastric distension and duodenal lipid. Gastroenterology, 
110, 1379-85. 

Ferguson, M., Capra, S., Bauer, J. & Banks, M. (1997). Coding for malnutrition enhances 
reimbursement under casemix-based funding. Australian Journal of Nutrition and 
Dietetics, 54, 102-108. 

Ferrucci, L., Cavazzini, C., Corsi, A., Bartali, B., Russo, C.R., Lauretani, F., Corsi, A.M., 
Bandinelli, S. & Guralnik, J.M. (2002). Biomarkers of frailty in older persons. J 
Endocrinol Invest, 25, 10-5. 

Figueras, J. & Domingo, E. (1998). Fasting and postprandial ischemic threshold in patients with 
unstable angina with and without postprandial angina at rest. Am Heart J, 136, 252-8. 

Flint, A., Raben, A., Blundell, J.E. & Astrup, A. (2000). Reproducibility, power and validity of 
visual analogue scales in assessment of appetite sensations in single test meal studies. Int 
J Obes Relat Metab Disord, 24, 38-48. 

Folstein, M.F., Folstein, S.E. & McHugh, P.R. (1975). "Mini-mental state". A practical method 
for grading the cognitive state of patients for the clinician. J Psychiatr Res, 12, 189-98. 

FOOD Trial Collaboration. (2003). Poor nutritional status on admission predicts poor outcomes 
after stroke: observational data from the FOOD trial. Stroke, 34, 1450-6. 

Foppa, M., Fuchs, F.D., Preissler, L., Andrighetto, A., Rosito, G.A. & Duncan, B.B. (2002). 
Red wine with the noon meal lowers post-meal blood pressure: a randomized trial in 
centrally obese, hypertensive patients. J Stud Alcohol, 63, 247-51. 



References 

158 

Forbes, G.B. & Reina, J.C. (1970). Adult lean body mass declines with age: some longitudinal 
observations. Metabolism, 19, 653-63. 

Foster-Powell, K., Holt, S.H. & Brand-Miller, J.C. (2002). International table of glycemic index 
and glycemic load values: 2002. Am J Clin Nutr, 76, 5-56. 

Fraser, K.A. & Davison, J.S. (1992). Cholecystokinin-induced c-fos expression in the rat brain 
stem is influenced by vagal nerve integrity. Exp Physiol, 77, 225-8. 

Fraser, R., Fone, D., Horowitz, M. & Dent, J. (1993). Cholecystokinin octapeptide stimulates 
phasic and tonic pyloric motility in healthy humans. Gut, 34, 33-7. 

Freeman, R., Young, J., Landsberg, L. & Lipsitz, L. (1996). The treatment of postprandial 
hypotension in autonomic failure with 3,4-DL-threo-dihydroxyphenylserine. Neurology, 
47, 1414-20. 

Fries, J.F. (1989). The compression of morbidity: near or far? Milbank Q, 67, 208-32. 

Fries, J.F. (2000). Compression of morbidity in the elderly. Vaccine, 18, 1584-9. 

Funk, K.L. & Ayton, C.M. (1995). Improving malnutrition documentation enhances 
reimbursement. J Am Diet Assoc, 95, 468-75. 

Gabay, C. & Kushner, I. (1999). Acute-phase proteins and other systemic responses to 
inflammation. N Engl J Med, 340, 448-54. 

Gallagher, D., Ruts, E., Visser, M., Heshka, S., Baumgartner, R.N., Wang, J., Pierson, R.N., Pi-
Sunyer, F.X. & Heymsfield, S.B. (2000). Weight stability masks sarcopenia in elderly 
men and women. Am J Physiol Endocrinol Metab, 279, E366-75. 

Gavazzi, G. & Krause, K.H. (2002). Ageing and infection. Lancet Infect Dis, 2, 659-66. 

Gazzotti, C., Albert, A., Pepinster, A. & Petermans, J. (2000). Clinical usefulness of the mini 
nutritional assessment (MNA) scale in geriatric medicine. J Nutr Health Aging, 4, 176-
81. 

Genton, L., Hans, D., Kyle, U.G. & Pichard, C. (2002). Dual-energy X-ray absorptiometry and 
body composition: differences between devices and comparison with reference methods. 
Nutrition, 18, 66-70. 

Gersovitz, M., Madden, J.P. & Smiciklas-Wright, H. (1978). Validity of the 24-hr. dietary recall 
and seven-day record for group comparisons. J Am Diet Assoc, 73, 48-55. 

Gill, T.M., Baker, D.I., Gottschalk, M., Peduzzi, P.N., Allore, H. & Byers, A. (2002). A 
program to prevent functional decline in physically frail, elderly persons who live at 
home. N Engl J Med, 347, 1068-74. 

Gill, T.M., McGloin, J.M., Gahbauer, E.A., Shepard, D.M. & Bianco, L.M. (2001). Two 
recruitment strategies for a clinical trial of physically frail community-living older 
persons. J Am Geriatr Soc, 49, 1039-45. 

Gill, T.M., Robison, J.T. & Tinetti, M.E. (1998). Difficulty and dependence: two components of 
the disability continuum among community-living older persons. Ann Intern Med, 128, 
96-101. 

Goichot, B., Schlienger, J.L., Grunenberger, F., Pradignac, A. & Aby, M.A. (1995). Low 
cholesterol concentrations in free-living elderly subjects: relations with dietary intake and 
nutritional status. Am J Clin Nutr, 62, 547-53. 

Goldstein, I.B. & Shapiro, D. (1996). Postprandial ambulatory blood pressure and heart rate 
effects in healthy elderly adults. Int J Psychophysiol, 21, 91-5. 

Gollub, E.A. & Weddle, D.O. (2004). Improvements in nutritional intake and quality of life 
among frail homebound older adults receiving home-delivered breakfast and lunch. J Am 
Diet Assoc, 104, 1227-35. 



References 

159 

Gottero, C., Bellone, S., Rapa, A., van Koetsveld, P., Vivenza, D., Prodam, F., Benso, A., 
Destefanis, S., Gauna, C., Bellone, J., Hofland, L., van der Lely, A.J., Bona, G., Ghigo, E. 
& Broglio, F. (2003). Standard light breakfast inhibits circulating ghrelin level to the 
same extent of oral glucose load in humans, despite different impact on glucose and 
insulin levels. J Endocrinol Invest, 26, 1203-7. 

Gray-Donald, K., Payette, H., Boutier, V. & Page, S. (1994). Evaluation of the dietary intake of 
homebound elderly and the feasibility of dietary supplementation. J Am Coll Nutr, 13, 
277-84. 

Greenman, Y., Golani, N., Gilad, S., Yaron, M., Limor, R. & Stern, N. (2004). Ghrelin secretion 
is modulated in a nutrient- and gender-specific manner. Clin Endocrinol (Oxf), 60, 382-8. 

Grinspoon, S., Corcoran, C., Miller, K., Biller, B.M., Askari, H., Wang, E., Hubbard, J., 
Anderson, E.J., Basgoz, N., Heller, H.M. & Klibanski, A. (1997). Body composition and 
endocrine function in women with acquired immunodeficiency syndrome wasting. J Clin 
Endocrinol Metab, 82, 1332-7. 

Grodzicki, T., Rajzer, M., Fagard, R., O'Brien, E.T., Thijs, L., Clement, D., Davidson, C., 
Palatini, P., Parati, G., Kocemba, J. & Staessen, J.A. (1998). Ambulatory blood pressure 
monitoring and postprandial hypotension in elderly patients with isolated systolic 
hypertension. Systolic Hypertension in Europe (SYST-EUR) Trial Investigators. J Hum 
Hypertens, 12, 161-5. 

Gruenberg, E.M. (1977). The failures of success. Milbank Mem Fund Q Health Soc, 55, 3-24. 

Grundman, M., Corey-Bloom, J., Jernigan, T., Archibald, S. & Thal, L.J. (1996). Low body 
weight in Alzheimer's disease is associated with mesial temporal cortex atrophy. 
Neurology, 46, 1585-91. 

Grundy, D., Salih, A.A. & Scratcherd, T. (1981). Modulation of vagal efferent fibre discharge 
by mechanoreceptors in the stomach, duodenum and colon of the ferret. J Physiol, 319, 
43-52. 

Guarnieri, G., Antonione, R. & Biolo, G. (2003). Mechanisms of malnutrition in uremia. J Ren 
Nutr, 13, 153-7. 

Guigoz, Y., Lauque, S. & Vellas, B.J. (2002). Identifying the elderly at risk for malnutrition. 
The Mini Nutritional Assessment. Clin Geriatr Med, 18, 737-57. 

Guigoz, Y., Vellas, B. & Garry, P. (1994). Mini Nutritional Assessment: a practical assessment 
tool for grading the nutritional state of elderly patients. Nutrition in the elderly- The Mini 
Nutritional Assessment (MNA). Serdi Publishing Company: Paris. 

Guigoz, Y., Vellas, B. & Garry, P.J. (1996). Assessing the nutritional status of the elderly: The 
Mini Nutritional Assessment as part of the geriatric evaluation. Nutr Rev, 54, S59-65. 

Haapanen, N., Miilunpalo, S., Pasanen, M., Oja, P. & Vuori, I. (1997). Association between 
leisure time physical activity and 10-year body mass change among working-aged men 
and women. Int J Obes Relat Metab Disord, 21, 288-96. 

Haigh, R.A., Harper, G.D., Burton, R., Macdonald, I.A. & Potter, J.F. (1991). Possible 
impairment of the sympathetic nervous system response to postprandial hypotension in 
elderly hypertensive patients. J Hum Hypertens, 5, 83-9. 

Hakusui, S., Sugiyama, Y., Iwase, S., Hasegawa, Y., Koike, Y., Mano, T. & Takahashi, A. 
(1991). Postprandial hypotension: microneurographic analysis and treatment with 
vasopressin. Neurology, 41, 712-5. 

Hansen, R.D., Raja, C., Aslani, A., Smith, R.C. & Allen, B.J. (1999). Determination of skeletal 
muscle and fat-free mass by nuclear and dual-energy x-ray absorptiometry methods in 
men and women aged 51-84 y (1-3). Am J Clin Nutr, 70, 228-33. 



References 

160 

Hansen, T.K., Dall, R., Hosoda, H., Kojima, M., Kangawa, K., Christiansen, J.S. & Jorgensen, 
J.O. (2002). Weight loss increases circulating levels of ghrelin in human obesity. Clin 
Endocrinol (Oxf), 56, 203-6. 

Harris, T., Cook, E.F., Garrison, R., Higgins, M., Kannel, W. & Goldman, L. (1988). Body 
mass index and mortality among nonsmoking older persons. The Framingham Heart 
Study. JAMA, 259, 1520-4. 

Havel, P.J. (2001). Peripheral signals conveying metabolic information to the brain: short-term 
and long-term regulation of food intake and energy homeostasis. Exp Biol Med 
(Maywood), 226, 963-77. 

Heilbronn, L.K. & Ravussin, E. (2003). Calorie restriction and aging: review of the literature 
and implications for studies in humans. Am J Clin Nutr, 78, 361-9. 

Herman, C.P. & Mack, D. (1975). Restrained and unrestrained eating. J Pers, 43, 647-60. 

Heseltine, D., Dakkak, M., Macdonald, I.A., Bloom, S.R. & Potter, J.F. (1991). Effects of 
carbohydrate type on postprandial blood pressure, neuroendocrine and gastrointestinal 
hormone changes in the elderly. Clin Auton Res, 1, 219-24. 

Heseltine, D., el-Jabri, M., Ahmed, F. & Knox, J. (1991). The effect of caffeine on postprandial 
blood pressure in the frail elderly. Postgrad Med J, 67, 543-7. 

Heymsfield, S.B., Bethel, R.A., Ansley, J.D., Gibbs, D.M., Felner, J.M. & Nutter, D.O. (1978). 
Cardiac abnormalities in cachectic patients before and during nutritional repletion. Am 
Heart J, 95, 584-94. 

Heymsfield, S.B., Smith, R., Aulet, M., Bensen, B., Lichtman, S., Wang, J. & Pierson, R.N., Jr. 
(1990). Appendicular skeletal muscle mass: measurement by dual-photon absorptiometry. 
Am J Clin Nutr, 52, 214-8. 

Hirayama, M., Watanabe, H., Koike, Y., Kaneoke, Y., Sakurai, N., Hakusui, S. & Takahashi, A. 
(1993). Treatment of postprandial hypotension with selective alpha 1 and beta 1 
adrenergic agonists. J Auton Nerv Syst, 45, 149-54. 

Hirsh, A.J. & Cheeseman, C.I. (1998). Cholecystokinin decreases intestinal hexose absorption 
by a parallel reduction in SGLT1 abundance in the brush-border membrane. J Biol Chem, 
273, 14545-9. 

Hoeldtke, R.D., Davis, K.M., Joseph, J., Gonzales, R., Panidis, I.P. & Friedman, A.C. (1991). 
Hemodynamic effects of octreotide in patients with autonomic neuropathy. Circulation, 
84, 168-76. 

Hoeldtke, R.D., Dworkin, G.E., Gaspar, S.R., Israel, B.C. & Boden, G. (1989). Effect of the 
somatostatin analogue SMS-201-995 on the adrenergic response to glucose ingestion in 
patients with postprandial hypotension. Am J Med, 86, 673-7. 

Hoeldtke, R.D., O'Dorisio, T.M. & Boden, G. (1985). Prevention of postprandial hypotension 
with somatostatin. Ann Intern Med, 103, 889-90. 

Holmes, R., Macchiano, K., Jhangiani, S.S., Agarwal, N.R. & Savino, J.A. (1987). Nutrition 
know-how. Combating pressure sores--nutritionally. Am J Nurs, 87, 1301-3. 

Hu, P., Seeman, T.E., Harris, T.B. & Reuben, D.B. (2003). Does inflammation or undernutrition 
explain the low cholesterol-mortality association in high-functioning older persons? 
MacArthur studies of successful aging. J Am Geriatr Soc, 51, 80-4. 

Hubbard, R.E., O'Mahony, M.S., Cross, E., Morgan, A., Hortop, H., Morse, R.E. & Topham, L. 
(2004). The ageing of the population: implications for multidisciplinary care in hospital. 
Age Ageing, 33, 479-82. 

Imai, C., Muratani, H., Kimura, Y., Kanzato, N., Takishita, S. & Fukiyama, K. (1998). Effects 
of meal ingestion and active standing on blood pressure in patients > or = 60 years of age. 
Am J Cardiol, 81, 1310-4. 



References 

161 

Institute of Medicine (U.S.) & Committee on a National Research Agenda on Aging, L.E.T. 
(1991). Extending life: a national research agenda on aging. National Academy Press: 
Washington, D.C. 

Isaia, G., Giorgino, R., Rini, G.B., Bevilacqua, M., Maugeri, D. & Adami, S. (2003). Prevalence 
of hypovitaminosis D in elderly women in Italy: clinical consequences and risk factors. 
Osteoporos Int, 14, 577-82. 

Ito, H., Ohshima, A., Ohto, N., Ogasawara, M., Tsuzuki, M., Takao, K., Hijii, C., Tanaka, H. & 
Nishioka, K. (2001). Relation between body composition and age in healthy Japanese 
subjects. Eur J Clin Nutr, 55, 462-70. 

Itoh, T., Nagaya, N., Yoshikawa, M., Fukuoka, A., Takenaka, H., Shimizu, Y., Haruta, Y., Oya, 
H., Yamagishi, M., Hosoda, H., Kangawa, K. & Kimura, H. (2004). Elevated Plasma 
Ghrelin Level in Underweight Patients with Chronic Obstructive Pulmonary Disease. Am 
J Respir Crit Care Med. 

Ivey, F.M., Tracy, B.L., Lemmer, J.T., NessAiver, M., Metter, E.J., Fozard, J.L. & Hurley, B.F. 
(2000). Effects of strength training and detraining on muscle quality: age and gender 
comparisons. J Gerontol A Biol Sci Med Sci, 55, B152-7; discussion B158-9. 

Jansen, R. & Hoefnagels, W. (1987). Hypotensive and sedative effects of insulin in autonomic 
failure. Br Med J (Clin Res Ed), 295, 671-2. 

Jansen, R.W., Connelly, C.M., Kelley-Gagnon, M.M., Parker, J.A. & Lipsitz, L.A. (1995). 
Postprandial hypotension in elderly patients with unexplained syncope. Arch Intern Med, 
155, 945-52. 

Jansen, R.W. & Hoefnagels, W.H. (1989). The influence of oral glucose loading on baroreflex 
function in the elderly. J Am Geriatr Soc, 37, 1017-22. 

Jansen, R.W. & Hoefnagels, W.H. (1991). Hormonal mechanisms of postprandial hypotension. 
J Am Geriatr Soc, 39, 1201-7. 

Jansen, R.W., Kelly-Gagnon, M.M. & Lipsitz, L.A. (1996). Intraindividual reproducibility of 
postprandial and orthostatic blood pressure changes in older nursing-home patients: 
relationship with chronic use of cardiovascular medications. J Am Geriatr Soc, 44, 383-9. 

Jansen, R.W., Lenders, J.W., Peeters, T.L., van Lier, H.J. & Hoefnagels, W.H. (1988). SMS 
201-995 prevents postprandial blood pressure reduction in normotensive and 
hypertensive elderly subjects. J Hypertens Suppl, 6, S669-72. 

Jansen, R.W. & Lipsitz, L.A. (1995). Postprandial hypotension: epidemiology, 
pathophysiology, and clinical management. Ann Intern Med, 122, 286-95. 

Jansen, R.W., Peeters, T.L., Lenders, J.W., van Lier, H.J., v't Laar, A. & Hoefnagels, W.H. 
(1989). Somatostatin analog octreotide (SMS 201-995) prevents the decrease in blood 
pressure after oral glucose loading in the elderly. J Clin Endocrinol Metab, 68, 752-6. 

Jansen, R.W., Peeters, T.L., Van Lier, H.J. & Hoefnagels, W.H. (1990). The effect of oral 
glucose, protein, fat and water loading on blood pressure and the gastrointestinal peptides 
VIP and somatostatin in hypertensive elderly subjects. Eur J Clin Invest, 20, 192-8. 

Jansen, R.W., Penterman, B.J., van Lier, H.J. & Hoefnagels, W.H. (1987). Blood pressure 
reduction after oral glucose loading and its relation to age, blood pressure and insulin. Am 
J Cardiol, 60, 1087-91. 

Jansen, R.W., van Lier, H.J. & Hoefnagels, W.H. (1988). Effects of nitrendipine and 
hydrochlorothiazide on postprandial blood pressure reduction and carbohydrate 
metabolism in hypertensive patients over 70 years of age. J Cardiovasc Pharmacol, 12 
Suppl 4, S59-63. 

Janssen, I., Baumgartner, R.N., Ross, R., Rosenberg, I.H. & Roubenoff, R. (2004). Skeletal 
muscle cutpoints associated with elevated physical disability risk in older men and 
women. Am J Epidemiol, 159, 413-21. 



References 

162 

Janssen, I., Heymsfield, S.B., Baumgartner, R.N. & Ross, R. (2000). Estimation of skeletal 
muscle mass by bioelectrical impedance analysis. J Appl Physiol, 89, 465-71. 

Janssen, I., Heymsfield, S.B. & Ross, R. (2002). Low relative skeletal muscle mass (sarcopenia) 
in older persons is associated with functional impairment and physical disability. J Am 
Geriatr Soc, 50, 889-96. 

Jones, K.L., Doran, S.M., Hveem, K., Bartholomeusz, F.D., Morley, J.E., Sun, W.M., 
Chatterton, B.E. & Horowitz, M. (1997). Relation between postprandial satiation and 
antral area in normal subjects. Am J Clin Nutr, 66, 127-32. 

Jones, K.L., MacIntosh, C., Su, Y.C., Wells, F., Chapman, I.M., Tonkin, A. & Horowitz, M. 
(2001). Guar gum reduces postprandial hypotension in older people. J Am Geriatr Soc, 
49, 162-7. 

Jones, K.L., Tonkin, A., Horowitz, M., Wishart, J.M., Carney, B.I., Guha, S. & Green, L. 
(1998). Rate of gastric emptying is a determinant of postprandial hypotension in non-
insulin-dependent diabetes mellitus. Clin Sci (Lond), 94, 65-70. 

Jordan, J. (2002). Acute effect of water on blood pressure. What do we know? Clin Auton Res, 
12, 250-5. 

Jordan, J., Shannon, J.R., Black, B.K., Ali, Y., Farley, M., Costa, F., Diedrich, A., Robertson, 
R.M., Biaggioni, I. & Robertson, D. (2000). The pressor response to water drinking in 
humans: a sympathetic reflex? Circulation, 101, 504-9. 

Jula, A., Seppanen, R. & Alanen, E. (1999). Influence of days of the week on reported food, 
macronutrient and alcohol intake among an adult population in south western Finland. 
Eur J Clin Nutr, 53, 808-12. 

Juurlink, D.N., Mamdani, M., Kopp, A., Laupacis, A. & Redelmeier, D.A. (2003). Drug-drug 
interactions among elderly patients hospitalized for drug toxicity. JAMA, 289, 1652-8. 

Kamata, T., Yokota, T., Furukawa, T. & Tsukagoshi, H. (1994). Cerebral ischemic attack 
caused by postprandial hypotension. Stroke, 25, 511-3. 

Kamath, S.K., Lawler, M., Smith, A.E., Kalat, T. & Olson, R. (1986). Hospital malnutrition: a 
33-hospital screening study. J Am Diet Assoc, 86, 203-6. 

Kaneda, H., Maeshima, K., Goto, N., Kobayakawa, T., Ayabe-Kanamura, S. & Saito, S. (2000). 
Decline in taste and odor discrimination abilities with age, and relationship between 
gustation and olfaction. Chem Senses, 25, 331-7. 

Katelaris, P.H., Seow, F., Lin, B.P., Napoli, J., Ngu, M.C. & Jones, D.B. (1993). Effect of age, 
Helicobacter pylori infection, and gastritis with atrophy on serum gastrin and gastric acid 
secretion in healthy men. Gut, 34, 1032-7. 

Kawaguchi, R., Nomura, M., Miyajima, H., Nakaya, Y., Mouri, S. & Ito, S. (2002). 
Postprandial hypotension in elderly subjects: spectral analysis of heart rate variability and 
electrogastrograms. J Gastroenterol, 37, 87-93. 

Kazes, M., Danion, J.M., Grange, D., Pradignac, A., Simon, C., Burrus-Mehl, F., Schlienger, 
J.L. & Singer, L. (1994). Eating behaviour and depression before and after antidepressant 
treatment: a prospective, naturalistic study. J Affect Disord, 30, 193-207. 

Kearney, M.T., Cowley, A.J., Stubbs, T.A., Evans, A. & Macdonald, I.A. (1998). Depressor 
action of insulin on skeletal muscle vasculature: a novel mechanism for postprandial 
hypotension in the elderly. J Am Coll Cardiol, 31, 209-16. 

Kenny, A.M., Dawson, L., Kleppinger, A., Iannuzzi-Sucich, M. & Judge, J.O. (2003). 
Prevalence of sarcopenia and predictors of skeletal muscle mass in nonobese women who 
are long-term users of estrogen-replacement therapy. J Gerontol A Biol Sci Med Sci, 58, 
M436-40. 



References 

163 

Kerstetter, J.E., Holthausen, B.A. & Fitz, P.A. (1992). Malnutrition in the institutionalized older 
adult. J Am Diet Assoc, 92, 1109-16. 

Kim, J., Wang, Z., Heymsfield, S.B., Baumgartner, R.N. & Gallagher, D. (2002). Total-body 
skeletal muscle mass: estimation by a new dual-energy X-ray absorptiometry method. Am 
J Clin Nutr, 76, 378-83. 

Klein, S., Kinney, J., Jeejeebhoy, K., Alpers, D., Hellerstein, M., Murray, M. & Twomey, P. 
(1997). Nutrition support in clinical practice: review of published data and 
recommendations for future research directions. Summary of a conference sponsored by 
the National Institutes of Health, American Society for Parenteral and Enteral Nutrition, 
and American Society for Clinical Nutrition. Am J Clin Nutr, 66, 683-706. 

Koenig, H.G. (1996). An abbreviated Mini-Mental State Exam for medically ill older adults. J 
Am Geriatr Soc, 44, 215-6. 

Koenig, H.G., Westlund, R.E., George, L.K., Hughes, D.C., Blazer, D.G. & Hybels, C. (1993). 
Abbreviating the Duke Social Support Index for use in chronically ill elderly individuals. 
Psychosomatics, 34, 61-9. 

Kohara, K., Jiang, Y., Igase, M., Takata, Y., Fukuoka, T., Okura, T., Kitami, Y. & Hiwada, K. 
(1999). Postprandial hypotension is associated with asymptomatic cerebrovascular 
damage in essential hypertensive patients. Hypertension, 33, 565-8. 

Kohara, K., Uemura, K., Takata, Y., Okura, T., Kitami, Y. & Hiwada, K. (1998). Postprandial 
hypotension: evaluation by ambulatory blood pressure monitoring. Am J Hypertens, 11, 
1358-63. 

Kojima, M., Hosoda, H., Date, Y., Nakazato, M., Matsuo, H. & Kangawa, K. (1999). Ghrelin is 
a growth-hormone-releasing acylated peptide from stomach. Nature, 402, 656-60. 

Kondrup, J., Johansen, N., Plum, L.M., Bak, L., Larsen, I.H., Martinsen, A., Andersen, J.R., 
Baernthsen, H., Bunch, E. & Lauesen, N. (2002). Incidence of nutritional risk and causes 
of inadequate nutritional care in hospitals. Clin Nutr, 21, 461-8. 

Kooner, J.S., Raimbach, S., Watson, L., Bannister, R., Peart, S. & Mathias, C.J. (1989). 
Relationship between splanchnic vasodilation and postprandial hypotension in patients 
with primary autonomic failure. J Hypertens Suppl, 7, S40-1. 

Koval, K.J., Maurer, S.G., Su, E.T., Aharonoff, G.B. & Zuckerman, J.D. (1999). The effects of 
nutritional status on outcome after hip fracture. J Orthop Trauma, 13, 164-9. 

Krause, D., Mastro, A.M., Handte, G., Smiciklas-Wright, H., Miles, M.P. & Ahluwalia, N. 
(1999). Immune function did not decline with aging in apparently healthy, well-nourished 
women. Mech Ageing Dev, 112, 43-57. 

Kretser, A.J., Voss, T., Kerr, W.W., Cavadini, C. & Friedmann, J. (2003). Effects of two models 
of nutritional intervention on homebound older adults at nutritional risk. J Am Diet Assoc, 
103, 329-36. 

Kruszewski, P., Bieniszewski, L., Neubauer-Geryk, J., Swierblewska, E. & Krupa-
Wojciechowska, B. (2003). Supine body position is an important factor influencing 
postprandial ambulatory blood pressure. Med Sci Monit, 9, CR34-41. 

Kua, E.H. & Ko, S.M. (1992). A questionnaire to screen for cognitive impairment among 
elderly people in developing countries. Acta Psychiatr Scand, 85, 119-22. 

Kuipers, H.M., Jansen, R.W., Peeters, T.L. & Hoefnagels, W.H. (1991). The influence of food 
temperature on postprandial blood pressure reduction and its relation to substance-P in 
healthy elderly subjects. J Am Geriatr Soc, 39, 181-4. 

Kupfer, R.M., Heppell, M., Haggith, J.W. & Bateman, D.N. (1985). Gastric emptying and 
small-bowel transit rate in the elderly. J Am Geriatr Soc, 33, 340-3. 



References 

164 

Kuskowska-Wolk, A. & Rossner, S. (1990). Prevalence of obesity in Sweden: cross-sectional 
study of a representative adult population. J Intern Med, 227, 241-6. 

Kyle, U.G., Genton, L., Gremion, G., Slosman, D.O. & Pichard, C. (2004). Aging, physical 
activity and height-normalized body composition parameters. Clin Nutr, 23, 79-88. 

Kyle, U.G., Genton, L., Hans, D., Karsegard, V.L., Michel, J.P., Slosman, D.O. & Pichard, C. 
(2001). Total body mass, fat mass, fat-free mass, and skeletal muscle in older people: 
cross-sectional differences in 60-year-old persons. J Am Geriatr Soc, 49, 1633-40. 

Kyle, U.G., Genton, L., Hans, D. & Pichard, C. (2003). Validation of a bioelectrical impedance 
analysis equation to predict appendicular skeletal muscle mass (ASMM). Clin Nutr, 22, 
537-43. 

Kyle, U.G., Genton, L. & Pichard, C. (2002). Body composition: what's new? Curr Opin Clin 
Nutr Metab Care, 5, 427-33. 

Kyle, U.G., Genton, L., Slosman, D.O. & Pichard, C. (2001). Fat-free and fat mass percentiles 
in 5225 healthy subjects aged 15 to 98 years. Nutrition, 17, 534-41. 

Kyle, U.G., Morabia, A., Slosman, D.O., Mensi, N., Unger, P. & Pichard, C. (2001). 
Contribution of body composition to nutritional assessment at hospital admission in 995 
patients: a controlled population study. Br J Nutr, 86, 725-31. 

Kyle, U.G., Piccoli, A. & Pichard, C. (2003). Body composition measurements: interpretation 
finally made easy for clinical use. Curr Opin Clin Nutr Metab Care, 6, 387-93. 

Kyle, U.G., Pirlich, M., Schuetz, T. & al., e. (2002). Low fat-free mass index and very high fat 
mass index at hospital admission are associated with increased length of stay [abstract]. 
Clin Nutr, 21, 11. 

Kyle, U.G., Unger, P., Mensi, N., Genton, L. & Pichard, C. (2002). Nutrition status in patients 
younger and older than 60 y at hospital admission: a controlled population study in 995 
subjects. Nutrition, 18, 463-9. 

Laessle, R.G., Tuschl, R.J., Kotthaus, B.C. & Pirke, K.M. (1989). Behavioral and biological 
correlates of dietary restraint in normal life. Appetite, 12, 83-94. 

Lambrinoudaki, I., Georgiou, E., Douskas, G., Tsekes, G., Kyriakidis, M. & Proukakis, C. 
(1998). Body composition assessment by dual-energy x-ray absorptiometry: comparison 
of prone and supine measurements. Metabolism, 47, 1379-82. 

Langer, G., Schloemer, G., Knerr, A., Kuss, O. & Behrens, J. (2003). Nutritional interventions 
for preventing and treating pressure ulcers. Cochrane Database Syst Rev, CD003216. 

Laporte, M., Villalon, L. & Payette, H. (2001). Simple nutrition screening tools for healthcare 
facilities: development and validity assessment. Can J Diet Pract Res, 62, 26-34. 

Larsson, H., Elmstahl, S., Berglund, G. & Ahren, B. (1998). Evidence for leptin regulation of 
food intake in humans. J Clin Endocrinol Metab, 83, 4382-5. 

Lauque, S., Arnaud-Battandier, F., Mansourian, R., Guigoz, Y., Paintin, M., Nourhashemi, F. & 
Vellas, B. (2000). Protein-energy oral supplementation in malnourished nursing-home 
residents. A controlled trial. Age Ageing, 29, 51-6. 

Lawson, R.M., Doshi, M.K., Barton, J.R. & Cobden, I. (2003). The effect of unselected post-
operative nutritional supplementation on nutritional status and clinical outcome of 
orthopaedic patients. Clin Nutr, 22, 39-46. 

Le Couteur, D.G., Fisher, A.A., Davis, M.W. & McLean, A.J. (2003). Postprandial systolic 
blood pressure responses of older people in residential care: association with risk of 
falling. Gerontology, 49, 260-4. 



References 

165 

Leidy, H.J., Gardner, J.K., Frye, B.R., Snook, M.L., Schuchert, M.K., Richard, E.L. & 
Williams, N.I. (2004). Circulating ghrelin is sensitive to changes in body weight during a 
diet and exercise program in normal-weight young women. J Clin Endocrinol Metab, 89, 
2659-64. 

Lenders, J.W., Morre, H.L., Smits, P. & Thien, T. (1988). The effects of caffeine on the 
postprandial fall of blood pressure in the elderly. Age Ageing, 17, 236-40. 

Lennard Jones, J. (1992). A positive approach to nutrition as treatment: report of a wroking 
party. Kings Fund Centre. 

Lesourd, B.M. (1997). Nutrition and immunity in the elderly: modification of immune 
responses with nutritional treatments. Am J Clin Nutr, 66, 478S-484S. 

Levine, A.S., Morley, J.E., Gosnell, B.A., Billington, C.J. & Bartness, T.J. (1985). Opioids and 
consummatory behavior. Brain Res Bull, 14, 663-72. 

Lexell, J. (1995). Human aging, muscle mass, and fiber type composition. J Gerontol A Biol Sci 
Med Sci, 50 Spec No, 11-6. 

Lindle, R.S., Metter, E.J., Lynch, N.A., Fleg, J.L., Fozard, J.L., Tobin, J., Roy, T.A. & Hurley, 
B.F. (1997). Age and gender comparisons of muscle strength in 654 women and men 
aged 20-93 yr. J Appl Physiol, 83, 1581-7. 

Lipsitz, L.A. & Fullerton, K.J. (1986). Postprandial blood pressure reduction in healthy elderly. 
J Am Geriatr Soc, 34, 267-70. 

Lipsitz, L.A., Jansen, R.W., Connelly, C.M., Kelley-Gagnon, M.M. & Parker, A.J. (1994). 
Haemodynamic and neurohumoral effects of caffeine in elderly patients with 
symptomatic postprandial hypotension: a double-blind, randomized, placebo-controlled 
study. Clin Sci (Lond), 87, 259-67. 

Lipsitz, L.A., Mietus, J., Moody, G.B. & Goldberger, A.L. (1990). Spectral characteristics of 
heart rate variability before and during postural tilt. Relations to aging and risk of 
syncope. Circulation, 81, 1803-10. 

Lipsitz, L.A., Nyquist, R.P., Jr., Wei, J.Y. & Rowe, J.W. (1983). Postprandial reduction in 
blood pressure in the elderly. N Engl J Med, 309, 81-3. 

Lipsitz, L.A., Pluchino, F.C., Wei, J.Y., Minaker, K.L. & Rowe, J.W. (1986). Cardiovascular 
and norepinephrine responses after meal consumption in elderly (older than 75 years) 
persons with postprandial hypotension and syncope. Am J Cardiol, 58, 810-5. 

Lipsitz, L.A., Ryan, S.M., Parker, J.A., Freeman, R., Wei, J.Y. & Goldberger, A.L. (1993). 
Hemodynamic and autonomic nervous system responses to mixed meal ingestion in 
healthy young and old subjects and dysautonomic patients with postprandial hypotension. 
Circulation, 87, 391-400. 

Liu, L., Bopp, M.M., Roberson, P.K. & Sullivan, D.H. (2002). Undernutrition and risk of 
mortality in elderly patients within 1 year of hospital discharge. J Gerontol A Biol Sci 
Med Sci, 57, M741-6. 

Liu, R.H. (2003). Health benefits of fruit and vegetables are from additive and synergistic 
combinations of phytochemicals. Am J Clin Nutr, 78, 517S-520S. 

Loew, F., Gauthey, L., Koerffy, A., Herrmann, F.R., Estade, M., Michel, J.P. & Vallotton, M.B. 
(1995). Postprandial hypotension and orthostatic blood pressure responses in elderly 
Parkinson's disease patients. J Hypertens, 13, 1291-7. 

Lu, C.C., Diedrich, A., Tung, C.S., Paranjape, S.Y., Harris, P.A., Byrne, D.W., Jordan, J. & 
Robertson, D. (2003). Water ingestion as prophylaxis against syncope. Circulation, 108, 
2660-5. 

Luchsinger, J.A., Lee, W.N., Carrasquillo, O., Rabinowitz, D. & Shea, S. (2003). Body mass 
index and hospitalization in the elderly. J Am Geriatr Soc, 51, 1615-20. 



References 

166 

Luukinen, H., Laippala, P. & Huikuri, H.V. (2003). Depressive symptoms and the risk of 
sudden cardiac death among the elderly. Eur Heart J, 24, 2021-6. 

MacIntosh, C., Morley, J.E. & Chapman, I.M. (2000). The anorexia of aging. Nutrition, 16, 
983-95. 

MacIntosh, C.G., Andrews, J.M., Jones, K.L., Wishart, J.M., Morris, H.A., Jansen, J.B., Morley, 
J.E., Horowitz, M. & Chapman, I.M. (1999). Effects of age on concentrations of plasma 
cholecystokinin, glucagon-like peptide 1, and peptide YY and their relation to appetite 
and pyloric motility. Am J Clin Nutr, 69, 999-1006. 

MacIntosh, C.G., Sheehan, J., Davani, N., Morley, J.E., Horowitz, M. & Chapman, I.M. (2001). 
Effects of aging on the opioid modulation of feeding in humans. J Am Geriatr Soc, 49, 
1518-24. 

Madden, A.M. & Morgan, M.Y. (1997). The potential role of dual-energy X-ray absorptiometry 
in the assessment of body composition in cirrhotic patients. Nutrition, 13, 40-5. 

Mader, S.L. (1989). Effects of meals and time of day on postural blood pressure responses in 
young and elderly subjects. Arch Intern Med, 149, 2757-60. 

Malnutrition Advisory Group. Sheet 2: The Cost of Malnutrition. 

Malouf, M., Grimley, E.J. & Areosa, S.A. (2003). Folic acid with or without vitamin B12 for 
cognition and dementia. Cochrane Database Syst Rev, CD004514. 

Malouf, R. & Areosa Sastre, A. (2003). Vitamin B12 for cognition. Cochrane Database Syst 
Rev, CD004326. 

Malouf, R. & Grimley Evans, J. (2003). The effect of vitamin B6 on cognition. Cochrane 
Database Syst Rev, CD004393. 

Marin, L.A., Salido, J.A., Lopez, A. & Silva, A. (2002). Preoperative nutritional evaluation as a 
prognostic tool for wound healing. Acta Orthop Scand, 73, 2-5. 

Martyn, C.N., Winter, P.D., Coles, S.J. & Edington, J. (1998). Effect of nutritional status on use 
of health care resources by patients with chronic disease living in the community. Clin 
Nutr, 17, 119-23. 

Masuo, K., Mikami, H., Ogihara, T. & Tuck, M.L. (1996). Mechanisms mediating postprandial 
blood pressure reduction in young and elderly subjects. Am J Hypertens, 9, 536-44. 

Mathers, C.D., Sadana, R., Salomon, J.A., Murray, C.J. & Lopez, A.D. (2001). Healthy life 
expectancy in 191 countries, 1999. Lancet, 357, 1685-91. 

Mathias, C.J., da Costa, D.F., Fosbraey, P., Bannister, R., Wood, S.M., Bloom, S.R. & 
Christensen, N.J. (1989). Cardiovascular, biochemical and hormonal changes during 
food-induced hypotension in chronic autonomic failure. J Neurol Sci, 94, 255-69. 

Mathias, C.J., da Costa, D.F., McIntosh, C.M., Fosbraey, P., Bannister, R., Wood, S.M., Bloom, 
S.R. & Christensen, N.J. (1989). Differential blood pressure and hormonal effects after 
glucose and xylose ingestion in chronic autonomic failure. Clin Sci (Lond), 77, 85-92. 

Mathias, C.J., Holly, E., Armstrong, E., Shareef, M. & Bannister, R. (1991). The influence of 
food on postural hypotension in three groups with chronic autonomic failure--clinical and 
therapeutic implications. J Neurol Neurosurg Psychiatry, 54, 726-30. 

Maurer, M.S., Karmally, W., Rivadeneira, H., Parides, M.K. & Bloomfield, D.M. (2000). 
Upright posture and postprandial hypotension in elderly persons. Ann Intern Med, 133, 
533-6. 

Maurer, M.S., Luchsinger, J.A., Wellner, R., Kukuy, E. & Edwards, N.M. (2002). The effect of 
body mass index on complications from cardiac surgery in the oldest old. J Am Geriatr 
Soc, 50, 988-94. 



References 

167 

Mazari, L. & Lesourd, B.M. (1998). Nutritional influences on immune response in healthy aged 
persons. Mech Ageing Dev, 104, 25-40. 

McWhirter, J.P. & Pennington, C.R. (1994). Incidence and recognition of malnutrition in 
hospital. BMJ, 308, 945-8. 

Mehagnoul-Schipper, D.J., Colier, W.N., Hoefnagels, W.H., Verheugt, F.W. & Jansen, R.W. 
(2002). Effects of furosemide versus captopril on postprandial and orthostatic blood 
pressure and on cerebral oxygenation in patients > or = 70 years of age with heart failure. 
Am J Cardiol, 90, 596-600. 

Melton, L.J., 3rd, Khosla, S. & Riggs, B.L. (2000). Epidemiology of sarcopenia. Mayo Clin 
Proc, 75 Suppl, S10-2; discussion S12-3. 

Meyer, J.H., Hlinka, M., Kao, D., Lake, R., MacLaughlin, E., Graham, L.S. & Elashoff, J.D. 
(1996). Gastric emptying of oil from solid and liquid meals. Effect of human pancreatic 
insufficiency. Dig Dis Sci, 41, 1691-9. 

Millen, B.E., Silliman, R.A., Cantey-Kiser, J., Copenhafer, D.L., Ewart, C.V., Ritchie, C.S., 
Quatromoni, P.A., Kirkland, J.L., Chipkin, S.R., Fearon, N.A., Lund, M.E., Garcia, P.I. & 
Barry, P.P. (2001). Nutritional risk in an urban homebound older population. The 
nutrition and healthy aging project. J Nutr Health Aging, 5, 269-77. 

Miller, J.B., Pang, E. & Broomhead, L. (1995). The glycaemic index of foods containing sugars: 
comparison of foods with naturally-occurring v. added sugars. Br J Nutr, 73, 613-23. 

Miller, M.D., Crotty, M., Giles, L.C., Bannerman, E., Whitehead, C., Cobiac, L., Daniels, L.A. 
& Andrews, G. (2002). Corrected arm muscle area: an independent predictor of long-term 
mortality in community-dwelling older adults? J Am Geriatr Soc, 50, 1272-7. 

Milne, A.C., Potter, J. & Avenell, A. (2002). Protein and energy supplementation in elderly 
people at risk from malnutrition. Cochrane Database Syst Rev, CD003288. 

Ministry of Health Malaysia. (2003). Clinical practice guidelines on managament of obesity, 
Vol. 2003. Ministry of Health, Malaysia. 

Mitro, P., Feterik, K., Cverckova, A. & Trejbal, D. (1999). Occurrence and relevance of 
postprandial hypotension in patients with essential hypertension. Wien Klin Wochenschr, 
111, 320-5. 

Mojon, P., Budtz-Jorgensen, E. & Rapin, C.H. (1999). Relationship between oral health and 
nutrition in very old people. Age Ageing, 28, 463-8. 

Molarius, A. & Seidell, J.C. (1998). Selection of anthropometric indicators for classification of 
abdominal fatness--a critical review. Int J Obes Relat Metab Disord, 22, 719-27. 

Monteleone, P., Bencivenga, R., Longobardi, N., Serritella, C. & Maj, M. (2003). Differential 
responses of circulating ghrelin to high-fat or high-carbohydrate meal in healthy women. 
J Clin Endocrinol Metab, 88, 5510-4. 

Moran, T.H. & McHugh, P.R. (1988). Gastric and nongastric mechanisms for satiety action of 
cholecystokinin. Am J Physiol, 254, R628-32. 

Moreland, J.D., Richardson, J.A., Goldsmith, C.H. & Clase, C.M. (2004). Muscle weakness and 
falls in older adults: a systematic review and meta-analysis. J Am Geriatr Soc, 52, 1121-
9. 

Morley, J.E. (1987). Neuropeptide regulation of appetite and weight. Endocr Rev, 8, 256-87. 

Morley, J.E. (1989). Appetite regulation: the role of peptides and hormones. J Endocrinol 
Invest, 12, 135-47. 

Morley, J.E. (1996). Anorexia in older persons: epidemiology and optimal treatment. Drugs 
Aging, 8, 134-55. 



References 

168 

Morley, J.E. (1997). Anorexia of aging: physiologic and pathologic. Am J Clin Nutr, 66, 760-
73. 

Morley, J.E. (2000). Testosterone replacement and the physiologic aspects of aging in men. 
Mayo Clin Proc, 75 Suppl, S83-7. 

Morley, J.E. (2001). Androgens and aging. Maturitas, 38, 61-71; discussion 71-3. 

Morley, J.E. (2001). Testosterone replacement in older men and women. J Gend Specif Med, 4, 
49-53. 

Morley, J.E. (2002). Orexigenic and anabolic agents. Clin Geriatr Med, 18, 853-66. 

Morley, J.E., Perry, H.M., 3rd, Baumgartner, R.P. & Garry, P.J. (1999). Leptin, adipose tissue 
and aging--is there a role for testosterone? J Gerontol A Biol Sci Med Sci, 54, B108-9; 
discussion B110. 

Muccioli, G., Tschop, M., Papotti, M., Deghenghi, R., Heiman, M. & Ghigo, E. (2002). 
Neuroendocrine and peripheral activities of ghrelin: implications in metabolism and 
obesity. Eur J Pharmacol, 440, 235-54. 

Murphy, M.C., Brooks, C.N., New, S.A. & Lumbers, M.L. (2000). The use of the Mini-
Nutritional Assessment (MNA) tool in elderly orthopaedic patients. Eur J Clin Nutr, 54, 
555-62. 

Murray, R., Eddy, D.E., Bartoli, W.P. & Paul, G.L. (1994). Gastric emptying of water and 
isocaloric carbohydrate solutions consumed at rest. Med Sci Sports Exerc, 26, 725-32. 

Nakajima, S., Otsuka, K., Yamanaka, T., Omori, K., Kubo, Y., Toyoshima, T., Watanabe, Y. & 
Watanabe, H. (1992). Ambulatory blood pressure and postprandial hypotension. Am 
Heart J, 124, 1669-71. 

National Academy of Science and Institute of Medicine. (2002). Dietary Reference Intakes for 
Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein and Amino Acids, 
Vol. Appendix D. N.A. Press: Washington, DC. 

National Health and Medical Research Council. (2000). Eat Well For Life: A Practical Guide 
To The Dietary Guidelines For Older Australians. Commonwealth Department of Health 
and Aged Care. 

Neary, N.M., Small, C.J., Wren, A.M., Lee, J.L., Druce, M.R., Palmieri, C., Frost, G.S., Ghatei, 
M.A., Coombes, R.C. & Bloom, S.R. (2004). Ghrelin increases energy intake in cancer 
patients with impaired appetite: acute, randomized, placebo-controlled trial. J Clin 
Endocrinol Metab, 89, 2832-6. 

Nelson, K., Brown, M.E. & Lurie, N. (1998). Hunger in an adult patient population. JAMA, 279, 
1211-4. 

Nelson, K.A., Walsh, D. & Sheehan, F.A. (1994). The cancer anorexia-cachexia syndrome. J 
Clin Oncol, 12, 213-25. 

Nesby-O'Dell, S., Scanlon, K.S., Cogswell, M.E., Gillespie, C., Hollis, B.W., Looker, A.C., 
Allen, C., Doughertly, C., Gunter, E.W. & Bowman, B.A. (2002). Hypovitaminosis D 
prevalence and determinants among African American and white women of reproductive 
age: third National Health and Nutrition Examination Survey, 1988-1994. Am J Clin 
Nutr, 76, 187-92. 

Newman, A.B., Yanez, D., Harris, T., Duxbury, A., Enright, P.L. & Fried, L.P. (2001). Weight 
change in old age and its association with mortality. J Am Geriatr Soc, 49, 1309-18. 

Noel, M.A., Smith, T.K. & Ettinger, W.H. (1991). Characteristics and outcomes of hospitalized 
older patients who develop hypocholesterolemia. J Am Geriatr Soc, 39, 455-61. 

O'Donovan, D., Feinle-Bisset, C., Chong, C., Cameron, A., Tonkin, A., Wishart, J.M., 
Horowitz, M. & Jones, K. (2004). Intraduodenal guar attenuates the fall in blood pressure 
induced by glucose in healthy older subjects. J Gerontol A Biol Sci Med Sci, (In Press). 



References 

169 

O'Donovan, D., Feinle, C., Tonkin, A., Horowitz, M. & Jones, K.L. (2002). Postprandial 
hypotension in response to duodenal glucose delivery in healthy older subjects. J Physiol, 
540, 673-9. 

O'Donovan, D., Horowitz, M., Russo, A., Feinle-Bisset, C., Murolo, N., Gentilcore, D., Wishart, 
J., Morris, H.A. & Jones, K.L. (In Press). Effect of lipase inhibition on gastric emptying 
of, and the glycemic, insulin and cardiovascular responses to, a high fat/carbohydrate 
meal in type 2 diabetes mellitus. 

O'Mara, G. & Lyons, D. (2002). Postprandial hypotension. Clin Geriatr Med, 18, 307-21. 

Oberman, A.S., Gagnon, M.M., Kiely, D.K., Nelson, J.C. & Lipsitz, L.A. (2000). Autonomic 
and neurohumoral control of postprandial blood pressure in healthy aging. J Gerontol A 
Biol Sci Med Sci, 55, M477-83. 

Oberman, A.S., Harada, R.K., Gagnon, M.M., Kiely, D.K. & Lipsitz, L.A. (1999). Effects of 
postprandial walking exercise on meal-related hypotension in frail elderly patients. Am J 
Cardiol, 84, 1130-2, A11. 

Omran, M.L. & Morley, J.E. (2000). Assessment of protein energy malnutrition in older 
persons, part I: History, examination, body composition, and screening tools. Nutrition, 
16, 50-63. 

Omran, M.L. & Morley, J.E. (2000). Assessment of protein energy malnutrition in older 
persons, Part II: Laboratory evaluation. Nutrition, 16, 131-40. 

Onder, G., Landi, F., Cesari, M., Gambassi, G., Carbonin, P. & Bernabei, R. (2003). 
Inappropriate medication use among hospitalized older adults in Italy: results from the 
Italian Group of Pharmacoepidemiology in the Elderly. Eur J Clin Pharmacol, 59, 157-
62. 

Onder, G., Landi, F., Volpato, S., Fellin, R., Carbonin, P., Gambassi, G. & Bernabei, R. (2003). 
Serum cholesterol levels and in-hospital mortality in the elderly. Am J Med, 115, 265-71. 

Onrot, J., Goldberg, M.R., Biaggioni, I., Hollister, A.S., Kingaid, D. & Robertson, D. (1985). 
Hemodynamic and humoral effects of caffeine in autonomic failure. Therapeutic 
implications for postprandial hypotension. N Engl J Med, 313, 549-54. 

Opotowsky, A.R., Su, B.W. & Bilezikian, J.P. (2003). Height and lower extremity length as 
predictors of hip fracture: results of the NHANES I Epidemiologic Follow-up Study. J 
Bone Miner Res, 18, 1674-81. 

Osterziel, K.J., Dietz, R. & Ranke, M.B. (2000). Increased mortality associated with growth 
hormone treatment in critically ill adults. N Engl J Med, 342, 134-5; author reply 135-6. 

Otto, B., Cuntz, U., Fruehauf, E., Wawarta, R., Folwaczny, C., Riepl, R.L., Heiman, M.L., 
Lehnert, P., Fichter, M. & Tschop, M. (2001). Weight gain decreases elevated plasma 
ghrelin concentrations of patients with anorexia nervosa. Eur J Endocrinol, 145, 669-73. 

Parker, B.A., Ludher, A.K., Tam, K.L., Horowitz, M. & Chapman, I. (2004 (In Press)). 
Relationships of ratings of appetie to food intake in healthy older men and women. 
Appetite. 

Parker, B.A., Sturm, K., MacIntosh, C.G., Feinle, C., Horowitz, M. & Chapman, I.M. (2004). 
Relation between food intake and visual analogue scale ratings of appetite and other 
sensations in healthy older and young subjects. Eur J Clin Nutr, 58, 212-8. 

Parker, D.R., Carlisle, K., Cowan, F.J., Corrall, R.J. & Read, A.E. (1995). Postprandial 
mesenteric blood flow in humans: relationship to endogenous gastrointestinal hormone 
secretion and energy content of food. Eur J Gastroenterol Hepatol, 7, 435-40. 

Payette, H., Boutier, V., Coulombe, C. & Gray-Donald, K. (2002). Benefits of nutritional 
supplementation in free-living, frail, undernourished elderly people: a prospective 
randomized community trial. J Am Diet Assoc, 102, 1088-95. 



References 

170 

Payette, H., Gray-Donald, K., Cyr, R. & Boutier, V. (1995). Predictors of dietary intake in a 
functionally dependent elderly population in the community. Am J Public Health, 85, 
677-83. 

Peikin, S.R. (1989). Role of cholecystokinin in the control of food intake. Gastroenterol Clin 
North Am, 18, 757-75. 

Peitzman, S.J. & Berger, S.R. (1989). Postprandial blood pressure decrease in well elderly 
persons. Arch Intern Med, 149, 286-8. 

Persson, M.D., Brismar, K.E., Katzarski, K.S., Nordenstrom, J. & Cederholm, T.E. (2002). 
Nutritional status using mini nutritional assessment and subjective global assessment 
predict mortality in geriatric patients. J Am Geriatr Soc, 50, 1996-2002. 

Pichard, C., Kyle, U.G., Morabia, A., Perrier, A., Vermeulen, B. & Unger, P. (2004). 
Nutritional assessment: lean body mass depletion at hospital admission is associated with 
an increased length of stay. Am J Clin Nutr, 79, 613-8. 

Piha, S.J. (1991). Cardiovascular autonomic reflex tests: normal responses and age-related 
reference values. Clin Physiol, 11, 277-90. 

Ploutz-Snyder, L., Foley, J., Ploutz-Snyder, R., Kanaley, J., Sagendorf, K. & Meyer, R. (1999). 
Gastric gas and fluid emptying assessed by magnetic resonance imaging. Eur J Appl 
Physiol Occup Physiol, 79, 212-20. 

Posner, B.M., Jette, A.M., Smith, K.W. & Miller, D.R. (1993). Nutrition and health risks in the 
elderly: the nutrition screening initiative. Am J Public Health, 83, 972-8. 

Potter, J.F., Heseltine, D., Hartley, G., Matthews, J., MacDonald, I.A. & James, O.F. (1989). 
Effects of meal composition on the postprandial blood pressure, catecholamine and 
insulin changes in elderly subjects. Clin Sci (Lond), 77, 265-72. 

Potter, J.M., Roberts, M.A., McColl, J.H. & Reilly, J.J. (2001). Protein energy supplements in 
unwell elderly patients--a randomized controlled trial. JPEN J Parenter Enteral Nutr, 25, 
323-9. 

Pouderoux, P., Friedman, N., Shirazi, P., Ringelstein, J.G. & Keshavarzian, A. (1997). Effect of 
carbonated water on gastric emptying and intragastric meal distribution. Dig Dis Sci, 42, 
34-9. 

Powell-Tuck, J. & Hennessy, E.M. (2003). A comparison of mid upper arm circumference, 
body mass index and weight loss as indices of undernutrition in acutely hospitalized 
patients. Clin Nutr, 22, 307-12. 

Puisieux, F., Boumbar, Y., Bulckaen, H., Bonnin, E., Houssin, F. & Dewailly, P. (1999). 
Intraindividual variability in orthostatic blood pressure changes among older adults: the 
influence of meals. J Am Geriatr Soc, 47, 1332-6. 

Puisieux, F., Bulckaen, H., Fauchais, A.L., Drumez, S., Salomez-Granier, F. & Dewailly, P. 
(2000). Ambulatory blood pressure monitoring and postprandial hypotension in elderly 
persons with falls or syncopes. J Gerontol A Biol Sci Med Sci, 55, M535-40. 

Puisieux, F., Court, D., Baheu, E., Dipompeo, C., Bulckaen, H. & Dewailly, P. (2002). 
Intraindividual reproducibility of postprandial hypotension. Gerontology, 48, 315-20. 

Purnell, J.Q., Weigle, D.S., Breen, P. & Cummings, D.E. (2003). Ghrelin levels correlate with 
insulin levels, insulin resistance, and high-density lipoprotein cholesterol, but not with 
gender, menopausal status, or cortisol levels in humans. J Clin Endocrinol Metab, 88, 
5747-52. 

Puvi-Rajasingham, S. & Mathias, C.J. (1996). Effect of meal size on post-prandial blood 
pressure and on postural hypotension in primary autonomic failure. Clin Auton Res, 6, 
111-4. 



References 

171 

Rakic, V., Beilin, L.J. & Burke, V. (1996). Effect of coffee and tea drinking on postprandial 
hypotension in older men and women. Clin Exp Pharmacol Physiol, 23, 559-63. 

Rall, L.C., Roubenoff, R. & Harris, T.B. (1995). Albumin as a marker of nutritional and health 
status. In Nutritional assessment of elderly populations, Rosenberg, I.H. (ed), Vol. 13. pp. 
40. Raven Press: New York. 

Ramon, J.M. & Subira, C. (2001). [Prevalence of malnutrition in the elderly Spanish 
population]. Med Clin (Barc), 117, 766-70. 

Rantanen, T., Era, P. & Heikkinen, E. (1997). Physical activity and the changes in maximal 
isometric strength in men and women from the age of 75 to 80 years. J Am Geriatr Soc, 
45, 1439-45. 

Rayner, C.K., MacIntosh, C.G., Chapman, I.M., Morley, J.E. & Horowitz, M. (2000). Effects of 
age on proximal gastric motor and sensory function. Scand J Gastroenterol, 35, 1041-7. 

Reuben, D.B., Ix, J.H., Greendale, G.A. & Seeman, T.E. (1999). The predictive value of 
combined hypoalbuminemia and hypocholesterolemia in high functioning community-
dwelling older persons: MacArthur Studies of Successful Aging. J Am Geriatr Soc, 47, 
402-6. 

Reuben, D.B., Moore, A.A., Damesyn, M., Keeler, E., Harrison, G.G. & Greendale, G.A. 
(1997). Correlates of hypoalbuminemia in community-dwelling older persons. Am J Clin 
Nutr, 66, 38-45. 

Rico, H., Revilla, M., Villa, L.F., Ruiz-Contreras, D., Hernandez, E.R. & Alvarez de Buergo, 
M. (1994). The four-compartment models in body composition: data from a study with 
dual-energy X-ray absorptiometry and near-infrared interactance on 815 normal subjects. 
Metabolism, 43, 417-22. 

Riffer, J. (1986). Malnourished patients feed rising costs: study. Hospitals, 60, 86. 

Rigamonti, A.E., Pincelli, A.I., Corra, B., Viarengo, R., Bonomo, S.M., Galimberti, D., Scacchi, 
M., Scarpini, E., Cavagnini, F. & Muller, E.E. (2002). Plasma ghrelin concentrations in 
elderly subjects: comparison with anorexic and obese patients. J Endocrinol, 175, R1-5. 

Ringland, C., Taylor, L., Bell, J. & Lim, K. (2004). Demographic and socio-economic factors 
associated with dental health among older people in NSW. Aust N Z J Public Health, 28, 
53-61. 

Roberts, S.B., Fuss, P., Heyman, M.B., Evans, W.J., Tsay, R., Rasmussen, H., Fiatarone, M., 
Cortiella, J., Dallal, G.E. & Young, V.R. (1994). Control of food intake in older men. 
JAMA, 272, 1601-6. 

Robertson, D., Wade, D. & Robertson, R.M. (1981). Postprandial alterations in cardiovascular 
hemodynamics in autonomic dysfunction states. Am J Cardiol, 48, 1048-52. 

Robertson, R.G. & Montagnini, M. (2004). Geriatric failure to thrive. Am Fam Physician, 70, 
343-50. 

Robinson TG & Potter JF. (1995). Postprandial and orthostatic cardiovascular changes after 
acute stroke. Stroke, 26, 1811-1816. 

Rockwood, K., Fox, R.A., Stolee, P., Robertson, D. & Beattie, B.L. (1994). Frailty in elderly 
people: an evolving concept. CMAJ, 150, 489-95. 

Rockwood, K., Stolee, P. & McDowell, I. (1996). Factors associated with institutionalization of 
older people in Canada: testing a multifactorial definition of frailty. J Am Geriatr Soc, 44, 
578-82. 

Rodriguez-Martin, J.L., Qizilbash, N. & Lopez-Arrieta, J.M. (2001). Thiamine for Alzheimer's 
disease. Cochrane Database Syst Rev, CD001498. 

Rolls, B.J., Dimeo, K.A. & Shide, D.J. (1995). Age-related impairments in the regulation of 
food intake. Am J Clin Nutr, 62, 923-31. 



References 

172 

Rolls, B.J. & McDermott, T.M. (1991). Effects of age on sensory-specific satiety. Am J Clin 
Nutr, 54, 988-96. 

Rosenberg, I.H. (1997). Sarcopenia: origins and clinical relevance. J Nutr, 127, 990S-991S. 

Rosenthal, A.J., Sanders, K.M., McMurtry, C.T., Jacobs, M.A., Thompson, D.D., Gheorghiu, 
D., Little, K.L. & Adler, R.A. (1998). Is malnutrition overdiagnosed in older hospitalized 
patients? Association between the soluble interleukin-2 receptor and serum markers of 
malnutrition. J Gerontol A Biol Sci Med Sci, 53, M81-6. 

Rossi, P., Andriesse, G.I., Oey, P.L., Wieneke, G.H., Roelofs, J.M. & Akkermans, L.M. (1998). 
Stomach distension increases efferent muscle sympathetic nerve activity and blood 
pressure in healthy humans. J Neurol Sci, 161, 148-55. 

Rothschild, M.A., Oratz, M. & Schreiber, S.S. (1972). Albumin synthesis. 1. N Engl J Med, 
286, 748-57. 

Roubenoff, R. (1993). Hormones, cytokines and body composition: can lessons from illness be 
applied to aging? J Nutr, 123, 469-73. 

Roubenoff, R. & Hughes, V.A. (2000). Sarcopenia: current concepts. J Gerontol A Biol Sci Med 
Sci, 55, M716-24. 

Roubenoff, R., Rall, L.C., Veldhuis, J.D., Kehayias, J.J., Rosen, C., Nicolson, M., Lundgren, N. 
& Reichlin, S. (1998). The relationship between growth hormone kinetics and sarcopenia 
in postmenopausal women: the role of fat mass and leptin. J Clin Endocrinol Metab, 83, 
1502-6. 

Rozzini, R., Frisoni, G.B., Franzoni, S. & Trabucchi, M. (2000). Change in functional status 
during hospitalization in older adults: a geriatric concept of frailty. J Am Geriatr Soc, 48, 
1024-5. 

Rubenstein, L.Z., Harker, J.O., Salva, A., Guigoz, Y. & Vellas, B. (2001). Screening for 
undernutrition in geriatric practice: developing the short-form mini-nutritional assessment 
(MNA-SF). J Gerontol A Biol Sci Med Sci, 56, M366-72. 

Russo, A., Stevens, J.E., Wilson, T., Wells, F., Tonkin, A., Horowitz, M. & Jones, K.L. (2003). 
Guar attenuates fall in postprandial blood pressure and slows gastric emptying of oral 
glucose in type 2 diabetes. Dig Dis Sci, 48, 1221-9. 

Ryan, A.J., Navarre, A.E. & Gisolfi, C.V. (1991). Consumption of carbonated and 
noncarbonated sports drinks during prolonged treadmill exercise in the heat. Int J Sport 
Nutr, 1, 225-39. 

Ryan, S.M., Goldberger, A.L., Ruthazer, R., Mietus, J. & Lipsitz, L.A. (1992). Spectral analysis 
of heart rate dynamics in elderly persons with postprandial hypotension. Am J Cardiol, 
69, 201-5. 

Sahyoun, N.R., Jacques, P.F., Dallal, G.E. & Russell, R.M. (1997). Nutrition Screening 
Initiative Checklist may be a better awareness/educational tool than a screening one. J Am 
Diet Assoc, 97, 760-4. 

Sahyoun, N.R., Lin, C.L. & Krall, E. (2003). Nutritional status of the older adult is associated 
with dentition status. J Am Diet Assoc, 103, 61-6. 

Sakamoto, M. (1997). Nutrient needs throughout the life cycle. In Dietary Guidelines in Asian 
Countries: towards a food-based approach., Florentino, R. (ed) pp. 43-49. International 
Life Science Institute: Washington DC. 

Saletti, A., Lindgren, E.Y., Johansson, L. & Cederholm, T. (2000). Nutritional status according 
to mini nutritional assessment in an institutionalized elderly population in Sweden. 
Gerontology, 46, 139-45. 

Salmon, D.P. & Lange, K.L. (2001). Cognitive screening and neuropsychological assessment in 
early Alzheimer's disease. Clin Geriatr Med, 17, 229-54. 



References 

173 

Salva, A., Jose Bleda, M. & Bolibar, I. (1999). The Mini Nutritional Assessment in clinical 
practice. Nestle Nutr Workshop Ser Clin Perform Programme, 1, 123-9; discussion 129-
30. 

Sandstrom, O. & El-Salhy, M. (1999). Ageing and endocrine cells of human duodenum. Mech 
Ageing Dev, 108, 39-48. 

Sandvik, L., Erikssen, J., Thaulow, E., Erikssen, G., Mundal, R. & Rodahl, K. (1993). Physical 
fitness as a predictor of mortality among healthy, middle-aged Norwegian men. N Engl J 
Med, 328, 533-7. 

Sartor, D.M. & Verberne, A.J. (2003). Phenotypic identification of rat rostroventrolateral 
medullary presympathetic vasomotor neurons inhibited by exogenous cholecystokinin. J 
Comp Neurol, 465, 467-79. 

Sasaki, E., Goda, K., Nagata, K., Kitaoka, H., Ohsawa, N. & Hanafusa, T. (2001). Acarbose 
improved severe postprandial hypotension in a patient with diabetes mellitus. J Diabetes 
Complications, 15, 158-61. 

Schalk, B.W., Visser, M., Deeg, D.J. & Bouter, L.M. (2004). Lower levels of serum albumin 
and total cholesterol and future decline in functional performance in older persons: the 
Longitudinal Aging Study Amsterdam. Age Ageing, 33, 266-72. 

Schiffman, S.S. & Graham, B.G. (2000). Taste and smell perception affect appetite and 
immunity in the elderly. Eur J Clin Nutr, 54 Suppl 3, S54-63. 

Schurch, M.A., Rizzoli, R., Slosman, D., Vadas, L., Vergnaud, P. & Bonjour, J.P. (1998). 
Protein supplements increase serum insulin-like growth factor-I levels and attenuate 
proximal femur bone loss in patients with recent hip fracture. A randomized, double-
blind, placebo-controlled trial. Ann Intern Med, 128, 801-9. 

Schutz, Y., Kyle, U.U. & Pichard, C. (2002). Fat-free mass index and fat mass index percentiles 
in Caucasians aged 18-98 y. Int J Obes Relat Metab Disord, 26, 953-60. 

Schwartz, S., Feller, A. & Perlmuter, L.C. (2001). Postprandial systolic blood pressure and 
subsyndromal depression. Exp Aging Res, 27, 309-18. 

Seltzer, M.H., Bastidas, J.A., Cooper, D.M., Engler, P., Slocum, B. & Fletcher, H.S. (1979). 
Instant nutritional assessment. JPEN J Parenter Enteral Nutr, 3, 157-9. 

Seyer-Hansen, K. (1977). Postprandial hypotension. BMJ, 2, 1262. 

Shahar, D.R., Schultz, R., Shahar, A. & Wing, R.R. (2001). The effect of widowhood on weight 
change, dietary intake, and eating behavior in the elderly population. J Aging Health, 13, 
189-99. 

Shahar, S., Dixon, R.A. & Earland, J. (1999). Development of a screening tool for detecting 
undernutrition and dietary inadequacy among rural elderly in Malaysia: simple indices to 
identify individuals at high risk. Int J Food Sci Nutr, 50, 435-44. 

Shahar, S., Earland, J. & Abd Rahman, S. (2001). Social and health profiles of rural elderly 
Malays. Singapore Med J, 42, 208-13. 

Shahar, S., Earland, J., Powers, H.J. & Rahman, S.A. (1999). Nutritional status of rural elderly 
Malays: dietary and biochemical findings. Int J Vitam Nutr Res, 69, 277-84. 

Shannon, J.R., Diedrich, A., Biaggioni, I., Tank, J., Robertson, R.M., Robertson, D. & Jordan, J. 
(2002). Water drinking as a treatment for orthostatic syndromes. Am J Med, 112, 355-60. 

Shetty, P. & James, W. (1994). Body Mass Index- A Measure of Chronic Energy Deficiency in 
Adults.: FAO:Rome. 

Shiiya, T., Nakazato, M., Mizuta, M., Date, Y., Mondal, M.S., Tanaka, M., Nozoe, S., Hosoda, 
H., Kangawa, K. & Matsukura, S. (2002). Plasma ghrelin levels in lean and obese 
humans and the effect of glucose on ghrelin secretion. J Clin Endocrinol Metab, 87, 240-
4. 



References 

174 

Shimazaki, Y., Soh, I., Saito, T., Yamashita, Y., Koga, T., Miyazaki, H. & Takehara, T. (2001). 
Influence of dentition status on physical disability, mental impairment, and mortality in 
institutionalized elderly people. J Dent Res, 80, 340-5. 

Short, K.R. & Nair, K.S. (2000). The effect of age on protein metabolism. Curr Opin Clin Nutr 
Metab Care, 3, 39-44. 

Sica, R.E., Sanz, O.P. & Colombi, A. (1976). The effects of ageing upon the human soleus 
muscle. An electrophysiological study. Medicina (B Aires), 36, 443-6. 

Sidery, M.B., Cowley, A.J. & MacDonald, I.A. (1993). Cardiovascular responses to a high-fat 
and a high-carbohydrate meal in healthy elderly subjects. Clin Sci (Lond), 84, 263-70. 

Sidery, M.B. & Macdonald, I.A. (1994). The effect of meal size on the cardiovascular responses 
to food ingestion. Br J Nutr, 71, 835-48. 

Sieber, C.C., Beglinger, C., Bart, S., Tschoepl, M., Currie, G., Larsen, F. & Drewe, J. (2004). 
Lanreotide effect on splanchnic blood flow in healthy subjects: effect of the rate of 
infusion. Clin Pharmacol Ther, 75, 70-9. 

Sih, R., Morley, J.E., Kaiser, F.E., Perry, H.M., 3rd, Patrick, P. & Ross, C. (1997). Testosterone 
replacement in older hypogonadal men: a 12-month randomized controlled trial. J Clin 
Endocrinol Metab, 82, 1661-7. 

Silver, A.J., Guillen, C.P., Kahl, M.J. & Morley, J.E. (1993). Effect of aging on body fat. J Am 
Geriatr Soc, 41, 211-3. 

Simmons, S.F., Walker, K.A. & Osterweil, D. (2004). The effect of megestrol acetate on oral 
food and fluid intake in nursing home residents: a pilot study. J Am Med Dir Assoc, 5, 24-
30. 

Smith, N.L., Psaty, B.M., Rutan, G.H., Lumley, T., Yanez, D., Chaves, P.H. & Kronmal, R.A. 
(2003). The association between time since last meal and blood pressure in older adults: 
the cardiovascular health study. J Am Geriatr Soc, 51, 824-8. 

Snead, D.B., Birge, S.J. & Kohrt, W.M. (1993). Age-related differences in body composition by 
hydrodensitometry and dual-energy X-ray absorptiometry. J Appl Physiol, 74, 770-5. 

Soini, H., Routasalo, P. & Lagstrom, H. (2004). Characteristics of the Mini-Nutritional 
Assessment in elderly home-care patients. Eur J Clin Nutr, 58, 64-70. 

Soini, H., Routasalo, P., Lauri, S. & Ainamo, A. (2003). Oral and nutritional status in frail 
elderly. Spec Care Dentist, 23, 209-15. 

Somes, G.W., Kritchevsky, S.B., Shorr, R.I., Pahor, M. & Applegate, W.B. (2002). Body mass 
index, weight change, and death in older adults: the systolic hypertension in the elderly 
program. Am J Epidemiol, 156, 132-8. 

Stacher, G., Bergmann, H., Gaupmann, G., Schneider, C., Kugi, A., Hobart, J., Binder, A. & 
Mittelbach-Steiner, G. (1990). Fat preload delays gastric emptying: reversal by cisapride. 
Br J Clin Pharmacol, 30, 839-45. 

Steen, B. (1988). Body composition and aging. Nutr Rev, 46, 45-51. 

Steiner, M.C., Barton, R.L., Singh, S.J. & Morgan, M.D. (2003). Nutritional enhancement of 
exercise performance in chronic obstructive pulmonary disease: a randomised controlled 
trial. Thorax, 58, 745-51. 

Stevens, J., Cai, J., Pamuk, E.R., Williamson, D.F., Thun, M.J. & Wood, J.L. (1998). The effect 
of age on the association between body-mass index and mortality. N Engl J Med, 338, 1-
7. 

Stunkard, A.J. & Messick, S. (1985). The three-factor eating questionnaire to measure dietary 
restraint, disinhibition and hunger. J Psychosom Res, 29, 71-83. 



References 

175 

Sturm, K., MacIntosh, C.G., Parker, B.A., Wishart, J., Horowitz, M. & Chapman, I.M. (2003). 
Appetite, food intake, and plasma concentrations of cholecystokinin, ghrelin, and other 
gastrointestinal hormones in undernourished older women and well-nourished young and 
older women. J Clin Endocrinol Metab, 88, 3747-55. 

Sturm, K., Parker, B., Wishart, J., Feinle-Bisset, C., Jones, K.L., Chapman, I. & Horowitz, M. 
(2004). Energy intake and appetite are related to antral area in healthy young and older 
subjects. Am J Clin Nutr, 80, 656-67. 

Sullivan, D.H., Bopp, M.M. & Roberson, P.K. (2002). Protein-energy undernutrition and life-
threatening complications among the hospitalized elderly. J Gen Intern Med, 17, 923-32. 

Sullivan, D.H., Moriarty, M.S., Chernoff, R. & Lipschitz, D.A. (1989). Patterns of care: an 
analysis of the quality of nutritional care routinely provided to elderly hospitalized 
veterans. JPEN J Parenter Enteral Nutr, 13, 249-54. 

Sullivan, D.H., Patch, G.A., Walls, R.C. & Lipschitz, D.A. (1990). Impact of nutrition status on 
morbidity and mortality in a select population of geriatric rehabilitation patients. Am J 
Clin Nutr, 51, 749-58. 

Sullivan, D.H., Sun, S. & Walls, R.C. (1999). Protein-energy undernutrition among elderly 
hospitalized patients: a prospective study. JAMA, 281, 2013-9. 

Sungurtekin, H., Sungurtekin, U., Hanci, V. & Erdem, E. (2004). Comparison of two nutrition 
assessment techniques in hospitalized patients. Nutrition, 20, 428-32. 

Suriah AR, Z.M., Zainormi MJ, Shafawi S, Suraya M, Zarina M, Wan Zainuddin WA. (1998). 
Anthropometric measurements in the elderly. Mal J Nutr, 4, 55-63. 

Sutcliffe, C., Cordingley, L., Burns, A., Mozley, C.G., Bagley, H., Huxley, P. & Challis, D. 
(2000). A new version of the geriatric depression scale for nursing and residential home 
populations: the geriatric depression scale (residential) (GDS-12R). Int Psychogeriatr, 12, 
173-81. 

Suzana, S., Earland, J., Suriah, A.R. & Warnes, A.M. (2002). Social and health factors 
influencing poor nutritional status among rural elderly Malays. J Nutr Health Aging, 6, 
363-9. 

Tabet, N., Birks, J. & Grimley Evans, J. (2000). Vitamin E for Alzheimer's disease. Cochrane 
Database Syst Rev, CD002854. 

Takaya, K., Ariyasu, H., Kanamoto, N., Iwakura, H., Yoshimoto, A., Harada, M., Mori, K., 
Komatsu, Y., Usui, T., Shimatsu, A., Ogawa, Y., Hosoda, K., Akamizu, T., Kojima, M., 
Kangawa, K. & Nakao, K. (2000). Ghrelin strongly stimulates growth hormone release in 
humans. J Clin Endocrinol Metab, 85, 4908-11. 

Taylor, D.H., Jr. & Ostbye, T. (2001). The effect of middle- and old-age body mass index on 
short-term mortality in older people. J Am Geriatr Soc, 49, 1319-26. 

Tenover, J.S. (1998). Androgen replacement therapy to reverse and/or prevent age-associated 
sarcopenia in men. Baillieres Clin Endocrinol Metab, 12, 419-25. 

Teramoto, S., Akishita, M., Fukuchi, Y., Toba, K. & Ouchi, Y. (1997). Assessment of 
autonomic nervous function in elderly subjects with or without postprandial hypotension. 
Hypertens Res, 20, 257-61. 

The Nutrition Screening Initiative. (1994). Incorporating nutrition screening and interventions 
into medical practice. The Nutrition Screening Initiative: Washington, DC. 

The Spanish Geriatric Oral Health Research Group. (2001). Oral health issues of Spanish adults 
aged 65 and over. Int Dent J, 51, 228-34. 



References 

176 

Thomaides, T., Bleasdale-Barr, K., Chaudhuri, K.R., Pavitt, D., Marsden, C.D. & Mathias, C.J. 
(1993). Cardiovascular and hormonal responses to liquid food challenge in idiopathic 
Parkinson's disease, multiple system atrophy, and pure autonomic failure. Neurology, 43, 
900-4. 

Thomas, D.R., Zdrowski, C.D., Wilson, M.M., Conright, K.C., Lewis, C., Tariq, S. & Morley, 
J.E. (2002). Malnutrition in subacute care. Am J Clin Nutr, 75, 308-13. 

Thomas, P., Hazif-Thomas, C. & Clement, J.P. (2003). Influence of antidepressant therapies on 
weight and appetite in the elderly. J Nutr Health Aging, 7, 166-70. 

Tietz, N.W., Shuey, D.F. & Wekstein, D.R. (1992). Laboratory values in fit aging individuals--
sexagenarians through centenarians. Clin Chem, 38, 1167-85. 

Tkatch, L., Rapin, C.H., Rizzoli, R., Slosman, D., Nydegger, V., Vasey, H. & Bonjour, J.P. 
(1992). Benefits of oral protein supplementation in elderly patients with fracture of the 
proximal femur. J Am Coll Nutr, 11, 519-25. 

Tornquist, K., Lovgren, M. & Soderfeldt, B. (1990). Sensitivity, specificity, and predictive 
value in Katz's and Barthel's ADL indices applied on patients in long term nursing care. 
Scand J Caring Sci, 4, 99-106. 

Tschop, M., Smiley, D.L. & Heiman, M.L. (2000). Ghrelin induces adiposity in rodents. Nature, 
407, 908-13. 

Tuorila, H., Niskanen, N. & Maunuksela, E. (2001). Perception and pleasantness of a food with 
varying odor and flavor among the elderly and young. J Nutr Health Aging, 5, 266-8. 

Turnbull, C.J., Palmer, K.T. & Taylor, B.B. (1981). Autonomic failure with postprandial 
hypotension: case report. N Z Med J, 93, 6-8. 

U.S. Census Bureau, P.D. (2003). IDB Summary Demographic Data. 

Ukkola, O. (2003). Endocrinological activities of ghrelin: new insights. Eur J Intern Med, 14, 
351-356. 

Vaitkevicius, P.V., Esserwein, D.M., Maynard, A.K., O'Connor, F.C. & Fleg, J.L. (1991). 
Frequency and importance of postprandial blood pressure reduction in elderly nursing-
home patients. Ann Intern Med, 115, 865-70. 

van Kraaij, D.J., Jansen, R.W., Bouwels, L.H. & Hoefnagels, W.H. (1999). Furosemide 
withdrawal improves postprandial hypotension in elderly patients with heart failure and 
preserved left ventricular systolic function. Arch Intern Med, 159, 1599-605. 

van Marwijk, H.W., Wallace, P., de Bock, G.H., Hermans, J., Kaptein, A.A. & Mulder, J.D. 
(1995). Evaluation of the feasibility, reliability and diagnostic value of shortened versions 
of the geriatric depression scale. Br J Gen Pract, 45, 195-9. 

Van Nes, M.C., Herrmann, F.R., Gold, G., Michel, J.P. & Rizzoli, R. (2001). Does the mini 
nutritional assessment predict hospitalization outcomes in older people? Age Ageing, 30, 
221-6. 

VanItallie, T.B., Yang, M.U., Heymsfield, S.B., Funk, R.C. & Boileau, R.A. (1990). Height-
normalized indices of the body's fat-free mass and fat mass: potentially useful indicators 
of nutritional status. Am J Clin Nutr, 52, 953-9. 

Vellas, B., Guigoz, Y., Garry, P.J., Nourhashemi, F., Bennahum, D., Lauque, S. & Albarede, 
J.L. (1999). The Mini Nutritional Assessment (MNA) and its use in grading the 
nutritional state of elderly patients. Nutrition, 15, 116-22. 

Verberne, A.J., Saita, M. & Sartor, D.M. (2003). Chemical stimulation of vagal afferent neurons 
and sympathetic vasomotor tone. Brain Res Brain Res Rev, 41, 288-305. 

Verdery, R.B. & Goldberg, A.P. (1991). Hypocholesterolemia as a predictor of death: a 
prospective study of 224 nursing home residents. J Gerontol, 46, M84-90. 



References 

177 

Visvanathan, R. (2003). Under-nutrition in older people: a serious and growing global problem! 
J Postgrad Med, 49, 352-60. 

Visvanathan, R., Chen, R., Horowitz, M. & Chapman, I. (2004). Blood pressure responses in 
healthy older people to 50 g carbohydrate drinks with differing glycaemic effects. Br J 
Nutr, 92, 335-40. 

Visvanathan, R., Macintosh, C., Callary, M., Penhall, R., Horowitz, M. & Chapman, I. (2003). 
The nutritional status of 250 older Australian recipients of domiciliary care services and 
its association with outcomes at 12 months. J Am Geriatr Soc, 51, 1007-11. 

Visvanathan, R., Penhall, R. & Chapman, I. (2004). Nutritional screening of older people in a 
sub-acute care facility in Australia and its relation to discharge outcomes. Age Ageing, 33, 
260-5. 

Visvanathan, R., Zaiton, A., Sherina, S. & Yunus, A. (In Press). The nutritional status of 1081 
older residents of publicly funded shelter homes in Peninsular Malaysia. European 
Journal of Clinical Nutrition. 

Vloet, L.C., Mehagnoul-Schipper, D.J., Hoefnagels, W.H. & Jansen, R.W. (2001). The 
influence of low-, normal-, and high-carbohydrate meals on blood pressure in elderly 
patients with postprandial hypotension. J Gerontol A Biol Sci Med Sci, 56, M744-8. 

Vloet, L.C., Smits, R. & Jansen, R.W. (2003). The effect of meals at different mealtimes on 
blood pressure and symptoms in geriatric patients with postprandial hypotension. J 
Gerontol A Biol Sci Med Sci, 58, 1031-5. 

Volicer, L., Stelly, M., Morris, J., McLaughlin, J. & Volicer, B.J. (1997). Effects of dronabinol 
on anorexia and disturbed behavior in patients with Alzheimer's disease. Int J Geriatr 
Psychiatry, 12, 913-9. 

Volpi, E., Sheffield-Moore, M., Rasmussen, B.B. & Wolfe, R.R. (2001). Basal muscle amino 
acid kinetics and protein synthesis in healthy young and older men. JAMA, 286, 1206-12. 

Waaler, B.A., Eriksen, M. & Toska, K. (1991). The effect of meal size on postprandial increase 
in cardiac output. Acta Physiol Scand, 142, 33-9. 

Wade, D.T. & Collin, C. (1988). The Barthel ADL Index: a standard measure of physical 
disability? Int Disabil Stud, 10, 64-7. 

Wahlqvist, M.L., Kouris-Blazos, A. & Savige, G. (2002). Food-based dietary guidelines for 
older adults: healthy aging and prevention of chronic noncommunicable diseases (Annex 
3). World Health Organization. 

Walker, D. & Beauchene, R.E. (1991). The relationship of loneliness, social isolation, and 
physical health to dietary adequacy of independently living elderly. J Am Diet Assoc, 91, 
300-4. 

Wallace, J.I., Schwartz, R.S., LaCroix, A.Z., Uhlmann, R.F. & Pearlman, R.A. (1995). 
Involuntary weight loss in older outpatients: incidence and clinical significance. J Am 
Geriatr Soc, 43, 329-37. 

Wang, J., Thornton, J.C., Russell, M., Burastero, S., Heymsfield, S. & Pierson, R.N., Jr. (1994). 
Asians have lower body mass index (BMI) but higher percent body fat than do whites: 
comparisons of anthropometric measurements. Am J Clin Nutr, 60, 23-8. 

Wang, Z.M., Visser, M., Ma, R., Baumgartner, R.N., Kotler, D., Gallagher, D. & Heymsfield, 
S.B. (1996). Skeletal muscle mass: evaluation of neutron activation and dual-energy X-
ray absorptiometry methods. J Appl Physiol, 80, 824-31. 

Ware, J.E., Jr. & Sherbourne, C.D. (1992). The MOS 36-item short-form health survey (SF-36). 
I. Conceptual framework and item selection. Med Care, 30, 473-83. 



References 

178 

Wedick, N.M., Barrett-Connor, E., Knoke, J.D. & Wingard, D.L. (2002). The relationship 
between weight loss and all-cause mortality in older men and women with and without 
diabetes mellitus: the Rancho Bernardo study. J Am Geriatr Soc, 50, 1810-5. 

Wells, J.L., Seabrook, J.A., Stolee, P., Borrie, M.J. & Knoefel, F. (2003). State of the art in 
geriatric rehabilitation. Part I: review of frailty and comprehensive geriatric assessment. 
Arch Phys Med Rehabil, 84, 890-7. 

Westenend, M., Lenders, J.W. & Thien, T. (1985). The course of blood pressure after a meal: a 
difference between young and elderly subjects. J Hypertens Suppl, 3 Suppl 3, S417-9. 

White, H.K., McConnell, E.S., Bales, C.W. & Kuchibhatla, M. (2004). A 6-month observational 
study of the relationship between weight loss and behavioral symptoms in 
institutionalized Alzheimer's disease subjects. J Am Med Dir Assoc, 5, 89-97. 

Wilkinson, E.A. & Hawke, C.I. (2000). Oral zinc for arterial and venous leg ulcers. Cochrane 
Database Syst Rev, CD001273. 

Willett, W.C., Dietz, W.H. & Colditz, G.A. (1999). Guidelines for healthy weight. N Engl J 
Med, 341, 427-34. 

Williams, C.M., Driver, L.T. & Lumbers, M. (1990). Nutrition in the older hospital patient. J 
Roy Soc Health, 110, 41-2, 44. 

Williamson, D.F., Kahn, H.S. & Byers, T. (1991). The 10-y incidence of obesity and major 
weight gain in black and white US women aged 30-55 y. Am J Clin Nutr, 53, 1515S-
1518S. 

Windsor, J.A. & Hill, G.L. (1988). Risk factors for postoperative pneumonia. The importance of 
protein depletion. Ann Surg, 208, 209-14. 

Wissing, U., Ek, A.C. & Unosson, M. (2001). A follow-up study of ulcer healing, nutrition, and 
life-situation in elderly patients with leg ulcers. J Nutr Health Aging, 5, 37-42. 

Wolever, T.M., Jenkins, D.J., Collier, G.R., Ehrlich, R.M., Josse, R.G., Wong, G.S. & Lee, R. 
(1988). The glycaemic index: effect of age in insulin dependent diabetes mellitus. 
Diabetes Res, 7, 71-4. 

Wolever, T.M., Vorster, H.H., Bjorck, I., Brand-Miller, J., Brighenti, F., Mann, J.I., Ramdath, 
D.D., Granfeldt, Y., Holt, S., Perry, T.L., Venter, C. & Xiaomei, W. (2003). 
Determination of the glycaemic index of foods: interlaboratory study. Eur J Clin Nutr, 
57, 475-82. 

Wolf-Klein, G.P., Silverstone, F.A. & Levy, A.P. (1992). Nutritional patterns and weight 
change in Alzheimer patients. Int Psychogeriatr, 4, 103-18. 

Wren, A.M., Seal, L.J., Cohen, M.A., Brynes, A.E., Frost, G.S., Murphy, K.G., Dhillo, W.S., 
Ghatei, M.A. & Bloom, S.R. (2001). Ghrelin enhances appetite and increases food intake 
in humans. J Clin Endocrinol Metab, 86, 5992. 

Wurtman, J.J., Lieberman, H., Tsay, R., Nader, T. & Chew, B. (1988). Calorie and nutrient 
intakes of elderly and young subjects measured under identical conditions. J Gerontol, 
43, B174-80. 

Yap, L.K., Au, S.Y., Ang, Y.H., Kwan, K.Y., Ng, S.C. & Ee, C.H. (2003). Who are the 
residents of a nursing home in Singapore? Singapore Med J, 44, 65-73. 

Yeh, S.S. & Schuster, M.W. (1999). Geriatric cachexia: the role of cytokines. Am J Clin Nutr, 
70, 183-97. 

Yeh, S.S., Wu, S.Y., Lee, T.P., Olson, J.S., Stevens, M.R., Dixon, T., Porcelli, R.J. & Schuster, 
M.W. (2000). Improvement in quality-of-life measures and stimulation of weight gain 
after treatment with megestrol acetate oral suspension in geriatric cachexia: results of a 
double-blind, placebo-controlled study. J Am Geriatr Soc, 48, 485-92. 



References 

179 

Yesavage, J.A., Brink, T.L., Rose, T.L., Lum, O., Huang, V., Adey, M. & Leirer, V.O. (1982). 
Development and validation of a geriatric depression screening scale: a preliminary 
report. J Psychiatr Res, 17, 37-49. 

Young, K.W. & Greenwood, C.E. (2001). Shift in diurnal feeding patterns in nursing home 
residents with Alzheimer's disease. J Gerontol A Biol Sci Med Sci, 56, M700-6. 

Zhang, X., Renehan, W.E. & Fogel, R. (2000). Vagal innervation of the rat duodenum. J Auton 
Nerv Syst, 79, 8-18. 

 



References 

180 

 

 

 

Appendices 



Appendices 

181 

Appendix 1 

 

reproduced with permission – Nestlé 



Appendices 

182 

Appendix 2 

 

reproduced with permission – Abbott’s Australasia 



Appendices 

183 

Appendix 3 

 



Appendices 

184 

 



Appendices 

185 

 



Appendices 

186 
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3-5 moderate risk for poor nutrition 
≥6 high nutrition risk 
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