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SUMMARY

Malnutrition is common in hospitalized patients and is associated with adverse
clinical outcomes and is costly for the public health system. Although hospitals have
established nutrition screening protocols, still patients miss nutrition screening
because of unknown reasons. The malnutrition universal screening tool (MUST) is
commonly used in hospitalized patients but has not been validated in older general
medical patients. With an ageing population it is possible that the prevalence of
malnutrition is increasing and this needs further verification. Clinicians need to be
informed about the clinical consequences of malnutrition and whether malnutrition
influences the risk for readmission and can be used in readmission prediction models.
The clinical and economic benefits of nutrition intervention in general medical
patients needs further clarification because recent research has suggested inconsistent
benefits of nutrition intervention in older medical patients.

This research investigated factors responsible for a missed nutritional screening and
determined the prevalence and clinical consequences of malnutrition in older general
medical inpatients. In addition, a randomized controlled trial (RCT) tested clinical and
economic benefits of an early and extended nutritional intervention in older medical
inpatients.

This study found that over 50% of older general medical patients were malnourished
and a similar number missed nutrition screening. Factors such as patients’ outward
appearance and location in the hospital were more likely to be associated with a
15

missed nutrition screening. The MUST was confirmed as a valid nutrition screening
tool when compared against a reference standard in older medical patients.
Malnourished patients were found to have poor clinical outcomes manifesting as a
longer length of hospital stay (LOS), a higher number of nosocomial complications,
higher mortality and more frequent readmissions following hospital discharge. An
RCT, comparing an early and extended nutrition intervention in 148 older general
medical patients over a period of 3-months, found that nutrition intervention was
associated with an improvement in nutritional status and also resulted in a significant
shortening of LOS in the intervention group. Economic evaluation conducted
alongside the clinical trial found that nutrition intervention was cost-effective in terms
of both an improvement in costs per unit improvement in nutrition score and costs per
quality adjusted life years (QALY) gained and resulted in net cost savings of AU$907
per patient.

This research suggests that there are clinical and economic benefits of treating older
malnourished patients. The findings of this study provide compelling evidence to
clinicians to incorporate nutrition screening in their practice and for the policy makers
to justify greater allocation of resources to improve the nutrition status of hospitalized
patients.
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Chapter 1: INTRODUCTION AND LITERATURE
REVIEW

1.1 Malnutrition in hospitalized older patients: a major public health issue

Healthy ageing has been regarded as one of the major challenges of the current
century as the number of people aged 60 years or over has doubled since the 1980’s
and is forecast to increase to more than 2 billion people by 2050.1 The number of
people aged 80 years or over are predicted to quadruple in the period between 20002050.2

According to the Australian Bureau of Statistics, by 2064 there will be 9.6 million
people above the age of 65 years and 1.9 million over the age of 85 years in
Australia.3 Older people are more likely to be hospitalized and data suggests that in
2013-14, 40% of all hospital separations in Australia were for people aged 65 years
and over (Figure 1).4
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Figure 1 Percent change in hospital separations by sex and age group, 2010-11 to
2014-15

1.2 Definition of Malnutrition/Undernutrition

Malnutrition can be defined as “a state resulting from lack of intake or uptake of
nutrition that leads to an altered body composition (decreased fat free mass) and body
cell mass leading to diminished physical and mental function and impaired clinical
outcome from disease”.5 Malnutrition can result from starvation, disease or advanced
ageing, alone or in combination.6

According to the American Society of Parenteral and Enteral Nutrition (ASPEN) and
the Academy of Nutrition and Dietetics (Academy)7 six criteria need to be considered
for the potential diagnosis of malnutrition: i.e. low energy intake, weight loss, loss of
muscle mass, loss of subcutaneous fat, fluid accumulation, and reduced hand grip
strength and at least two should be fulfilled for the diagnosis of malnutrition.
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Malnutrition can further be classified according to etiology as disease related
malnutrition (DRM) with or without inflammation and malnutrition without disease.

1.2.1 DRM with inflammation

DRM is a special type of malnutrition caused by a concomitant disease. DRM with
inflammation is a catabolic condition, including anorexia and tissue breakdown
elicited by an underlying disease.8 Advanced ageing per se may contribute to the state
of inflammation.9 In addition, inactivity and bed rest contributes to muscle catabolism
during DRM with inflammation.

The concepts of chronic DRM with inflammation and cachexia are exchangeable,
although cachexia is often incorrectly perceived as end stage malnutrition.

Cachexia is traditionally defined as a complex metabolic syndrome associated with
underlying illness and characterized by loss of muscle mass with or without loss of fat
mass.10 The prominent feature of cachexia is weight loss in adults. 11 Cachexia occurs
frequently in patients with end-stage organ diseases that are complicated by catabolic
inflammatory responses e.g. cancer, chronic obstructive pulmonary disease (COPD),
chronic kidney disease and end-stage congestive heart failure.12

1.2.2 DRM without inflammation

DRM without inflammation or non-cachectic malnutrition is a form of disease
triggered malnutrition where inflammation is not a major contributing factor rather
22

other factors like dysphagia, intestinal malabsorption, neurological diseases like
Parkinson’s disease, amyotrophic lateral sclerosis, dementia and psychiatric illnesses
like depression and anorexia nervosa are typical examples of this form of
malnutrition.13 Advanced ageing itself may lead to malnutrition by non-inflammatory
mechanisms by causing anorexia called “anorexia of ageing” (Figure 2).14
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•
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•

Disability and disease
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Figure 2 The geriatric syndromes and the vicious cycle leading to reduction is skeletal muscle mass and
wasting. TNF, tumor necrosis factor; CNTF, ciliary neurotrophic factor.
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1.3 The Geriatric syndromes

Malnutrition should be differentiated from two other related syndromes:
1.3.1 Sarcopenia

Sarcopenia is a syndrome of progressive and generalized loss of skeletal muscle mass,
strength and function (performance) with a consequent risk of adverse outcomes
(Table 1).15 Sarcopenia can be further classified as primary (associated as part of
ageing) or secondary as a consequence of disease, activity related (e.g. disuse) or
nutrition related (e.g. protein deficiency). Diagnostic criteria for sarcopenia have not
been firmly established to date but recommendations of the European Working Group
on Sarcopenia in Older Persons15 suggest using an algorithm based on loss of muscle
mass and strength and/or function. Muscle mass can be estimated by any validated
technique such as dual energy x-ray absorptiometry (DXA) or computed tomography
(CT) scanning.16 Reduced muscle function can be measured by reduced gait speed or
failure of chair standing tests and muscle strength can be determined by handgrip
strength.15

Table 1 Differences between sarcopenia, cachexia and frailty

Definition

Sarcopenia

Cachexia

Frailty

Muscle mass <2SD

Weight loss >5% in

Reduced

of young healthy

6 months

physiological

population,

reserves which

decreased muscle

increases
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Sarcopenia

Cachexia

function

Frailty
vulnerability to
adverse
outcomes

Mechanism

Ageing

Pathologic

Ageing

Comorbid conditions

+/−

+++

+++

Functional limitation

++

+++

+++

Inflammation

-

++

+

Fat mass

Increased

Decreased

Increased

Protein degradation

+/−

+++

+

Resting energy

Decreased

Increased

Decreased

+

++

+

expenditure
Anorexia

1.3.2 Frailty

The definition of frailty is evolving and is an emerging concept still under discussion
among experts in geriatrics. Frailty is defined as a state of vulnerability and nonresilience with limited reserve capacity in major organ systems. 17 This leads to
reduced capability to withstand stress such as trauma or disease and thus frailty is a
risk factor for dependence and disability. Frailty is mainly associated with advanced
age but can be modified by lifestyle interventions. Fried et al18 has suggested that
three out of five criteria: weight loss, exhaustion (fatigue), low physical activity,
slowness (e.g. reduced gait speed) and weakness (e.g. reduced handgrip strength) be
used to define frailty.
26

1.4 Malnutrition in older adults

Ageing is associated with changes in body structure and function and older adults
experience a progressive, generalized loss of skeletal muscle and physical function
with increased risk of disability, poor health related quality of life (HRQoL) and
death.19

Data shows that older patients are at a high risk of malnutrition than others and
reasons for poor nutritional status in this group are multifactorial and include
physiological, social and psychological factors which affect food intake and weight
and this is further exacerbated by underlying medical illness (Table 2).20-22

Ageing is associated with a decline in senses of smell and taste and reduced salivary
secretions which decreases flavor of food and hence reduction in food intake. 23 24
Hormonal factors include a reduced sensitivity to ghrelin or the “ hunger hormone”
and increased cholecystokinin (CCK) which is a prototype satiety hormone and
peptide YY (PYY) both of which convey anorexigenic signals to the hypothalamus. 25
26

Similarly increased leptin and insulin levels play an important role in anorexia of

ageing.27 Ageing is associated with altered gut motility and delayed gastric emptying,
which contributes to post prandial satiety.25 28 Moreover, chronic low grade
inflammation accompanies ageing with increased circulating levels of interleukin (IL)
1, IL6 and tumor necrosis factor alpha (TNF α) which are known to suppress appetite
and delay gastric emptying and thus contribute to the anorexia of ageing. 29 30
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Table 2 Factors that increase risk of malnutrition in older people (adapted from
Sonya Brownie Why are elderly individuals at risk of nutritional deficiency
International Journal of Nursing March 2006)
Determinant of nutrition deficiency

Consequence

Physiological changes
Changes in body composition

Reduced metabolic rate

Reduced lean body mass

Reduced energy requirements

Increased fat stores

Increased truncal obesity

Reduced cellular capacity to store water

Dehydration

Changes in gastrointestinal tract
Decline in oral health-dental loss, poorly

Reduction in food intake

fitting dentures, gingivitis
Reduced gastrointestinal motility

Reduced nutrient absorption,
anorexia

Changes in sensory function
Diminished taste and smell sensation

Anorexia, inappropriate food choices

Changes in fluid and electrolyte regulation
Reduced glomerular filtration rate, reduced

Dehydration

renal flow and altered thirst sensation

Chronic diseases
Stroke

Chemosensory impairment

Cancers

Increased metabolic rate

Arthritis and osteoporosis

Anorexia
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Determinant of nutrition deficiency

Consequence

Visual impairment

Loss of dexterity and coordination

Dementia

Difficulty with food preparation

Depression

Polypharmacy

Impaired taste
Altered absorption, utilization and
excretion of essential nutrients

Psychosocial determinants

Inability to self-feed

Social isolation

Reduced food security

Reduced mobility and lack of transport

Inappropriate food choices

Financial constraints

1.5 Prevalence of Malnutrition in hospitalized patients

Malnutrition is widely prevalent in hospitalized elderly with reported rates of between
30-80% depending upon the type of settings whether medical or surgical patients and
depending upon the criteria used to diagnose malnutrition (Table 3). Cereda et al31 in
their meta-analysis involving 66 studies in hospitalized patients over the age of 60
years and using mini nutritional assessment (MNA) tool found that the prevalence of
malnutrition was 22% (95% CI 18.9 – 25.2) and 45.6 % (95% CI 42.7 – 48.6) were at
risk of malnutrition. They highlighted that one tool may not be suitable to diagnose
malnutrition in all settings and future research should also focus on the identification
of factors which can affect the prevalence of malnutrition. Rahman et al32 in their
study in an acute care hospital in Canada using Malnutrition Universal Screening tool
29

found that 45% of elderly patients with a mean age of 71 years were malnourished.
McWhirter et al21 found that prevalence of malnutrition was 40% at the time of
admission to an acute teaching hospital and out of these, fewer than 50% had any
documentation of their nutritional status in the case-notes. Alvarez-Hernandez et al33
in their PREDyCES study in Spanish hospitals found that 1 in 4 patients admitted to
hospital were malnourished and multivariate analysis showed that age, gender,
diabetes, dysphagia and polypharmacy were the main factors associated with
malnutrition. Lazarus et al34 in their study found that prevalence of malnutrition was
42.3% in New South Wales hospitals and there was poor documentation of
malnutrition and only 1 out of 137 malnourished patients had any documentation of
that fact and only 15.3% were referred for nutrition intervention. They found that
missed diagnosis of malnutrition had cost their hospital AU$634516 for that year
under a care payment system.

Thomas et al35 in their study found that prevalence of malnutrition was 53% in an
acute assessment unit using the patient generated subjective global assessment (PGSGA) tool and was associated with prolonged LOS. Given the short LOS in an acute
assessment unit they emphasized the need for outpatient and domiciliary dietetic
intervention and follow-up.

Charlton et al36 in their retrospective analysis of 2076 patients from two sub-acute
hospitals in NSW, Australia found that 30% patients were malnourished and 53%
were at risk of malnutrition. LOS was higher in malnourished patients and hazard rate
of death in the malnourished patients was 3.41 times the rate in the well-nourished
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group. Discharge to a higher level of residential care was 33.1%, 16.9% and 4.9% for
malnourished, at-risk and well-nourished patients, respectively; P ≤ 0.001

Marshall et al37 in their study have reported the prevalence of malnutrition to be 53%
using the PG-SGA tool (class B and class C) in rural rehabilitation patients in
Australia. In their study they found that the PG-SGA score and ratings performed
consistently well when compared to the International Classification of Diseases Tenth
Revision Australian Modification (ICD-10-AM) classification of protein-energy
malnutrition.38

Although the above studies suggest a high prevalence of malnutrition in hospitalized
patients, limited studies have been conducted in older general medical patients in the
Australian health care settings. A study confirming this finding in the general medical
patients may help convince and increase awareness of this problem among the general
physicians taking care of these patients.

Table 3 Prevalence of protein energy malnutrition
Author & Country

McWhirter et al.,

N subjects

500

Age, y

Criteria to

(Mean ±SD)

define PEM

range 16 – 64 BMI

199421, UK
Braunschweig et al.,

BMI ≤20 –
36%,

404

199939, US
Correia et al.,

Prevalence

53.7 (SE

SGA

55%

SGA

31.8%

0.82)
709

50.6 (17.3)

200340, Brazil

31

Author & Country

Thomas et al.,

N subjects

Age, y

Criteria to

Prevalence

(Mean ±SD)

define PEM

64

79.9

PG-SGA

53%

69

66

SGA

69%

62.2 (17.4)

SGA, AMA,

SGA-27.4%;

AFA

AMA <10th

200735, Australia
Singh et al., 200641,
Canada
Pirlich et al., 200642, 1886
Germany

percentile11.3%, AFA
<10th centile17.1%
Buurman et al.,

639

78.2 (7.8)

CGA

52%

1718

range 18 - 85

NRS 2002

23.7%

143

83.5 (SE 0.8)

MNA

83%

172

85.2 (6.4)

MNA and

MNA-31%,

GNRI

GNRI-48%

MNA, MNA-

MNA-65.9%,

SF, GNRI,

MNA-SF-

MUST, NRS

72.3%, GNRI-

2002

60.3%,

201243, The
Netherlands
Alvarez-Hernandez
et al., 201233, Spain
Holyday et al.,
201244, Australia
Dent et al., 201445,
Australia
Baek et al., 201546,

141

73.5 (5.2)

Korea
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Author & Country

N subjects

Age, y

Criteria to

(Mean ±SD)

define PEM

Prevalence

MUST36.2%, NRS
2002-56%

Rahman et al.,

315

71

MUST

45%

1066

76.8 (7.8)

MNA

22%

201532, Canada
Bonetti et al.,
201747, Italy

SD, standard deviation; y, years; PEM, protein energy malnutrition; UK, United Kingdom; BMI, body mass index;
SE, standard error; US, United States; SGA, subjective global assessment; PG-SGA, patient generated subjective
global assessment; AMA, arm muscle area; AFA, arm fat area; CGA, comprehensive geriatric assessment; NRS
2002, nutritional risk screening 2002; MNA, mini nutritional assessment; GNRI, geriatric nutritional risk index;
MNA-SF, mini nutritional assessment short form; MUST, malnutrition universal screening tool
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1.6 Changes in nutritional state during hospital admission

The prevalence of malnutrition in the community is 5-10%48 and when these patients
are admitted to a hospital they are at a risk of further nutritional decline due to a
number of factors including lack of awareness of malnutrition among health
professionals, anorexia due to acute illness, “nil per oral” orders, polypharmacy,
dislike for hospital food and catabolic effects of illness (Figure 3).49 50 The stress of
medical illness or treatment such as surgery increases nutritional demands which may
not be met in the presence of anorexia and this eventually leads to weight loss. 51 Data
suggests that weight loss in healthy volunteers is associated with apathy, depression
and loss of motivation to recover.52

The factors associated with decreased nutritional intake in hospitalized patients are
complex and even patients with a good appetite may not eat well due to factors like
meals being placed outside reach,22 inability to handle cutlery,23 poor dentition32 and
frequent interruptions.53

McWhirter and Pennington21 in their landmark study in hospitalized patients found
that the majority of patients lose weight during a hospital stay and the greatest weight
loss occurs in patients who are moderately malnourished at admission as compared to
the severely malnourished who received intervention in their study. Similarly,
Braunschweig et al54 in their study using the subjective global assessment55 tool in
404 adults ≥18 years, found that nutritional decline occurred in 38% of patients with
normal nutrition status, 20% of those with moderate malnutrition and 33% with
severe malnutrition at the time of admission.
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Nutritional status frequently declines during hospital admission and is independently
associated with detrimental outcomes and prolonged length of hospital stay (LOS).22
Not eating while in hospital is detrimental to the patient’s recovery and is indeed a
multifactorial phenomenon. Patient may experience hyporexia because of disease
related (e.g. cytokines) or psychological (e.g. depression, anxiety) reasons. Impaired
cognitive function and dissatisfaction with hospital meals may also compromise food
intake.22 56 Furthermore, prolonged and unjustified orders for nothing by mouth may
be prescribed because of diagnostic procedures and surgical interventions. 57 Factors
that contribute to weight loss during hospital stay include the anorexia associated with
underlying diseases, the catabolic stress of acute illness, insufficient oral intake and
inappropriate management of nutritional problems.58-60

Malnutrition itself is, therefore associated with higher health-care costs because
malnourished patients stay longer in hospitals, suffer more infectious and noninfectious nosocomial complications and have frequent hospital re-admissions and
have a higher utilization of health-care resources in the community.61 Very limited
studies have looked into the nutrition status of older hospitalized general medical
patients in the Australian health care settings and further research in this group will
help determine the prevalence and consequences of malnutrition.
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Figure 3 Vicious circle in the progression of malnutrition during acute illness
adapted from Norman et al Clinical nutrition 200866
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1.7 Consequences of malnutrition in hospitalized patients

Malnutrition in hospitalized patients has a negative impact on their clinical outcomes
and is associated with increased healthcare costs, independent of their underlying
acute illness, associated co-morbidities, patient’s age and socioeconomic factors.58 62
63

In particular, malnutrition at admission is an independent predictor of subsequent

hospital readmission and is associated with higher mortality after discharge. 64 65

1.7.1 Malnutrition and LOS

Studies suggest that the average LOS is increased by 40-70% in malnourished
patients as compared to the well-nourished patients (Table 4).66 Allard and colleagues
in a multicenter study involving 1015 hospitalized patients with a mean age of 66
years (range 54 – 77), found that malnutrition at admission reduces the chances for
discharge on any particular day (HR 0.73; 95% CI 0.62 – 0.86) and was
independently associated with a prolonged LOS.67 Similarly Caccialanza et al58 in
their study in 1274 ambulatory patients with a mean age of 60 years admitted to
hospital for medical or surgical treatment found a longer LOS in those with a
nutritional risk index (NRI) score of less than 97.5 (RR 1.64; 95% CI 1.31 – 2.06) and
a significant association was found with in-hospital starvation of three or more days
(RR 1.14; 95% CI 1.01 – 1.28). Lim et al in their study in a tertiary hospital in
Singapore used the SGA tool to diagnose malnutrition and found that malnourished
patients had longer hospital stays (6.9 ± 7.3 days vs. 4.6 ± 5.6 days, P = 0.001) and
were more likely to be readmitted with 15 days of discharge (adjusted RR 1.9; 95%
CI 1.1 – 3.2, P = 0.02).62
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Table 4 Malnutrition increases length of hospital stay
Author and

Subject n

Age y

(days)*

country

Caderholm et al.,

205

850

200069, UK
Correira et al.,

75 (range 74

Nourished

Malnourished

9.2

15.6

5.7

8.9

10.1

16.7

11

10.2**/25.8***

11

15**/17***

– 76)

199568, Sweden
Edington et al.,

Length of hospital stay

58.5 (SD
18.3)

9348

52.2 (range
33.8 – 70.6)

200370, Latin
America
Kyle et al., 200471,

652

38.5 – 76.1)

Switzerland
Perlich et al.,

1886

200642, Germany
Caccialanza et al.,

57.3 (range

62.2 (44.8 –
79.6)

1274

60 (SD 16)

7

13

818

51.9 (36.5 –

6.9

4.6

6

7**/9***

201058, Italy
Lim et al., 201162,
Singapore
Allard et al.,
201667, Canada
•

67.3)
1015

66 (range 54
– 77)

P value significant; y, years; **Moderate malnutrition; ***Severe malnutrition
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1.7.2 Malnutrition and mortality

A low body mass index (BMI) has been described as an independent predictor of
shortened survival in the hospitalized older patients.72 There is a close relationship
between malnutrition and mortality not only in patients with chronic diseases like
cancer73 but also in acute care settings such as stroke and hip fracture (Table 5).74 75
Sullivan et al64 in their study in 102 hospitalized patients found that those patients
with a daily in-hospital nutrient intake of less than 50% of their total energy
requirements (estimated using the Harris-Benedict equation)76 had higher in-hospital
mortality (RR 8.0; 95% CI 2.8 - 22.6) and 90-day mortality (RR 2.9; 95% CI 1.4 6.1). Malnourished patients admitted to the intensive care unit (ICU) have a poorer
prognosis and survival.77
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Table 5 Association between malnutrition and mortality
Author and country
Van Wissen et al.,

Subjects

Setting

Mortality in malnourished vs. nourished

226

Hip fracture

In hospital mortality 27% and 1 year mortality
46% in malnourished vs. 7% and 17% in well-

201678, The

nourished

Netherlands
Buscemi et al., 201679,

225

Italy

Medical

Malnourished patients with MNA scores <22 had

inpatients

higher mortality at 2 years (HR 1.85; 95% CI 1.22
– 2.81, P = 0.004)

Dizdar et al., 201580,

68

Turkey

Infectious

Malnourished patients with NRS score >3 had

diseases

higher mortality due to infection (OR 2.92; 95%
CI 1.43 – 5.97, P = 0.003)

Huang et al., 201681,

1772

China

Geriatric

At 27 months follow-up 22.8% mortality in

patients

malnourished patients vs. 9.8% in nourished

with

group (HR 2.71; 95% CI 2.07 – 3.55, P < 0.001)

Coronary
artery
disease
Gomes et al., 201682,

543

Stroke unit

UK

At 6 months after stroke 42% mortality in patients
at high risk of malnutrition vs. 6% in low risk
group (HR 9.2; 95% CI 5.6 – 15.3, P < 0.001)

MNA, mini nutrition assessment; HR, hazard ratio; CI, confidence interval; NRS, nutrition risk
screening
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1.7.3 Malnutrition and morbidity

Malnutrition significantly prolongs convalescence following disease, surgery or
trauma.66 Studies suggest that the inflammatory process associated with acute illness
is prolonged with impaired proliferation of fibroblasts with reduced collagen
synthesis and neoangiogenesis and this increases the risk of pressure ulcers83 and poor
wound healing in surgical patients.84-86 The degree of malnutrition correlates with the
risk of infectious and non-infectious complications, in particular hospitalized
malnourished patients are at a very high risk of developing nosocomial infections like
pneumonia.87 88 Schneider et al in their study in 1637 hospitalized patients found that
the risk of nosocomial infections was 7.6% in moderately malnourished patients,
14.6% in severely malnourished patients as compared to 4.4% in non-malnourished
patients.88 Impaired nutrition status has been associated with respiratory muscle
weakness89 which impairs ventilatory drive and this prolongs ventilation duration and
increases the need for reintubation with resultant prolonged ICU stay. 90-92

Functional impairment is a well-known consequence of malnutrition due to skeletal
muscle dysfunction and this contributes to falls, deconditioning and resultant
prolonged LOS. Vivanti et al93 in their study in hospitalized older patients with a
mean age of 71 years found that the risk of falls was 42% in those severely
malnourished as compared to 29% in well-nourished patients (OR 1.49; CI 0.8 – 2.7,
P < 0.20) however their results did not reach statistical significance due to lack of
study power. Marshal et al in their meta-analysis involving 1020 older patients ≥65
years, admitted in rehabilitation units concluded that malnutrition played a negative
role on functional recovery and quality of life following discharge to the
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community.94 In addition, their meta-analysis suggested that malnutrition is a
significant factor for a patient to be admitted to a higher level of care or acute care
than be discharged to the community.95

Various studies have found that malnutrition has an independent association with poor
HRQoL.96-99 A Swedish study involving 1402 patients in the age range of 60-96 years
found that malnutrition was significantly associated with poor HRQoL, both in
physical (OR 2.31; 95% CI 1.18 – 4.52) and mental (OR 2.34; 95% CI 1.22 – 4.47)
dimensions. The correlation of malnutrition with HRQoL in the older subjects can be
direct, as lower energy intake may influence subjective perception of well-being, or it
could be indirect, by decreasing functional ability.

Malnutrition is regarded as one of the major factors contributing to unplanned
readmissions in elderly patients. Jeejeebhoy et al100 in their prospective study
involving 1022 patients recruited from 18 acute care hospitals in Canada found that
severe malnutrition was an independent predictor of 30-day readmission (OR 2.12;
95% CI 1.24 – 3.93). Lim et al101 in their study in older patients found that those
malnourished at admission were at 1.4 times higher risk of readmission after 90 days
and 6 months of discharge but this significance diminished after the results were
controlled for age, gender, ethnicity and diagnosis-related group (DRG). Ulltang et al
in their study involving 153 patients admitted acutely with a mean age of 62 years
found that those screened as at risk of malnutrition had over three times the odds of
being readmitted to hospital within 90 days, compared with those screened not at
risk.102
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Bermejo et al103 in their study in 145 hospitalized heart failure patients with a mean
age of 69.6 years, found that proBNP (pro b-type natriuretic peptide) levels were
directly correlated with nutritional status and malnutrition seems to be a mediator of
disease progression and a determinant of poor prognosis. With a mean follow-up of
326 days, they found 27 (19%) had a hospitalization for heart failure and 61 (42.1%)
were re-admitted for other reasons.

Although above studies indicate that malnutrition is associated with poor clinical
outcomes in hospitalized patients, but still there is no convincing evidence that
nutrition intervention is beneficial in medical inpatients as suggested by the findings
of a recent meta-analysis.104 A randomized controlled trial (RCT) investigating the
effects of nutrition intervention study on clinical outcomes may help clarify this issue.

1.7.4 Economic implications associated with malnutrition

Due to longer LOS, need for more intensive treatment and higher unplanned
readmission, malnutrition has undeniably also become a major economic issue. A
study in the Netherlands found that the total additional costs of managing patients
with disease related malnutrition were to €1.9 billion in 2011.105 In Germany, UK and
Ireland the annual costs of malnutrition on a national level have been calculated as €9
billion (2006), £15 billion (2007) and £1.5 billion (2009) respectively.105-107 Robinson
et al108 demonstrated that patients with an impaired nutritional status on admission
experienced 30% increase of hospital stay with an associated doubling of costs, even
though the patients had similar severity of illness. A South American study40 in 709
hospitalized patients found that malnutrition increased total costs by more than 300%
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due to higher complications and longer LOS, they calculated that the mean daily costs
of managing malnourished patient was US$228 as compared to US$153 for wellnourished patients. A Spanish study PREDyCES109 found that the costs of managing
patients who were at risk of malnutrition at hospital admission were significantly
higher than the costs for those not at risk (€8590 ± 6127 vs. €7085 ± 5625, P = 0.015)
and extrapolation of these results to national level found that the potential cost of
hospital malnutrition in Spain was to the extent of €1.143 billion per year. In addition,
Elia110 found that after discharge malnourished patients have higher utilization of
outpatient services with more frequent visits to their general practitioners as well as
increased risk of residential care placement. After application of these costs, they
calculated that the public expenditure of DRM in the UK was to the extent of £7.3
billion in 2003. Malnutrition may also indirectly increase healthcare costs by way of
the casemix funding system, as exists in Australia and other countries around the
world.111 Under casemix based funding, hospitals are reimbursed for the patient
admission based on diagnosis related group (DRG; Australian Refined Diagnosis
Related Groups) assigned to the patient.112 Malnutrition, when documented as a comorbidity often results in a higher DRG classification and hence has the potential to
attract greater hospital reimbursement.113 A missed diagnosis and documentation of
malnutrition thus generates less hospital revenue. Rowell and Jackson114 in their study
in Australian public hospitals found that a recorded diagnosis of malnutrition adds
AU$1,745 per admission even after controlling for the underlying medical condition
and treatment administered and estimated that in 2003-2004 the total cost of
malnutrition to their hospital to be at least AU$10.7 million.
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Milte et al115 in their systematic review involving 16 economic evaluation studies
have highlighted that only a small number of published studies have targeted
economic benefits of protein and energy supplementation in older adults and the
quality of published studies is variable. They suggested that there is a need for
inclusion of high quality comprehensive economic evaluations alongside studies of
clinical effectiveness to demonstrate the cost-effectiveness of nutrition intervention
for the treatment of malnutrition.

1.8 Diagnosis of malnutrition often missed in hospitalized patients

Despite the high prevalence of malnutrition, malnourished patients are often
discharged undiagnosed from acute care.116 Part of the problem is that malnutrition
does not have any specific signs and symptoms and weight loss is a very non-specific
sign which could be due to underlying disease. Moreover, clinicians are not very
familiar with the problem. To obtain BMI, good measurements of height and weight
are necessary, using regularly calibrated equipment and some training for the staff.
This should not be costly or onerous but neither of these conditions is commonly met
in most hospital wards.116 Jeznach-Steinhagen117 found that only 43.4% patients were
ever weighed during hospital admission whereas McWhirter and Pennington21 found
only 23% patients had been weighed at admission and information concerning any
change in appetite and body weight was recorded in fewer than 50% of the
admissions.

Kellet et al113 found that although the prevalence of malnutrition in their study was up
to 53%, only 0.9–5.4% of patients were coded as malnourished. There was a resultant
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loss of revenue of AU$8,536,200 per annum to their hospital. Middleton et al118 in
their study in older hospitalized patients found that 64% of the malnourished patients
had not been identified during their hospital stay. There were a greater number of
moderately malnourished patients who missed diagnosis as compared to severely
malnourished. Studies have suggested that, in a busy clinical environment, some
guesswork is used by the clinicians and patients who appear well-nourished may miss
nutrition screening due to the false belief that they are unlikely to be malnourished.
Agarwal et al119 in the Australasian Nutrition Care Day Survey 2010 which involved
56 hospitals in Australia and New Zealand found an overall poor level of adherence to
the recommended nutrition guidelines for weighing, screening and rescreening of
patients during their hospital admission. Sullivan et al50 in their study in older patients
admitted to Veterans hospital, found inadequate screening for protein-energy
malnutrition with the resultant missed opportunity to diagnose malnutrition.
Therefore, support and nutrition therapy were underutilized and ineffectually
managed. Studies suggest that simple nutrition parameters like weight may not be
done during hospital admission.

It is not entirely clear what factors lead to a missed diagnosis of malnutrition in
hospitalized patients. It is possible that some of the factors may relate to patients’
logistics after admission to the hospital (e.g. location away from the home ward) and
others may relate to availability of equipment (e.g. lack of properly calibrated
weighing scales) or staff workload (e.g. reduced workforce on night shifts or during
weekends or holidays). Although hospitals have established nutritional screening
protocols, clinicians’ adherence to these protocols and the exact nutrition screening
rate needs ongoing verification to confirm that nutrition screening is up to the
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expected standards. So far, very few studies have investigated factors which lead to a
missed diagnosis of malnutrition in hospitalized patients. Identification of these
factors may pave the way for future targeted interventions which may help improve
hospitals’ performance in terms of improved nutrition screening. Moreover, there is a
need for ongoing studies to check the prevalence rate of hospital malnutrition. It is
possible that the prevalence of hospital malnutrition may change over time with the
changing population dynamics as life expectancy is lengthening. 120 Nutrition
screening early during the hospital admission gains further significance, as recent
years have witnessed a reduction in LOS due to an increasing emphasis on medical
ambulatory care and the hospital at home services. 121 It is possible that a shortening of
LOS may lead to even a greater chance of nutrition screening being missed, unless it
is performed early during hospital admission.

1.9 Screening of Malnutrition in current times

Due to the high prevalence of malnutrition, experts 122-124 now recommend nutrition
screening of all patients at the time of hospital admission and refer patients identified
at high nutrition risk for further assessment by an expert. In the last couple of decades
a number of nutritional screening and assessments tools have been developed to
obtain an indication of a patient’s nutritional status. The terms “nutrition screening”
and “nutrition assessment” are often used interchangeably in both the literature and
clinical practice.125 These terms may be confusing for physicians who may not
understand the distinction and may think that the purpose of the tool is simply to
identify malnourished patients. Moreover, tools which have been developed for
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nutrition screening have also been used as reference standards for comparison and
validity testing.126

Understanding the differences between the tools is pivotal to ensure best clinical
practice in the management of malnutrition, and may diminish some of the reported
barriers to nutrition screening, such as lack of time and inadequate knowledge about
nutrition.127 Malnutrition screening is a quick and easy procedure using valid
malnutrition screening tools, to identify patients who are malnourished or at risk of
malnutrition and may benefit from intervention by a dietitian or an expert clinician. 128
Malnutrition screening tools are often designed in a questionnaire format addressing
risk factors for malnutrition (e.g. anorexia or functional limitations) and indicators of
malnutrition (e.g. recent unintentional weight loss) and are commonly administered
by the nursing staff.129 The commonly used malnutrition screening tools include:
malnutrition screening tool (MST), MUST, short nutritional assessment questionnaire
(SNAQ) and MNA-SF.130-133 Malnutrition screening must be differentiated from
nutritional assessment which is an in-depth, specific and detailed evaluation of
nutrition status often performed by a trained dietitian.129 The SGA, PG-SGA and
MNA are commonly used nutrition assessment tools and in the absence of gold
standard to diagnose malnutrition, these assessment tools has been used as reference
standards in validation studies of malnutrition screening tools.134-136

No study has validated MUST against a reference standard like PG-SGA in general
medical patients with multiple co-morbid illnesses. General physicians need
convincing evidence that MUST has a good sensitivity and specificity in detecting
malnutrition among general medical polymorbid patients. A study validating MUST
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against a reference standard in this subgroup of hospitalized patients can clarify this
issue.

1.9.1 MUST

MUST was initially developed for use in the community by a multi-disciplinary group
of health professionals and patients to detect both undernutrition and obesity in adults
of different ages and diagnoses.126 This tool includes assessment of a BMI score, a
weight loss score, and an acute disease score.137 It includes three parameters rating
them as 0, 1 or 2 as follows: BMI >20 kg/m2 = 0; 18.5 - 20.0 kg/m2 = 1; <18.5 kg/m2 =
2; acute disease: absent = 0; present = 2. Overall risk of malnutrition is established
after addition of all points allocated, as follows: 0 = low risk; 1 = medium risk; 2 =
high risk.131 MUST has been designed to identify the need for nutritional treatment as
well as establishing nutritional risk on the basis of knowledge about the association
between impaired nutritional status and impaired function.126 129 138 The MUST has
been documented to have a high degree of reliability (low inter-observer variation)
with a k = 0.88 - 1.00.129 The use of this tool was later extended to other health care
settings, including hospitalized patients, where again it has been found to have
excellent inter-rater reliability with other tools, and predictive validity (LOS,
mortality in elderly wards, and discharge destination in orthopedic patients). 125

Velasco et al compared MUST with a more complex reference assessment tool, the
SGA55 and found a good agreement between these two tools (k = 0.635) and
suggested the use of MUST for nutrition screening on admission to the hospital. 139
Poulia et al in their multicenter study involving 1146 patients found that MUST had a
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better correlation than NRS 2002 when compared to the ESPEN new diagnostic
criteria for malnutrition for both outpatient (k = 0.777, P < 0.001 vs. k = 0.256, P =
0.001) and hospitalized patients (k=0.843, P < 0.001 vs. k = 0.228, P < 0.001).140.
Various international nutrition societies; e.g. the European Society for Clinical
Nutrition and Metabolism advises the use of MUST for older adults. 125

Studies suggest that MUST score at admission can predict LOS. Kyle et al in their
study in all newly admitted patients found that patients who had a high risk MUST
score was associated with longer LOS (OR 3.1; 95% CI 2.1 – 4.7) whereas medium
risk did not.141 In the study by Amaral in patients with cancer, those with a higher
MUST score stayed longer in hospital than those with a low score, adjusted for sex
and age (OR 3.24; 95% CI 1.5 – 7.0).142. Stratton et al in their study in geriatric
patients (mean age 85, SD 5.5) found that the LOS increased progressively with
malnutrition risk category as determined by MUST (low risk, median LOS 15 days
(95% CI 11 – 19), medium risk, median LOS 24 days (95% CI 16 – 32), high risk. 28
days (95% CI 21 – 35), P = 0.02).143

Koifman et al in their study involving newly admitted medical patients with a mean
age of 67.6 years found that a MUST score of 2 or more (high risk) was an
independent predictor of in-hospital mortality (19.3% vs. 3.2%, P < 0.001).144 Raslan
and colleagues compared MUST with NRS-2002 and mini nutritional assessment
short form (MNA-SF) and found that it has a fair predictive validity for death, LOS
and complications, with areas under the receiver operative characteristic (ROC) curve
for all outcome measures of around 0.6 which was better than MNA-SF but inferior to
NRS.145
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MUST showed fair to good criterion or construct validity in several studies when
applied to adult hospital patients but performance of MUST for screening
malnutrition in older patients remains to be confirmed.146 Cascio et al147 in their
systematic review compared the efficacy of five nutrition screening tools (MUST,
MNA-short form, NRS, MST and GNRI) and found similar effectiveness in
identifying patients at risk of malnutrition but emphasized that there has been limited
research in the use of MUST in hospitalized older patients. This review suggested that
future studies should focus on applying nutrition screening tools in older hospitalized
patients and results should be compared using identical parameters such as age, acute
condition and age-related comorbidities. Power et al148 in their review involving 15
studies testing the validity of MUST against various reference standard tools, suggests
that although MUST is a practical tool and has been widely accepted by the
healthcare professionals for assessing malnutrition in the general adult population, its
use in older adults across all healthcare settings remains uncertain.

A study comparing the validity of MUST against a reference standard in older
hospitalized general medical patients may help fill this gap in literature.

1.9.2

SGA and PG-SGA

There is no gold standard reference assessment tool (comprehensive nutrition
assessment by a registered dietitian is close to ‘gold standard’) for diagnosis of
malnutrition149 but experts133 150 recommend that patients who are identified as at risk
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of malnutrition on nutrition screening should undergo further assessment to confirm
the diagnosis of malnutrition by using one of the valid assessment tools.

SGA55 is a method of nutritional assessment based on a medical history and physical
examination, whereby each patient is classified as well-nourished (SGA A) or
suspected of being malnourished (SGA B), or severely malnourished (SGA C). 134
SGA has been validated against objective nutrition parameters (% weight loss, BMI)
measures of morbidity (survival, LOS), and quality of life and has a high degree of
inter-rater reliability.134 151 A further development of SGA is the PG-SGA, which
incorporates score as well as global assessment.135 152 The scored PG-SGA includes
seven components for assessment: weight, food intake, nutrition impact symptoms,
activities and function, medical condition, metabolic stress, and physical
examination.94 135 The questions regarding short-term weight loss and nutrition impact
symptoms increase the PG-SGA’s sensitivity to changes in nutrition status over a
short period of time. The scored PG-SGA not only provides a global rating of
nutrition status for a nutritional diagnosis but also provides a continuous numerical
score for intervention triage.153 154 Typical scores range from 0 to 35 with a higher
score reflecting a greater risk of malnutrition. It has been demonstrated to be a valid
method of nutrition assessment in a number of patient groups.135 155-157 The PG-SGA
score correlates with objective nutrition parameters 158, HRQoL, morbidity (survival,
LOS), it has a high degree of inter-rater reproducibility and a high sensitivity and
specificity when compared with other validated nutrition assessment tools (Table
6).135 155 157 158 Marshall et al159 used the PG-SGA in a study involving older
rehabilitation patients with a mean age of 79.1 (SD 7.3) years and found that both PGSGA scores and ratings performed consistently well when compared to the ICD-10-
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AM38 criteria for classification of malnutrition. The ICD-10-AM classification is
determined using BMI, weight history, dietary intake and a physical assessment of fat
and/or muscle wasting and these criteria are used in Australian hospitals to provide
casemix funding reimbursements.113

The continuous scoring system of the PG-SGA allows prioritization of patients
requiring more urgent treatment and thus may facilitate more effective use of
resources.135 The PG-SGA score places people into triage categories indicating the
need for nutrition or medical intervention: 0-1 points (category 1, no intervention
required), 2-3 points (category 2, patient and family education required), 4-8 points
(category 3, requires intervention by a dietitian), ≥9 points (critical need for symptom
management and/or nutrition intervention).160 In older subjects, however, the PGSGA scores ≥7 have been found to identify malnutrition with a critical need for
nutritional intervention.94

The PG-SGA score can be used as an objective measure to demonstrate the outcome
in nutritional intervention studies (Table 6).156 SGA has limitations, as it classifies
patients into categorical groupings, and it is often difficult to demonstrate a change in
nutritional status on the basis of SGA and it lacks sensitivity to detect improvements
in nutritional status observed over a short period of time e.g. during hospital
admission.135 On the other hand, by performing serial measurements, the change in
the PG-SGA score may be used to demonstrate subtle changes in nutritional status.
Isenring et al156 in their study in cancer patients receiving radiotherapy, demonstrated
that a PG-SGA score of nine was required to move one SGA category. They
highlighted that a patient assessed at weekly intervals may be classified as moderately
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malnourished on both occasions, however the PG-SGA score may reflect clinically
important changes.

Mulasi et al161 in their study in head and neck cancer patients found that higher PGSGA scores (individuals at higher risk of malnutrition) directly correlated with
bioelectric impedance analysis parameters suggestive of loss of muscle mass.
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Table 6 Validity of PG-SGA in diagnosis of malnutrition
Author and

No of patients

Setting

Comparison/Validity

19

Head and neck

Good agreement

cancer patients,

between ASPEN

mean age 59

consensus criteria and

country
Mulasi et al.,
2016161, USA

PG-SGA sensitivity
94% and specificity
43%
Marshall et al.,

57

201594, Australia

Rehabilitation

Using ICD-10-AM

patients, mean age

classification of

79.1 (7.3)

malnutrition as
reference PG-SGA
score (sensitivity
92%, specificity 84%)

Kim et al.,

35

2013162, South

Stroke patients,

Significant correlation

age range 60-89

between PG-SGA and

Korea

MNA scores (r =
0.651, P < 0.01)

Laky et al.,
2008163, Australia

194

Gynecological

Significant correlation

cancer patients,

of PG-SGA scores

mean age 58.5

with albumin, Triceps

(14.4)

skinfold thickness
(TST) and total body
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Author and

No of patients

Setting

Comparison/Validity

country
potassium to predict
malnutrition
Desbrow et al.,
2005157, Australia

60

Hemodialysis

PG-SGA score ≥ 9

patients, age range

has sensitivity of 83%

63.9 ± 16.2

and specificity 92% to
predict SGA class,
significant
correlations of PGSGA score with
serum albumin and
percent weight loss
over previous 6
months

PG-SGA, patient generated subjective global assessment; ASPEN, American society for parenteral and enteral
nutrition; ICD-10-AM, international statistical classification of diseases 10th revision Australian modification;
MNA; mini nutritional assessment; SGA, subjective global assessment
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1.10 Malnutrition and HRQoL

The worldwide increasing older population has higher expectations of ‘the good life’
within society. At the same time, due to limited resources, there has been a push to
reduce public expenditure and provide quality care and this has generated
international interest in measurement of quality of life in this group. 164

Medical care is no longer evaluated solely by traditional biomedical indicators and
there is now a focus to have a broader concept of patient outcomes such as HRQoL.165
166

The World Health Organization (WHO)167 defines quality of life as an individual’s

perception of their position in life in the context of the culture and value systems in
which they live, and in relation to their goals, expectations, standards and concerns.
Health contributes to quality of life, and the actual impact of health and disease on
quality of life is known as HRQoL. HRQoL is one dimension of a broader concept of
quality of life and is defined in relation to optimum levels of mental, physical and
social functioning; it includes relationships as well as perceptions of health, fitness,
life satisfaction, and well-being.168. It has been proposed that assessment of quality of
life, as a health outcome in older people, should include physical functioning and
symptoms, emotional, behavioral, cognitive and intellectual functioning, energy and
vitality; all combining to reflect HRQoL. Assessment of quality of life is now
recognized as a clinically relevant outcome measure when evaluating new treatment
strategies in patient populations including the older patient.169 170

The impact of nutrition on HRQoL has not been well documented, however there are
several studies that have observed poorer HRQoL outcomes in malnourished patients
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when compared with well-nourished patients.171-173 Rasheed and Woods174 in their
meta-analysis of 27 studies found that malnutrition is associated with poorer quality
of life in older people (OR 2.85; 95% CI 2.20 – 3.70, P < 0.001). Investigations
suggest that the strongest association of nutritional risk is with impaired physical
functioning in the elderly followed by sensory abilities.175 176 These findings may be
attributed to the fact that physical issues are salient for elderly patients, as they may
interfere with several important daily activities, including eating. The physical
domains of quality of life includes pain perception, fatigue, mobility and sensory
abilities (sight, touch, smell and taste); all of which can affect the nutritional status of
older patients. In addition the decline of physiological function with ageing 177, which
is itself exacerbated by underlying illnesses178, interferes with the patient’s ability to
follow a balanced diet and thus can lead to a further decline of nutritional status.179

Interventions designed to improve nutritional status can lead to significant
improvements in quality of life; both physical (P = 0.002) and mental (P < 0.001)
components.174 The assessment of HRQoL using patient-reported outcome measures
has evolved greatly over the last decade.180 181 One measure, the EuroQoL (EQ-5D),
was developed jointly by a group of European-based researchers with the intent of
constructing a simple, self-administered instrument that provided a composite index
score representing the preference for a given health state.182 The EuroQol group
designed the new instrument to be quick and easy to be used alongside other measures
of health status. This instrument provides both a health profile and an index for
individuals or groups that allow clinical and economic evaluation of medical
interventions.183 Cardiovascular medicine and oncology are two areas where the EQ5D has been used quite often, but new studies in musculoskeletal, respiratory, and
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gastrointestinal diseases have included the EQ-5D as a generic questionnaire.180 184
Furthermore, the EQ-5D is one of a handful of measures recommended for use in
cost-effectiveness analyses by the Washington panel on cost-effectiveness in health
and medicine.185

The EQ-5D-5L questionnaire comprises of five single item dimensions of health:
mobility, self-care, usual activities, pain/discomfort and anxiety/depression. 186 Using
these responses, the EQ-5D-5L is able to distinguish between 3,125 states of health. A
UK-specific algorithm developed using time-trade-off techniques can be used to
convert the EQ-5D 5L health description into a valuation ranging from -0.281 to 1187.
Scores less than 0 represent health states that are worse than death. 182 The EQ-5D-5L
has been validated in different clinical populations.188 Studies have shown that EQ5D-5L has content and face validity and is expected to have better discriminative
capacity, to detect changes in health state and sensitivity as compared to EQ-5D-3L
with smaller ceiling effects.189.

Very few studies have measured HRQoL according to the nutritional status of patients
hospitalized in Australia and there is a need to test EuroQol in Australian health care
settings.190 Furthermore, there is a need to include HRQoL as an outcome measure in
the nutrition intervention studies, as recent meta-analyses have highlighted that a
major deficiency of the existing nutrition intervention trials is the lack of outcome
measures which may be relevant to patients.104 191 The effect of a nutrition
intervention on HRQoL in older hospitalized patients may be difficult to assess, as a
range of other factors (e.g. the effect of acute hospitalization, chronic co-morbidities
and functional status) may also influence HRQoL.192-195 Moreover, HRQoL often
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improves after hospital discharge due to recovery from acute illness. 196 Moreover,
nutrition intervention studies so far have shed little light on the duration of
intervention that will be required to improve clinical outcomes including HRQoL. 51 It
has been suggested however that, after initiating nutrition intervention, the temporal
pattern that usually follows is: first improvement in nutrition parameters like weight,
then improved muscle function and lastly HRQoL.197 From this information it seems
obvious that any nutrition intervention limited only for the period of hospitalization
will not sufficiently impact patients’ HRQoL and that clinical trials of sufficient
longer duration will be needed to determine whether nutrition intervention is really an
effective strategy in improving HRQoL of older patients.

1.11 Treatment of malnutrition

Screening for undernutrition is useless and unethical if this is not accompanied by an
effective nutritional intervention care plan. It is expected that adequate nutritional
intervention prevents a further decline of nutritional status and may have a positive
influence on disease outcomes compared to no treatment. RCTs providing “no”
versus “adequate” nutritional intervention can answer this question but experts have
expressed fears that these kinds of study protocols will not receive ethical approval. 146
Several studies (Table 7) have found beneficial effects of nutritional therapy in the
malnourished inpatient population. A recent meta-analysis focusing on nutritional
support in medical inpatients found that nutritional support was associated with
increased intake of energy and protein and an increase in body weight, 104 however,
there was a little effect on clinical outcomes including mortality, hospital acquired
infections and functional outcome. The only significant impact of nutritional
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intervention, found in this meta-analysis, was on the reduction in the risk of nonelective readmissions which were significantly lower among the intervention patients.
This meta-analysis found that the number of patients who needed to be treated for
preventing one readmission was 23 (95% CI 16 – 52). This meta-analysis also found
that LOS stay was shorter in the intervention group, but only in the subgroup of
patients who were malnourished at the time of hospital admission.

Nutritional support in the form of oral nutrition (either dietary modification or use of
oral nutritional supplements (ONS)) and enteral (tube) nutrition feeding is one of the
most common interventions used in medicine.104 However, there is a lack of
comprehensive research data demonstrating beneficial effects of such interventions on
clinical outcomes in the general medical inpatient population. This paucity might
explain why there is no standard nutritional algorithm for use in general medical
inpatients with multiple co-morbidities. Most guidelines from the ASPEN and the
ESPEN have focused on specific medical disciplines (e.g. patients with cancer, sepsis
etc.) or organ systems (e.g. chronic kidney disease, COPD and wound healing) but
give little guidance on the nutritional management of general medical patients with
multiple co-morbid illnesses. The lack of guidelines is mostly due to a lack of
comprehensive clinical trials demonstrating any beneficial effects of nutrition
intervention in the general medical inpatient population. As a consequence, general
physicians caring for medical inpatients with multiple comorbidities have insufficient
evidence for optimal use of nutritional therapy. More importantly, data from critical
care have suggested that although malnutrition is independently associated with worse
clinical outcomes for ICU patients,198 provision of nutritional therapy early during
ICU admission can negatively affect clinical outcomes. 199 200 During the acute phase
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of an illness, there is a higher catabolism with increased energy requirements. To
match the resultant increase in the resting energy expenditure, the body mobilizes
substrates from muscle and fat, which are used in the liver to produce glucose by
gluconeogenesis. During this phase, exogenous provision of calories may not inhibit
ongoing gluconeogenesis and therefore excessive nutrition during acute illness can
induce an occult overfeeding state which may adversely interact with autophagy.200
Autophagy is currently considered as an important housekeeping process, which helps
in clearing intracellular organisms and macromolecular damage, including damaged
organelles and protein aggregates. Evidence in the last two decades has demonstrated
a protective role of autophagy in various diseases and it may help in recovery of
function in critical illness.201 202 Autophagy can be activated by inflammation,
hypoxia/ischemia, oxidative stress, mitochondrial damage and nutritional
deprivation.203 On the other hand, provision of nutrition may suppress autophagy and
this has been hypothesized to be one of the reasons that may explain the harmful
effects of early parenteral nutrition (PEN) in critically ill patients. However, other
research204-206 demonstrated benefits from individually optimized energy
supplementation with early parenteral feeding in severely ill patients admitted into the
ICU for which enteral nutrition alone was insufficient. These contradictory findings
from critical care trials206 207 could be partially explained by the differences in time
points when feeding was initiated but they also demand further studies which focus on
clinical outcomes. Also, there is a lack of cost-benefit data for the use of nutritional
intervention in medical inpatients because costs may still outweigh clinical benefits.
Bounoure et al123 found that there is a lack of well-designed high quality clinical trials
suggesting benefits of nutritional intervention in general medical patients. The
specific clinical trials that have so far been carried out in organ specific diseases have
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shown inconsistent results but suggest that nutritional therapy should be considered in
malnourished medical inpatients in an effort to improve nutrition related outcomes.
The authors suggest that more studies are needed to better understand the effects of
nutritional intervention on clinical outcomes in general medical inpatients.

Milne et al51 in their meta-analysis of protein and energy supplementation in older
patients at risk of malnutrition included sixty-two trials with 10,187 patients. They
found beneficial effects of nutritional supplementation on weight and mortality in
undernourished patients (RR 0.79; 95% CI 0.64 – 0.97) but no significant difference
in LOS. The authors found that intervention time was too short (majority of studies
had intervention duration <35 days) to have a realistic chance of detecting differences
in morbidity, functional status or quality of life and suggested that future trials need to
have sufficient statistical power, length of follow-up, properly concealed allocation,
blinding and be performed with an intention-to-treat analysis. They also suggested
that trials should focus on primary outcomes of relevance to patients such as
improvement in function and HRQoL measures.
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Table 7 Nutrition intervention studies
Author and

Clinical Setting

Intervention

Duration of

Clinical

Country

and sample size

used

intervention

outcome

Deutz et al.,

Hospitalized

Standard of care

3 months

No difference in

201565, US

elderly patients

plus 2 servings

90 day

with CHF,

of ONS

readmission rate

Acute

containing beta-

but mortality was

myocardial

hydroxy-beta

significantly

infarction,

methylbutrate

lower in

pneumonia and

(HMB) with 350

supplemented

COPD, n = 652

kcal, 20gm

group (4.8% vs.

protein, 11gm

9.7%; 95% CI

fat, 160U

0.27 – 0.90, P =

Vitamin D and

0.018)

micronutrients
vs. placebo
Munk et al.,

Hospitalized

Protein-enriched

Hospital stay

Significantly

2014208, Denmark

oncology,

dishes

more

orthopedic and

supplemented to

intervention

urology patients,

standard food

patients achieved

n = 84

service vs.

≥ 75% of protein

hospital diet

requirements but
not energy
requirements, no
difference in
muscle function
or LOS between
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Author and

Clinical Setting

Intervention

Duration of

Clinical

Country

and sample size

used

intervention

outcome
two groups

Holyday et al.,

Geriatric

Food

Hospital stay

Significant

201244, Australia

inpatients, n =

fortification and

reduction in LOS

143

nutrition

in malnourished

supplements vs.

intervention

individual diet

patients (19.5 ± 3

fortification on

days vs. 10.6 ±

request

1.6 days, P =
0.013), no
difference in
readmissions at
1, 3 and 6
months post
discharge

Neelemaat et al.,

Hospitalized

Energy and

3 months

No significant

2012197, The

malnourished

protein enriched

improvement in

Netherlands

elderly, 210

diet and ONS,

QoL measured

Vitamin D3

by EQ5D and

400U daily,

physical

Calcium 500mg

activities but

daily, telephone

significant

counseling vs.

improvement in

usual care

functional
limitations in
intervention
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Author and

Clinical Setting

Intervention

Duration of

Clinical

Country

and sample size

used

intervention

outcome
group

Feldblum et al.,

Hospitalized

Individual

6 months

Significant

2011209, Israel

adults ≥ 65 years

nutritional

improvement in

at nutritional

treatment, 237ml

nutritional status

risk, n = 259

containing 12.6

measured by

gm of fat, 13 gm

MNA (3.01 ±

protein and 47.3

2.65 vs. 1.81 ±

gm

2.97, P = 0.004)

carbohydrates

and lower

(total 360 kcal)

mortality (3.8%

in addition to

vs. 11.8%, P =

food fortification

0.04) in the

vs. routine care

intervention
group

Somanchi et al.,

Malnourished

Nutrition

Hospital stay

Significant

2011210, USA

elderly patients,

screening and

reduction in LOS

n = 400

clinical care plan

(6.1 ± 5.3 vs. 8.7

initiated by nurse

± 11.7, days, P <

manager vs.

0.05) with

usual hospital

nutritional

screening and

intervention with

nutritional

significant cost

counseling on

savings

demand
Starke et al.,

Malnourished

Individual
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Hospital stay

Intervention

Author and

Clinical Setting

Intervention

Duration of

Clinical

Country

and sample size

used

intervention

outcome

2011211,

elderly patients,

nutritional care

patients

Switzerland

n = 134

with food

maintained body

fortification with

weight at

maltodextrin,

discharge (0

rapeseed oil,

(2.9) vs. -1.4

protein powder,

(3.2), P < 0.001)

snacks and oral

and improved

nutritional

plasma ascorbic

supplements vs.

acid levels (46.7

standard

(26.7)

nutritional care

micromole/L vs.
34.1 (24.2)
micromole/L, P
= 0.008) with
significant
reduction in
complications
(4/66 vs. 8/66, P
= 0.035),
antibiotic use
(1/66 vs. 8/66, P
= 0.03) and 6
month
readmissions
(14/64 vs. 28/61,

67

Author and

Clinical Setting

Intervention

Duration of

Clinical

Country

and sample size

used

intervention

outcome
P = 0.02)

Rufenacht et al.,

Malnourished

Individual

10-15 days

No significant

2009212,

elderly medical

nutritional

difference in

Switzerland

inpatients, n =

counseling and

energy and
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intervention (NT

protein intake

group) vs.

between two

hospital diet plus

groups QoL

ONS (ONS

improved in both

group)

groups at
discharge but
significant
further
improvement
was noted at 2
months only in
NT group

Hickson et al.,
2004213, UK

592

Focused

Hospital stay

No difference in

nutritional care

LOS,

by health care

anthropometric

assistants vs.

measures,

usual care

mortality or
functional status
but significantly
less use of
intravenous
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Author and

Clinical Setting

Intervention

Duration of

Clinical

Country

and sample size

used

intervention

outcome
antibiotics in
intervention
patients (1.0 (12) vs. 2.0 (1-2), P
= 0.02)

Vermeeran et al.,

COPD patients

Oral nutritional

Hospital stay

Significant

2004214, The

with acute

supplement

increase in

Netherlands

exacerbation, n

125ml 3 times

energy (16% vs.

= 56

daily at

placebo) and

2.38MJ/day,

protein intake

consisting of

(38% vs.

20% protein,

placebo) in the

20% fat and 60%

intervention

carbohydrate vs.

group but no

placebo

additional
improvements in
lung function or
muscle strength

Gazzotti et al.,

Hospitalized

Intervention

2003215, Belgium

geriatric

patients received

lost significant

patients, n = 80

2 oral nutritional

weight (1.23 ±

supplements

2.5, vs. 0.28 ±

with 500 kcal

3.8, P = 0.01)

and 21 gm

and MNA scores

protein/day with

significantly
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2 months

Control patients

Author and

Clinical Setting

Intervention

Duration of

Clinical

Country

and sample size

used

intervention

outcome

standard diet vs.

higher in

standard diet

supplemented

alone

group (23.5 ± 3.9
vs. 20.8 ± 3.58, P
= 0.004)

Roberts et al.,

Hospitalized

Intervention

Hospital stay

Total energy

2003216, UK

geriatric

patients received

intake increased

patients, n = 381

120 ml oral sip-

significantly in

feed supplement

intervention

3 times daily

patients (5898

with 22.5 gm

kJ/d vs. 4563

protein, 2260 kJ

kJ/d, 95% CI 557

energy/day

– 2331, P =
0.001)

Potter et al.,

Hospitalized

Intervention

Hospital stay

Severely

2001217, UK

geriatric

patients received

malnourished

patients, n = 381

120 ml oral sip-

patients had

feed supplement

significant

3 times daily

improvement in

with 22.5 gm

mortality in

protein, 2260 kJ

(5/34 vs. 14/49,

energy/day

P < 0.05 and
improved
function (17/25
vs. 11/28, P <

70

Author and

Clinical Setting

Intervention

Duration of

Clinical

Country

and sample size

used

intervention

outcome
0.04)

Vlaming et al.,
2001218, UK

549

Intervention

Hospital stay

Longer LOS in

patients received

intervention

400 ml of oral

patients 2.8 days

sip feed

(95% CI -0.8 –

supplement

6.3)

providing 600
kcal/day, 25 gm
protein, 80.8 gm
carbohydrates,
19.6 gm fat and
multivitamins
along with
hospital food vs.
placebo

1.12 Cost-effectiveness of nutrition intervention

Health care costs are expected to increase with the ageing population. 219 In the
current era of budget constraints there is a growing pressure on the decision makers to
obtain the maximum possible benefits and judiciously allocate the available
resources.220
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There is no controversy to the fact that malnutrition is associated with an increase in
health-care costs as malnourished patients stay longer in hospitals, are more likely to
be discharged to a residential care facility, utilize more health care resources in the
community and are more likely to have unplanned readmissions. 221-223 Mitchell and
Porter224 in their systematic review on the cost-effectiveness of identifying and
treating malnutrition in hospitalized patients found that interventions demonstrated a
positive effect on clinical outcomes and cost-effectiveness, however, due to the
limited number of studies, there is an uncertainty regarding the treatment effect
(Table 8).

There is a paucity of economic evidence in treating malnutrition and this has also
been proposed as the main reason for the failure of uptake of evidence-based
nutritional guidelines in clinical settings.225. The authors suggested that, to bridge this
evidence gap, the inclusion of economic considerations should be a routine part of
future malnutrition research.

Three recent meta-analyses have also suggested that nutrition intervention has
economic benefits in hospitalized patients.115 226 227 However, the authors have also
indicated that their findings need further verification in different age groups and in
different health-care settings. This is due to the fact that the majority of the studies
included in these meta-analyses have been conducted in Europe. Despite the growing
body of evidence of the economic impact of malnutrition and evidence that nutritional
intervention is clinically beneficial, still limited health economic evaluations have
been conducted in Australian health care settings. Holyday et al44 determined the
costs of nutrition intervention in geriatric malnourished patients in Australia, however
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this study did not determine cost-effectiveness or cost-utility analyses (CUA) and thus
quality adjusted life years (QALY) were not determined. The QALY is regarded as
the preferred cost-effectiveness outcome, as it measures not only the quantity but also
the quality of life lived.228 As for other research interventions, it is recommended that
QALY be measured for the health assessment of medical nutrition interventions. 229

73

Table 8 Nutrition intervention cost-effectiveness studies
Author and

Clinical setting

Study design and

Intervention and

Country

and population

type of economic

Comparator

Results

evaluation
Giraldo et al.,

Hospitalized

Cohort study with

Early nutrition

Costs per patient discharged

2015230, Spain

malnourished

cost-effectiveness

therapy (ENT) vs.

alive was US$10,261 in ENT

patients >55 y, n

analysis

delayed nutrition

vs. US$15,553 in DNT group

therapy (DNT)

(P = 0.04).

= 227
Holyday et al.,

Hospitalized

Randomized

Early

Reduced hospitalization costs

201244, Australia

geriatric patients

controlled trial, Costs

individualized

in the intervention group (total

>80 y, n = 143

of hospitalization

Malnutrition care

cost savings AU$63,360)

according to DRG,

plan (MCP) vs.

dietitian consultation

usual care

and ONS were
determined
Nuijten et al.,

Malnourished

Health economic

Use of ONS (2 ×

The extra costs of ONS (€ 534)

2012231, Germany

patients ≥18 y in

evaluation

200ml/d for 3

are offset by a reduction of

community and

months) vs. no

hospitalization costs (€768)

nursing homes, n

use of ONS

leading to cost savings of
€234-€257 per patients Total

= 193,078

cost savings = €604-€662
million.
Freijer et al., 2012232,

Older>65 y

Health economic

Use of ONS (2 ×

The use of ONS leads to cost

The Netherlands

patients in

evaluation using

200ml/d for 3

saving of €12,986 million.

residential and

decision tree model

months) vs. no

Additional costs of ONS (€57

home care, n =

Cost-benefit analysis

use of ONS

million) are more than

720,223

combined with
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balanced by reduction of total

Author and

Clinical setting

Study design and

Intervention and

Country

and population

type of economic

Comparator

Results

evaluation
budget impact

costs of DRM due to a

analysis

reduction of rehospitalization
(€70 million)

Neelmaat et al.,

Older

Randomized

Standardized

ICER for QALY: €26,962;

2012233, The

hospitalized

controlled trial, Cost-

nutritional

ICER for physical activities:

Netherlands

patients ≥60 y

utility and cost-

intervention

€4,470; ICER for functional

with DRM, n =

effectiveness analysis

including ONS (2

limitations: -€618. The

× 200ml/d)

intervention is cost-effective

during hospital

for functional limitations.

210

stay and for 3
months postdischarge
Wyers et al., 2012234,

Patients ≥55 y

Multicentre

Dietary

ICER for total societal costs

The Netherlands

with hip fracture

randomized

counseling and

was €241/kg weight gain (high

admitted for

controlled trial, Cost-

ONS (2 ×

probability of being cost-

surgery, n = 152

utility and cost-

200ml/d) during

effective) and €36,943/QALY

effectiveness analysis

hospital stay and

(low probability of being cost-

for 3 months

effective; except in those

post-discharge vs.

younger than 75 y).

usual care
Norman et al.,

Patients ≥ 18 y

Randomized

Use of ONS (3 ×

ICER for additional QALY:

2011235, Germany

with DRM

controlled study,

200ml/d) along

€9497 (low price ONS) and

suffering from

Cost-utility analysis

with dietary

€12,099(high price ONS),

counseling for 3

deemed cost-effective

benign

75

Author and

Clinical setting

Study design and

Intervention and

Country

and population

type of economic

Comparator

Results

evaluation
gastrointestinal

months after

according to international

disease, n = 120

hospital discharge

thresholds (<€50,000/QALY):

vs. dietary

probability between 89.9% and

counseling alone

91.5%.

Freijer et al., 2010236,

Virtual cohort of

Health economic

Use of ONS (2 ×

Use of ONS reduces costs by

The Netherlands

patients ≥ 18 y

evaluation using

200ml/d for 8.5 d

7.6% per patient and

with DRM

decision tree model

before and after

hospitalization costs reduce by

undergoing

Cost-benefit analysis

surgery vs. no use

8.3% with an annual cost

abdominal

related malnutrition

of ONS

saving of €40.4 million based

surgery, n =

in different care

on 160,283 abdominal surgery

160,283

procedures per year.

Kruizenga et al.,

Hospitalized

A controlled trial,

Use of additional

The incremental costs of a one

2005237, The

malnourished

cost-effectiveness

600 kcal and 12g

day reduction in LOS is €76

Netherlands

patients both

analysis

protein in

and deemed cost-effective as

medical and

intervention

cost of staying in hospital is

surgical > 55 y, n

patients vs. usual

€476.

= 588

care

Rypkema et al.,

Patients >60 y

Prospective

Early

Lower costs per patient: €7516

2003238, The

with DRM

controlled trial, Cost-

multidisciplinary

vs. €7908. Total net cost

Netherlands

admitted to

effectiveness analysis

intervention

difference of €80 to €110 per

including

patient. ICER total costs: -

screening and

€392/Kg weight gained with

nutritional

maximum willingness to pay

intervention

of €530/Kg weight gained.

geriatric wards, n
= 298

76

Author and

Clinical setting

Study design and

Intervention and

Country

and population

type of economic

Comparator

Results

evaluation
including use of
ONS vs. standard
care during
hospital stay

DRG, diagnosis related group; ONS, oral nutrition supplements; DRM, disease related malnutrition; ICER, incremental
cost effectiveness ratio; QALY, Quality adjusted life year
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CHAPTER 2: GAPS IN MALNUTRITION
RESEARCH IN GENERAL MEDICAL PATIENTS

This narrative review suggests that malnutrition is widely prevalent and is associated
with poor clinical outcomes measured in terms of increased LOS, higher number of
nosocomial complications, higher mortality, increased number of unplanned
readmissions and a poor HRQoL in hospitalized patients. Despite this malnutrition
screening rates are suboptimal and the factors responsible for missed nutrition
screening are unknown. MUST is a commonly used nutrition screening tool in
hospitalized patients but its validity in older general medical patients needs
confirmation. General physicians need up-dating about the current prevalence and
consequences of malnutrition due to changing population dynamics and an increase in
the number of older patients admitted in general medical units. Finally there is a lack
of high quality RCTs confirming the clinical and economic benefits of nutritional
intervention in older general medical patients. There is an ongoing debate as to
whether provision of excessive nutrition in critical care patients may cause harmful
effects. Importantly, critical care data cannot be unconditionally transferred to general
medical patients who have a lower severity of illness. This conflicting critical care
data calls for further studies looking into the benefits of nutrition intervention in
general medical patients. Furthermore, the paucity of high-level evidence explains the
lack of strong guideline recommendations for type, caloric and protein amount and
timing of nutritional therapy in medical inpatients.
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Although clinical nutrition is one of the most commonly used interventions in
medicine, there is no standard algorithm for its use in hospitalized general medical
patients. In light of recent evidence from critically ill patients, a re-appraisal of how
nutrition intervention should be used in less critically ill general medical patients is
required. As with use of pharmacotherapy, the selection, timing and doses of nutrition
in hospitalized patients needs evaluation, with the aim of maximizing efficacy and
minimizing iatrogenic toxicity and costs.

As of today, positive effects of providing an early nutritional intervention in
multimorbid general medical patients remain largely unproven. 104 239 Recent studies
from critical care have found contradictory effects of aggressive early feeding and has
challenged the safety of nutrition intervention approach in hospitalized medical
patients.199 Furthermore, nutritional interventions are expensive, time-consuming and
sometimes not beneficial for patients (e.g. use of tube feeding for patients with
dementia).240 241 Therefore, the current approach of provision of nutrition intervention
in medical inpatients needs to be re-evaluated. Previous trials have investigated the
effects of nutritional interventions on selected patient outcomes (e.g. changes in body
weight and nutrition specific quality of life).242 These trials were highly
heterogeneous in terms of study design, patient populations and types of interventions
used. In addition, these trials lacked power to appropriately assess safety and, in
aggregate, produced inconclusive results.51 Not surprisingly, previous meta-analyses
confirm that there is a lack of high quality evidence to endorse or reject nutritional
support in medical inpatients.51 239 242 243 These, meta-analyses, however, did not
specifically focus on the effects of early nutritional therapy in multimorbid,
hospitalized general medical patients. Moreover, these meta-analyses have suggested
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that a short duration of nutrition intervention (e.g. limited to the period of
hospitalization) may not be sufficient to produce a discernible effect on clinical
outcomes like HRQoL. These meta-analyses have suggested that there is a need for
nutrition intervention studies in different patient sub-groups and the future studies
should be of sufficient duration, adequately powered and should focus on specific
clinical outcomes which are relevant to patients (e.g. HRQoL).51 104

Very limited nutrition intervention studies are available in relation to Australian
health care settings and no study has so far been conducted in older general medical
patients. In the current era of economic constraints, the health care providers also
need firm evidence that nutrition intervention is a cost-effective strategy to justify
allocation of limited resources. Clearly this whole area of medical practice will be
bolstered by good evidence of the efficacy of an intervention applied to an inpatient
population of complex often old patients with significant co-morbidities.

2.1 Research Questions

This thesis therefore combines a series of five interconnected studies (Table 9) which
were designed and conducted to address the following research questions:

1. What are the factors responsible for a missed diagnosis of malnutrition in
hospitalized patients?

2. What is the prevalence and clinical consequences of malnutrition in older general
medical patients?
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3. Is MUST a valid nutrition screening tool as compared to PG-SGA in older general
medical patients?

4. What are nutritional and clinical benefits of an early and extended nutrition
intervention in older general medical patients?

5. Is nutrition intervention a cost-effective strategy in older general medical patients?

These studies are now presented as separate research publications all accepted into
and now published in peer-reviewed journals within the period of my enrolment for
this doctoral degree.
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Table 9 Studies included in this thesis
Study

Total number of

Design

Aims

Findings

Prospective

To determine factors responsible for missed

100/205 (50.3%) missed MUST screening. Time of

cross-sectional

malnutrition screening in older general medical

hospital admission and patients’ location in hospital

patients

were found to be significant predictors of malnutrition

participants
1.

205

screening
2.

205

Prospective

Prevalence and consequences of malnutrition in

Prevalence of 53.5% according to PG-SGA.

cross-sectional

older general medical patients

Malnourished patients had significantly longer LOS,
poor HRQoL and had higher mortality within 1 year of
discharge

3.

297

Prospective

To determine whether admission nutrition status

Malnutrition was a significant predictor of readmission

cross-sectional

predicts readmission and death within early (0-7

or death in both early and late periods following

days) or late period (8-180 days) following

hospital discharge

discharge
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Study

Total number of

Design

Aims

Findings

Observational

To test validity of MUST against PG-SGA in

MUST had a sensitivity of 69.7% and specificity of

study

older general medical patients

75.8% against PG-SGA

RCT

To test efficacy of early and extended nutrition

Early and extended nutrition intervention improved

intervention in older hospitalized patients

nutrition status as determined by PG-SGA scores and

participants
4.

5.

132

148

reduced LOS in intervention group.

6.

148

RCT

Health economic evaluation of early and extended

Early and extended nutrition intervention was cost-

nutrition intervention in older hospitalized patients

effective in terms of QALYs gained and produced net
per-patient cost-savings of AU$907 in the intervention
group

MUST, malnutrition universal screening tool; PG-SGA, patient generated subjective global assessment; LOS,
length of hospital stay; HRQoL, health related quality of life; QALYs, quality adjusted life years
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CHAPTER 3: FREQUENCY OF MALNUTRITION
SCREENING AND FACTORS CONTRIBUTING
TO ABSENCE OF MALNUTRITION SCREENING
IN OLDER HOSPITALIZED PATIENTS

This chapter is a co-authored publication accepted in 2016. Please refer to appendix
1.1 for the statement of author contributions.

Sharma Y, Miller M, Shahi R, Hakendorf P, Horwood C, Thompson C. Malnutrition
screening in acutely unwell elderly patients. British Journal of
Nursing.2016;25(18):1006-1014.
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3.1 Abstract

3.1.1 Background
The rate of malnutrition among hospitalized older patients in Australia is 42.3%.
Malnutrition is known to lead to significant adverse outcomes for the patients and
increase hospital costs through increased use of resources.

3.1.2 Aim
This study assessed the frequency of malnutrition screening and investigated factors
associated with a missed opportunity to identify risk and subsequent diagnosis of
malnutrition.

3.1.3 Methods
A prospective cross-sectional study involving 205 general medical patients aged ≥60
years admitted acutely in a tertiary hospital over a period of one year. Patients who
were not screened for risk of malnutrition were noted and all patients underwent
nutritional assessment using the PG-SGA. The researchers assessed demographic data
and performed univariate analysis of factors contributing to the absence of
malnutrition screening.

3.1.4 Results
Ninety-nine patients (49.5%) were screened for malnutrition using the MUST and 100
(50.3%) missed initial nutritional screening (data incomplete for 6 patients). Of those
screened, more were malnourished (n = 64; 61.5%) than those not screened (n = 40;
85

38.5%), P<0.001. There was no significant difference in screening rates over the
weekends and public holidays compared with weekdays (P = 0.14). MUST screening
was less likely to be performed if patients were admitted during night hours (P = 0.03)
and if patients were admitted to an outlier ward location (P = 0.001).

3.1.5 Conclusion
This study indicates common associations that might explain low inpatient screening
rates for malnutrition; these include apparently adequate nutritional status, after hours
hospital admissions and outlier ward locations. Ensuring consistent nutrition
screening with appropriate diagnosis and therapeutic interventions for patients and
educational interventions for staff could pay dividends not only in terms of improved
patient health but also in terms of hospital financial reimbursement.
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3.2 Introduction

Malnutrition is defined as a state of nutrient insufficiency, as a result of inadequate
nutrient intake or inability to absorb or use ingested nutrients.244 Malnutrition is
widely prevalent in hospitalized patients with reported worldwide prevalence rates of
13-78%245 depending on the setting and whether medical or surgical inpatients-one
study in Australia found that overall 42.3% of all inpatients were malnourished,34
while 28% of adults were found to be malnourished at admission in UK. 246
Prevalence of malnutrition is even higher in the elderly population as many changes
associated with ageing, for example, decrease in taste acuity and smell, deteriorating
dental health and decline in physical activity may affect nutrient intake and make this
group more prone to malnutrition.247 248 Malnutrition increases risk of infections due
to impaired immune response, predisposes patients to pressure ulcers, impairs wound
healing, increases risks of falls and is associated with high mortality. 249-251
Complications associated with malnutrition lead to an increased LOS stay with
consequent increased use of health care resources and also lead to frequent
readmissions and increased risk of residential care placement; all with significant
increases in healthcare costs.222 252

In 1974, Butterworth described malnutrition as ‘skeleton in the hospital closet’ as it
often goes undiagnosed and untreated.253 The diagnosis of malnutrition is often
missed in hospitals owing to a number of factors including a lack of knowledge of
malnutrition among health professionals and busy clinical settings with increasing
emphasis on discharging patients home early.254 Eide et al (2015) found that there is a
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lack of clarity whether nutritional screening is the responsibility of the treating
clinician or nurses, and a lack of understanding among health professionals of the
various screening tools available further compounds the problem. 255 Given the high
prevalence of malnutrition in hospitalized patients and a possibility that even patients
with a normal BMI can still be malnourished256 the ASPEN257 has recommended
screening all patients presenting to the hospital for malnutrition by using a valid
screening tool like the MUST.258 If the screening is positive, malnutrition should be
confirmed by a reference assessment tool like the PG-SGA.259

MUST has been validated in a number of clinical settings and is commonly used in
hospitals to screen patients for malnutrition.260 The MUST includes a BMI score, a
weight loss score, and an acute disease score. MUST was designed to identify the
need for nutritional treatment as well as establishing nutritional risk on the basis of
knowledge about the association between impaired nutritional status and impaired
function.129 138 In the absence of a gold standard to diagnose malnutrition, dietitians
commonly use PG-SGA to diagnose malnutrition and initiate appropriate nutritional
intervention. SGA is a method of nutritional assessment based on a medical history
and physical examination, whereby each patient is classified as well-nourished (SGA
A) or suspected of being malnourished (SGA B), or severely malnourished (SGA
C).134 A further development of SGA was the PG-SGA, which incorporates both
nutritional score and global clinical assessment.135 Typical scores range from 0 to 35
with a higher score reflecting a greater risk of malnutrition. It has been demonstrated
to be a valid method of nutrition assessment in a number of patient groups including
hospitalized patients.156 157
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Although hospitals have established nutrition screening protocols in Australia, limited
data is available on the actual nutritional screening rates of elderly hospitalized
patients and the factors that prevent nutrition screening. The present study looked into
the frequency of nutritional screening as well as the associated individual and
environmental factors influencing nutritional screening in older patients admitted to
the general medicine department of a large tertiary care hospital.

3.3 Methods

A total of 205 hospitalized patients were recruited from November 2014 to November
2015. Patients admitted to general medicine wards of Flinders Medical Centre (FMC)
who were eligible for the study based on inclusion and exclusion criteria were
approached and invited to participate in the study. Inclusion criteria were age 60 years
or over admitted to a general medicine ward. Exclusion criteria were patients admitted
purely for palliative purposes, Indigenous Australians, non-English speaking patients
(in both cases due to lack of funds to seek services of an interpreter), those residing
outside metropolitan Adelaide (patients in this study were a part of an intervention
study, which involved a repeat visit at 3 months for another assessment-the long
travel times from rural areas would have posed practical problems) and inability to
obtain valid consent. Ethical approval for the study was obtained from Southern
Adelaide Clinical Human Research Ethics Committee (SAC HREC) approval number
273.14.

In FMC, all patients referred from the emergency department for general medicine
admission are first admitted under the acute medical unit (AMU), which has greater
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staff availability compared to other wards (the AMU is counted as a general medicine
ward). However, if AMU beds are not available then patients may be admitted to the
outlier ward locations, that are not specifically designed or designated for the type of
care general medical patients require. The staff availability in the AMU is greater than
other wards and the clinical needs of general medical patients are better met if they
are placed in the AMU. From AMU patients are either discharged home within 48
hours and those expected to stay longer are transferred under long stay teams.
Potential participants who were admitted to the AMU and general medicine
department of FMC were identified and written informed consent was obtained from
all participants. In the case of dementia/cognitive impairment, consent was obtained
from their legal guardian.

3.4 Data Collection and Measures

Baseline data on demographics and health and medical history was obtained from
medical records and case notes. The completion of MUST was verified from the case
notes. If the MUST was not found, its absence was noted. Each MUST completion, or
lack thereof, was also confirmed with the attending nurse. In FMC, it is a requirement
that all patients who are admitted under general medicine have the MUST completed,
as a part of initial nursing assessment. It is completed electronically and a printed
copy is inserted in the case notes. In patients where the MUST was not completed, a
member of the research team either requested the assessment nurse to perform the
MUST or completed the MUST himself/herself. In those instances, the patient was
categorized for this study as not having had a MUST completed. All patients were
then referred to a research dietitian who was blinded to the MUST nutritional risk
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score and performed the PG-SGA as well as anthropometric measurements to
ascertain nutritional status. The time and day of the week patient got admitted to the
hospital and the time of MUST completion was recorded from the medical records.
Nurses shift hours from 0800-2100 were classified as day shifts and between 21010759 as night shifts. Anthropometric measures included hand grip strength with a
hand held dynamometer in patient’s dominant hand, Mid-upper-arm Circumference
(MUAC) measured at midpoint between acromion process and olecranon), TSF using
calibrated Harpenden skinfold caliper on the right side, and mid-arm muscle
circumference (MAMC) was determined using formula:
MAMC (cm) = MUAC- (0.3142 × TSF (mm)

3.5 Data Analysis

Data analysis was performed using STATA (version 13.1). Descriptive analysis was
conducted for all the demographic variables and categorical variables expressed as
proportions. Data were assessed for normality using the Skewness-Kurtosis test (sk
test). Data are presented as means and standard deviation if normally distributed and
medians and interquartile ranges (IQR) for non-normally distributed variables.
Continuous variables were assessed for statistical significance using t test, if normally
distributed and Mann Whitney U test was used for non-normally distributed variables.
χ2 statistics was used to compare categorical variables. For comparison all patients
with a MUST score of zero (‘low risk’ on the screening tool) were classified as wellnourished and those with MUST score of 1 or more (on the screening tool, 1 is
‘medium risk’ and 2 or more is ‘high risk’); similarly all patients with PG-SGA class
A were classified as well-nourished and those in PG-SGA class B and C as
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malnourished, combining the two classes of ‘suspected to be malnourished’ and
‘severely malnourished’.

3.6 Results

A total 205 patients were enrolled from November 2014 to November 2015 and
complete data were available for 199 patients for analysis. Of these 99 patients
(49.7%) had MUST completed while 100 (50.3%) did not have this initial nutrition
screening performed before researchers’ prompting. According to MUST screening
(including those completed later), 114 (57.3%) patients were found to be
malnourished, while PG-SGA found 106 (53.5%) patients as malnourished. Of those
who initially had nutritional screening performed using MUST (i.e. before
researchers’ prompting), more were malnourished (n = 64; 61.5%) than nourished and
the opposite was true in the group who did not have MUST completed. Of 100
patients who missed nutrition screening by the nursing staff, 40 (40.0%) patients were
confirmed to be malnourished by PG-SGA scoring.

The mean age and other demographic features were not significantly different
between the two groups (MUST-screened and those without a MUST assessment
(Table 10). The anthropometric measures (Table 11) were significantly lower in
patients who had the MUST completed. In other words, those patients who were
thinner and who looked as if they might be malnourished were more likely to be
screened. There was no significant difference in the MUST screening rate over the
weekends and public holidays (26/44; 59.1%) as compared with weekdays (72/154;
46.8%), P = 0.14, (Table 12). MUST screening was more commonly performed on
92

patients admitted during day shifts than on night shift. Significantly higher numbers
of patients were screened if the first ward they entered after leaving the emergency
department (ED) was the AMU (85/142; 59%), as compared with those initially
placed in another ward of the hospital (14/57; 23.7%, P < 0.001). More malnourished
patients (n = 32; 50%) were coded at the time of discharge, if they had initial
nutritional screening performed by MUST as compared to those who missed MUST
screening (n = 12; 30%, P = 0.04).

93

Table 10 Baseline characteristics of patients depending on MUST completion
Parameter

MUST completed

Patient number (%)
Malnourished, n (%)
(by PG-SGA assessment)
Age, median (IQR)
Sex, n (%)
Males
Females
Impaired cognition, n (%)
CCI, mean (SD)
Medications, mean (SD)
Patients on vitamin D/calcium
supplements, n (%)
Principal diagnosis, n (%)
Respiratory
Cardiovascular
Falls
CNS
Miscellaneous
Residence, n (%)
Home
Nursing home
Other
Mobility, n (%)
Independent
Stick
Walking frame
Bedbound

99 (49.7%)
64 (61.5%)

MUST not
completed
100 (50.3%)
40 (38.5%)

< 0.001

82 (74-87)

80.5 (71.5-86)

0.20

41 (41.4%)
58 (58.6%)
2 (2.2%)

30 (30%)
70 (70%)
4 (4%)

0.09

2.2 (1.8)
8.9 (4.6)
40 (54.8%)

2.5 (1.9)
10.1 (4.4)
33 (45.2%)

0.21
0.05
0.28

34 (34.3%)
17 (17.2%)
12 (12.1%)
4 (4.0%)
32 (32.3%)

37 (37%)
9 (9%)
12 (12%)
8 (8%)
34 (34%)

0.41

88 (89.8%)
9 (9.2%)
1 (1%)

88 (88%)
12 (12%)
0

0.64

46 (48.4%)
9 (9.5%)

56 (55.1%)
7 (7.1%)

0.77

37 (39%)
3 (3.1%)

33 (33.7%)
4 (4.1%)

PG-SGA, patient-generated subjective global assessment; IQR, interquartile range; SD,
standard deviations; CCI, Charlson comorbidity illness; MUST, malnutrition universal
screening tool; SD, standard deviation; CNS, central nervous system
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P-value

0.68

Table 11 Anthropometric measures of patients based on MUST completion
Parameter

MUST completed

MUST not
completed

P-value

Weight, median (IQR)

56.8 (49–67)

64.9 (54.2–76)

0.0003

BMI in kg/m2,
median (IQR)

20.5 (18.6–24.3)

24.1 (20.1–27.5)

0.0008

Handgrip strength in kg,
median (IQR)

16 (12–22.8)

16.5 (12–23.5)

0.78

TST in mm,
median (IQR)

10.4 (6.4–17)

14.7 (10.3–19.8)

0.002

MAMC in cm,
median (IQR)

21.5 (18.7–23.5)

23.3 (20.6–25.5)

0.0002

<0.001

Nutrition state according to PG-SGA
Nourished

32 (44.3)

57 (44.7)

Malnourished

64 (51.7)

40 (52.3)

IQR, interquartile range; BMI, body mass index; TST, triceps skinfold thickness;
MAMC, midarm muscle circumference; PG-SGA, patient generated subjective
global assessment

Table 12 MUST completion according to weekday, shift and location
Parameter

MUST
completed
n (%)

MUST not
completed
n (%)

P-value

Weekdays

72 (73.5%)

82 (82.0%)

0.14

Weekend and holidays

26 (26.5%)

18 (18.0%)

Morning shift

74 (74.8%)

60 (60.0%)

Night shift

25 (25.2%)

40 (40.0%)

AMU

85 (85.9%)

57 (57.0%)

Non AMU

14 (14.1%)

43 (43.0%)

32 (50%)

12 (30%)

Malnutrition coding

0.03
< 0.001
0.04

MUST, malnutrition universal screening tool; AMU, acute medical unit
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3.7 Discussion

The present study indicates that nutritional screening is still suboptimal in
hospitalized elderly patients. Only 49.7% of patients aged over 60 years and under the
care of the general medicine department of this hospital were screened for
malnutrition at the time of admission, despite hospital policy that all inpatients be
screened on admission to the ward.

Porter et al261 in their study in Australian hospitals also found low nutritional
screening rates with the highest rate of screening using MUST tool of only 61% and
they highlighted numerous barriers including workload pressures and lack of
awareness among the staff that malnutrition can be a problem in hospitals and lack of
knowledge of the condition as significant factors and suggested need for nursing
leadership role to establish nutrition screening culture among staff. In a study by
Kelly et al116 in a tertiary care hospital in the UK, in both acute medical and surgical
inpatients over the age of 16 years, it was found that 13% of all hospitalized patients
were malnourished and malnutrition diagnosis was left unidentified in 75% of the
patients. The authors highlighted difficulties in obtaining accurate weight and height
as one of the major factors in missed diagnosis.116 In the UK, evidence-based clinical
practice guidelines for nutritional support in adults recommend screening all patients
for malnutrition, as available research indicates that early screening and treatment of
malnourished patients can reduce LOS.262 Studies suggest that hospitalization is
associated with a significant decline in nutritional status due to a number of factors
including catabolic effects of illness, anorexia due to polypharmacy, dislike of
hospital food and ‘nil by mouth’ orders.66 263 A missed diagnosis of malnutrition at
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this crucial phase will often result in patients being discharged in a significant worse
nutritional state than they were at the time of hospital admission. This further
emphasizes the point that clinicians cannot take chances by missing this important but
often hidden diagnosis especially when more than 50% of patients are noted to be at
risk of malnutrition on admission in studies conducted in both UK 143 and Australia.264

This study indicates that nutritional screening was more likely to be performed if the
patient appeared visually malnourished. The median BMI and other nutritional
parameters were significantly higher in patients who missed nutritional screening by
MUST. Raja et al (2008) in their study on nutritional screening in general medical and
surgical patients with age range 14-97 years, also found that to prioritize care in a
busy clinical setting, some judgment is applied by nurses based on weight status and
patients who ‘look healthy’ or obese may be excluded with a false belief that these
patients are unlikely to be malnourished.127

This study also highlights that the physical location of patients in different wards
may influence frequency of nutritional screening. Patients who were admitted to the
AMU had higher MUST completion rates when compared with general medical
patients admitted to other medical and surgical wards in the hospital. This may be due
to more staff availability in AMU compared with the other wards. Studies suggest that
placement of patients in outlier wards that do not offer specialized care may lead to
suboptimal and fractured provision of care.265 266

The data also show that nutritional screening is more likely to occur in day shifts as
compared with night shift hours (after 9 pm). The authors hypothesize that this
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difference could also be due to greater staff availability during day shift hours and
factors such as reluctance to disturb patients during night hours.

The prevalence of malnutrition in this population (determined by PG-SGA) was
53.5%; similar to other inpatient populations.143 The MUST tool delivers a false
negative rate of around 25%.141 This means that of the 40 malnourished patients
originally undetected in this cohort due to absence of a MUST being performed, at
least 30 would have been detected if all patients had had a MUST on admission to the
ward. Targeted intervention to address such unrecognised yet common malnutrition
(and at-risk malnutrition) might improve outcomes in the general medicine inpatient
population.

Recognition of malnutrition is important not only to identify patients who need
immediate intervention but also to identify those who are at risk of malnutrition and
will require close monitoring for future intervention. Recognition and documentation
of malnutrition is also important as it ensures that hospitals receive appropriate
remuneration. As malnourished patients utilize more health resources, early
recognition and targeted treatment may pay dividends in today’s economically
constrained environment and at least in Australia, simply identifying patients as
malnourished generates significant increased reimbursements for the hospitals by the
government. Rowell and Jackson in their study of hospitals in Victoria in 2003-2004
found that after controlling for the underlying condition and treatment administered,
recorded diagnosis of malnutrition was estimated to add AU$1,745 per admission. 114
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3.8 Limitations

The authors acknowledge that this is a single-centre study and that there was an
inability to recruit a significant number of cognitively impaired patients, mainly due
to difficulty in obtaining valid consent. This study is limited to older general medical
patients who typically suffer from multiple clinical problems 267 and the results may
not be applicable to relatively younger sub-specialty patients with single organ
involvement. A major strength of this study is that the research dietitian was blinded
to the screening results and confirmed nutrition status. This study has identified new
factors such as an outlier ward location and nurses’ shift hours as significant
determinants of nutrition screening. If future research confirms this study’s findings
then interventions such as discouraging patients being placed in outlier ward locations
and increase availability of staff after hours can be recommended.

3.9 Conclusion

This study indicates that nutrition screening is still inadequate in hospitalized elderly
patients. Other than having the anthropometric appearance of good nutrition, no
patient characteristic predicted those who would miss out on screening upon
admission. Placing the general medical patient in the correct ward following transfer
from the ED (i.e. the AMU) improved the chances of screening but did not guarantee
it. Patients admitted to the AMU or any other ward during the nightshift were less
likely to be screened.
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Keeping all general medical patients in a dedicated ward, rather than in different
locations in the hospital, may improve nutrition screening and an effort should be
made to screen night-transferred patients in the same way as daytime admissions. This
might require some prior prospective work to determine whether the nutrition
screening omission is cultural (i.e. ward-based or shift-based) or workload-based. The
authors advocate a consistent effort on the part of health professionals to prioritize
nutrition screening as a part of routine patient care and include completion rates of
nutrition screening tools as benchmarks for hospitals’ performance, to address this
common but easily treatable condition
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CHAPTER 4: PREVALENCE AND CLINICAL
CONSEQUENCES OF MALNUTRITION IN
OLDER GENERAL MEDICAL PATIENTS

This chapter is a co-authored publication accepted in 2016. Please refer to appendix
1.2 for the statement of author contributions.

Sharma Y, Thompson C, Shahi R, Hakendorf P, Miller M. Malnutrition in acutely
unwell hospitalized patients – ‘The skeletons are still rattling in the hospital closet”.
The Journal of Nutrition Health and Ageing. 2017;21(10):1210-1215. doi:
10.1007/s12603-017-0903-6.
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4.1 Abstract

4.1.1 Background
Malnutrition is common in hospitalized patients with prevalence rates of up to 30% in
Australian hospitals with adverse consequences for both the patients and health care
services. Despite formulation of nutritional screening protocols, not all hospitalized
patients get nutritional screening. Real life screening rates of hospitalized elderly
patients are unknown.

4.1.2 Aim
The present study explored nutritional screening rates in acutely admitted older
general medical patients admitted in a large tertiary hospital in Australia and
determined how these patients fared depending upon their nutrition status.

4.1.3 Methods
A prospective cross-sectional study involving 205 general medical patients ≥60years
recruited between November 2014 and November 2015. The number of patients who
missed nutritional screening were noted and all patients underwent nutritional
assessment by a qualified dietitian using PG-SGA and HRQoL was measured using
EQ-5D-5L. A survival curve was plotted and a multivariate cox proportional hazard
model was used for analyses and adjusted for confounders.
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4.1.4 Results
Initial nutritional screening by MUST was found to be performed in only 99 (49.7%)
patients. One hundred and six (53.5%) patients were confirmed as malnourished by
the PG-SGA. Malnourished patients had a significantly longer LOS and a worse
HRQoL as compared to the nourished patients. Mortality was significantly higher in
malnourished patients at one year (23 (21.7%) vs. 4 (4.3%); P < 0.001) and cox
proportional hazard model suggests that malnutrition significantly affects survival
even after adjustment for confounders like age, sex, Charlson comorbidity index
(CCI) and polypharmacy (HR 5.32; 95% CI 1.703 – 14.863; P = 0.003).
4.1.5 Conclusion
This study confirms that nutritional screening is still suboptimal in older hospitalized
patients with adverse consequences and suggests need for review of policies for
improvement in screening practices.
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4.2 Introduction

Malnutrition is defined as a state of nutrient insufficiency, as a result of inadequate
nutrient intake or inability to absorb or use ingested nutrients.244 268 Malnutrition is
widely prevalent in hospitalized patients with reported worldwide prevalence rates of
13-78% depending upon the type of setting.245 In Australia, a retrospective analysis
from two hospitals in New South Wales, found that 30% of patients were
malnourished and 53% of patients were at risk of malnutrition. 36 Malnutrition is
associated with adverse clinical outcomes, as it increases risk of infections due to
impaired immune response, predisposes patients to pressure ulcers, impairs wound
healing, increases risk of falls and is associated with high mortality. 249-251 269
Malnutrition also adversely impacts health care services as it is associated with
increased LOS, increased utilization of health care resources, frequent readmissions
and increased risk of placement with consequent increase in costs. 222 252 270 271

Malnutrition is often described as a ‘skeleton in the hospital closet’ as it often goes
under diagnosed and under treated.253 Diagnosis of malnutrition is often missed in
hospitals due to a number of factors including low awareness of malnutrition, busy
clinical settings with increasing emphasis on discharging patients home early, lack of
clarity as to whether nutritional screening is a responsibility of the treating clinician or
nurses and lack of understanding of the various available screening tools. 255
Historically, diagnosis of malnutrition is made by the examining clinician based on
the history of weight loss and clinical examination but given the high prevalence of
malnutrition in hospitalized patients and a possibility that even patients with a normal
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or high BMI272 can still be malnourished or at high risk of malnutrition, experts have
now recommended screening all patients presenting to the hospital for malnutrition by
using a valid screening tool like the MUST and then if the screening is positive to
confirm by a reference assessment tool like the PG-SGA.

MUST has been validated in a number of clinical settings and is commonly used in
hospitals to screen patients for risk of malnutrition. The MUST includes a BMI score,
a weight loss score, and an acute disease score. The MUST is designed to identify
need for nutritional treatment as well as establishing nutritional risk on the basis of
knowledge about the association between impaired nutritional status and impaired
function.129 138 273 It has been documented to have a high degree of reliability (low
inter-observer variation) with a k = 0.88-1.00.274 SGA55 is a method of nutritional
assessment based on a medical history and physical examination, whereby each
patient is classified as well-nourished (SGA A) or suspected of being malnourished
(SGA B), or severely malnourished (SGA C).134 A further development of SGA is
the scored PG-SGA, which incorporates score as well as global assessment. 152 Typical
scores range from 0 to 35 with a higher score reflecting a greater risk of malnutrition.
It has been demonstrated to be a valid method of nutrition assessment in a number of
patient groups.156 157

Although nutritional screening protocols have been established in hospitals, limited
data is available in Australia, looking into actual nutritional screening rates of elderly
hospitalized patients and how these malnourished patients fare as compared to
nourished patients during their hospital journey and upon discharge from hospital.
The present study looked into the nutritional screening rate and clinical outcomes
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associated with a dietitian-supported diagnosis of malnutrition in acutely unwell older
patients admitted to a large tertiary hospital.

4.3 Methods

A total of 205 hospitalized patients were recruited from November 2014 to November
2015. These patients are participants in an RCT (registration number
ACTRN1261400083362) investigating the cost effectiveness of an extended
ambulatory nutritional intervention in patients who are discharged from acute care.
All patients admitted to general medicine wards of FMC who were eligible for the
study based on inclusion and exclusion criteria were approached and invited to
participate in the study. Inclusion criteria were age ≥60 years admitted under general
medicine ward and exclusion criteria were palliative patients, Indigenous, nonEnglish speaking patients, residing outside metropolitan Adelaide and inability to
obtain valid consent. Ethical approval for the study was obtained from the Southern
Adelaide Human Research Ethics Committee (SA HREC) approval number 217.14.

4.3.1 Procedure

Potential participants who were admitted to the AMU and general medicine wards of
FMC were identified and an information package about the study was provided and
explained to the participants, and written informed consent was obtained from all
participants. In case it was found that participants had dementia/cognitive impairment,
then consent was obtained from their legal guardian.
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4.3.2 Data Collection and Measures

Baseline data on demographics and health and medical history was obtained from
medical records and case notes. The MUST score was obtained from the case notes,
where available. In FMC, it is expected that all patients who are admitted under
general medicine have the MUST completed, as a part of initial nursing assessment
electronically and a hard copy is inserted in the case notes. Where MUST was not
found in the case notes, it was taken into account and a member of the research team
either asked the assessment nurse to perform MUST or completed the MUST
himself/herself. All consenting patients were then referred to a research dietitian, who
was blinded to the MUST nutritional risk score and performed PG-SGA as well as
anthropometric measurements including hand grip strength with a hand held
dynamometer in the patient’s dominant hand, MUAC (measured at midpoint between
acromion process and olecranon), TSF using a calibrated Harpenden skinfold caliper
on the right side and MAMC was determined using the formula MAMC: MUAC (0.3142 × TSF (mm) = in cm.

A HRQoL questionnaire using the Australian version of EQ-5D-5L was also
completed to assess impact of nutritional status on quality of life. EQ-5D-5L was
developed jointly by a group of European-based researchers with the intent of
constructing a simple, self-administered instrument that provides a composite index
score representing the preference for a given health state.182 The EQ-5D-5L consists
of two parts: the health state descriptive system and visual analogue rating scale
(VAS).275 The descriptive system records the level of self-reported problems on each
of five dimensions (mobility, self-care, usual activities, pain/discomfort,
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anxiety/depression). For each dimension the respondent is asked to choose between
five options: no problem, some problem, moderate problem, extreme problem or
unable to perform. Respondents then describe their own health status using a 20cm
VAS with endpoints labeled “best imaginable health state” and “worst imaginable
health state” anchored at 100 and 0, respectively.183

4.3.3 Data Analysis

Data analysis was performed using STATA (version 13.1). Descriptive analysis was
conducted for all the demographic variables and categorical variables expressed as
proportions. Data are presented as means, unless otherwise specified. Data were
assessed for normality using the sk test. To describe patient characteristics according
to malnutrition risk, comparisons were made using t test for two independent samples
and rank sum (Mann Whitney U-test) if data were skewed. Proportions were
compared using χ2 statistics or Fisher’s exact test. For comparison all patients with a
MUST score of zero were classified as nourished and those with MUST score of ≥1
as malnourished. Similarly, all patients with PG-SGA class A were classified as
nourished and PG-SGA class B and C as malnourished.

Investigating the association between malnutrition status and LOS is problematic
since those who die earlier on in the follow-up period may, by definition, have a
lower LOS. Therefore LOS was adjusted for in-hospital mortality. In order to account
for the source of cofounding, a Cox proportional hazards model was used with death
as the censoring variable and the model was adjusted for the covariates — age,
gender, CCI and total number of medications. The covariate of interest is the effect of
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nutritional status on survival status so the survival plot displaying the cumulative
survival function on a linear scale and PG-SGA category and the associated hazard
ratios from the cox regression are presented. Statistical significance was defined as P
≤ 0.05.

4.4 Results

A total 205 patients were enrolled from November 2014-November 2015 and
complete data was available for 199 patients for analysis. Initial nutrition screening by
MUST was found to be performed in 99 (49.7%) of patients while 100 (50.3%)
missed MUST screening by nursing staff but had MUST screening subsequently
performed by research staff. Ninety-two (46.5%) patients were confirmed to be wellnourished and 106 (53.5%) as malnourished by PG-SGA while MUST screening
found 85 (42.7%) as well-nourished and 114 (57.3%) as malnourished. Malnourished
patients were significantly older than well-nourished patients with a mean age of 81.6
(SD 8.5) years and 77.3 (SD 8.4) years respectively and both groups had more
females, similar number of co-morbidities, similar CCI and were on polypharmacy
but more nourished patients 62 (68.1%) were on Calcium and Vitamin D supplements
(Table 13). Residential status of the majority of the patients prior to acute admission
was home but more well-nourished patients were independent in mobility. The most
common presenting diagnosis was respiratory illness and the next most common
presentation was miscellaneous problems like sepsis (n = 29; 31.9%). Anthropometric
and laboratory parameters of patients in the two groups are shown in (Table 14).
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Table 13 Baseline Demographics of patients n=199
Nourished

Malnourished

P value

PG-SGA Diagnosis, n (%)

92 (46.5%)

106 (53.5%)

MUST Screening, n (%)

85 (42.7%)

114 (57.3%)

Significant (>5%) weight loss, n (%)

20 (38.7%)

63 (44.3%)

< 0.001

Age, mean (SD)

77.3 (8.4)

81.6 (8.5)

= 0.004

Males

34 (50.0%)

34 (50.0%)

= 0.47

Females

58 (44.6%)

72 (55.4%)

Normal

90 (97.8%)

102 (96.2%)

Impaired

2 (2.2%)

4 (3.8%)

Home

83 (90.2%)

92 (86.8%)

Nursing Home

8 (8.7%)

14 (13.2%)

Other

1 (1.1%)

0

No. of comorbidities, mean (SD)

6.2 (2.9)

6.3 (2.9)

= 0.94

CCI, mean (SD)

2.5 (1.9)

2.3 (1.9)

= 0.43

Independent

59 (64.8%)

41 (40.2%)

= 0.002

Stick

8 (8.8%)

7 (6.9%)

Walking frame

22 (24.2%)

48 (47.1%)

Bedbound

2 (2.2%)

6 (5.8%)

No. of Medications, mean (SD)

9.4 (4.7)

9.6 (4.5)

= 0.77

Vitamin D/Calcium supplements, n (%)

62 (68.1%)

63 (59.4%)

= 0.20

Respiratory

34 (37.4%)

36 (33.9%)

= 0.41

Cardiovascular

9 (9.9%)

16 (15.1%)

Falls

11 (12.1%)

12 (11.3%)

CNS

8 (8.8%)

4 (3.8%)

Miscellaneous

29 (31.9%)

38 (35.8%)

32 (35.9%)

64 (61.5%)

Sex, n (%)

Cognition, n (%)
= 0.51

Residential Status, n (%)
= 0.35

Mobility, n (%)

Principal Diagnosis, n (%)

MUST completion rate at admission,

= 001

n (%)
PG-SGA, patient-generated subjective global assessment; MUST, malnutrition universal screening
tool; SD, standard deviation; CCI, Charlson comorbidity index; CNS, central nervous system
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Table 14 Anthropometric and Laboratory parameters of Nourished and
Malnourished patients confirmed by PG-SGA
Nourished

Malnourished

P value

72.3 (18.5)

56.7 (13.3)

< 0.001

BMI in kg/m , mean (SD)

25.3 (6.5)

20.6 (5.10 )

< 0.001

Handgrip strength in kg, mean (SD)

19.7 (8.2)

16.3 (7.5)

< 0.001

MAC in cm, mean (SD)

29.7 (5.0)

24.7 (4.2)

< 0.001

TST in mm, mean (SD)

19.1 (9.8)

11.1(5.9)

< 0.001

MAMC in cm, mean (SD)

23.8 (3.9)

21.4 (3.3)

< 0.001

PG-SGA score, mean (SD)

5.5 (2.9)

13.3 (4.8)

< 0.001

Albumin in g/L, mean (SD)

35.2 (8.2)

33.4 (19.3)

= 0.01

Hemoglobin in g/L, mean (SD)

124.04 (18.3)

122.03 (21.0)

= 0.47

CRP in mg/L, mean (SD)

48.9 (68.9)

50.3 (62.0)

= 0.97

Weight in Kg, mean (SD)
2

SD, standard deviation; BMI; body mass index; MAC, midarm circumference; TST, triceps
skinfold thickness; MAMC, midarm muscle circumference; PG-SGA, patient generated
subjective global assessment; CRP, c-reactive protein

The median (IQR) LOS was significantly longer in malnourished patients compared
to well-nourished patients: 8.2 (4.2 – 14.2) versus 3.4 (2.1 – 16.6) (P < 0.001), (Table
14). Malnourished patients had significantly lower HRQoL as indicated by median
(IQR) EQ5D index (0.742 (0.533 – 0.8655) vs. 0.801 (0.651 – 0.892); P = 0.02) but
there was no statistically significant difference in the mean (SD) VAS scores (57.9
(19.1) vs. 60.3 (20.8); P = 0.40), in malnourished and well-nourished patients
respectively. Malnourished patients had significantly more nosocomial complications
and the overall in-hospital mortality was 3.4% (n = 7) and all deaths occurred in the
malnourished group. Within a year of discharge, an additional 16 malnourished
patients had died, an additional 15.2% of the original cohort, producing a cumulative
mortality of 23 (21.7%) at 1 year after discharge (Table 15) and (Figure 4).
Multivariate Cox proportional hazard model (Table 16) suggests that malnourished
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patients have a significantly worse survival even after adjustment for confounders like
age, sex, CCI and total number of medications (HR 5.32; 95% CI 1.703 - 14.863), (P
= 0.003). Readmission rate was higher in malnourished patients at day 7, 28 and 180
but this was not statistically significant (Table 15).

Table 15 Clinical Outcome comparison between Nourished and Malnourished
patients
Nourished

Malnourished

P value

LOS, median (IQR

5.0 (2.9 – 7.9)

8.2 (4.2 – 14.5)

< 0.001

EQ5D-5L index,

0.801 (0.651 – 0.892)

0.742 (0.533 – 0.8655)

= 0.002

16 (17.4%)

36 (33.9%)

= 0.008

In-hospital mortality, n (%)

0

7 (6.6%)

< 0.001

Mortality at 1-year, n (%)

4 (4.3%)

23 (21.7%)

< 0.001

Readmission at 7 days, (%)

2 (2.2%)

8 (7.5%)

= 0.08

Readmissions at 28 days, (%)

10 (10.9%)

17 (16.0%)

= 0.29

Readmission at 90 days, (%)

23 (25.0%)

35 (33.0%)

= 0.21

median (IQR)
Nosocomial complications, n
(%)

LOS, length of hospital stay; IQR, interquartile range; EQ5D-5L, European quality of life
questionnaire 5 dimensions 5 level

Table 16 Univariate and multivariate analysis of survival with Cox proportional
hazard regression model
Univariate analysis

Multivariate analysis

HR (95% CI)

P value

HR (95% CI)

P value

Malnourished (PG-SGA)

5.755 (1.9868 – 16.667)

0.001

5.032 (1.703 – 14.863)

0.003

Age

1.043 (0.997 – 1.091)

0.066

1.028 (0.980 – 1.078)

0.256

Female sex

0.874 (0.412 – 1.851)

0.726

0.842 (0.377 – 1.883)

0.677

CCI

1.042 (0.869 – 1.251)

0.651

1.014 (0.836 – 1.231)

0.882

No. of medications

1.040 (0.962 – 1.125)

0.318

1.038 (0.955 – 1.128)

0.372

HR, hazards ratio; CI, confidence interval; PG-SGA, patient generated subjective global
assessment; CCI, Charlson comorbidity index
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Figure 4 Kaplan-Meier survival curves showing survival difference between
nourished and malnourished patients

4.5 Discussion

The present study indicates that nutritional screening is still suboptimal in our
hospitals as only 49.7% of patients presenting to general medicine department of our
hospital were routinely screened for malnutrition at the time of admission. Porter et al
in their study in Australian hospitals also found low nutritional screening rates with
the highest rate of screening using the MUST tool of only 61% and they highlighted
numerous barriers including workload pressures and lack of awareness among the
staff as significant factors and suggested need for a nursing leadership role to
establish nutrition screening culture among staff.276 In the UK, evidence based clinical
practice guidelines for nutritional support in adults recommend to screen all patients
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for malnutrition, as available research indicates that early screening and treatment of
malnourished patients can reduce LOS.277 Studies suggest that hospitalization is
associated with a significant decline in nutritional status due to a number of factors
including catabolic effects of illness, anorexia due to polypharmacy, dislike for
hospital food, nil per oral orders and a missed diagnosis of malnutrition at this crucial
phase often results in patients being discharged with a significantly worse nutritional
state than they were at the time of hospital admission, which further justifies that we
cannot take chances by missing this important but often hidden diagnosis.66 263

Our study indicates that malnourished patients’ median LOS was about five days
longer than of well-nourished patients which significantly increases hospital costs.
Kyle et al in their study in hospitalized patients also found a significant association
between increased LOS and high risk MUST score.141 Similarly Correia and
Waitzberg in their study in hospitalized patients found significantly longer LOS in
malnourished patients (mean 16.7 days vs. 10.1 days) with a significant increase in
hospital costs for care of malnourished patients.40

Our study shows that there was a significantly higher mortality among malnourished
patients at 1-year even after adjusting for confounders like age, sex, CCI and
polypharmacy. The Kaplan Meier survival graph (Figure 4) suggests that mortality
begins to increase within the first few weeks after discharge from hospital and this
emphasizes the need for an early nutritional intervention, preferably beginning when
the patient is still in the hospital. Our results are similar to Lim et al who found that
malnutrition was a significant predictor of mortality at 1-year with an adjusted
relative risk of death more than three times that of well-nourished patients.62
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Our study also confirms that older malnourished patients have relatively poor
HRQoL167 with a median EQ-5D-5L index of 0.742 as compared to nourished
patients who had higher median EQ-5D-5L index of 0.801, which was statistically
significant. Our results are similar to Rasheed and Woods, who in their study in older
hospitalized patients also found in general low HRQoL in hospitalized patients with
malnourished patients experiencing a significantly lower HRQoL compared to wellnourished patients in both physical and mental dimensions of EQ-5D.278 Food and
eating are essential for health and inability to eat as a result of loss of appetite,
digestive problems or swallowing difficulties affect HRQoL and these problems may
be a significant contributor to a low HRQol in unwell hospitalized older patients.279
The beneficial effects of nutritional intervention gains further significance as there is
a correlation between nutrition deficiencies and cognitive decline in the elderly and
recent nutritional intervention studies has shown positive preliminary results on
cognitive outcomes.280

4.6 Limitations

We acknowledge that this is a single centre study and we were not able to recruit a
significant number of cognitively impaired patients, mainly due to difficulty in
obtaining valid consent. This study is limited to general medical patients with
multiple clinical problems and we cannot generalize our results to sub-specialty
patients with single organ involvement. A major strength of our study is however that
nutritional status was confirmed by a research dietitian, who was blinded to the
screening results using a validated and commonly accepted nutrition assessment tool.
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4.7 Conclusion

Our study confirms poor health outcomes in acutely unwell older hospitalized general
medical malnourished patients and more than half of these patients typically remain
undiagnosed and thus miss any opportunity to receive a nutritional intervention. This
is an area of concern and indicates lack of adherence to already established nutritional
screening protocols and guidelines. We suggest a multidisciplinary approach led by
clinicians, nurses and dietitians to address this problem. We suggest educating
clinicians and nurses on a regular basis, to reinforce hospital nutritional screening
programs and inclusion of MUST in medical and nursing assessment and discharge
tools as well as regular audits to check MUST completion rate to address this
common but easily treatable condition.
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CHAPTER 5: MALNUTRITION AND ITS
ASSOCIATION WITH READMISSION AND
DEATH IN EARLY AND LATE PERIOD
FOLLOWING HOSPITAL DISCHARGE

This chapter is a co-authored publication accepted November 2017. Please refer to
appendix 1.3 for the statement of authorship.
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5.1 Abstract

5.1.1 Objective
The relationship between admission nutritional status and clinical outcomes following
hospital discharge is not well established. This study investigated whether older
patients’ nutritional status at admission predicts unplanned readmission or death in the
very early or late periods following hospital discharge.

5.1.2 Design, Setting and Participants
The study prospectively recruited 297 patients ≥60 years old who were presenting to
the general medicine department of a tertiary care hospital in Australia. Nutritional
status was assessed at admission by using the PG-SGA tool and patients were
classified as either nourished (PG-SGA class A) or malnourished (PG-SGA classes B
and C). A multivariate logistic regression model was used to adjust for other
covariates known to influence clinical outcomes and to determine whether
malnutrition is a predictor for early (0-7days) or late (8-180 days) readmission or
death following discharge.

5.1.3 Outcome measures
The impact of nutritional status was measured on a combined endpoint of any
readmission or death within 0-7 days and between 8-180 days following hospital
discharge.

118

5.1.4 Results
Within seven days following discharge, 29 (10.5%) patients had an unplanned
readmission or death whereas an additional 124 (50.0%) patients reached this
combined endpoint within 8-180 days post-discharge. Malnutrition was associated
with a significantly higher risk of combined endpoint of readmissions or death both
within seven days (OR 4.57; 95% CI 1.69 – 12.37, P < 0.001) and within 8-180 days
(OR 1.98; 95% CI 1.19 – 3.28, P = 0.007) following discharge and this risk remained
significant even after adjustment for other covariates.

5.1.5 Conclusions
Malnutrition in older patients at the time of hospital admission is a significant
predictor of readmission or death both in the very early and in the late periods
following hospital discharge. Nutritional state should be included in future riskprediction models.
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5.2 Introduction

Recent decades have witnessed a vast improvement in life expectancy, leading to an
increasing number of older patients with multiple chronic problems. While the
number of beds for acute patients has declined, unplanned hospital admissions have
increased, particularly among the elderly.281 Older patients with multiple comorbid
illnesses experience poor clinical outcomes after hospital discharge, including
recurrent unplanned readmissions and mortality.282 Adverse outcomes following
discharge may be indicative of unresolved acute illness, ongoing chronic illness and
the development of new medical problems or gaps in outpatient care. 283-285 Although
adverse outcomes following discharge are not totally preventable, studies suggest that
targeted intervention such as improved discharge planning with a focus on transitional
care services may provide beneficial results.286

The likelihood of an unplanned admission is highest in the immediate post-discharge
period.287 There may be advantages in predicting readmissions that occur shortly after
discharge. However, most studies have only assessed readmission patterns within 30
days of discharge, and few studies have examined readmission patterns up to 180
days post-discharge.288 Graham et al. have suggested that different risk factors may be
responsible for very early and late readmissions and that each type of readmission
needs differently targeted interventions that can only be implemented in advance if
predictive factors are identified.289

Readmission and mortality risk prediction is a complex endeavor and remains poorly
understood. A recent meta-analysis of 26 -readmission risk-prediction models for
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medical patients tested in a variety of populations and settings was used for
comparing different hospitals and the appropriate applications of transitional care
services; the analysis found these models had a poor predictive ability and suggested a
need for high-quality data sources that include clinically relevant variables. 290 None
of the studies included in this meta-analysis considered patients’ nutritional status
during index admission as a determinant of readmissions.

Studies suggest that up to 30% of hospitalized patients may be malnourished at the
time of admission and that malnutrition has a negative impact on convalescence and
reduces resistance to future infections and diseases causing poor clinical outcomes. 36
291 292

However, few studies have assessed the association between nutritional status at

admission and clinical outcomes in the very early and the late periods following
hospital discharge. Furthermore, most of these studies are retrospective, and the use of
a comprehensive nutritional assessment tool, like the PG-SGA, to diagnose
malnutrition is rare. Therefore, this study was designed to determine whether
nutritional status at admission, as diagnosed by a qualified dietitian using PG-SGA,
influences a combined clinical outcome of readmission or mortality within seven days
and between 8-180 days following hospital discharge and whether malnutrition could
be used as one of the predictors of early and late readmissions and death.

5.3 Methods

5.3.1 Study design and population
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This prospective cohort study, included patients ≥60 years of age admitted to the
department of general medicine of a large tertiary care hospital in Australia (FMC,
520 beds), between August 2014 and March 2016. The exclusion criteria were refusal
or inability to give informed consent, patients referred to palliative care and nonEnglish-speaking patients, who were excluded due to a lack of funds to hire an
interpreter. Ethical approval was obtained from Southern Adelaide Human Research
Committee (SA HREC; approval number 273.14-HREC/14/SAC/282) on 21 July
2014. The required sample size for this study, calculated on the basis of a previous
study289 showing early readmission rate of 7.8%, was estimated at five hundred and
sixty nine patients but insufficient resources led to the recruitment of only two
hundred and ninety seven patients.

5.3.2 Outcomes

The study’s primary outcome was a combined endpoint of either the first unplanned
readmission to any of the acute-care hospitals in the state of South Australia or death,
within 0-7 days and between 8-180 days after hospital discharge. In this study,
unplanned readmission was defined as any unscheduled hospitalization to any
hospital in the state of South Australia that was not for a planned investigation (e.g.,
elective endoscopy) or non-emergent treatment (e.g., planned drug infusion). The
primary endpoint of readmissions or deaths were recorded from a central computer
database, which captures these events for all state hospitals.
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5.3.3 Nutritional status assessment

After obtaining written informed consent from patients, it was ensured that nutrition
screening with MUST had been performed. It is a standard policy in our hospital to
screen all patients with MUST at the time of admission. MUST includes a BMI score,
a weight loss score, and an acute disease score and classifies patients as low,
moderate or high risk of malnutrition.143 Following this all participating patients were
then referred to a qualified dietitian for confirmation of their nutritional status by PGSGA. The PG-SGA157 generates a numerical score while also providing an overall
global rating divided into three categories: well-nourished (PG-SGA A), moderately
malnourished or suspected of being malnourished (PG-SGA B) or severely
malnourished (PG-SGA C). For each PG-SGA component, points (0-4) are awarded
depending on the impact on nutritional status. Component scores are combined to
obtain total scores that range from 0-35 with scores ≥7 indicating a critical need for
nutritional intervention and symptom management.94 The three different dietitians
who were involved in the assessment of nutritional status using the PG-SGA received
training prior to the study’s commencement. The PG-SGA classes were divided into
two categories by combining PG-SGA classes B and C into the malnourished
category for easily interpreting patients as nourished (PG-SGA class A) and
malnourished (PG-SGA classes B and C). Furthermore, PG-SGA scores were split
into a categorical variable with a PG-SGA score of <7, indicative of no critical need
for nutrition intervention and ≥7, indicating critical need for intervention.
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5.3.4 Covariates

Several known variables that can influence outcomes after hospital discharge were
recorded at the baseline. Sociodemographic data, number of hospitalizations during
the six months before index admission (current hospital admission) and clinical
information were recorded at the baseline. Comorbidity was assessed with the CCI,
and the total number of medications were recorded at the time of admission. HRQoL
was assessed using the EQ-5D 5L questionnaire, a simple, self-administered
instrument which is able to distinguish between 3,125 states of health. 180 A UKspecific algorithm developed using time-trade-off techniques was used to convert the
EQ-5D 5L health description into a valuation ranging from -0.281 to 1.293 A VAS
score, which provides an unweighted measure of HRQoL, can also be calculated from
the questionnaire. The main diagnosis of index admission was retrieved from medical
records and divided into seven categories according to the system affected: respiratory
disease, cardiovascular disease, (3) neuropsychiatric disease, gastrointestinal disease,
(5) falls, renal disease, and (7) miscellaneous diseases, including infections. The index
admission’s acuity was gauged from the total number of medical emergency response
team (MET) calls and the number of hours spent in the ICU. LOS was determined
from the day of admission to the day of discharge. The study recorded any unplanned
hospital presentations to any of the hospitals in South Australia within 0-7 days and
between 8-180 days after hospital discharge, as well as any recorded deaths at the
same time points, using the central hospital computer database.
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5.5 Statistics

Demographic variables were assessed for normality using sk test. Data are presented
as mean or median (IQR), and student t-test and rank-sum tests were applied as
appropriate. Categorical variables are expressed as frequency and percent and
compared using Pearson’s χ2 or Fisher’s exact test as appropriate.
Univariate logistic regression was used to assess the association between nutritional
status and the combined end point of unplanned readmission or death within seven
days and between 8-180 days post-discharge. In a multivariate logistic regression
analysis, the relationship between readmission/death and nutrition status at admission
was adjusted for other variables: age, gender, CCI, principal diagnosis at presentation,
number of medications at admission, LOS, number of medical emergency response
team calls during index admission and total number of hours spent in the ICU.
Variance inflation factor and tolerance values were used to detect collinearity between
variables included in the model.294 A link test was used to confirm that the linear
approach to model the outcome was correct. Model fit was assessed using the
Hosmer-Lemeshow goodness-of-fit test. A Kaplan Meier survival curve was plotted
from time of discharge to the first onset of any of the primary outcomes to detect
proportion of patients who did not experience the primary outcome. A Log rank test
was used to compare survival proportions in the nourished and malnourished groups.
A two-sided P < 0.05 was considered to indicate statistical significance. All analysis
was performed using STATA version 13.1 (StataCorp, College Station, Texas, USA).
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5.6 Results

This study recruited 297 patients, and nutrition status, as determined by PG-SGA, was
available for 277 patients. Mean age was 80.3 years (SD 8.7, range 60 – 97) with 178
(64.3%) of the patients being females and the majority of patients came from home.
There was no difference in the nutrition status between males and females (mean PGSGA score 9.7 (SD 5.8) vs. 9.2 (SD 5.3), P = 0.44) in males and females respectively)
and the nutrition status of patients who came from a nursing home was similar to
those who came from home (mean PG-SGA score 9.0 (SD 4.5) vs. 9.4 (SD 5.6), P =
0.70) in nursing home and patients from home, respectively). Patients had multiple
comorbidities (mean number of comorbidities 6.2, SD 2.7, range 0 – 16), and the
mean CCI was 2.3 (SD 1.8). The median LOS for the index hospitalization was 7
(IQR 3.4 – 14.6) days. Within seven days after discharge, 29 (10.5%) patients had an
unplanned readmission or death (primary endpoint). Among the 29 patients who had
the primary endpoint within seven days, 13 (44.8%) had been admitted prior to the
index admission. The primary endpoint occurred in 124 (50.0%) patients within 8-180
days post-discharge and 69 (55.7%) of these patients had been admitted in the six
months prior to the index admission. Patients who were malnourished at the time of
index admission were significantly older (P = 0.001), had lower quality of life (P =
0.03) and stayed longer (P = 0.02) in the hospital as compared to the nourished
patients. Respiratory illness, miscellaneous diseases including sepsis and
cardiovascular diseases were the three main diagnoses during index hospitalization
with 86 (28.9%), 67 (22.6%) and 55 (18.5%) cases, respectively.
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5.6.1 Association of malnutrition with very early and late unplanned readmissions
and mortality

Table 17 shows the baseline characteristics according to the occurrence of combined
endpoint of readmission or death within 0-7 days and 8-180 days of discharge,
respectively. Malnutrition risk, as determined by the MUST score, and the
classification of patients as being malnourished per PG-SGA class were significantly
higher in subjects who developed the combined endpoint both within 0-7 days (83%
vs. 51%) and 8-180 (60% vs. 43%) days post-discharge (P < 0.05). Similarly, a
significantly higher proportion of patients who were in critical need of nutrition
therapy (as indicated by PG-SGA score of ≥ 7) at the time of index admission
suffered the combined endpoint both within 0-7 days (P = 0.002) and 8-180 days (P =
0.02) following hospital discharge (Table 17).

Table 17 Baseline characteristics according to primary endpoint
(readmission/death) at 0-7 days and 8-180 days post-discharge
Readmission/death

No

Readmission/

No

within 0-7 days

readmission/death

death

readmission/death

(n = 29)

within 0-7 days

within 8-180

within 8-180 days

(n = 248)

days

(n = 124)

(n = 124)
P value

P value

Age, mean (SD)

81.2 (7.6)

80.2 (8.8)

0.74

80.3 (8.6)

80.0 (9.0)

0.77

Female sex, n (%)

13 (44.8)

165 (66.5)

0.02

80 (64.5)

85 (68.5)

0.50

Total comorbidities, mean

6.8 (3.0)

6.1 (2.7)

0.20

6.6 (2.9)

5.7 (2.5)

0.012

CCI, mean (SD)

2.8 (2.1)

2.2 (1.8)

0.09

2.4 (1.8)

2.1 (1.8)

0.16

Total medications, mean

9.1 (4.5)

9.6 (4.4)

0.56

10.3 (4.5)

8.9 (4.2)

0.007

13 (44.8)

72 (29.0)

0.34

33 (26.6)

39 (31.5)

0.02

(SD)

(SD)
Principal diagnosis at index
admission, n (%)
Respiratory
CVS
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Readmission/death

No

Readmission/

No

within 0-7 days

readmission/death

death

readmission/death

(n = 29)

within 0-7 days

within 8-180

within 8-180 days

(n = 248)

days

(n = 124)

(n = 124)
Neuropsychiatric

6 (20.7)

44 (17.7)

28 (22.6)

16 (12.9)

GIT

2 (6.9)

23 (9.3)

11 (8.9)

12 (9.7)

Falls

2 (6.9)

17 (6.9)

11 (8.9)

6 (4.8)

Renal

0

21 (8.5)

4 (3.2)

17 (13.7)

Miscellaneous

0

16 (6.5)

6 (4.8)

10 (8.1)

6 (20.7)

55 (22.2)

31 (25.0)

24 (19.4)

13.3 (6.7 - 35.9)

6.8 (3.2 - 13.7)

7.9 (3.6 -

5.7 (3.1 - 11.5)

0.11

LOS, median (IQR)

0.004

15.2)
MUST

scorea,

mean (SD)

1.9 (1.4)

1.1 (1.2)

0.001

1.3 (1.3)

0.9 (1.2)

0.03

Nourished

5 (17.2)

121 (48.8)

0.001

50 (40.3)

71(57.3)

0.008

Malnourished

24 (82.8)

127 (51.2)

74 (59.7)

53 (42.7)

Patients with PG-SGA ≥7,

25 (86.2)

142 (57.3)

0.002

80 (64.5)

62 (50.0)

0.02

EQ-5D indexc, mean (SD)

0.678 (0.226)

0.709 (0.222)

0.49

0.700 (0.229)

0.717 (0.217)

0.31

VASd,

55.2 (17.1)

59.5 (20.1)

0.28

55.9 (20.4)

62.8 (18.1)

0.24 (1.0)

0.13 (0.4)

0.38

0.10 (0.32)

0.15 (0.53)

0.95

4.3 (19.3)

1.9 (13.4)

0.53

2.3 (15.5)

1.5 (11.0)

0.62

Nutrition status PG-SGAb,
n (%)

n (%)
HRQoL, mean (SD)

mean (SD)

Total MET calls, mean
(SD)
Total ICU hours, mean
(SD)

SD, standard deviation; CCI, Charlson comorbidity index; CVS, cardiovascular; GIT, gastrointestinal; LOS, length
of hospital stay; IQR, interquartile range; MUST, malnutrition universal screening tool; PG-SGA, patient
generated subjective global assessment; HRQoL, health related quality of life; EQ-5D, European quality of life 5
dimension; VAS, visual analogue scale; MET, medical emergency team; ICU, intensive care unit
aHigher MUST score indicates high risk for malnutrition, bPG-SGA class dichotomized to PG-SGA A (nourished)
and PG-SGA B and C (malnourished), cHigher EQ-5D index indicates better HRQoL, dHigher VAS indicates
better HRQoL
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Table 18 Unadjusted and adjusted odds ratios (OR) and 95% confidence
intervals (95% CI) for early readmission/death (0-7days)

Variable

Unadjusted

P value

Adjusted

P value

OR (95% CI)a

OR (95% CI)
Malnourished

4.57 (1.69 – 12.37)

0.001

5.01 (1.69 – 14.75)

0.009

Age

1.00 (0.96 – 1.05)

0.73

1.00 (0.94 – 1.05)

0.80

Female sex

0.42 (0.19 – 0.89)

0.03

0.42 (0.17 – 1.04)

0.06

Total comorbidities

1.08 (0.95 – 1.23)

0.25

1.15 (0.96 – 1.38)

0.13

CCI index

1.16 (0.96 – 1.40)

0.12

1.08 (0.84 – 1.39)

0.55

Medications during

0.97 (0.88 – 1.05)

0.47

0.91 (0.81 – 1.02)

0.12

LOS of index admission

1.03 (1.01 – 1.04)

0.001

1.03 (1.00 – 1.05)

0.02

Admission in last 6

0.77 (0.53 – 1.12)

0.13

0.66 (0.27 – 1.58)

0.35

Reference (Resp.

-

-

-

-

illness)

0.63 (0.23 – 1.75)

0.38

0.63 (0.20 – 2.04)

0.44

CVS

0.61 (0.16 – 2.32)

0.48

0.34 (0.06 – 1.93)

0.23

CNS

0.54 (0.13 – 2.59)

0.44

0.42 (0.07 – 2.36)

0.33

GIT

-

-

-

-

Falls

-

-

-

-

Urinary

0.61 (0.23 – 1.61)

0.31

0.35 (0.11 – 1.12)

0.07

1.03 (0.99 – 1.02)

0.56

1.01 (0.97 – 1.05)

0.63

1.55 (0.95 – 2.54)

0.08

0.84 (0.31 – 2.22)

0.72

index admission

months prior to index
admission
Principal diagnosis
index admission

Miscellaneous

ICU hours during index
admission
Total MET calls index
admission

a

Odds ratio determined using multivariable logistic regression (using early/late readmissions as
outcome variable)
CI, confidence interval; CCI, Charlson comorbidity illness; LOS, length of hospital stay; CVS,
cardiovascular; CNS, central nervous system; GIT, gastrointestinal; ICU, intensive care unit;
MET, medical emergency team
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Malnutrition was associated with a higher risk of the combined endpoint of
readmissions and death within seven days after discharge (OR 4.57; 95% CI 1.69 –
12.37; P < 0.001) (Table 18). After adjusting for covariates, including age, gender,
CCI, LOS, number of medications, principal diagnosis at current admission and hours
spent in the ICU during index admission, the association was even stronger for the
combined end-point (OR 5.01; 95% CI 1.69 – 14.75; P = 0.009) (Table 18).

Similarly, between 8-180 days post-discharge, malnourished patients had higher odds
to have a combined end point of readmission and death (OR 1.98; 95% CI 1.19 –
3.28, P = 0.007), and this remained significant even after adjustment for the above
covariates (OR 1.97; 95% CI 1.12 – 3.47, P = 0.002) (Table 19). The P-value for the
Hosmer-Lemeshow goodness-of-fit was > 0.05 for both the adjusted models,
indicating a good fit. The variance inflation factors and tolerance were near 1.00 for
all variables, excluding significant collinearity. The link test confirmed that the linear
approach to model the outcomes was correct. The Kaplan Meier survival curve
(Figure 5) shows that the nourished group had significantly fewer readmissions and
deaths at 180 days than the malnourished group (log rank χ2 = 11.4, P < 0.001).

Table 19 Unadjusted and adjusted odds ratios (OR) and 95% confidence
intervals (95% CI) for late readmission/death (8-180days)
Variable

Unadjusted

P value

Adjusted

P value

OR (95% CI)a

OR (95% CI)
Malnourished

1.98 (1.19 – 3.28)

0.007

1.97 (1.12 – 3.47)

0.009

Age

1.00 (0.98 – 1.03)

0.81

1.00 (0.97 – 1.03)

0.94

Female sex

0.86 (0.51 – 1.44)

0.56

0.93(0.52 – 1.66)

0.83

Total comorbidities

1.14 (1.04 – 1.25)

0.006

1.07 (0.95 – 1.22)

0.30

CCI index

1.11 (0.97 – 1.28)

0.13

1.03 (0.86 – 1.23)

0.85

Medications during index

1.08 (1.02 – 1.14)

0.008

1.05 (0.98 – 1.12)

0.17
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Variable

Unadjusted

P value

Adjusted

P value

OR (95% CI)a

OR (95% CI)
admission
LOS of index admission

1.01 (0.99 – 1.02)

0.45

1.01 (0.99 – 1.02)

0.52

Admission in last 6

1.55 (0.96 – 2.53)

0.07

1.38 (0.79 – 2.40)

0.26

Reference (Resp. illness)

-

-

-

-

CVS

1.58 (0.75 – 3.27)

0.22

2.06 (0.91 – 4.70)

0.08

CNS

1.09 (0.44 – 2.71)

0.85

1.12 (0.41 – 3.04)

0.81

GIT

2.03 (0.71 – 5.73)

0.18

1.91 (0.58 – 6.28)

0.29

Falls

0.26 (0.08 – 0.85)

0.03

0.26 (0.07 – 0.89)

0.03

Urinary

0.83 (0.28 – 2.41)

0.72

0.71 (0.21 – 2.32)

0.57

Miscellaneous

1.40 (0.70 – 2.79)

0.34

1.36 (0.63 – 2.92)

0.44

ICU hours during index

0.99 (0.98 – 1.01)

0.53

1.01 (0.98 – 1.03)

0.64

0.76 (0.41 – 1.39)

0.36

0.66 (0.32 – 1.34)

0.25

months prior to index
admission
Principal diagnosis index
admission

admission
Total MET calls index
admission

a

Odds ratio determined using multivariable logistic regression (using early/late readmissions as
outcome variable)
CI, confidence interval; CCI, Charlson comorbidity illness; LOS, length of hospital stay; CVS,
cardiovascular; CNS, central nervous system; GIT, gastrointestinal; ICU, intensive care unit;
MET, medical emergency team
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Figure 5 Kaplan-Meier survival curve for combined outcome in nourished and
malnourished

5.7 Discussion

The present study’s results indicate that malnutrition at admission, as determined by
the PG-SGA, was a significant predictor of a combined end-point of readmission or
mortality in older general-medical patients, during both the early and late periods after
hospital discharge. Malnutrition was associated with an almost four-fold increased
risk of readmission or mortality within seven days after discharge, and the risk almost
doubled between 8-180 days after discharge. Malnutrition remained a significant
predictor even after adjustment for other covariates that could have influenced the
clinical outcome.

One appealing explanation for these results is that the acute condition responsible for
the index admission weakens the patient’s overall health, and malnutrition further
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compounds this problem with a consequent higher risk of complications or
exacerbations of previously stable comorbidities.295 The post-discharge period is a
fragile period, referred to as –‘post-hospital syndrome’.296 This syndrome has been
described as a period of vulnerability due to impaired physiological systems, depleted
reserves, and lower body resistance against health threats, on top of the recent acute
illness responsible for the index admission. The current study’s results introduce
another dimension to this theory: impaired nutritional status may play a significant
role in the post-discharge period beyond seven days. The acute illness and the stress
of the index admission may exacerbate malnutrition, possibly inducing a relapse or
predisposing the patient to new acute illnesses that increase the risk of readmission or
mortality.297 298

The present study’s results are in line with Mogensen et al., who found that
malnourished patients who survived intensive care admission had higher 90-day
mortality (OR 3.72; 95% CI 1.2 - 6.3) and that malnutrition was a significant
predictor of their 30-day unplanned hospital readmission.299 Studies in heart-failure
patients have suggested that malnutrition may contribute to the progression of the
underlying heart disease due to low-grade inflammation leading to poor outcomes and
was a significant predictor of readmissions.103

Older general-medical patients are known to have substantial long-term morbidity and
mortality. Known risk factors for adverse events following discharge include multiple
comorbidity, severity of index admission and institutional care rather than domiciliary
care.282 300 Hospital readmissions represent a multifaceted problem that require a
better understanding.295 Presumably there are other unknown factors that influence
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patient outcomes after discharge. The present study illustrates that early and late postdischarge patient outcomes appear to be associated with the presence of malnutrition
during admission. While causation cannot be inferred from an observational study, the
malnutrition-post-discharge outcome has biological plausibility.

To date, no study has included nutritional status in the development of a predictive
tool for readmissions and this area needs further research. Studies do suggest that
nutritional intervention initiated early during hospitalization, by providing highenergy protein supplements with a continuation post-hospital discharge, does have a
favorable impact on nutritional parameters and reduces the length of hospital stay;
however, its impact on mortality and readmissions is unclear, and such an
intervention may be too late for some.104 301 While the ideal intervention to improve
nutritional status in hospitalized patients has yet to be identified, the solution may lie
in recognizing and managing malnutrition in the community before any hospital
admission.51

5.8 Limitations

This study has several limitations. First, it is a single-centre study in a tertiary care
hospital. The case mix of patients discharged from this hospital may differ from that
of other hospitals; thus, the results may not be generalizable particularly to
community hospitals, although it is likely to be similar to other academic hospitals in
Australia. The study was unable to adjust its analysis for functional status or other
factors, such as appropriateness of drugs, clinical stability at discharge or social
factors that might influence readmission. This study involved older general-medical
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patients who frequently suffer from multiple comorbidities, and our results may not
be applicable to relatively younger sub-specialty patients with single organ system
involvement.

One of the study’s strengths is that it was a prospective study and that the malnutrition
diagnosis was confirmed by a dietitian using a comprehensive nutrition assessment
tool. The study also assessed all readmissions in all state hospitals, unlike some other
studies that were only able to capture readmissions to a single hospital.

5.9 Implications

This study has several implications. Transitions of care should focus not only on the
acute condition but also on the patient’s nutritional status, because the latter may
increase the risk of readmission or death. There is a need for future well-designed
studies to examine the beneficial effects of an intervention targeting malnutrition and
whether this intervention prevents readmissions and mortality. In the interim,
nutritional intervention should be most effective if begun early during admission and
it should be continued in the community following discharge by referral to either a
community dietitian or follow-up at an outpatient dietetic clinic. Overall, public
health policies to optimize nutrition of those over 60 years of age may result in a
reduction in health-care utilization.
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5.10 Conclusion

Impaired nutritional status at admission predicts poor clinical outcomes in both early
and late post-discharge periods as determined by readmissions and mortality in older
general-medical patients and a targeted nutritional intervention may prove beneficial
in malnourished patients.
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CHAPTER 6: VALIDITY OF MUST AGAINST PGSGA IN GENERAL MEDICAL PATIENTS

This chapter is a co-authored publication accepted in 2017. Please refer to appendix
1.4 for the statement of authorship.

Sharma Y, Thompson C , Kaambwa B, Shahi R, Miller M. Validity of the
Malnutrition Universal Screening Tool in Australian hospitalized acutely unwell
patients. Asia Pacific Journal of Clinical Nutrition. 2017;26:994-1000. doi:
10.6133/apjcn.022017.15.
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6.1 Abstract

6.1.1 Background
MUST is a commonly used nutritional screening tool in hospitalized patients. Very
few studies have validated MUST against a reference assessment tool in older
hospitalized patients.

Aims
In the present study, we aimed to validate the MUST for nutritional screening in
acutely hospitalized older general medical patients against a reference assessment tool
– PG-SGA.

6.1.2 Methods
One hundred and thirty two patients recruited as part of an ongoing randomized
control trial, looking into cost effectiveness analysis of an extended ambulatory
nutritional intervention in patients discharged from acute care contributed data for this
analysis. In addition to performance of MUST and PG-SGA the following nutritional
parameters were measured: weight loss >5% in previous 3-6 months, handgrip
strength, TST, MAC and MAMC. HRQoL was determined using the EuroQoL
Questionnaire

(EQ-5D-5L).

Sensitivity,

specificity,

predictive

values

and

concordance were calculated to validate MUST against PG-SGA.

6.1.3 Results
MUST when compared to PGSGA gave a sensitivity of 69.7%, specificity of 75.8%,
positive predictive value of 75.4%, negative predictive value of 70.1% and kappa
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statistics showed 72.7% agreement (k = 0.49) for detecting malnutrition. The MUST
score had significant inverse correlation with body mass index, TST and MAMC but
not with Handgrip strength. Malnourished patients (PG-SGA class B/C) were found
to have a significantly worse HRQoL.

6.1.4 Conclusion
This is the first study to demonstrate that MUST can be confidently administered
with respect to validity in acutely hospitalized older general medicine patients to
detect malnutrition. In this study, significant weight loss in the preceding 3-6 months
does seems to have validity, which was almost comparable to MUST, to predict risk
of malnutrition and further research is needed to verify this finding.
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6.2 Introduction

Malnutrition is common in the older population and its prevalence depends upon the
clinical setting, ranging from 10-30% in the community to as high as 70% in the acute
care settings.302 Diagnosis of malnutrition is often missed in hospitalized patients due
to a number of factors including lack of awareness of this condition among medical
and nursing staff, low priority given other medical conditions, lack of understanding
of available screening tools and also time-poor clinicians in busy acute care
settings.274 Further to this, factors such as cognitive impairment, the number of
comorbidities and altered taste sensation make older patients an even more vulnerable
group.303 304

It is well established that malnutrition is associated with adverse clinical outcomes for
patients including a longer LOS, higher number of nosocomial complications during
hospitalization, increases risk for infections, higher number of falls and leads to a high
morbidity and mortality.77 305-307 Given the high prevalence of malnutrition in
hospitalized patients, experts have recommended screening all patients for
malnutrition by using a valid nutrition screening tool.141 245 If the patient is found to
be at risk of malnutrition, practitioners must confirm with a more extensive nutritional
assessment tool such as the PG-SGA, and then initiate an individualized nutrition care
plan.146 The PG-SGA is a version of SGA designed for the nutritional assessment of
oncology patients and is dependent on information received from the patient.
Nutrition screening aims to identify patients who are malnourished or at significant
risk of malnutrition, and patients identified at risk are further referred for an in-depth
nutritional assessment.308 In the last couple of decades, a number of screening tools
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have become available and the Malnutrition Universal Screening Tool developed by
British Association for Parenteral and Enteral Nutrition (BAPEN) is a rapid screening
tool which has been found to have content validity (comprehensiveness of the tool),
face validity (issues which are relevant to the purpose of the test) and internal
consistency.131 309 The MUST was primarily developed for use in the community and
includes a BMI score, a weight loss score, and an acute disease score. 126 A total
MUST score of 0 indicates low risk, 1 indicates medium risk, ≥2 indicates high risk of
malnutrition.137 MUST is designed to identify need for nutritional treatment, as well
as establishing nutritional risk on the basis of knowledge about the association
between impaired nutritional status and impaired function.129 138 It has been
documented to have a high degree of reliability (low inter-observer variation) with a k
= 0.88-1.00.274 This tool has recently been extended to other health care settings,
including hospitals, where again it has been found to have excellent inter-rater
reliability with other tools (k ≥ 0.783), and predictive validity (LOS, mortality in
elderly wards, and discharge destination in orthopedic patients). 274

The SGA is a method of nutritional assessment based on a medical history and
physical examination, whereby each patient is classified as well-nourished (SGA A)
or suspected of being malnourished (SGA B), or severely malnourished (SGA C). 134
It has been validated against objective parameters, measures of morbidity and quality
of life and has a high degree of inter-rater reliability.151 309 310 A further development
of SGA is PG-SGA, which incorporates a score in addition to global assessment.
Please refer to section PG-SGA for further details.
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In the absence of a ‘gold standard’ for diagnosing malnutrition it is difficult to
establish the validity of nutrition screening tools.309 So far only one study275 has
verified MUST against PG-SGA in radiation oncology patients and no published
study has confirmed the validity of MUST against PG-SGA in older general medical
patients. This study was carried out to verify the validity of the MUST against PGSGA in detecting malnutrition in acutely hospitalized older general medical patients
admitted to a large Australian tertiary care hospital.

6.3 Materials and Methods

A total of 132 hospitalized patients were recruited from November 2014 to August
2015.

These

patients

are

participants

in

an

RCT

(registration

number

ACTRN1261400083362) investigating the cost effectiveness of an extended
ambulatory nutritional intervention in patients who are discharged from acute care.
Patients admitted to general medicine wards of FMC were conveniently sampled and
screened for eligibility for study participation, based on certain inclusion and
exclusion criteria. Inclusion criteria were age ≥60 years admitted under general
medicine ward and exclusion criteria were palliative patients, Indigenous, nonEnglish speaking patients or residing outside metropolitan Adelaide and also patients
who were unable to give a valid consent. Ethics approval for the study was obtained
from Southern Adelaide Human Research Ethics Committee on 21 st July 2014 (No.
273.14-HREC/14/SAC/282).
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6.3.1 Procedure

Potential participants who were admitted to the general medicine wards of Flinders
Medical Centre were identified and an information package about the study was
provided and explained to the participants. Written informed consent was obtained
from all participants or legal guardians (if participants had dementia/cognitive
impairment).

6.3.2 Data Collection and Measures

Baseline data on demographics, health and medical history was obtained from
medical records and case notes. The following demographic characteristics of patients
were recorded: age, sex, pre-hospital residential status, and mobility at the time of
admission. Clinical characteristics recorded were: principal presenting diagnosis,
number of co-morbidities, CCI, number of medications and vitamin and calcium
supplementation. The MUST score was obtained from the case notes, where
available. In Flinders Medical Centre, it is expected that all patients who are admitted
under general medicine have the MUST completed electronically, as a part of initial
nursing assessment, and a hard copy is inserted in the case notes. Where MUST was
not found in the case notes, a member of the research team either asked the
assessment nurse to perform MUST or completed the MUST themselves. All
consenting patients were then referred to a research dietitian who was blinded to the
MUST nutritional risk score and performed PG-SGA, as well as anthropometric
measurements, including hand grip strength with a hand held dynamometer in
patients’ dominant hand, MUAC measured at midpoint between acromion process
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and olecranon using a steel measuring tape, TSF using calibrated Harpenden skinfold
caliper on the right side and MAMC was determined using formula MAMC = MUAC
- (0.3142 × TSF (mm) = in cm. The PG-SGA was scored consistent with the
literature.311 The EuroQoL EQ-5D-5L questionnaire was also completed by all
participants, to assess the impact of nutritional status on HRQoL. Please refer to
section EQ-5D-5L for further details.

6.4 Data Analysis

Data analysis was performed using STATA (version 13.1). Descriptive analysis was
conducted for all the demographic variables. Sensitivity, specificity and positive and
negative predictive values were calculated to determine whether the MUST is a valid
nutritional screening tool among hospitalized older general medical patients.
Sensitivity is defined as the percentage of malnourished patients correctly identified
by the MUST and specificity is the percentage of well-nourished patients correctly
identified by MUST. Predictive values are the likelihood that the MUST correctly
predicts the presence or absence of malnutrition, compared to PG-SGA. A receiver
operating characteristic curve (ROC)312 interpreted relative areas under the curves,
and kappa statistics were used to determine the proportion of agreement between the
MUST and PG-SGA. The value of kappa varies from 0 to 1, with a value of <0.20 =
poor, 0.20 to 0.40 = fair, 0.41 to 0.60 = moderate, 0.60 to 0.80 = substantial, and
>0.81 = perfect agreement.313 Statistical significance was reported at the P value <
0.05 (two tailed). For comparison, all patients with a MUST score of 0 were classified
as nourished and those with a score of ≥1 were classified as malnourished. Similarly
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patients who were PG-SGA class A were classified as well-nourished and PG-SGA
class B and C as malnourished.

6.5 Results

The mean age of participants was 79.5 years (range 60 – 97, SD 9) with the majority
being female (n = 83; 62.9%) and living at home (n = 118; 90.1%) (Table 20). The
mean number of co-morbidities was 6.2 (range 0 – 15; SD 2.94) and mean CCI was
2.3 (range 0 – 9; SD 1.9). More than half of the participants (n = 64; 50.8%) needed
some sort of support (stick or walking frame) for mobilization and 2 (1.6%) were bed
bound while 60 (47.6%) participants were independent in mobility (Table 20). The
mean number of medications was 8.7 (range 0 – 23; SD 4.4) and 51 (38.6%) of
participants were on Vitamin D and calcium supplementation. The majority of
participants presented with a principal diagnosis of respiratory illness (n = 47; 35.6%)
with 19 (14.3%) presenting with falls and another 46 (34.8%) had miscellaneous
diagnoses including sepsis (Table 20). Sixty-seven (51.2%) patients were found to
have had an initial MUST screening performed at the time of admission. Table 21
describes that according to PG-SGA, 66 patients (51.6%) were malnourished and 62
(48.4%) were well-nourished, while MUST found 65 (49.2%) patients as
malnourished and 67 (50.8%) well-nourished (Table 21). The median LOS of
participants was 5.5 days, and malnourished patients stayed 4.5 days longer than
nourished patients with P<0.001 (Table 21). EQ-5D-5L utility scores were
significantly lower in malnourished patients compared with well-nourished patients,
with median EQ-5D-5L index of 0.697 (IQR 0.501 – 0.838) in malnourished and
0.804 (IQR 0.656 – 0.899) in well-nourished patients with p = 0.004 (Table 21).
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Table 20 Participant demographic, health and physical characteristics (n = 132)
Characteristics

Mean (range) (SD)

Demographic characteristics
Age in years, mean (SD)

79.5 (60 – 97) (SD 8.6)

Sex (women), n (%)

83 (62.9%)

Residential status, n (%)
Home

118 (90.1)

Nursing Home

12 (9.2)

Others

1 (0.8)

Mobility, n (%)
Independent

60 (47.6%)

Stick

11 (8.7%)

Walking frame

53 (42.1%)

Bed bound

2 (1.6%)

Health characteristics
Admission diagnosis, n (%)
Respiratory disease

47 (35.6%)

Cardiac problem

11 (8.3%)

Falls

19 (14.4%)

CNS disease

9 (6.8%)

Other

46 (34.9%)

No of co-morbidities, mean (SD)

6.2 (0 – 15) (2.9)

CCI index, mean (SD)

2.4 (0 – 9) (1.9)

Patients on vitamin D/calcium, n (%)

51 (38.6)

MUST tool completion at admission, n (%)

67 (51.2%)

Physical assessments according to gender
Weight in kg, mean (SD)
73.3 (42.1 – 130) (19.4)

Men

60.6 (35 – 117.5) (15.9)

Women
2a

BMI in kg/m , mean (SD)
Men

24.2 (14.6 – 42.3) (6.1)

Women

23.9 (14.3 – 44.5) (5.7)

Handgrip strength, kga, mean (SD)
Men

25.3 (11.5 – 44.5) (8.1)

Women

14.6 (2 – 27.5) (5.4)
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Characteristics

Mean (range) (SD)

TST in mma, mean (SD)
Men

12.4 (3.7 – 33.2) (6.6)

Women

17.9 (3.4 – 46.7) (10.2)

MUAC in cm, mean (SD)
Men

28.1 (20.4 – 40.4) (5.5)

Women

26.4 (17.9 – 37.8) (4.6)

MAMC in cm, mean (SD)
Men

24.2 (18.1 – 35.6)

Women

21.0 (14.9 – 28.7) (3.0)

EQ-5D-5L indexa, median (IQR)
Men

0.704 (0.185 – 1) (0.211)

Women

0.700 (0.030 – 1) (0.200)

SD, standard deviation; CCI, Charlson comorbidity index; CNS, central nervous system; MUST,
malnutrition universal screening tool; BMI, body mass index; TST, triceps skinfold thickness,
MUAC, midupper arm circumference, MAMC, midarm muscle circumference, EQ-5D-5L,
European quality of life 5 dimensions 5 level

Table 21 Characteristics of nourished and malnourished patients
Nourished

Malnourished

P value

PG-SGA n (%)

62 (48.4%)

66 (51.6%)

MUST n (%)

65 (49.2%)

67 (50.8%)

LOS (days) median (IQR)

3.5 (2.5 - 11)

8 (4 - 14)

< 0.001

EQ-5D-5L index

0.697 (0.501 - 0.838)

0.804 (0.656 - 0.899

= 0.004

(median) (IQR)

PG-SGA, patient generated subjective global assessment; MUST, malnutrition; LOS, length of hospital stay
universal screening tool; IQR, inter quartile range; EQ-5D-5L, European quality of life questionnaire 5
dimensions 5 level

Table 22 describes that MUST results, when compared with PG-SGA, showed that
46 patients (69.6%) were correctly classified as malnourished (true positive) and 47
patients (70.1%) were correctly classified as well-nourished (true negative). In
contrast, 15 (22.3%) were wrongly classified as malnourished (false positive) and 20
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patients (33.3%) were wrongly classified as well-nourished despite being identified as
malnourished by PG-SGA. When compared with PG-SGA, MUST had a sensitivity
of 69.7% and specificity of 75.8% with a positive predictive value of 75.4% and a
negative predictive value of 70.1% and an area under the ROC curve of 0.73,
indicating good agreement (Figure 6). Kappa statistics showed 72.7% agreement with
k = 0.45, P<0.001 indicating good agreement between the MUST and PG-SGA.
Eighty-one patients (62.3%) lost less than 5% weight in the preceding three to six
months and 49 (37.7%) had more than 5% weight loss. More patients 38 (58.5%)
patients, who were classified as malnourished by PG-SGA, lost more than 5% weight
as compared with 27 (41.5%), who lost less than 5% weight (P < 0.001). Kappa
statistics showed 70.8% agreement (k = 0.42; P<0.001) and the area under the ROC
curve was 0.71(Figure 6), indicating a good agreement between percent weight loss
and nutritional status as measured by the PG-SGA.

Table 22 Nutrition risk compared with Nutrition status (PG-SGA)
PG-SGA

MUST
Positive (at risk)

Negative (not at risk)

Total

Malnourished

46 (true positive)

20 (false negative)

66

Well-nourished

15 (false positive)

47 (true negative)

62

Total

61

67

128

PG-SGA, patient generated subjective global assessment; MUST, malnutrition universal screening tool
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Figure 6 Receiver operating characteristic (ROC) curve agreement between
MUST and PG-SGA and between weight loss and PG-SGA

6.6 Discussion

The current study demonstrated the validity of MUST compared with a reference
nutrition assessment using PG-SGA in older acutely unwell patients in general
medical units of a large tertiary hospital. The MUST tool was shown to be reasonably
effective in identifying patients at risk of malnutrition, when compared with PG-SGA
with a sensitivity of 69.7%, a specificity 75.8%, a positive predictive value 75.4% and
a negative predictive value of 70.1%. Additionally, kappa statistics demonstrated
good agreement: kappa = 0.45, P < 0.001.

There are few studies comparing MUST with PG-SGA in acutely hospitalized
patients with multiple co-morbid illnesses. Boleo-Tome et al,275 in their study on
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cancer patients undergoing radiotherapy, compared MUST with PG-SGA and found
significant agreement with a k = 0.86 and higher sensitivity (80%) and specificity
(89%), indicating high performance and strong capacity to effectively detect patients
at nutrition risk, however, they included only cancer patients with a wide age range,
18-95 years. Stratton et al in their study in hospitalized general medical patients found
excellent agreement (k = 0.783) between the MUST and SGA (two category) in
newly admitted patients, although the investigator did not categorize any patients into
the malnourished group when using SGA,309 however we cannot apply these validity
results to PG-SGA as this study used SGA for comparison.

Undernutrition is often overlooked in hospitalized patients, despite adoption of strict
guidelines to screen all patients for malnutrition. In our study, MUST was expected to
be completed on all patients but actual completion rate was only 51.2%, highlighting
that malnutrition screening is still suboptimal. Missed diagnosis of malnutrition is not
only detrimental for patient care but is also costly for hospitals as malnutrition is
considered as a comorbidity or complication under the AR-DRG classification system
for case mix-based funding.222 Gout et al in their study in Australian hospitalized
patients, found poor recognition and documentation of malnutrition with only 15% of
malnourished patients correctly diagnosed with consequent substantial shortfall of
AU$1,850,540 in reimbursements in one financial year.255
Our study confirms that malnourished patients have significantly increased LOS and
MUST screening may be useful to predict hospital LOS, as malnourished patients
stayed 4.5 days longer than well-nourished patients. Kyle et al, in their study in
hospitalized patients, also found significant association between increased LOS and
high risk MUST score.141 Similarly, Correia and Waitzberg, in their study in
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hospitalized patients found significantly longer LOS in malnourished patients (mean
16.7 days vs 10.1 days) with significant increase in hospital costs for care of
malnourished patients.40

The MUST does not need time-consuming calculations, incorporates objective and
subjective clinical parameters reflecting changes in nutritional status and unlike PGSGA, can be used by any trained professional without nutritional expertise. 131 309 Our
study found statistically significant inverse correlations between the MUST score and
anthropometric measures like BMI, TST and MAMC, indicating that MUST score
predicts fat and lean body mass. Both lean body mass and fat mass are measures of
nutritional status, with lean body mass a reliable indicator of muscle mass, whereas
fat mass reflects energy storage.314 Noori et al, in their study on maintenance
hemodialysis patients, found that higher fat mass in both males and females and
higher lean body mass in females were associated with greater survival. 314
Anthropometric measurement may offer an alternative method of assessing nutritional
status in those patients, where height and weight are difficult to assess and have been
shown to be significant predictors of mortality in older people.315 316

We also found that a history of significant weight loss (≥5% weight loss) in the
preceding three to six months had a good correlation with the nutritional status, with a
ROC area 0.71 against PG-SGA, which almost matches the MUST tool. Boleo-tome
et al, in their study on cancer patients also found that percent weight loss is a valid
and reliable nutrition parameter when compared to the PG-SGA, with a high
sensitivity,

specificity,

positive

and

negative

predictive

values

to detect

undernourished patients.275 The use of weight loss has, however, been questioned in
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the past given the influence of many non-nutritional factors and because many
patients may not remember their weight in the recent past. 317 Further research is
needed to confirm this finding, as a history of significant weight loss may be a useful
marker of malnutrition and may solely be used to classify patients as malnourished,
especially in busy acute care settings, where there is reluctance to perform screening
tool tests.

Our study found overall low HRQoL in hospitalized elderly patients with a mean EQ5D-5L score of 0.70, compared to 0.80 (mean EQ-5D-3L) in the general
population.318 Furthermore, malnourished patients had statistically significantly worse
HRQoL compared to well-nourished patients (median EQ-5D-5L scores: 0.697 versus
0.804). Our results are similar to Rasheed and Woods, who in their study on older
hospitalized patients also found in general low HRQoL in hospitalized patients, with
malnourished patients experiencing a significantly lower HRQoL compared to wellnourished patients in both physical and mental dimensions of EQ-5D-3L.278 Food and
eating are essential for health and inability to eat as a result of loss of appetite,
digestive problems or swallowing difficulties affect HRQoL and these problems may
be a significant contributor to a low HRQol in unwell hospitalized elderly patients. 279

A major strength of our study was that the research dietitian who conducted PG-SGA
was blinded to the nutritional status of the participants based on MUST score and this
may have removed bias to score patients based on a subjective component of PGSGA. In addition, our study was one of the first comparing MUST and PG-SGA
among older hospitalized general medical patients with multiple co-morbid illnesses,
as there have not been many studies among this nutritionally vulnerable group. A

152

major limitation of our study is that we were not able to recruit a significant number
of patients who were cognitively impaired or had dementia, mainly due to difficulty
in obtaining consent and also as our study included elderly general medical patients
with multiple clinical problems, our findings cannot be generalized to younger
patients or those admitted to sub-specialties with single organ involvement. Further
studies are needed to verify our findings in this group of patients. We also
acknowledge that this is a single centre study limited to acutely unwell older patients,
and are results are not applicable to relatively stable medical or surgical patients.

6.7 Conclusion

Our study indicates that MUST is a reasonably good screening tool as compared with
PG-SGA among older acutely unwell general medical patients, and malnutrition
screening is still suboptimal in hospitalized patients, leading to a significant number
patients being discharged with a missed diagnosis of malnutrition. Our research
suggests that despite establishment of hospital policies, MUST screening is still suboptimal and this deficiency needs to be addressed as this could pay dividends in terms
of improved quality of care. We suggest further studies to confirm our findings and
further efforts should be made to screen all patients for malnutrition.
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CHAPTER 7: INVESTIGATIONS OF THE
BENEFITS OF EARLY MALNUTRITION
SCREENING WITH TELEHEALTH FOLLOW UP
IN ELDERLY ACUTE MEDICAL ADMISSIONS
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7.1 Abstract

7.1.1 Background
The benefit of providing early nutrition intervention and its continuation postdischarge in older hospitalized patients is unclear. This study examined efficacy of
such an intervention in older patients discharged from acute care.

7.1.2 Methods
In this RCT, 148 malnourished patients were randomized to receive either a nutrition
intervention for three months or usual care. Intervention included an individualized
nutrition care plan plus monthly post-discharge telehealth follow-up whereas control
patients received intervention only upon referral by their treating clinicians. Nutrition
status was determined by the PG-SGA tool. Clinical outcomes included changes in
LOS, complications during hospitalization, HRQoL, mortality and re-admission rate.

7.1.3 Results
Fifty-four males and 94 females (mean age, 81.8 years) were included. Both groups
significantly improved PG-SGA scores from baseline (a reduction in PG-SGA score
indicates improvement in nutritional status). There was no between- group differences
in the change in PG-SGA scores and final PG-SGA scores were similar at three
months 6.9 (95% CI 5.6 – 8.3) vs. 5.8 (95% CI 4.8 – 6.9), (P=0.09), in control and
intervention groups respectively. Median total LOS was 6 days shorter in the
intervention group (11.4 (IQR 16.6) vs. 5.4 (IQR 8.1); P = 0.01). There was no
significant difference in complication rate during hospitalization, HRQoL and
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mortality at 3-months or readmission rate at 1, 3 or 6 months following hospital
discharge.

7.1.4 Conclusion
In older malnourished inpatients, an early and extended nutrition intervention showed
a trend towards improved nutrition status and significantly reduced LOS.
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7.2 Introduction

Malnutrition is widely prevalent in older hospitalized patients with reported
prevalence rates of 62.9% in Spain319 and 32% according to a nutritional status survey
across 56 hospitals, in acute care settings in Australia and New Zealand. 320 Older
patients are more prone to malnutrition due to in general a higher number of comorbidities321 and changes unique to ageing, such as decrease in senses of taste and
smell322 which decreases the flavor of food and loss of dentition which limits food
intake.323 Nutrition status deteriorates during hospital admission and a recent study
suggests that 20% patients who stayed in hospital for more than a week had further
nutritional decline.324 The deterioration of nutritional status during hospital admission
is due to a number of factors including higher protein catabolism325, anorexia
associated with inflammation326, polypharmacy, nil per oral orders pending
investigations and dislike for hospital food.57 327 328 This often leads to patients being
discharged in rather a worse nutritional and functional state than at the time of
hospital admission. Malnutrition is undeniably associated with adverse clinical
outcomes both for the patients in terms of higher morbidity and mortality78 and for the
health care delivery in terms of higher costs of managing these patients mainly due to
increased LOS and increased risk of residential care placement.329 Data regarding
nutritional supplementation in malnourished patients with chronic diseases are
inconclusive due to methodological differences in the studies, and hence the benefit of
nutritional supplementation is still an area of controversy.243 263 A meta-analysis51 of
protein energy supplementation in older people, involving 62 trials and 10,187
patients, found beneficial effects in terms of weight gain and reduction in mortality in
malnourished patients but found insufficient evidence in reducing complications,
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improving function or HRQoL. The authors found most studies in their review had a
short intervention time and suggested a need for future studies of sufficient duration
to detect any meaningful differences in morbidity. The benefits of nutritional
intervention initiated during hospital admission may be lost if continuity of care is not
adequately addressed at the time of discharge but there is little research supporting the
role of dietetic counseling and nutrition care plans across the continuum of care.330

This study was therefore designed to compare usual care in older malnourished
patients with an individualized nutrition screening and intervention, which included
dietary modification and ONS, initiated early during hospitalization and extending for
a period of three months post-discharge with monthly telehealth follow up. The
primary outcome of interest was any improvement in nutritional status as determined
by PG-SGA score at the end of 3 months of intervention. In addition, we wanted to
determine whether this extended nutritional intervention leads to any beneficial
effects on clinical outcomes like LOS, complication rate, mortality, HRQoL and readmission rates.

7.3 Methods

7.3.1 Design

This study was designed as a RCT comparing extended nutrition intervention with
usual care, in older patients admitted to an acute medical ward, with follow-up at 3
months post-discharge. Ethical approval was obtained from Southern Adelaide
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Human Research Committee (SAC HREC) approval number (273.14HREC/14/SAC/282) on 21st July 2014.

7.3.2 Randomization

An independent biostatistician prepared the randomization schedule and random
blocks of 8 were used and treatment allocations were randomly permuted and
balanced within blocks. The randomization sequence was concealed in consecutively
numbered, sealed opaque envelopes by an independent research colleague and stored
in a centrally accessible and locked office. After obtaining written informed consent,
the researcher contacted central office to open these sealed envelopes to allocate
patients to either control or intervention groups. From this point the participants and
the ward dietitian, who provided nutrition intervention were not blinded to group
allocation but the research dietitian who conducted the final outcome assessment was
blinded to patients’ group allocation. In addition the research person overseeing data
entry and the biostatistician were blinded.

7.3.3 Patient recruitment

All eligible patients ≥60 years presenting to general medicine department of FMC
between November 2014-June 2016, were considered for participation in this study.
The exclusion criteria were patients receiving palliative care, patients residing in rural
areas, Indigenous Australians and non-English speaking patients and patients unable
to give informed consent. Rural patients were excluded due to inadequate funds to
travel to rural areas to follow up these participants and Indigenous Australians and
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non-English speaking subjects were excluded due to lack of funds to seek services of
an Aborigine’s Liaison Officer/interpreter.

After obtaining written informed consent, baseline assessments were conducted by a
member of the research team, including completion of the MUST and HRQoL
determined using the EQ-5D-5L. All participating patients were then referred to a
research dietitian, who confirmed their nutritional status by using PG-SGA and also
performed anthropometric assessments including BMI, TST, MUAC and handgrip
strength. Only patients who were confirmed as malnourished by PG-SGA (PG-SGA
class B and C) were included in the study and were randomized to either the
intervention or the control group and patients in the intervention group were
immediately referred to the ward dietitian to initiate the nutrition intervention,
whereas patients in the control group were allowed to follow the usual protocol
currently operative in FMC, which is that they will see a dietitian only upon referral
by their treating clinicians.

7.3.4 Intervention

Nutrition intervention was initiated by the ward dietitian within 24 hours upon
receiving referral from the research dietitian as studies indicate that early nutrition
intervention has beneficial effects in preventing catabolic effects associated with
acute illness.331 There were three research dietitians and different ward dietitians
involved in the care of the patients. The research dietitians performed nutritional
assessments at the beginning and end of the study and received training in performing
PG-SGA while ward dietitians delivered the nutritional intervention.
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The nutrition intervention was aimed to meet 100 percent of patients’ energy and
protein requirements for ideal body weight, calculated using commonly adopted
predictive equations76 along with an adequate intake of essential vitamins and
minerals. Intervention patients received an individualized nutrition intervention by the
dietitian, depending upon their underlying medical conditions, protein, energy,
vitamin and mineral requirements and food preferences. Nutritional strategies
employed by the dietitian included provision of ONS (1-2.2 kcal/ml and 0.05-0.12 gm
of protein/ml), mid-meal snacks and food fortification with consideration given to
individual patients’ food preferences and taste. The ONS utilized were Resource
(Nestle Heath Science) (475 kcal, 19.7 g protein) and Sustagen (Nestle Heath
Science) (248 kcal, 12.5g protein), which in addition to protein provided a range of
nutrients. Multivitamins were not separately prescribed but were left to the discretion
of the treating clinicians. In addition, the patients and their care-providers received
dietetic counseling, to augment their energy intake by using a range of strategies
including recommendation of energy and nutrient dense food items, increasing the
number of meals they ate, and consumption of energy, protein and nutrient-rich
snacks. Patients who needed assistance with meals were flagged, so that a ward based
staff member provided help during meals. The frequency of contact between patient
and dietitian during the hospital stay varied depending upon individual patients’ needs
and the LOS. If the dietitian thought that the patient was unable to achieve their daily
energy and nutrient requirements then they received almost daily input. Where
patients were discharged to a nursing home then the dietitian contacted the nursing
home manager and forwarded the recommended nutritional care plan to be followed.
The hospital covered the cost of commercial ONS at the time of discharge for patients
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where ≥50% of the patient’s daily energy requirements were determined to be
required from supplements.

All intervention patients were contacted by a monthly telephone call by the research
dietitian for 2 months. During this interview, a structured format was used by the
dietitian to collect information about patients’ recent weight, compliance with the
dietetic plan and any side effects with supplementation. In addition, patients received
dietetic counseling with a focus to reinforce compliance with the intervention.
Compliance with the dietetic plan was assessed by using a 24-hour self-reported
dietary recall. In this trial, the dietitian assessed the patients as compliant to the
nutritional care plan if they were able to meet at least 75% of their energy and protein
requirements.

7.3.5 Control group

Patients randomized to the control group followed usual care currently operative in
FMC. Currently all patients undergo nutrition screening by the use of MUST and
patients identified as high risk for malnutrition are referred to the dietitian. However,
dietetic input occurs only if clinicians refer the patients and even if a dietitian sees
them during hospital admission, they may not be followed after discharge. In this
study, the control patients were flagged as malnourished and this was documented in
the case notes for clinicians to make decisions regarding nutritional care. If control
patients got referred for a dietetic advice, then they were offered the same nutritional
care plan as the intervention group only for the period of their hospitalization but
received no post discharge follow up care.
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7.3.6 PG-SGA

Research dietitians experienced in using the scored PG-SGA tool confirmed the
nutritional status of the participants at the beginning and end of the study. Please refer
to section PG-SGA for description of PG-SGA.

7.3.7 EQ-5D 5L

The EuroQoL (EQ-5D 5L) was used to assess HRQoL in this study. EQ-5D 5L was
developed jointly by a group of European-based researchers with the intent of
constructing a simple, self-administered instrument that provided a composite index
score representing the preference for a given health state and VAS measured from 0100, which represents overall HRQoL.(Kind, 1996 #119)

7.3.8 Anthropometric measures

Weight was measured in light clothes without shoes with a high specification portable
electronic scale (Wellsweigh digital chair scale, Australia) to the nearest 0.1kg and
height was measured with a portable stadiometer to the nearest 0.1 cm. Height was
calculated from ulna length in patients who were unable to stand and BMI was
calculated as weight (kg)/height (m2).

TST was measured by Harpenden skin fold caliper (Baty international, West Sussex,
United Kingdom) to the nearest 0.2mm. Measurements were taken on the right arm at
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the mid-acromiale-radiale, with the patient seated, arm relaxed by the side and palm
facing upward.

MUAC was measured to the nearest 0.1cm by using a flexible steel measuring tape
(KDS, Tokyo, Japan) around the upper arm at the point of mid-acromiale-radiale and
MAMC was calculated using a formula: MAMC in cm = 0.342 × TST
Handgrip strength was measured using a hand-held dynamometer (TTM, Tokyo,
Japan). Participants were instructed to stand with legs straight and feet approximately
15cm apart, and hold the dynamometer in their dominant hand and perform maximum
isometric contraction for 3 seconds. The test was repeated within 15 seconds and the
highest of the three consecutive measurements was used for data analysis.

7.3.9 Outcome

Final assessment was done at the end of 3 months in a dietary clinic at FMC and
home visits were carried out for patients who were unable to attend this appointment.
It was ensured that final assessment was performed by a different dietitian not
involved in assessment or care of the patient at the time of admission and was blind to
patients’ group allocation. The primary outcome was the change in nutrition status as
determined by PG-SGA score and other outcomes of interest were clinical measures
including LOS, complications during hospital admission, mortality (both in hospital
and overall mortality) and readmissions within 1, 3 and 6 months of discharge. The
hospital computer database was used to determine LOS, incidence of nosocomial
complications during admission-both infective and non-infective, mortality, incidence
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of hospital readmissions, including emergency department presentations and whether
patients received DRG coding for malnutrition at discharge.

7.4 Statistical Methods

This study was powered to detect between group differences in nutrition score as
measured by scored PG-SGA and previous studies156 have suggested that a mean
(SD) shift of 3 in PG-SGA score is clinically meaningful. G* Power3 software was
used to calculate sample size- assuming an effect size of 0.35, alpha = 0.05 and power
of 80% the estimated required sample size was 86 (43 in each group) was calculated
to be sufficient.

Variables were tested for normality using sk test. Basic descriptive statistics were
used and continuous variables were expressed as mean values or median interquartile
(IQR) ranges and were compared using an appropriate parametric (Student t) test or
nonparametric (Mann-Whitney U) test. Categorical variables were expressed as
numbers and percentages and were compared using and χ2 statistics or Fishers exact
test as appropriate. PG-SGA score was defined as mean (SD) and paired student t test
was used to measure change in scores from the baseline and unpaired student t test
was applied to test differences in the scores between control and intervention groups
at the end of intervention. Logistic regression was used to determine the odds ratio by
creating a new outcome variable (PG-SGA score at the end of intervention 7 as
nourished and 8 as malnourished) in the two groups. Both anthropometric and
HRQoL variables were defined as mean (SD) and paired student t tests were used to
measure change in scores from the baseline and unpaired student t tests were applied
165

to test between group differences at the end of intervention. Regression analysis was
applied to determine any differences in HRQoL in two groups with compliance with
the intervention used as confounding variable. LOS was adjusted for in hospital
mortality and inter-hospital transfers and hospital at home LOS was included to
determine total LOS. Rank sum test was used to compare the differences in LOS of
two groups, as this variable was not normally distributed. Logistic regression was
used to determine odds of patients staying in hospital for more than one week by
creating a new outcome variable for LOS (LOS ≤ 7 days or LOS > 7 days). A Kaplan
Meier survival curve was plotted and Log rank test statistic was used to evaluate the
equality of survival distribution between control and intervention group. All tests
were 2-sided and a P value of less than 0.05 was considered statistically significant.
Statistical analyses were performed using STATA software (version 13.1).

7.5 Results

We assessed 1520 patients (Figure 7) for participation in this study of which 776 did
not meet inclusion criteria and 744 patients refused to participate citing various
reasons –belief they were not malnourished (305), too busy with other medical
appointments (101), too unwell to participate (69), not interested (67) and refusal to
modify diet or use supplements (202). A total of 148 patients were screened and
randomized to control (n = 70) and intervention groups (n = 78) during the study
period and out of them complete data was available for analysis for 46 patients in
control and 57 patients in the intervention group. The main reasons for patients being
lost to follow-up were loss of contact, consent withdrawal and death.
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1668 Patients assessed for participation in nutrition
intervention trial from November 2014 to June 2016

776 Patients did not meet inclusion criteria
due to following reasons
545 Well-nourished
78 Transferred to other hospitals before
assessment
65 Invalid consent
24 Referred to palliative care
64 Miscellaneous reasons

148 Patients randomly assigned to

treatment

70 randomized to Control group

78 randomized to Intervention

and received usual care with no

group and received early nutrition

post discharge dietetic follow-up

intervention continued for 3 months

6 Lost contact

1 Lost contact

4 Withdrew consent

8 Withdrew consent

14 Died before 3month assessment

12 Died before 3month assessment

46 Contributed data at 3month

57 Contributed data at 3month

assessment

assessment

Figure 7 Study flow diagram
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The mean age of the participants was 81.8 (8.7) with a range of 60 to 97 years
indicative of the older population in the general medical units. Both groups had a
higher number of females with the majority of patients residing at home preadmission and had a similar number of comorbidities and the CCI and other baseline
characteristics were similar between the two groups (Table 23). There was no
difference in the severity of malnutrition at baseline, as reflected by PG-SGA class B
(moderate malnutrition) and C (severe malnutrition) and mean PG-SGA scores were
also similar 13.3, (95% CI 12.2 – 14.5) vs. 12.1, (95% CI 11.0 – 13.2) in control and
intervention groups, respectively (Table 23). The baseline HRQoL indices as
reflected by EQ-5D-5L index and VAS were also similar in both groups (Table 23).
Table 24 indicates that the nutritional intervention provided an additional mean 2739,
(95% CI 2457.3 – 3230.3) kilojoules of energy and 36.5, (95% CI 31.5 – 41.5) grams
of protein to the intervention patients (energy and protein requirements were only
determined in intervention patients) and the majority of these patients received
additional snacks, fortified foods and drinks. At 1 and 2 months post-discharge
telephone follow up, the participants reported good compliance with the prescribed
intervention at 73% and 77.2%, respectively. Forty-three (61.4%) control patients
received dietitian input during hospital admission with no post-discharge outpatient
dietetic follow-up.
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Table 23 Baseline characteristics of participants
Characteristics

Control

Intervention (n=78)

P value

81.6 (79.5 – 83.6)

82.0 (80.0 – 83.9)

0.76

Male

23 (32.9)

31 (39.7)

Female

47 (67.1)

47 (60.3)

0.38

Residence before admission, n

Home

66 (94.3)

68 (87.2)

0.11

(%)

Nursing Home

4 (5.7)

10 12.8)

Cognition, n (%)

Normal

67 (95.7)

74 (94.9)

Impaired

3 (4.3)

4 (5.1)

6.3 (5.6 – 6.9)

6.1 (5.5 – 6.6)

0.64

CCI, mean (95% CI)

2.3 (1.9 – 2.8)

2.2 (1.8 – 2.7)

0.82

Medications at admission,

10.1 (9.0 – 11.2)

8.8 (7.8 – 9.7)

0.07

24 (34.3)

34 (43.6)

0.24

Independent

32 (45.7)

30 (39.5)

0.78

Stick

8 (11.4)

9 (11.8)

Walking frame

26 (37.1)

34 (44.7)

Bed bound

4 (5.7)

3 (4.0)

Principal diagnosis

Respiratory

29 (41.4)

20 (25.6)

at admission, n (%)

Cardiovascular

8 (11.4)

14 (18.0)

Falls

10 (14.3)

13 (16.7)

CNS

3 (4.3)

6 (7.7)

Miscellaneous

20 (28.6)

25 (32.1)

12.0 (11.5 – 12.4.)

12.2 (11.7 – 12.7)

0.48

C-RP, mean (95% CI), mg/L

59.8 (42.2 – 77.6))

51.7 (34.5 – 68.9)

0.51

Albumin, mean (95% CI),

3.1 (3.0 – 3.3)

3.3 (3.1 – 3.4)

0.14

57.6 (54.3 – 60.9)

55.7 (52.9 – 58.6)

0.40

(n=70)
Age, mean (95% CI), y
Gender, n (%)

No of co-morbidities, mean

0.56

(95% CI)

mean (95% CI)
Patients on Vitamin
D/Calcium at admission, n
(%)
Mobility at admission, n (%)

Hemoglobin, mean (95% CI),

0.30

g/dL

g/dL
Weight, mean (95% CI), Kg
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Characteristics

Control

Intervention (n=78)

P value

Intervention (n=78)

P value

20.6 (19.7 – 21.5)

0.09

16.8 (14.9 – 18.7)

0.52

(n=70)

Characteristics

Control
(n=70)
21.8 (20.7 – 22.8)

BMI, mean (95% CI), kg/m2

16.0 (14.0 – 17.9)

Handgrip strength mean (95%
CI), kg
MUAC, mean (95% CI), cm

24.7 (23.6 – 25.8)

24.7 (23.7 – 25.6)

0.95

TST, mean (95% CI), mm

11.2 (9.6 – 12.8)

10.1 (8.8 – 11.3))

0.26

MAMC, mean (95% CI), cm

21.3 (20.5 – 22.1)

21.5 (20.7 – 22.3)

0.70

MUST score, mean (95% CI)

1.5 (1.1 – 1.8)

1.8 (1.5 – 2.1)

0.12

PG-SGA B

60 (87.0)

67 (90.5)

0.50

PG-SGA C

9 (13.0)

7 (9.5)

PG-SGA class, n (%)

PG-SGA score, mean (95%

13.3 (12.2 – 14.5)

12.1 (11.0 – 13.2)

0.11

0.674 (0.617 – 0.730)

0.693 (0.639 – 0.747)

0.63

58.0 (53.7 – 62.4)

56.4 (51.8 – 60.9)

0.60

CI)
EQ-5D-5L index, mean (95%
CI)
VAS, mean (95% CI)

SI conversion factors: To convert Hemoglobin to g/L multiply by 10; CRP to nmol/L multiply by 9.5; Albumin to g/L multiply by 10
Abbreviations: CI, confidence interval; CCI, Charlson comorbidity index; CNS, Central nervous system; C-RP, C-reactive protein; BMI, body
mass index; MUAC, mid upper arm circumference; TST, triceps skinfold thickness; MAMC, mid arm muscle circumference; MUST,
Malnutrition universal screening Tool; PG-SGA, Patient generated subjective global assessment; EQ5D, European quality of life
questionnaire; VAS, visual analogue scale
aHigher PG-SGA score indicates worse nutrition status; bHigher EQ5D index indicates better quality of life
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Table 24 Nutrition intervention provided in the study
Calories supplemented in kilojoules/day, mean

2739.0 (2457.3 – 3230.3)

(95% CI)
Protein supplemented gm/day, mean (95% CI)

36.5 (31.5 – 41.5)

Vitamins supplemented n (%)

3 (5.3)

ONS supplemented n (%)

24 (42.1)

Mid meal snacks provided n (%)

44 (81.5)

Fortified meals/drinks provided n (%)

30 (55.6)

Compliance at 1 month follow-up phone call

73%

Compliance at 2 month follow-up phone call

77.2%

CI, confidence interval; ONS, oral nutrition supplements

Table 25 shows changes in anthropometric measures over 3 months with a mean
reduction in BMI -0.36, (95% CI -0.92 – -0.19) from baseline, in the control group as
compared to an increase of 0.41, (95% CI 0.09 – 0.90) from baseline, in the
intervention group, and the between-group difference in BMI was statistically
significant (P = 0.04). Intervention patients also showed a trend towards greater
improvement in handgrip strength and mid-upper arm circumference from baseline as
compared to the control group but between-group differences in these parameters
were not statistically significant. Both groups showed similar improvements in PGSGA scores from baseline -6.2, (95% CI -8.1 – -4.2) vs -5.9, (95% -7.3 – -4.4) (a
reduction in score is indicative of improvement in nutritional status), in control and
intervention patients respectively (Table 25). Logistic regression, with PG-SGA score
categorized as outcome variable, suggested that intervention patients were less likely
to remain malnourished at the end of 3 months, although this was not statistically
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significant (OR 0.46; 95% CI 0.20 – 1.08, P = 0.07). Although no significant
between-group differences in PG-SGA scores were noted at the end of 3 months
(Table 26), a trend favoring further improvement in nutritional status was noted in
intervention patients who were compliant with the intervention (intervention
compliant 5.4 (SD 3.4), intervention non-compliant 8.1 (SD 5.2), control 6.9 (SD 4.3),
P = 0.08). Similarly HRQoL improved in both groups but intervention patients
displayed overall better HRQoL, as reflected by VAS, at the end of 3 months and this
was statistically significant (P = 0.03) (Table 26).
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Table 25 Changes in nutritional parameters during the study period
Control n = 46
Baseline

3 months

Intervention n =57
P value

Baseline

3 months

Control
P value

Intervention

Differences

P value

Nutrition parameters mean (95% CI)

Weight, kg

BMI, kg/m2

HGS, kg

MUAC, cm

59.02 (54.59 –

59.15 (54.69 –

63.46)

63.60)

22.18 (20.76 –

21.82 (20.59 –

23.61)

23.06)

16.67 (13.89 –

18.23 (15.51 –

19.45)

20.96)

25.16 (23.83 –

25.79 (24.57 –

26.49)

27.02)

0.85

0.20

0.03

0.05

56.07 (52.67 –

56.77 (53.25 –

59.46)

60.29)

20. 85(19.75 –

21.26 (20.16 –

21.95)

22.35)

16.82 (14.62 –

18.65 (16.44 –

19.02)

20.85)

24.83 (23.69 –

25.60 (24.52 –

25.96)

26.67)
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0.26

0.11

0.001

0.005

0.13 (-1.17 –

0.70 (-0.53 –

1.42)

1.93)

-0.36 (-0.92 –

0.41 (-0.09 –

0.19)

0.90)

1.56 (0.15 –

1.82 (0.74 –

2.98)

2.91)

0.64 (0 – 1.3)

0.77 (0.24 –
1.30)

0.52

0.04

0.77

0.75

Control n = 46

TST, mm

MAMC, cm

PG-SGA scorea

Baseline

3 months

11.21 (9.19 – 13.22)

10.28 (8.57 – 11.99)

21.70 (20.65 –

22.63 (21.39 –

22.75)

23.87)

13.2 (11.6 – 14.8)

6.9 (5.6 – 8.2)

Intervention n =57
P value

0.32

0.03

<0.001

Baseline

3 months

10.44 (9.02 – 11.87)

10.40 (9.06 – 11.74)

21.54 (20.61 –

22.33 (21.44 –

22.47)

23.21)

11.7 (10.4 – 12.9)

5.8 (4.8 – 6.9)

Control
P value

0.92

0.008

<0.001

Intervention

Differences

P value

-0.93 (-2.8 –

-0.04 (-0.99 –

0.94)

0.90)

0.93 (0.08 –

0.79 (0.21 –

1.77)

1.37)

-6.2 (-8.1 – -4.2)

-5.9 (-7.3 – -

0.36

0.77

0.79

4.4)

Hemoglobin, g/dL

11.9 (11.3. – 12.5)

11.9 (11.4 – 12.4)

0.99

12.3 (11.7 – 12.8.)

12.2 (11.8 – 12.7)

0.99

0.05 (-5.4 – 5.4)

-0.02 (-5.1 –

0.98

5.0)

CRP, mg/L

Albumin, g/dL

64.4 (39.1 – 89.7)

3.2 (3.0 – 3.4)

17.7 (9.2 – 26.1)

3.2 (3.0 – 3.5)

0.0003

0.65

38.8 (23.3 – 54.2)

3.3 (3.2 – 3.5)

10.1 (5.6 – 14.6)

3.5 (3.3 – 3.6)

0.0007

0.04

-46.7 (-70.6 – -

-28.7 (-44.5 – -

22.9)

12.8)

0.53 (-1.8 – 2.9)

1.3 (0.04 –
2.6)
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0.19

0.54

Control n = 46

EQ-5D 5L index

VAS

Baseline

3 months

0.655 (0.582 –

0.740 (0.675 –

0.728)

0.805)

57.1 (51.5 – 62.6)

52.4 (45.2 – 59.7)

Intervention n =57
P value

0.03

0.21

Baseline

3 months

0.725 (0.665 –

0.770 (0.720 –

0.784)

0.818)

56.6 (51.1 – 62.2)

61.2 (56.8 – 65.6)

Control
P value

0.10

0.16

Intervention

Differences

P value

0.085 (0.008 –

0.045 (-0.009

0.162)

– 0.099)

-4.7 (-11.9 – 2.6)

4.6 (-1.8 –
10.9)

SI conversion factors: To convert Hemoglobin to g/L multiply by 10; CRP to nmol/L multiply by 9.5; Albumin to g/L multiply by 10
BMI, body mass index; HGS, handgrip strength; MUAC, mid upper arm circumference; TST, triceps skinfold thickness; MAMC; mid arm muscle
circumference; PG-SGA, patient generated subjective global assessment; C-RP, c-reactive protein; EQ5D 5L, European quality of life questionnaire 5
dimension 5 level; VAS, visual analogue scale
a Reduction

in PG-SGA score indicates improvement in nutritional status

175

0.38

0.06

Table 26 Nutritional parameters and quality of life indices at the end of 3 months
Parameter

Control

Intervention

(n=46)

(n=57)

Weight, kg a

59.1 (54.7 – 63.6)

56.7 (53.3 – 60.3)

0.39

BMI, kg/m2

21.8 (20.6 – 23.1)

21.3 (20.2 – 22.4)

0.49

HGS, kg

17.8 (15.2 – 20.4)

18.6 (16.4 – 20.8)

0.62

MUAC, in cm

26.0 (24.7 – 27.3)

25.3 (24.3 – 26.4)

0.40

TST, in mm

10.5 (8.7 – 12.3)

10.3 (9.0 – 11.5)

0.83

22.6 (21.4 – 23.9)

22.1 (21.2 – 23.0)

0.47
0.50

MAMC, in cm
b

P value

PG-SGA class ,

PG-SGA A

28 (60.9)

41 (72.0)

n (%)

PG-SGA B

17 (37.0)

15 (26.3)

PG-SGA C

1 (2.1)

1 (1.7)

PG-SGA score

6.9 (5.6 – 8.3)

5.8 (4.8 – 6.9)

0.15

Hemoglobin, g/dL

11.9 (11.4 – 12.4)

12.2 (11.8 – 12.7)

0.30

CRP, mg/L

17.7 (9.2 – 26.1)

9.7 (5.5 – 13.9)

0.05

Albumin, g/dL

3.2 (3.0 – 3.5)

3.5 (3.3 – 3.6)

0.06

EQ-5D 5L index

0.740 (0.674 – 0.805)

0.770 (0.721 – 0.818)

0.45

VAS

52.4 (45.2 – 59.7)

61.2 (56.8 – 65.6)

0.03

a

Data are reported as mean (95% CI) unless otherwise stated
PG-SGA class A (well-nourished), B (moderately malnourished or at risk of malnutrition), C (severely malnourished)
Abbreviations: BMI, body mass index; HGS, handgrip strength; MUAC, mid upper arm circumference; TST, triceps skinfold
thickness; MAMC; mid arm muscle circumference; PG-SGA, patient generated subjective global assessment; C-RP, c-reactive
protein; EQ-5D 5L, European quality of life questionnaire 5 dimensions 5 Level; VAS, visual analogue scale
b

The median acute LOS was 3.8 days shorter in the intervention group (8.8 (IQR 4.1 –
13.9) vs. 5.0 (IQR 3.0 – 8.4), P = 0.007 in control and intervention groups
respectively) and total LOS (inclusive of hospital at home treatment), was 6 days
shorter in the intervention group (P = 0.01). Intervention patients had 72% higher
probability of being discharged from hospital within 7 days of admission as compared
to the controls (OR 0.28; 95% CI 0.13 – 0.60, P = 0.001) and the proportion of
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patients with acute and total LOS less than 7 days was significantly higher in the
intervention group (Table 27). During hospital admission 1 patient died in control
group and 7 died in the intervention group and an additional 21 patients died in
control group and 16 in the intervention group up to a period of 2 years. The Kaplan
Meier survival curve (Figure 8) shows no difference in mortality between the two
groups with Log rank, χ2 = 0.09 and P = 0.76. There was no significant difference in
the total number of complications (both infective and non-infective) or the proportion
of patients who developed complications during their hospital stay between the two
groups and a similar number of patients were discharged to residential care facility.
More patients in the intervention group received a malnutrition coding at discharge
but this difference was not significant. There was no difference in the total number of
medications at the end of 3 months between control and intervention patients.
Similarly, readmissions within 1, 3 and 6 months post-discharge were similar between
the two the groups (Table 27).

Table 27 Clinical outcomes in control and intervention patients
Parameter

Control

Intervention

P value

Acute LOSa in days, median (IQR)

8.8 (4.1 – 13.9)

5.0 (3.0 – 8.4)

0.007

Total LOS (inclusive of hospital at

11.4 (5 – 21.6)

5.4 (3.1 – 11.2)

0.01

22 (37.9)

36 (62.1)

0.002

25 (39.1)

39 (60.9)

0.001

In hospital mortality, n (%)

1 (1.4)

7 (9.0)

0.09

Total mortality, n (%)

22 (31.0)

23 (29.5)

0.84

Total complications, mean (95%

0.73 (0.41 – 1.05)

0.65 (0.33 – 0.98)

0.73

home time in days), median (IQR)

Proportion of patients with acute
LOS ≤7 days, n (%)
Proportion of patients with total
LOS ≤7 days, n (%)

177

Parameter

Control

Intervention

P value

23 (32.4)

21 (26.9)

0.47

Infective complications, n (%)

7 (9.9)

9 (11.5)

0.74

Non-infective complications, n (%)

21 (29.6)

19 (24.4)

0.48

6 (7.7)

0.09

CI)
Proportion of patients with
complications, n (%)

Proportion of patients discharged to 6 (8.5)
residential facility, n (%)
Total readmissions, n (%)

46 (64.8)

46 (59.0)

0.47

Readmissions at 1 month, n (%)

17 (23.9)

14 (18.0)

0.37

Readmissions at 3 month, n (%)

29 (40.9)

26 (33.3)

0.34

Readmissions at 6 months, n (%)

35 (49.3)

37 (47.4)

0.82

Number of medications at end of

8.5 (7.2 – 9.7)

7.9 (6.9 – 8.8)

0.44

25 (35.2)

36 (46.1)

0.18

study, mean (95% CI)
Malnutrition coding, n (%)

LOS, length of hospital stay; IQR, interquartile range; CI, confidence interval
a LOS adjusted for mortality and transfer to other hospitals
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Figure 8 Kaplan Meier survival estimates in Control and Intervention patients
recruited up to a period of two years shows on difference in survival, Log rank
χ2 0.09, P = 0.76

7.6 Discussion

The results of present study shows a trend towards an improved nutrition status, as
determined by PG-SGA score, with an early and extended nutrition intervention in
older patients discharged from acute care. Nutrition status showed improvement in
both groups from baseline and, although no statistically significant difference was
noted between the groups at the end of 3-months intervention, some clinically
significant differences such as reduced LOS was noted in the intervention patients.
Other anthropometric indicators of nutritional status presented a mixed picture of the
effects of intervention, which is reflective of the difficulty in measuring nutritional
status in older patients (no gold standard and each outcome measure has strengths and
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limitations). Gariballa and colleagues332 in their study in acutely unwell hospitalized
older patients also found no significant difference in the anthropometric measures in
the supplemented group and postulated that the time frame of their intervention (6
weeks) may be too short to produce a significant change. An interesting finding of the
present study is the significant improvement in nutritional status of control patients
from the baseline. This finding is contradictory to a recent observational study by
Marshall et al37 who followed older rehabilitation patients in the community and
found that patients remained malnourished at the end of 12 weeks follow-up. A
possible explanation for this discrepancy is that a significant proportion of control
patients in our study also received in-hospital dietetic input and it is possible that they
continued intervention post-discharge with resultant dilution of the study results. The
other reason could be a heightened awareness among control patients about being
diagnosed as malnourished and being enrolled in a clinical trial - the ‘Hawthorne
effect’- which could have been a motivating factor for the patients or care providers to
change their dietary practices, with resultant improvement in their nutritional status.

This study found significant reductions in both acute and total LOS in patients who
received the nutritional intervention and we posit that this could be due to a greater
improvement in their muscle function and hence mobility, as indicated by an increase
in handgrip strength, which could have facilitated early discharge from hospital. It is
also possible that early nutrition intervention made a positive impact on recovery
from acute illness and could have led to a faster resolution of delirium, as studies have
suggested that improved nutritional status enhances immune function with resultant
greater ability to fight infections.333 334 Our results are similar to a study conducted in
geriatric units by Holiday et al44 who also found that early nutrition intervention could
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help reduce LOS. Hospitalized patients frequently get deconditioned early during
admission and a combined modality of early nutrition intervention and physical
therapy can reap rich monetary benefits for hospitals in these current resourcecrunched times. The stress of acute illness increases muscle catabolism and, in the
absence of sufficient energy replacement, amino acids are mobilized for
gluconeogenesis, with consequent worsening of muscle function and this increases the
risk of falls and respiratory muscle dysfunction predisposing patients to nosocomial
pneumonia.335 Although our study found a trend towards a greater improvement in the
nutritional status of the intervention group, this did not translate into a reduction in the
number of complications during hospitalization. Our results are in agreement with a
recent meta-analysis104 which found no beneficial effects of nutrition support on
hospital acquired infections in medical inpatients. Extended nutritional intervention
also produced no significant improvement in mortality in recruited patients over a
period of up to 2 years. It is quite possible that older patients in our study with
multiple comorbidities had either cachexia, which is known to be less responsive to
nutrition intervention,336 or were in an advanced stage of disease related malnutrition
and the nutrition intervention was too late to produce a significant beneficial response.
Studies have indicated that treating patients at an early stage of malnutrition is
probably more effective than correcting advanced malnutrition. 337 Our findings are in
agreement with a meta-analysis conducted by Cawood et al338 in 2012, who reported
mortality data of fifteen RCTs and found no improvement in mortality in the
supplemented group. Similarly a recent meta-analysis339 of nutritional interventions in
older patients with hip fracture found no improvement in mortality for up to one year
following discharge from hospital.
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We found no convincing evidence of an improved HRQoL, as determined by EQ-5D5L index with this nutrition intervention. HRQoL improved in both groups from
baseline and overall QoL as reflected by a VAS, was better in the intervention group
at the end of 3 months. The improved HRQoL after discharge probably reflects the
effects of recovery from an acute illness rather than effect of this nutritional
intervention. Moreover, studies have suggested that older patients with multiple
clinical problems have in general low HRQoL.340 Another reason could be that the
study duration of 3 months is too short for a nutrition intervention to produce any
significant change in HRQoL. We also found that this nutritional intervention was not
associated with a reduction in readmissions within one, three or six months after
hospital discharge. Our study findings suggest that a nutrition intervention does not
have any positive effect in reducing the recurrence of illnesses in medical patients
after hospital discharge.

One of the strengths of this study is the use of PG-SGA for nutrition assessment. PGSGA which is regarded as a comprehensive assessment tool and gives a better
indication of change in nutrition status than parameters like weight, which can be
influenced by non-nutritional factors such as hydration status or the use of diuretics.
Also this was an RCT with appropriate blinding of the outcome assessor. A number of
patients refused to participate in this study due to various reasons highlighting
difficulties in engaging older people in clinical trials. 341 We acknowledge that we
were unable to recruit non-English speaking and Indigenous Australians, so our study
results cannot be generalized to these patients. We did not measure the acuity of
admission diagnosis which could have played a significant impact on clinical
outcomes like LOS. We recognize that awareness of this trial and enhanced
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nutritional practices for the intervention patients had the potential to influence the
referral practices by the ward staff for the control group. However, an alternative
study design to reduce this contamination was not possible as patients identified as
malnourished cannot ethically be denied nutritional support, highlighting one of the
difficulties in conducting nutritional intervention studies in the elderly. 342

This study highlights need for rigorous implementation of existing nutrition screening
protocols and calls for enhanced dietetic support and hospital reimbursements for
provision of nutritional services across the continuum of care.

7.7 Conclusion

Among older hospitalized patients, early and extended nutritional intervention
showed a trend towards an improved nutritional status as determined by PG-SGA
score and was associated with a much shorter LOS. We suggest early initiation of
measures to target hospital malnutrition, however further studies are needed to
confirm the impact of extending nutrition intervention into the community.
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CHAPTER 8: ECONOMIC EVALUATION OF AN
EXTENDED NUTRITIONAL INTERVENTION IN
OLDER AUSTRALIAN HOSPITALIZED
PATIENTS: A RANDOMIZED CONTROLLED
TRIAL
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8.1 Abstract

8.1.1 Background
Prevalence of malnutrition in older hospitalized patients is 30%. Malnutrition is
associated with poor clinical outcomes in terms of high morbidity and mortality and is
costly for hospitals. Extended nutrition interventions improve clinical outcomes but
limited studies have investigated whether these interventions are cost-effective.

8.1.2 Methods
This health economic evaluation was conducted alongside an RCT investigating the
benefits of a nutrition intervention in older patients. In the original study, 148
malnourished general medical patients ≥60 years were recruited and randomized to
receive either an extended nutritional intervention or usual care. Nutrition intervention
was individualized and started with 24 hours of admission and was continued for 3
months post-discharge with a monthly telephone call whereas control patients
received usual care. Nutrition status was confirmed by PG-SGA and HRQoL was
measured using EQ-5D-5L questionnaire at admission and at 3-months follow-up. A
cost-effectiveness analysis 343 was conducted for the primary outcome (incremental
costs per unit improvement in PG-SGA) while a cost-utility analysis (CUA) was
undertaken for the secondary outcome (incremental costs per QALY gained).

8.1.3 Results
Nutrition status and HRQoL improved in intervention patients. Mean per included
patient Australian Medicare costs were lower in intervention group compared to
control arm (by AU$907) but these differences were not statistically significant (95%
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CI -$2,956 – $4,854). The main drivers of higher costs in the control group were
higher inpatient ($13,882 vs. $13,134) and drug ($838 vs. $601) costs. After adjusting
outcomes for baseline differences and repeated measures, the intervention was more
effective than the control with patients in this arm reporting QALYs gained that were
higher by 0.0050 QALYs gained per patient (95% CI: -0.0079 – 0.0199). The
probability of the intervention being cost-effective at willingness to pay values as low
as $1000 per unit improvement in PG-SGA was >98% while it was 78% at a
willingness to pay $50,000 per QALY gained.

8.1.4 Conclusion
This health economic analysis suggests that the use of extended nutritional
intervention in older general medical patients is likely to be cost-effective in the
Australian health care setting in terms of both primary and secondary outcomes.
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8.2 Introduction

Malnutrition is common in older hospitalized patients with prevalence rates as high as
30% in acute care settings in Australia.36 Malnutrition is associated with adverse
clinical outcomes for patients in terms of higher morbidity and mortality292 and is
costly for the hospitals.61 The adverse effects associated with malnutrition on patient
outcome and recovery results in increased health care use and costs. 237 Health-care
costs are increased because malnourished patients stay longer in hospitals, suffer
more infectious and non-infectious nosocomial complications, experience frequent
hospital re-admissions and have higher utilization of health-care resources in the
community119 221 252 344. Three recent meta-analyses115 226 227 have indicated that
nutrition intervention has economic benefits but have also suggested that there is a
need for further high quality studies to confirm these findings in different age groups
and in different health care settings. This is especially so as majority of these studies
have been conducted in Europe and very few studies are available in the Australian
health care settings.

A recent randomized controlled trial301 (this study is reported in chapter 7) conducted
in a large tertiary hospital in Australia from 2014-2016, assessed efficacy of an early
and extended nutrition intervention in older hospitalized patients. In this trial, an
individualized nutrition intervention was started within 24 hours of hospital admission
and patients ≥60 years age received monthly telehealth follow up for two months
following discharge and this intervention was compared to usual care. The main
objectives in this trial was to examine whether such an intervention could improve

187

nutritional status and quality of care by reducing adverse clinical outcomes and
optimizing use of existing resources.

This trial found a trend towards an improvement in nutritional status and quality of
life and a significant reduction in LOS but there was no reduction in mortality or
readmissions at three months follow up. Although the resources needed for the
intervention were modest and the anticipated improvement in the nutrition status was
small301, no economic evaluation was conducted to examine whether the intervention
was worth pursuing from an economic perspective. The objective of the present
analysis was to conduct an economic evaluation that assessed whether the
individualized nutrition intervention was value for money when considered from a
healthcare sector (Australian Medicare) perspective. The results of the evaluation will
help determine whether allocation of resources for improvement of nutritional status
of older hospitalized patients is justifiable. Consequently, the primary outcome of this
evaluation was expressed in terms of incremental costs per unit improvement in the
PG-SGA (CEA) and the secondary outcome reported in terms of incremental costs
per QALY gained (CUA).

8.3 Methods

8.3.1 Study design
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The data for this health economic analysis were obtained from a recently conducted
nutrition intervention study301, which was designed as a RCT (please refer to section
7.3 for details on methodology used in the clinical trial).

8.3.2 Target population

The participants for this study included hospitalized patients aged ≥60 years, who
were confirmed as malnourished by a qualified dietitian using PG-SGA tool345.

8.3.3 Sample size

The sample size was calculated based upon the change in the PG-SGA score from the
baseline in the clinical trial301 which provided data for this economic evaluation. The
sample size in the clinical trial was based on the findings of a previous study156,
which has suggested that a shift of 3 (SD 4.1) in PG-SGA is clinically meaningful,
assuming an affect size of 0.35, alpha = 0.05 and power of 80% the estimated sample
size was 86 (43 in each group) was calculated to be sufficient.

8.3.4 Setting and location

This study included patients presenting to the department of general medicine, FMC,
Adelaide, South Australia. FMC is a tertiary level, teaching hospital with 520 beds
capacity and the department of general medicine admits approximately 4500 patients
per year. Health services at FMC are predominantly funded through the Australian
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Medicare Scheme (the primary funder of universal healthcare insurance in Australia).
Patients were excluded if they were receiving palliative care, residing in rural areas,
or were of indigenous origin or were non-English speaking. Rural, indigenous and
non-English speaking subjects were excluded due to lack of funds to travel to rural
areas for assessments and seek services of an Indigenous liaison officer/interpreter.

8.3.5 Study perspective

The direct costs of implementing nutritional intervention were determined from the
Australian (Medicare) health care perspective. These included costs of
hospitalizations, dietitian costs for post-discharge telephone calls, costs of providing
nutrition supplements, post-discharge general practitioner and specialist physician
visits. Other costs were for any outpatient investigations and procedures, allied health
care utilization and medicinal products over the period of 3-months of intervention.
Indirect costs, such as those incurred by the patients due to loss of productivity were
not included in this analysis.

8.3.6 Comparators

The economic evaluation determined the relative cost-effectiveness/cost-utility of the
intervention when compared to the control.

8.3.6.1 Intervention

Please refer to section 7.3.4 ( Intervention ) in chapter 7 for the details of intervention
provided.
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8.3.6.2 Control group

Please refer to section 7.3.5 (Control group) in chapter 7.

8.3.7 Time horizon

The costs between the two groups were compared over a period of three months from
the time of randomization during hospital admission until the last follow-up.

8.3.8 Discount rates

Discounting (i.e. determining the present value of the future costs and health
outcomes) costs and effectiveness measures was not performed, because the time
horizon of this study did not exceed 1 year.346 347

8.3.9 Choice of nutritional/health outcomes

The primary nutritional outcome in this study, as was the case in the clinical study301
and for the sake of maintaining consistency, was the unit improvement in the PGSGA over the 3-month study period. The secondary outcome was QALYs gained
over the same period and based on the responses to the EQ-5D-5L questionnaire.187

8.3.9.1 PG-SGA
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The nutrition status of the participants was confirmed with PG-SGA by an
experienced dietitian. Please refer to section PG-SGA for details regarding this tool.

8.3.9.2 HRQoL and QALYs

QALYs gained were chosen as an outcome as they facilitate comparisons between
interventions for disparate services and are recommended for use by decision makers
including the Pharmaceutical Benefits Advisory Committee (PBAC) in Australia. 348

QALY estimates, calculated using the area-under-the-curve method,346 were based on
responses to the EQ-5D-5L which were scored using UK value sets.187

The EQ5D 5L is a self-reported questionnaire and measures a patient’s health across
five different domains: mobility, self-care, usual activities, pain/discomfort and
anxiety/depression186. Using these responses, the EQ-5D-5L is able to distinguish
between 3,125 states of health. A UK-specific algorithm developed using time-tradeoff techniques was used to convert the EQ-5D 5L health description into a valuation
ranging from -0.281 to 1.187 Scores less than 0 represent health states that are worse
than death.182 The EQ-5D-5L has been validated in different clinical populations
including patients with multiple chronic illnesses, rehabilitation and orthopedic
patients awaiting joint replacement surgery and has been found to have a stronger
convergent validity coefficient (Spearman’s coefficient 0.51-0.75) and a higher
absolute informativity (Shannon’s index) as compared to the EuroQol 5 Dimensions 3
Levels (EQ-5D-3L).188 349 350
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8.3.10 Measurement of effectiveness

No effectiveness data were obtained from secondary sources as our analysis relied
upon data from our original trial.301

8.3.11 Estimating resources and cost

Data on the volume and total costs of healthcare utilization, measured from the health
care perspective, were readily provided by Medicare Australia. Cost data were
provided in the form of Medical Benefits Schedule (MBS) data (number and costs of
GP visits, specialist attendances, non-specialist attendance, diagnostic procedures and
other medical services such as pathology and telehealth services); Pharmaceutical
Benefits Schedule (PBS) data (quantity and costs of pharmaceuticals) and; centralised
costing (AR-DRG) data351 (number and costs of public hospital inpatient episodes).
Patient consent was sought before obtaining MBS, PBS and AR-DRG data. Costs
associated with the intervention itself (primarily dietitian staff costs for making
follow-up telephone calls (30 minutes per month for two months i.e. two phone calls
per patient for all patients) and costs of supplements for the entire study period for
nearly half (36) of the patients) were estimated by combining staff time spent/number
of supplements provided and published information on wage rates obtained from
published resources ($37.16 per hour for an accredited dietitian) and unit costs for
supplements sourced from hospital accounts records ($6 per package per day). All
costs are reported in Australian dollars at 2016/17 unit prices.346
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8.4 Analytical methods

8.4.1 Descriptive statistics

Continuous variables were expressed as mean (SD) values or median (IQR) ranges
and were compared using an appropriate parametric (Student t) test or nonparametric
(Mann-Whitney U) test. Categorical variables were expressed as frequencies and
percentages and were compared using χ2 statistics or Fishers exact test as appropriate.
LOS was adjusted for in-hospital mortality.

8.4.2 Economic Evaluation

Two types of economic evaluation (CEA and CUA) were used in this study. Their
choice was informed by the types of outcomes measured in the main trial. 301 CEA is a
type of economic evaluation whose outcomes are expressed in terms of natural units
such as life expectancy or change in PG-SGA scores, while outcomes in CUA are
reported in terms of QALYs.352 Consequently, the primary outcome of this evaluation
was expressed in terms of incremental costs per unit improvement in PG-SGA (CEA)
and the secondary outcome reported in terms of incremental costs per QALYs gained
(CUA). An incremental approach was used in order to determine, where appropriate,
the incremental cost effectiveness ratios (ICERs) expressed as the incremental cost
per unit improvement in the PG-SGA (primary outcome) and incremental costs per
quality adjusted life year QALY gained (secondary outcome). The ICERs were
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calculated as incremental costs divided by incremental changes in outcomes. The
economic evaluation was conducted using an intention-to-treat approach.

Within-trial economic evaluation with respect to the primary and secondary outcomes
was undertaken allowing for bivariate uncertainty with bootstrapping of participant
costs and outcomes to maintain the covariance structure. To account for uncertainty
due to sampling variation in cost-effectiveness/cost-utility, non-parametric
bootstrapping353 were applied on participant level data to derive 5,000 paired
estimates of mean differences in costs and outcomes. These bootstrapped pairs were
summarized within cost effectiveness planes (CEPs).354 The probability of the
intervention being more cost effective, compared to the usual care arm at different
willingness-to-pay thresholds, was depicted using Cost effectiveness acceptability
curves (CEACs).

Due to the presence of missing data on costs and outcomes (Tables 28, 29 and 30),
multiple imputation was used to account for missing values prior to conducting the
base-case economic evaluation.355 Imputed values were generated by use of an
iterative Markov chain Monte Carlo method premised on multivariate normal
regression.356 To appropriately characterize the uncertainty about the right value to
impute, each missing value in the dataset was replaced with a set of 50 plausible
values. Standard complete-case procedures were then applied to each of the 50
resultant multiply imputed datasets before combining the results using Rubin’s
rules.357 The following variables were used to predict missing values in the imputation
procedure: study arm, age, gender, cognitive status, length of stay, total number of
comorbidities and malnutrition diagnosis. In both the base-case and sensitivity
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analyses, only adjusted outcomes (adjusted for baseline differences and correlation
between repeated measurements) were used.

Sensitivity analyses were carried out to test the robustness of the base case results and
they focused on evaluating the effect of missing cost and outcome data values on the
economic evaluation results (i.e. comparing results based on complete cases and those
estimated using multiple imputed values). All analyses were conducted in Microsoft
Excel (2010) and Stata version 14.1.

8.5 Results

8.5.1 Descriptive statistics

A total of 1668 patients (Figure 7) admitted to the Department of General Medicine
were assessed for participation in this study, whereof 892 met the inclusion criteria.
Of the 892, 744 patients refused to participate due to various reasons (Figure 7). One
hundred and forty eight patients were therefore recruited and randomized to the
control (n = 70) and intervention (n = 78) groups. The baseline clinical characteristics
(Table 28) were similar between the two groups with regard to age, gender
distribution, CCI, number of medications and principal clinical diagnosis. There was
no difference in severity of malnutrition at baseline as determined by PG-SGA score
and HRQoL as determined by EQ-5D-5L was similar between the two groups (Table
28). Nutritional intervention provided an additional mean 655 (95% CI 587.3 – 772.1)
kcal of energy and 36.5 (95% CI 31.5 – 41.5) grams of protein and 73% and 77.2%
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patients were compliant with the intervention at 1 month and 2 months postdischarge, respectively. LOS was significantly shorter in the intervention patients (9.9
(SD 7.2)) vs. 6.9 (SD 5.3), P < 0.005) days, in control and intervention groups,
respectively (Table 30).

Table 28 Baseline characteristics of participants
Characteristics

Control

Intervention

(n=70)

(n=78)

81.6 (79.5 – 83.6)

82.0 (80.0 – 83.9)

Male

23 (32.9)

31 (39.7)

Female

47 (67.1)

47 (60.3)

0.38

Residence before admission, n

Home

66 (94.3)

68 (87.2)

0.11

(%)

Nursing Home

4 (5.7)

10 12.8)

Cognition, n (%)

Normal

67 (95.7)

74 (94.9)

Impaired

3 (4.3)

4 (5.1)

6.3 (5.6 – 6.9)

6.1 (5.5 – 6.6)

0.64

CCI, mean (95% CI)

2.3 (1.9 – 2.8)

2.2 (1.8 – 2.7)

0.82

Medications at admission,

10.1 (9.0 – 11.2)

8.8 (7.8 – 9.7)

0.07

29 (41.4)

20 (25.6)

0.30

8 (11.4)

14 (18.0)

Falls

10 (14.3)

13 (16.7)

CNS

3 (4.3)

6 (7.7)

20 (28.6)

25 (32.1)

BMI, mean (95% CI), kg/m2

21.8 (20.7 – 22.8)

20.6 (19.7 – 21.5)

0.09

PG-SGA score, mean (95%

13.3 (12.2 – 14.5)

12.1 (11.0 – 13.2)

0.11

0.6746 (0.617 –

0.6934 (0.638 –

0.62

0.729)

0.746)

Age, mean (95% CI), y
Gender, n (%)

No of co-morbidities, mean

P value

0.76

0.56

(95% CI)

mean (95% CI)
Principal diagnosis

Respiratory

at admission, n (%)

Cardiovascular

Miscellaneous

CI)
EQ-5D-5L index

CI, confidence interval; CCI, Charlson comorbidity index; CNS, central nervous system; BMI, body mass index; PG-SGA; patient generated
subjective global assessment; EQ-5D-5L, European quality of life questionnaire 5 dimensions 5 levels
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Table 29 Mean costs per patient (AUD)
Costsa

Base Case Analysis
(imputed cases)b

Control

Intervention

n

n

Mean

Difference
(Bootstrapped 95% CI)

Mean

3 month MBS costs
GP Costs

70

347 (38)

78

311 (32)

-37 (-134 – 59)

Specialist Attendance Costs

70

20 (5)

78

12

-7 (-19 – 4)

70

251 (43)

78

243 (36)

-8 (-122 – 100)

Diagnostic Procedures costs

70

200 (40)

78

197 (31)

-4 (-111 – 94)

Other Medical Service costs c

70

396

78

253 (34)

-143 (-291 – 2)

Total MBS costs

70

1,216 (128)

78

1,008 (97)

-208 (-529 – 149)

70

838 (186)

78

601 (57)

-237 (-703 – 47)

70

13,882 (1,390)

78

13,134 (1,439)

-748 (-4,584 – 3,310)

Total intervention costs

70

0

78

286 (30)

286 (225 – 352)

Total Costs

70

15,936 (1,397)

78

15,029 (1,430)

-907 (-4,854 – 2,956)

GP Costs

62

348 (43)

65

307 (39)

-41 (-151 – 92)

Specialist Attendance Costs

62

21

65

13

-9 (-20 – 8)

62

247 (48)

65

251 (48)

4 (-108 – 142)

62

200 (42)

65

211 (39)

10 (-108 – 121)

Non-Specialist Attendance
Costs

3 month PBS costs
Total drug costs

3 month Inpatient (DRG) costs
Total DRG costs

Intervention costs

Sensitivity analysis
(complete cases)d

3 month MBS costs

Non-Specialist Attendance
Costs
Diagnostic Procedures costs
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Costsa

Control

Intervention

Difference
(Bootstrapped 95% CI)

Other Medical Service costs c

62

389 (73)

65

248 (47)

-141 (-334 – 5)

Total MBS costs

62

1,205 (143)

65

1,029 (132)

-176 (-495 – 226)

59

855 (217)

65

610 (65)

-245 (-832 – 99)

70

13,882 (1,390)

78

13,134 (1,439)

-748 (-3,310 - 4,584)

Total intervention costs

70

0

78

286 (30)

286 (225 – 352)

Total Costs

59

17,024 (1,595)

60

12,078 (917)

-4,947 (-9,030 – -1,451)

3 month PBS costs
Total drug costs

3 month Inpatient (DRG) costs
Total DRG costs

Intervention costs

a

MBS Medical Benefits Schedule, PBS Pharmaceutical Benefits Schedule, DRG Australian Refined Diagnosis
Related Groups (AR-DRGs) cost weights used to cost hospital admissions, GP General Practioner, Total costs =
MBS costs + PBS costs + DRG costs + Intervention costs
b Multiply imputed values. Multiple imputations carried out to account for up to 29 or 19% missing data on cost
estimates
c Examples of other medical costs include pathology and telehealth services as well as allied-health care
attendances
d Analysis restricted to non-missing total cost estimates (119 or 81%).
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Table 30 Outcomes of study
Outcomesa

Control

Intervention

Difference (Bootstrapped
95% CI)

n

Mean

n

Mean

Base Case Analysis (imputed cases)b
EQ-5D-5L and QALY gains
EQ-5D-5L at baseline

70

0.6746 (0.0284)

78

0.6934 (0.0276)

0.1088 (-0.0489 – 0.0916)

EQ-5D-5L at 3 months

70

0.5787 (0.0407)

78

0.6358 (0.0349)

0.0571 (-0.0556 – 0.1560)

Unadjusted QALYs

70

0.1578 (0.0064)

78

0.1659 (0.0067)

0.0081 (-0.0090 – 0.0265)
0.005 (-0.0079 – 0.0199)

Adjustedc QALYs

PG-SGA Scores
PG-SGA Scores at baseline

70

13.3286 (0.5817)

78

12.1123 (0.4951)

-1.2163 (-2.6163 – 0.1793)

PG-SGA Scores at 3 months

70

7.3770 (0.4098)

78

5.9136 (0.4054)

-1.4634 (-2.4801 – -0.1896)

Unadjusted improvement in

70

5.9516 (0.6594)

78

6.1987 (0.5547)

0.2471 (-1.4931 – 1.8661)

PG-SGA Scoresd
1.3238 (0.0240 – 2.3858)

Adjustedc improvement in
PG-SGA Scoresd

Inpatient stay
LOS in days

69

9.9 (7.2)

71

6.9 (5.3)

3.0 (0.9 – 5.1)

Sensitivity analysis (complete cases)e
EQ-5D-5L and QALY gains
EQ-5D-5L at baseline

69

0.6736 (0.0290)

77

0.6926 (0.0272)

0.0189 (-0.0537 – 0.1003)

EQ-5D-5L at 3 months

60

0.5672 (0.0487)

69

0.6360 (0.0407)

0.0688 (-0.0553 – 0.2043)

Unadjusted QALYs

59

(0.1553 (0.0076)

69

0.1658 (0.0075)

0.0105 (-0.0096 – 0.0291)
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Outcomesa

Control

Intervention

Difference (Bootstrapped
95% CI)

n

Mean

n

Mean
0.0060 (-0.0086 – 0.0216)

Adjustedc QALYs

PG-SGA Scores
PG-SGA Scores at baseline

69

13.3478 (0.5848)

74

12.0946 (0.5240)

-1.2532 (-2.9491 – 0.2727)

PG-SGA Scores at 3 months

46

6.9783 (0.6167)

57

5.8070 (0.5185)

-1.712 (-2.7446 – 0.3698)

Unadjusted improvement in

46

6.1739 (0.8876)

57

5.8596 (0.7081)

-0.3143 (-2.4223 – 1.8485)

PG-SGA Scoresd
0.9849 (-0.5601 – 2.5912)

Adjustedc improvement in
PG-SGA Scoresd

a EQ-5D-5L,

European quality of life 5 dimensions 5 levels; QALY, quality adjusted life years; PG-SGA, patient adjusted
subjective global assessment; LOS, length of hospital stay
b Multiply imputed values. Multiple imputations carried out to account for up to 12% of the EQ-5D-5L utility scores (2 or
1% of baseline and 19 or 1% of 3-month EQ-5D-5L scores)
c These scores have been adjusted for baseline differences
d
These PG-SGA scores were reverse scored so that a positive score reflects an improvement in nutrition status
e Trial participants with complete information on baseline and 3-month outcomes

8.5.2 Incremental costs and outcomes

8.5.2.1 Base case analysis results

Table 29 presents a breakdown of mean healthcare costs per participant over a 3
months follow-up period. In the base case, mean per participant total Australian
Medicare costs were lower in the intervention group compared to the control arm (by
$907 per patient) but these differences were not statistically significant (95% CI: -
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$2,956 – $4,854). The main drivers of the higher costs in the control group were
higher inpatient ($13,882 vs. $13,134) and drug ($838 vs. $601) costs. When the
adjusted outcomes in the base case were considered (Table 29), the intervention was
more effective than the control with participants in this arm reporting unit
improvements in the PG-SGA that were higher by 1.3238 units (95% CI 0.0240 –
2.3858) and QALYs that were higher by 0.0050 QALYs gained per patient (95% CI 0.0079 – 0.0199). In line with best practice guidelines,347 358 ICERs relating to both
the primary and secondary outcomes are not presented, as the intervention was both
cheaper and more effective regardless of outcome considered.

The CEPs in the base case analysis (Figure 9) shows some uncertainly in the costeffectiveness results but most of the bootstrapped paired estimates of mean
differences in costs and outcomes appear in south-east and south-west quadrants.
The CEACs (Figure 10) show that the probability of the intervention being costeffective at willingness to pay values as low as $1000 per unit improvement in PGSGA scores was above 98% while it was 78% at a willingness to pay of $50,000 per
QALY gained, the implicit cost-effectiveness threshold used in Australia.359

8.5.2.2 Sensitivity analysis results

In the base case analysis, multiple imputation was used to deal with the missing data
on costs (29 observations or 20%), PG-SGA scores (45 observations or 30%) and EQ5D-5L responses (19 observations or 13%). In the sensitivity analysis, ignoring the
missing data and using complete case analysis (Tables 29 and 30) did not have an
effect on the incremental effectiveness. This is because the intervention was still more
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effective by 0.9849 units of improvement in the PG-SGA score (95% CI -0.5601 –
2.5912) and by 0.0060 QALYs gained per patient (95% CI -0.0086 – 0.0216), but was
even more cheaper per patient (by $4,947; 95% CI $1,451 – $9,030). These figures
did not change the final interpretation because the intervention still outperformed the
control.
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Figure 9 Cost-effectiveness planes
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Figure 10 Cost effectiveness acceptability curves
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200,000

8.6 Discussion

The findings of this study indicate that, in older general medical malnourished
patients, the health care costs were lower while nutrition status and HRQoL was
better among those in the individualized nutrition intervention arm compared to those
in the group that received usual care with no post discharge dietetic follow-up. The
differences in costs and HRQoL outcomes were however not statistically significant.
In line with best practice guidelines,360 361 therefore, our analysis focused on
determining the likelihood of the intervention being cost-effective as opposed to
hypothesis testing relating to whether the cost and QALY differences were
statistically significant. Our results show that probability of the intervention being
cost-effective at willingness to pay values as low as $1000 per unit improvement in
PG-SGA was >98% while it was 78% at a willingness to pay $50,000 per QALY
gained. One of the strengths of this study is the use of PG-SGA for nutritional
assessment, which has been demonstrated to have high sensitivity and specificity for
the diagnosis of malnutrition and has been recommended as a predictive tool for
clinical outcomes.156 Yet, very few costing studies have utilized this stool for
nutritional assessment.

At least two reasons may explain the statistically insignificant cost and HRQoL
differences between the two trial arms. The first may be because the original trial301
from which the data for this study were obtained was not powered to detect
differences in costs and HRQoL, a result seen elsewhere360 361. Another reason
specific to HRQoL could be a short duration of nutrition intervention in our study.
The impact of nutrition intervention on utilities is complex and may not be evident
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after a short period of intervention. After initiating nutrition intervention the temporal
pattern that usually follows is – first improvement in nutrition parameters like weight
then functional outcomes and lastly improvement in HRQoL. 233 Future nutrition
intervention trials of sufficiently long duration may help verify this hypothesis.

The intervention was shown to have had lower mean Medicare costs than the control.
The cost drivers for the higher mean costs per patient in the control group were higher
inpatient and drug costs. This could be related to the overall significantly longer LOS
for the control patients with resultant higher utilization of health care resources.
Studies have suggested that malnutrition contributes to the development of new
complications such as delirium,298 predisposes to pressure ulcers362 and increases risk
of falls,363 all of which may contribute to the prolongation of the duration of
hospitalization. Early nutrition intervention on the other hand may quickly improve
the protein status and hence muscle function364 as reflected by an increase in handgrip
strength365 and may lessen the risk of hospital acquired infections and may contribute
to faster resolution of delirium.238 It is possible that extension of this intervention
following hospital discharge was associated with a sustained improvement in the
nutrition status of intervention patients with a consequent reduction in the ‘posthospital syndrome’.296 This may have led to a reduction in the utilization of primary
health care resources (e.g. reduced GP visits) with consequent reduction in overall
costs.

Our results are in line with a meta-analysis by Russell et al61 who found that use of
ONS in surgical and older medical patients both in hospital and community settings
can reduce LOS and complications with resultant net cost savings per patient. Our
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study is different from the studies used in the above meta-analysis in that we used a
nutritional intervention tailored to individual patients needs rather than ONS alone, as
studies have suggested poor compliance with ONS,366 especially in the older
population. Similarly Gianotti et al367 found reduced treatment costs in patients who
received enteral nutrition among patients undergoing major abdominal or cancer
surgery and hypothesized that nutrition therapy helps improve splanchnic
microperfusion with resultant lesser number of post-operative complications but in
contrast to our study, this study included only surgical patients and limited nutrition
intervention to the perioperative period. Norman et al368 in their study in
malnourished patients aged 50.6 ±16.1 years, with benign gastrointestinal disease
found that 3-month nutritional supplementation with ONS increased HRQoL and was
cost-effective from a German statutory health insurance perspective. Unlike our
study, which included older patients with multiple comorbidities, however, this study
was restricted to a relatively younger population of patients with benign
gastrointestinal disease and nutrition intervention commenced only at the time of
discharge. Our study results are also in line with the findings of three recent metaanalyses conducted in different patient groups,115 226 227 which suggest that the use of
enteral medical nutrition in the management of DRM can be an efficient intervention
from a health economic perspective and may lead to cost-savings.

Although malnutrition is common in older hospitalized patients, it is often poorly
recognized by the clinicians with resultant fewer malnourished patients receiving
treatment.67 Economic evaluation offers a framework within which complex changes
can be synthesized to aid in policy making. Our finding suggests that if similar
intervention were to be delivered to all malnourished patients ≥60 years of age in
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general medical service of our hospital in 2015-16, a per-patient cost saving of
AU$907 will translate to a total savings of AU$1.86 million and if applied to the State
of South Australia total cost savings of AU$9.05 million can be achieved. This study
suggests that there is an opportunity to improve the health of malnourished older
patients at a low marginal cost. Very few interventions have achieved health gains in
this population at a lower cost.369 In the current climate of economic constraints in
healthcare, this study provides convincing evidence of the economic benefits of
nutrition intervention.

8.7 Limitations of study

Although the use of a randomized controlled study provides robust evidence for
assessing the utility of nutrition intervention, this study had limitations when
assessing economic value. Our analysis did not consider several factors, which could
bias the results by either underestimating or overestimating the cost-effectiveness of
nutritional supplementation. While we included the direct medical costs, we did not
consider broader or indirect costs such as those borne by patients and their families
privately or by nursing homes and costs associated with loss of work due to periods of
absence for patients or their carers. Additionally, our study duration is limited to 3
months and long-term impact of such a nutrition intervention is unknown. Our study
did have missing data on some costs and outcomes, however principled and robust
methods were used to deal with these missing data. Finally, the difference in QALY
gains in this study can be considered to be small and therefore our result on the
effectiveness should be interpreted with caution. The overall economic evaluation
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results nevertheless considered these QALY gains jointly with cost differences as is
appropriate.

Due to differences in design and organization of health-care systems, our study results
cannot be generalized to other settings and countries and further studies are needed to
contribute to the evidence of cost utility of nutritional therapy.

8.8 Implications

Our study adds clinical and economic evidence of the benefits of initiating an early
nutrition intervention with continuation in the community to improve health outcomes
in older hospitalized malnourished population and justifies allocation of resources to
improve the nutrition status of an elderly population.

8.9 Conclusion
For both primary (change in PG-SGA scores) and secondary outcomes (QALY
gains), the results of our health economic analysis suggest that the use of early and
extended nutritional intervention in older general medical patients is likely to be costeffective in the Australian health care setting as the intervention was both cheaper and
more effective than the comparator. This conclusion was supported further by results
of the CEACs that showed that the intervention had a high likelihood of being the
cost-effective option over a range of willingness to pay values.
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CHAPTER 9: GENERAL DISCUSSION AND
FINAL CONCLUSIONS

This thesis has identified factors responsible for a missed opportunity to screen for
malnutrition in older hospitalized patients, which was found to be widely prevalent
and was missed in over half of the general medical inpatients. This research confirms
adverse consequences of malnutrition measured in terms of a longer LOS, a higher
risk of nosocomial complications and a poorer HRQoL. Malnutrition at hospital
admission also emerged as a significant predictor of a combined clinical outcome of
readmission or death in both early and late periods following hospital discharge.
MUST was found to be a valid malnutrition screening tool when compared against the
PG-SGA and a history of recent significant weight loss emerged as a reasonably good
indicator of malnutrition risk in hospitalized older patients. Finally, early and
extended nutrition intervention was found to beneficial in improving the nutritional
status and LOS in older general medical patients and was found to be a cost-effective
strategy.

9.1 Synthesis of Findings

As reported by others,20 113 118 119 370, this study found that over 50% of older general
medical patients missed nutrition screening during their hospital stay. This study
compared characteristics of patients who missed nutritional screening with MUST
with those who underwent nutritional screening. Three factors were found to be
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associated with a reduced rate of nutritional screening in older general medical
hospitalized patients. These factors included: a higher BMI at the time of hospital
admission, patients’ location away from the home wards and overnight admissions.

This study found that patients with a higher BMI were less likely to undergo
nutritional screening by MUST. Other studies127 261 also suggest that patients’ overall
physical appearance influence nutritional screening and patients who appear wellnourished are less likely to be screened. It is possible that in a busy clinical situation
some guess work is used by the health care professionals to decide whom to screen.
Patients who visually look “healthy” or “fit” may miss nutritional screening with a
false perception that they are unlikely to be malnourished. The results of this study are
in line with Raja et al,127 who also found that patients with a higher BMI often miss
nutrition screening. However, Venzin et al371 in their study involving 430 patients
with a mean age of 63±19 years found that the prevalence of malnutrition was
underestimated only in less than 5% patients by the physicians’ clinical judgement.
However, in this study the physicians were instructed to define patients’ nutrition
status based on history, physical examination and laboratory investigations at the time
of hospital admission. The authors acknowledged that although the physicians
received no training to detect malnutrition they could still have been sensitized for
malnutrition which could have led to good results. Overall, the findings of our
research indicate that there is a need to educate staff that patient’s appearance is not
an accurate method for determining their nutrition status and patients who look ‘fit’
can still be malnourished and clinical judgment should not supersede nutritional
screening.
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Patients’ logistics after admission were identified as another factor which might
influence nutritional screening. This study found that patients who were placed in the
home ward after admission from the emergency department (ED) were more likely to
undergo nutrition screening than those located in the outlier wards. This could be due
to the fact that staff work more efficiently in a familiar area and have more time to
screen patients than those taking care of the outliers. Studies suggest that the care
provided in the outlier wards may not be most appropriate and more timely as it could
be, as staff taking care of the outlier patients may not have specific expertise for the
patients’ condition.266 372 373 Some empirical evidence265 on outlier patients also
suggest that the patients who are chosen for medical outliers are more medically “fit”.
Implicitly, patients who are classified as “fit” may be perceived by the staff to be of
low priority and this may in turn lead them to skip the routine screening
procedures.265 An Australian study374 also found that medical outliers have a higher
frequency of medical emergency response team (MET) calls leading to higher
workload on staff who do not know the patients as well. This may result in
suboptimal patient care with resultant poor clinical outcomes. Other reason for
suboptimal nutrition screening in the outlier patients could be related to the
unavailability of proper equipment (e.g. absence of calibrated weighing scales) in the
outlier wards which could either hamper or delay routine assessments on these
patients.146 This finding demands that patients should be preferably located in the
home ward and if possible outliers should be discouraged. In light of the findings of
this study, the hospitals may need to revisit their policies regarding outlying patients
as there is an evidence suggesting worse quality of care and this may lead to poor
clinical outcomes.265
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Finally this study found that patients who had overnight admissions were less likely to
undergo nutritional screening than those who were admitted during morning shifts. It
is possible that this could be related to fewer staff availability afterhours than during
day shifts. However, this hypothesis needs confirmation as our study did not
investigate the staff availability at different time shifts. Studies suggest that although
nurses acknowledged the importance of nutrition screening but they experienced
difficulty in raising nutrition care above other nursing responsibilities due to time
constraints and the need for multitasking.375 Thus in a busy health care setting to
priortize care, some screening or assessments are either omitted or may be left for
completion by other staff127 and this may lead to missed opportunity to screen patients
for malnutrition.

Two studies (chapters 4 and 5) included in this thesis confirmed adverse clinical
consequences of malnutrition in medical inpatients. Malnutrition was found to be
associated with a longer LOS, poor HRQoL, higher in-hospital mortality and
increased risk of either death or readmission in both early and late periods following
hospital discharge in older general medical patients.

This research confirms findings of other similar studies 42 58 62 67 that malnutrition
lengthens hospital stay in older hospitalized patients. This study found that
malnourished patients suffered a higher number of nosocomial complications than
well-nourished patients and this could have contributed towards a longer LOS.
Previous studies376-378 also suggest that malnourished patients are at an increased risk
of hospital-acquired pneumonia (HAP) because of respiratory muscle dysfunction and
immunosuppression. Studies suggest that malnourished patients are slow to recover
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from infections because of a poor response to antibiotics and they often need
treatment for an extended duration.87 Older malnourished patients frequently have
gastroparesis which leads to poor absorption of orally administered medications. 379
Gastroparesis also causes nausea and vomiting380, and this may delay discharge from
hospital. Other reasons for a longer LOS in malnourished patients could be related to
poor mobility and a greater risk of deconditioning and accidental falls because of the
negative effects of malnutrition on skeletal muscle function. 93 381

Similar to other studies,97 278 382 this study confirmed a poor HRQoL in older
malnourished general medical patients. However, the relationship between nutrition
status and HRQoL appears to be complex, and may be influenced by other factors
such as mood, difficulties in eating and anorexia.279 383 The nature of these
associations demands further clarification; for instance whether there is a causal
relationship between eating difficulties, depression, anorexia and poor HRQoL. As
the present study was an observational study, so no causal relation can be drawn
between malnutrition and poor HRQoL.

Malnourished general medical patients were at a high risk of either readmission or
death post-hospital discharge. This evidence is in line with some other studies 62 299 384
and suggests that malnutrition predisposes to either new illnesses or leads to flare-up
of existing co-morbidities, with resultant poor outcomes for these patients. The ‘posthospital syndrome’296 is a well-known phenomenon where after a recent acute
hospitalization, patients are vulnerable due to limited physiological reserves. 385 The
risk factors for this syndrome include: deconditioning, polypharmacy, sleep
deprivation, poorly controlled pain and malnutrition. 296 386 All these factors usually
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exist at the time of index admission and if not properly managed during hospital
admission, will work in various combinations post discharge and will lead to either an
unplanned readmission or in extreme cases even death. Malnutrition has been
identified as one of the risk factors for this syndrome because nutrition status
frequently declines during hospital stay and it also contributes to deconditioning.387

The strong association of malnutrition with adverse clinical outcomes can also be
explained by the complicated synergistic effects of malnutrition, inflammation and
atherosclerosis (MIA syndrome).388 389 MIA syndrome is a well known phenomenon
in patients with end-stage renal disease who are on renal replacement therapy. 390
Chronic inflammation and atherosclerosis are common in older people391 due to
ageing itself and due to associated co-morbidities (e.g. chronic kidney disease,
diabetes, congestive heart failure) and malnutrition may act synergistically to increase
inflammation with resultant poor clinical outcomes. Chronic inflammation leads to
endothelial dysfunction which may be associated with hypertension and unstable
coronary artery disease - common complications in hospitalized patients with
resultant poor clinical outcomes.392 393

This study tested the validity of MUST against PG-SGA in older hospitalized general
medical patients. This study found that MUST had a lower sensitivity (69.7%),
specificity (75.8%), positive predictive value (75.4%) and negative predictive value
(70.1%) as compared to the PG-SGA (used as reference standard). The level of
agreement between two tools was 72.7% (k = 0.49) and MUST score was found to
have a significant inverse correlation with all anthropometric measures except
handgrip strength. These results indicate that MUST is a reasonable good screening
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tool in detecting malnutrition among older general medical patients. A specific
finding of this study was that significant weight loss (≥5%) in the previous 3-6
months correlated well with nutrition status as determined by PG-SGA (area under
ROC curve 0.71) which was almost comparable to the MUST (area under ROC curve
0.73).

Limited studies have validated the MUST against PG-SGA in hospitalized patients.
A study275 in radiation oncology patients compared MUST against PG-SGA and
found a relatively higher sensitivity (80%) and specificity (89%) in detecting
malnutrition as compared to our study. However, this study included only cancer
patients with a wide age range (18–95 years) as compared to our study which
included older (≥60 years) general medical patients with multiple co-morbidities. A
Korean study found that MUST was a valid tool to screen malnutrition in older
hospitalized patients (sensitivity 80% and specificity 98%) when compared against a
combined index for malnutrition, which was calculated using four different tools and
used as a reference.46 Other studies have compared MUST against SGA in a mixed
population of medical and surgical patients and found its validity to be fair (sensitivity
and specificity 70-80%)394 and comparison against NRS 2002142 and MNA395 also
revealed fair to good validity (sensitivity and specificity >80%).

The purpose of using a screening tool is to identify patients at risk of malnutrition and
then to select those individuals for further evaluation and potential intervention. 396
MUST is an easy-to-use tool with straight forward, objective questions.126 A recent
study suggests that MUST correlates better with ESPEN criteria for the new
definition of malnutrition and can efficiently screen malnourished patients.396
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However, our study found that, in general medical patients, the negative predictive
value of MUST was around 70% which indicates that MUST has a 30% probability of
missing patients who are ‘at risk’ of malnutrition. This highlights deficiencies of the
existing nutrition screening tools including MUST and there is no ‘gold standard’ tool
available at this stage to detect malnutrition.

Another significant finding of this study is that a history of significant (≥5%) weight
loss in past 3-6 months can also be a good predictor of a patient’s nutrition status. The
ROC area for significant recent weight loss as compared to the PG-SGA was 0.71
which was similar to the MUST. Boloe-Tome et al275 also found that a history of
recent significant weight loss is a reliable predictor of nutrition status in cancer
patients with sensitivity, specificity, positive and negative predictive values that were
comparable to that of the MUST (with PG-SGA used as the reference standard).
Others have questioned the validity of weight loss as a screening tool because a
number of non-nutritional factors, e.g. hydration status may influence weight
changes.317 Moreover, many patients may not remember their weight in the recent
past and may use guesswork about their recent weight change.

The study presented in chapter seven of this thesis found benefits of starting an early
and extended nutrition intervention in older hospitalized malnourished patients. The
findings of this study suggests that there was a trend towards an improved nutrition
status in the intervention group at the end of 3 months of the study period and in terms
of clinical outcomes there was as a significant shortening of LOS in the intervention
group but other clinical outcomes were similar between the two groups.
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A significant finding of this study was an improvement in the nutrition status of both
control and intervention patients from their baseline. These findings are contrary to an
observational study conducted by Marshall et al397, who found that, in geriatric
rehabilitation patients, nutrition status declined in patients who receive usual care
over a period of 12 weeks of observation. In our study, however, some control
patients also were referred for dietetic intervention during their hospital stay. There
was a heightened staff awareness of an ongoing nutrition intervention trial in the
department of medicine and this could have been one of the reasons for an increased
referral of the control patients to a dietitian. It is quite possible that some of the
control patients continued intervention and/or sought additional dietetic support
following hospital discharge. The so called ‘Hawthorne effect’ 398 399 is a well known
phenomenon, where after being made aware of the diagnosis of ‘malnutrition’, control
patients could have modified their behavior and changed their dietary practices. This
could have been the reason for an improved nutrition status observed in these patients
over the duration of study and could have diluted the beneficial results of the
intervention. We think that this could be the reason why a significant difference in the
nutrition scores, as determined by the PG-SGA, was not observed between the two
groups at the end of the intervention.

With regards to the clinical outcomes, this study found a significant shortening of
LOS (5.0 days; 95% CI 3.0 – 8.4 vs. 8.8 days; 95% CI 4.1 – 13.9), P = 0.007) in the
intervention group. Holyday et al44 in their study in geriatric patients found that early
nutrition intervention can significantly improve LOS (19.5 ± 3 days versus 10.6 ± 1.6
days, P = 0.013). Similarly, Somanchi et al210 in their study involving older
hospitalized patients also found that early nutrition screening and intervention led to a
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significant reduction in LOS (6.1 ± 5.3 versus 8.7 ± 11.7 days, P < 0.05). It is possible
that early nutrition intervention negated the catabolic effects of acute illness with a
consequent reduction in muscle dysfunction and thus less deconditioning occurred in
the intervention patients. This could have led to an early mobilization in intervention
patients during their hospital admission, which, in turn, could have facilitated their
early discharge from hospital. It is also possible that intervention patients, because of
their improved nutrition status, showed a quicker response to treatment (e.g. to
antibiotics) than the control patients. Evidence400 401 shows that an improvement in the
nutrition status of hospitalized patients increases their ability to fight infections
because of enhanced immunity and improves their respiratory muscle function
lowering their risk of acquiring HAP. A meta-analysis401 in critically ill patients also
confirmed that nutrition intervention reduces the risk of nosocomial pneumonia (OR
0.54; 95% CI 0.35 – 0.84, P = 0.007) and decreases the duration of mechanical
ventilation (mean 2.25 days; 95% CI 0.5 – 3.9, P = 0.002), with a resultant shortening
of ICU and total hospital LOS.

This study found that nutrition intervention led to a modest improvement in HRQoL,
which was reflected only in the VAS component of the EuroQol questionnaire (61.2;
95% CI 56.8 – 65.6) versus 52.4; 95% CI 45.2 – 59.7, P = 0.03). Neelmaat et al233 in
their study involving older hospitalized patients also found no significant
improvement in HRQoL, determined by the EuroQoL questionnaire, in intervention
patients who received protein and energy supplementation for a period of 3 months
following discharge. Similarly, Johansen et al402 in their study involving hospitalized
patients (mean age of 62 ± 1.6 years) who received individualized nutrition
intervention, found no significant improvement in HRQoL, determined using the SF-
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QoL questionnaire, and measured at 28 days of starting nutrition intervention.
Evidence suggests that the improvement in HRQoL after acute hospitalization
probably reflects the effects of recovery from an acute illness rather than
improvement due to the nutrition intervention itself.196 Moreover, older general
medical patients often have an overall poor HRQoL because of multiple
comorbidities.340 It is also possible that the duration of intervention in our and others’
studies was too short to produce any discernible differences in HRQoL. Evidence 403
suggests that after starting an intervention the temporal pattern that follows is: first
improvement in nutritional parameters (e.g. weight), then muscle function and finally
HRQoL.

This study found no difference in the number of complications during hospital
admission or mortality (both in-hospital and long-term) in the two groups of patients.
Our study findings are in line with a recent systematic review 104 which included 22
RCTs and 3736 acutely hospitalized patients and found that nutrition intervention did
not produce any significant reduction in hospital acquired infections (overall 6% vs.
7.6%; OR 0.75, 95% CI 0.50 – 1.11) in intervention and control groups, respectively.
Similar to the findings of this meta-analysis,104 our study also found that nutrition
intervention was not associated with any significant improvement in mortality. This
could be related to the advanced age of our study participants, who in addition had an
element of cachexia due to the presence of multiple comorbidities. Cachexia is known
to be less responsive to nutrition intervention.336 It is also possible that some of the
study patients were already in an advanced stage of DRM and nutrition intervention
was probably too late in these patients to produce any significant impact. Studies have
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indicated that treating patients at an early stage of malnutrition is probably more
effective than correcting advanced malnutrition.337

An economic evaluation was carried out alongside the original clinical trial and
included a CEA and a CUA. CEA is a type of economic evaluation whose outcomes
are expressed in terms of natural units such as life expectancy or change in nutrition
scores, while outcomes in CUA are expressed in terms of costs per quality adjusted
life years (QALY).352 The objective of this evaluation was to determine whether the
individualized nutrition intervention was value for money when considered from a
healthcare sector (Australian Medicare) perspective. The primary outcome of this
evaluation was expressed in terms of incremental costs per unit improvement in the
PG-SGA (CEA) and the secondary outcome was reported in terms of incremental
costs per QALY gained (CUA). This economic analysis found that the mean per
included patient Australian Medicare costs were lower (- AU$907; 95% CI - 4854 –
2956) in the intervention group as compared to the control group. The main drivers of
higher costs in the control patients were higher inpatient ($13,882 vs. $13,134) and
pharmaceutical costs ($838 vs. $601) as compared to the intervention patients. When
adjusted outcomes in the base case were considered, the intervention was found to be
more effective with unit improvement in PG-SGA higher by 1.3238 units (95% CI
0.0240 – 2.3858)) and QALYs gained higher by 0.0050 QALY per patient (95% CI 0.0079 – 0.0199) as compared to control group. The cost effectiveness planes (CEPs)
in the base case analysis showed that most of the bootstrapped paired estimates of
mean differences in costs and outcomes were in the south-east and south-west
quadrants, indicating that the intervention was not only effective but also less costly.
The cost effectiveness acceptability curves (CEACs) showed that the probability of
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the intervention being cost-effective at willingness to pay values as low as $1000 per
unit improvement in PG-SGA scores was above 98% while it was 78% at a
willingness to pay $50,000 per QALY gained, which was within the implicit costeffectiveness thresholds used in Australia.

This study found lower mean Australian Medicare costs in the intervention group
when compared to the control group. The cost drivers for the higher mean costs in the
control patients were due to higher inpatient and drug costs. The reason for the higher
costs in the control patients could have been due to the significantly longer LOS. This
could have resulted in higher utilization of heath care resources by the control
patients. Studies suggest that malnutrition contributes to the development of new
complications (e.g. delirium)298, predisposes patients to pressure ulcers362 and
increases risk of falls363, these factors could have been responsible for a longer LOS
in control patients. On the other hand, early provision of nutrition intervention may
lead to an improved muscle function364, lesser deconditioning404, fewer nosocomial
infections401 and may result in faster resolution of delirium238. These factors could
have facilitated a quicker discharge from hospital in the intervention patients. It is
also possible that the extension of the intervention following hospital discharge was
associated with a sustained improvement in the nutrition status of the intervention
patients with a consequent reduction in the ‘post-hospital syndrome’.296 This may
have led to a reduction in the utilization of primary health care resources (e.g. reduced
GP visits) with a consequent reduction in overall health-care costs.

The findings of this health economic evaluation are in line with a systematic
review227, which included nine studies and included both medical and surgical
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inpatients and compared ONS use versus routine care during hospitalization. This
systematic review found that the use of ONS during hospitalization was cost-effective
(net cost savings per patient £924; 95% CI £63.2 – £1911.9) in patients of different
age groups, nutrition status and underlying medical conditions. This review found that
the cost savings were associated with an improvement in a range of other clinical
outcomes, such as reduced LOS, complications and mortality. Neelemaat et al233 in
their study involving 210 older hospitalized patients, provided a multicomponent
nutritional intervention and compared ONS versus usual care for 3 months. This study
found that the intervention resulted in no significant extra costs (mean difference
€445 (95% CI -2779 – 3939) and was associated with a significant improvement in
functional limitations, measured using the Longitudinal Ageing Study Amsterdam
(LASA) functional limitations questionnaire (mean difference -0.72; 95% CI -1.15 – 0.28). In this study, the ICER of €618/point improvement in functional limitations
showed that the intervention was cost-effective with a probability of 40%.

Our study results are also in line with the study by Zhong et al369 who in their health
economic analysis involving 622 older malnourished patients hospitalized with CHF,
AMI, pneumonia and COPD (conducted alongside a multicentre RCT) and used
nutrient-dense ONS containing a high concentration of protein and beta-hydroxybeta-methylbutyrate versus placebo. The intervention resulted in 0.011 QALY gains
(using SF-36 questionnaire) over a 90-day follow-up period and was found to be costeffective at US$34,000 per QALY gained, a value below the benchmark of
US$50,000 to US$100,000 per QALY.
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The economic benefits of ONS in hospitalized patients has also been shown by a large
US study405 containing information on 44 million adult inpatient episodes over a
period of 11 years. This study found ONS supplementation was associated with a
shorter LOS (-2.3 days (95% CI -2.42 to -2.16) and episode cost decreased by $4734
(95% CI -$4754 to -$4714).

9.2 Limitations

There are several limitations in the studies included in this thesis. We did not compare
clinical outcomes between patients who missed nutrition screening and those who
underwent nutrition screening. It is quite possible that patients who missed nutrition
screening were already under the care of a dietitian and thus were not screened. We
did not measure referrals to the dietitian between the two groups and it is possible that
some of the malnourished still got dietetics referral. In clinical practice dietetic
referrals do occur by word of mouth at clinical huddles. Finally it is possible that
nutrition screening did happen but staff failed to enter this information either into the
case-notes or the electronic database. We suggest that future studies should also
include the health-staff perspective on nutrition screening, as this may help discover
new factors which are still unidentified.

We did not measure the effect of new medications which were started during hospital
admission on clinical outcomes. It is possible that polypharmacy could have partly
contributed to the adverse clinical outcomes in malnourished patients. Another
limitation is that very few cognitively impaired patients were enrolled in these studies
due to lack of a valid consent. Studies have identified that patients with dementia are
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a vulnerable group prone to malnutrition and cognitive impairment is regarded as a
strong risk factor for the development of malnutrition.406 407 This concept gains further
significance in light of findings of a recent study which suggest that, among older
patients, with mild to moderate Alzheimer’s disease, malnutrition is a significant
predictor of a rapid cognitive decline (OR 1.61; 95% CI 1.06 – 2.63, P = 0.028).408
Studies also suggest that malnutrition is associated with sleep disturbances,
psychological problems, and immobility and malnutrition increases falls risk in
patients with dementia.409 410

We did not determine the impact of malnutrition on functional status, an aspect which
is of relevance to patients. Functional dependency has been reported to predict
nutrition status particularly in older patients.411 This is important, in that early
nutrition intervention may offset impairments in functioning for these patients. 412 413

This study did not take into account the effect of psychiatric illness with malnutrition,
as depression is one of the leading causes of weight loss in older patients. 414 A recent
Chinese study suggests that 10% of older patients with depression are
malnourished.415 It is difficult to establish a causal relation between malnutrition and
depression. Numerous studies416-418 have found a correlation between micronutrient
deficiency (e.g. vitamin D deficiency) and depression with suggestions that these
deficiencies are associated with low levels of neurotransmitters like serotonin419
which may contribute to depressive symptoms. Thus early correction of micronutrient
deficiencies gains significance in older patients who manifest depressive symptoms.
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In regards to the validation of MUST against PG-SGA, the results of this study should
be taken with caution as there is a potential for selection bias because not many
cognitively impaired patients participated in this study. Furthermore, this study
validated MUST in a specific population of older patients, and the extrapolation of
these results to other populations (e.g. patients admitted under sub-specialty teams,
younger patients etc.) should be done cautiously. This study did not compare the
predictive validity (e.g. LOS, mortality etc.) of MUST against PG-SGA. It is possible
that a number of patients who had subclinical malnutrition escaped diagnosis because
micronutrient deficiencies are not into taken into account by the currently available
nutrition screening tools including MUST.420

Moreover, nutrition screening tools like MUST have been designed primarily to
detect undernutrition. Since one component of the MUST is BMI, so patients with a
low BMI will get a high nutrition risk score. The accuracy and reliability of MUST
when applied to obese patients is likely to be low and application of this tool in obese
patients will most likely miss undernutrition.421 Therefore, in obese patients, a history
of recent significant weight loss may be a more accurate measure of nutrition decline.
However, further research is needed to verify this hypothesis.

The results of the nutrition intervention study should be taken with caution due to the
following limitations. This study did not take into account the acuity of admission
diagnosis on the clinical outcomes. It is possible that the severity of admission
diagnosis could have affected clinical outcomes like LOS and mortality and hence the
impact of nutrition intervention on LOS should be interpreted with caution. This study
did not determine the impact of nutrition intervention on functional parameters (e.g.
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activities of daily living, gait speed, balance etc.) which are of relevance to patients
and determine their independent functioning. Although this study provided an
individualized nutrition intervention, it did not take into account the effect of
polypharmacy and pharmaceutical reconciliation was not done. Studies 422 423 suggest
that polypharmacy reduces nutrient absorption and this could have reduced the
beneficial effects of nutrition intervention. As this study included only older general
medical patients and not many cognitively impaired patients were involved, so the
results are not generalizable to the sub-specialty patients or cognitively impaired
patients. Another limitation was failure to recruit non-English speaking and
Indigenous Australian patients due to lack of funding for availing ourselves of the
services of an interpreter/Indigenous liaison officer. Finally this study did not measure
the effects of micronutrient (e.g. vitamin D) supplementation on clinical outcomes as
only a few intervention patients received a multi-vitamin supplement.

Although the use of a randomized controlled study design provides a robust evidence
for assessing the utility of nutrition intervention, this study had limitations when
assessing economic outcomes. This study did not consider several factors, which
could bias the results by either underestimating or overestimating the costeffectiveness of nutritional supplementation. While this study included direct medical
costs, broader or indirect costs such as those borne by the patients and their families
privately and costs associated with loss of work due to periods of absence for patients
or their carers were not considered. The follow-up period of this study was three
months only. It can be questioned whether a follow-up period of three months is long
enough to find any significant effects on HRQoL and the long term impact of
nutrition intervention on costs is unknown. This study did have some missing data in
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terms of some costs and outcomes, however principled and robust methods were
employed to deal with the missing data. The difference in QALY gains in this study
can be considered to be small and therefore our results on effectiveness should be
interpreted with caution. This study was powered to detect differences in nutrition
score as determined by PG-SGA but underpowered to detect cost differences. This is
reflected by the wide confidence intervals around the cost differences. This is a
common problem in economic evaluations conducted alongside clinical trials.
Because of the heavily skewed distribution data, a very large sample size is needed to
detect cost differences.424 Finally, due to differences in design and organization of
health-care systems, the results of this study cannot be generalized to other healthcare settings and countries.

9.3 Future implications and suggestions for improvement

The results from the present study have identified some barriers which could prevent
nutrition screening of hospitalized patients. Some of the factors responsible for
missed nutrition screening can be improved by employing a range of strategies which
can lead to a culture shift and hence may improve compliance with evidence-based
practice. This may include interactive educational sessions highlighting importance of
nutritional screening, multi-faceted interventions or decision support models.425 This
will not be possible without organizational support, including a policy directive from
the clinical management hierarchy. Nursing managers and clinicians can act as
leaders in implementing nutrition screening strategies and an enthusiastic staff
member can act as a ‘champion’ who might build enthusiasm of other staff. 426
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Future studies looking into the clinical consequences of malnutrition should take into
account the effect on patients’ nutrition outcomes of polypharmacy, the functional
aspect (e.g. use of the Barthel index) and measures of psychological health (e.g. the
Geriatric depression scale), as these three factors are commonly associated with
malnutrition. In addition, micronutrient deficiencies (e.g. vitamin D levels) can be
measured, because, subclinical micronutrient deficiencies are not taken into account
by the currently available nutrition screening tools.427

Further studies are needed to confirm the validity of MUST in older medical patients.
Future studies should compare not only the face and construct validity but also the
predict validity of MUST against the reference standard tools, to determine whether
MUST accurately predicts clinical outcomes in general medical patients. There is a
need to test MUST in a broad range of general medical patients including cognitively
impaired and younger patients.

Future studies can also verify whether using the single parameter of recent significant
weight loss accurately predicts risk of malnutrition. If confirmed, then further
research can determine whether this parameter alone can be used for nutrition
screening because this may obviate the need for anthropometric measures. This may
help improve nutrition screening rates in hospitalized patients because evidence
suggests that a lack of proper equipment for measuring height and weight is a major
obstacle in the performance of nutrition screening.32

MUST seems to be a useful screening tool in older hospitalized general medical
patients. However, users should always be aware of the limitations of MUST and
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hence clinical judgment should always play a major role in deciding which patients
needs further assessment by a dietitian.

Older patients with multiple comorbidities may have a component of cachexia which
may not be responsive to standard nutritional intervention.336 Recent research428 in
cancer patients suggests that use of increased amounts of high-quality proteins and/ or
nutrients aimed at modulating the inflammatory response (e.g. n-3 long-chain
polyunsaturated fatty acids (n-3 PUFA)) may be useful in cachexia. Future studies can
use high-energy ONS containing high protein levels and n-3 PUFA, to see if this
intervention is also beneficial in older patients. Use of these agents in cancer patients
on chemotherapy has led to a greater improvement in body weight and muscle mass
compared to a standard ONS/diet428 429 but whether they can be beneficial in older
patients needs verification.

The duration of nutrition intervention required to produce a beneficial effect on
HRQoL is not clear at this stage and future studies can be extended further (e.g. six
months) to see the effects of nutrition intervention on HRQoL. The effect of nutrition
intervention on the psychological health of older hospitalized patients is unclear 430
and future studies can employ tools like the GDS to verify the effects of nutrition
intervention. Finally very few studies have determined whether exercise provides
additional improvements to muscle strength alongside nutritional support in
nutritionally vulnerable older adults. Future research involving a multimodal strategy
of exercise and nutritional supplementation in older, frail malnourished patients can
answer this question.
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Future nutrition intervention studies should extend for a longer duration (e.g. six
months) to see whether economic benefits are sustained. There is a need for future
studies to test the cost-effectiveness of nutrition intervention in a broad range of
general medical patients (e.g. younger patients and patients with cognitive
impairment). Use of protein and energy supplementation in older patients with or at
risk of malnutrition presents an opportunity for health care services to reduce
hospitalization costs for a relatively small additional investment. However, there is a
paucity of health economic evaluations in the Australian health care settings. 115
Further high quality comprehensive economic evaluations along side clinical
effectiveness trials are needed to demonstrate the cost-effectiveness of nutrition
interventions for the treatment of malnutrition. Demonstration of the clinical and
economic benefits of treating hospital malnutrition may convince the clinicians and
hence improve the uptake of evidence-based guidelines into clinical practice. These
studies will also be of help to the policy makers to decide the allocation of resources
in current times of economic constraints.

9.4 Conclusion

There is no denying the fact that malnutrition is widely prevalent in hospitalized
patients leading to adverse outcomes for the patients and proves costly for the
hospitals. This thesis has confirmed a high prevalence rate of malnutrition in older
general medical patients and found that a significant proportion of these patients
missed nutrition screening during their hospital stay. Factors which influenced
nutrition screening were identified and this research verified that malnourished
general medical patients have poor clinical outcomes. Malnutrition was also identified
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as a significant predictor of unplanned readmissions and mortality in the postdischarge period. Furthermore, this study found that an individualized nutrition
intervention, when initiated early during hospital admission and extending into the
community following discharge, was beneficial for these patients. An economic
evaluation proved that the nutrition intervention was a cost-effective strategy in these
patients.

There is a need for a consistent effort on the part of health care professionals to target
hospital malnutrition. Further studies involving patients of different age groups and
from different sub-specialities are needed to confirm the beneficial effects of nutrition
intervention. These studies may convince policy makers to allocate resources to
improve the nutrition status of hospitalized patients and quality of care.

233

APPENDICES

APPENDIX 1.1: AUTHOR CONTRIBUTIONS

This chapter is a co-authored publication.

Sharma Y, Miller M, Shahi R, Hakendorf P, Horwood C, Thompson C. Malnutrition
screening in acutely unwell elderly patients. British Journal of
Nursing.2016;25(18):1006-1014.

YS contributed to the design of the study and was involved in collection, analysis,
interpretation of data in addition to preparing and editing the manuscript to its final
form. MM and CT helped in design of study, interpretation of data and review of
literature. RS was involved in data collection. PH and CH extracted data and provided
statistical input.

234

235

APPENDIX 1.2: AUTHOR CONTRIBUTIONS

This chapter is a co-authored publication.

Sharma Y, Thompson C, Shahi R, Hakendorf P, Miller M. Malnutrition in acutely
unwell hospitalized patients – ‘The skeletons are still rattling in the hospital closet”.
The Journal of Nutrition Health and Ageing. 2017;21(10):1210-1215. doi:
10.1007/s12603-017-09

YS contributed to the study design, data collection, statistical analysis, data
interpretation and wrote the manuscript. RS was involved in data collection and
interpretation. PH provided statistical input. CT and MM were involved in study
design, data interpretation and critically reviewed the manuscript.

236

237

APPENDIX 1.3: AUTHOR CONTRIBUTIONS

This chapter is a co-authored publication.

Sharma Y, Miller M, Kaambwa B, Shahi R, Hakendorf P, Horwood C, Thompson C.
Malnutrition and its association with readmission and death within 7 days and 8-180
days postdischarge in older patients: a prospective observational study. BMJ Open.
2017;7(11):e018443. doi: 10.1136/bmjopen-2017-018443.

YS was involved in study design, recruitment, statistical analysis, data interpretation
and wrote the manuscript. MM, BK, RS and CT were involved in study design and
analysis. PH and CH provided statistical input. YS, MM, BK and CT critically
reviewed final manuscript before submission

238

239

APPENDIX 1.4: AUTHOR CONTRIBUTIONS

This chapter is a co-authored publication.

Sharma Y, Thompson C , Kaambwa B, Shahi R, Miller M. Validity of the
Malnutrition Universal Screening Tool in Australian hospitalized acutely unwell
patients. Asia Pacific Journal of Clinical Nutrition. 2017;26:994-1000. doi:
10.6133/apjcn.022017.15.

YS was involved in study design, recruitment, statistical analysis, data interpretation
and wrote the manuscript. MM, BK, RS and CT were involved in study design and
analysis. YS, MM, BK and CT critically reviewed final manuscript before submission

240

241

APPENDIX 1.5: AUTHOR CONTRIBUTIONS

This chapter is a co-authored publication.

Sharma Y, Thompson C, Kaambwa B, Shahi R, Hakendorf P, Miller M.
Investigation of the benefits of early nutrition screening with telehealth follow up in
elderly acute medical admissions. Quarterly Journal of Medicine. 2017;110(10):639647. doi: 10.1093/qjmed/hcx095.

YS was involved in study design, recruitment, statistical analysis, data interpretation
and wrote the manuscript. MM, BK, RS and CT were involved in study design and
analysis. PH provided statistical input. YS, MM, BK and CT critically reviewed final
manuscript before submission

242

243

APPENDIX 1.6: AUTHOR CONTRIBUTIONS

This chapter is a co-authored publication.

Sharma Y, Thompson C, Miller M, Shahi R, Hakendorf P, Horwood C, Kaambwa B.
Economic evaluation of an extended nutritional intervention in older Australian
hospitalized patients: a randomized controlled trial. BMC Geriatrics 2018. 18:41. doi:
10.1186/s12877-018-0736-0.

YS was involved in study design, data collection, statistical analysis, data
interpretation and wrote the manuscript. MM, CT and BK were involved in study
design and data interpretation. BK was involved in economic analysis. RS was
involved in data collection and analysis. PH and CH provided statistical input. YS,
BK, CT and MM critically reviewed manuscript for final submission.

244

245

APPENDIX 1.7: LIST OF PUBLICATIONS ARISING
FROM THIS CANDIDATURE

Peer Reviewed Journal Articles:

Sharma Y, Miller M, Shahi R, Hakendorf, P, Horwood C, Thompson, C.
Malnutrition screening in acutely unwell elderly inpatients. Br J Nurs.
2016;25(18):1006-1014.

Sharma Y, Thompson C, Shahi R, Hakendorf P, Miller M. Malnutrition in acutely
unwell hospitalized elderly – “The skeletons are still rattling in the hospital
closet”. J Nutr. 2017;1-6. doi:10.1007/s12603-017-0903-6.

Sharma Y, Thompson C, Kaambwa B, Shahi R, Miller M. Validity of the
Malnutrition Universal Screening Tool in Australian hospitalized acutely unwell
elderly patients. Asia Pac J Clin Nutr. 2017;26:994-1000. doi:
10.6133/apjcn.022017.15.

Sharma Y, Thompson C, Kaambwa B, Shahi R, Hakendorf P, Miller M.
Investigation of the benefits of early malnutrition screening with telehealth follow up
in elderly acute medical admissions. QJM –an International Journal of Medicine
2017.110(10):639-647. doi: 10.1093/qjmed/hcx095.

246

Sharma Y, Miller M, Kaambwa B, Shahi R, Hakendorf, P, Horwood, C, Thompson
C. Malnutrition and its association with readmission and death within 7 days and
within 8 to 180 days post-discharge in older patients: a prospective observational
study. BMJ open 2017.7(11):e018443. doi: 10.1136/bmjopen-2017-018443.

Sharma Y, Thompson C, Miller M, Shahi R, Hakendorf P, Horwood, C, Kaambwa
B. Economic evaluation of an extended nutritional intervention in older Australian
hospitalized patients: a randomized controlled trial. BMC Geriatrics. 2018;18:41. doi:
10.1186/s12877-018-0736-0.

Miller M, Thomas J, Suen, J, De Sheng O, Sharma Y. Evaluating photographs as a
replacement for the in-person physical examination of the scored Patient-Generated
Subjective Global Assessment in elderly hospital patients. J Acad Nutr Diet.
2018;118(5):896-903. doi: 10.1016/j.jand.2017.10.010.

247

APPENDIX 1.8: LIST OF CONFERENCE
PRESENTATIONS ARISING FROM THIS
CANDIDATURE

1. Sharma Y. Malnutrition Screening in General Medicine - Findings from the FMC
malnutrition study. Paper presented at: South Australian Association of Internal
Medicine (SAAIM) Workshop. Adelaide, Australia. 6th April 2016.

2. Sharma Y. Extended Nutrition intervention in older malnourished patients
discharged from acute care- results of a randomized clinical trial. Paper presented at:
South Australian Association of Internal Medicine (SAAIM) Workshop. Adelaide,
Australia. 6th April 2017.

3. Sharma Y. Malnutrition in older patients discharged from acute care-does
intervention really matters? Paper presented at Flinders Health Research Week.
Adelaide, Australia.4-8 September 2017.

4. Sharma Y. Investigation into the Clinical benefits of early nutrition screening with
telehealth follow up in older patients discharged from acute care- results of a
randomized controlled trial. Paper presented at IMSANZ17-Internal Medical Society
of Australia and New Zealand Annual Scientific Meeting. Hobart, Australia. 14-16
September 2017.

248

5. Sharma Y, Thompson C, Kaambwa B, Shahi R, Hakendorf P, Horwood C,
Roberts S, Miller M. Validity of Malnutrition Universal Screening Tool against a
reference standard in acutely unwell older General Medical patients. Poster session
presented at: IMSANZ17 Internal Medical Society of Australia and New Zealand
Annual Scientific Meeting. Hobart, Australia 14-16 September 2017.

6. Sharma Y, Thompson C, Kaambwa B, Shahi R, Roberts S, Miller M.
Clinical Benefits of early and extended nutritional intervention in older patients
discharged from acute care- A Randomized Clinical Trial. Poster session presented at
AuSPEN Collaboration in Clinical Nutrition ‘Evidence-based nutrition for improving
patient outcomes’. Gold Coast, Australia. 16-18 November 2017.

7. Sharma Y. Admission Nutritional status as a predictor of Post-discharge
Clinical outcomes in older hospitalized patients-A prospective observational study.
Paper presented at: IMSANZ18-Transitioning through diversity. Tauranga, New
Zealand. 7-9 March 2018.

249

REFERENCES

1. de van der Schueren MAE, Wijnhoven HAH, Kruizenga HM, Visser M. A critical
appraisal of nutritional intervention studies in malnourished, community
dwelling older persons. Clin Nutr 2016;35(5):1008-14.

2. World Health Organization. Ageing and health fact sheet 2015 [Internet]. Available
from http://www.who.int/features/factfiles/ageing/ageing_facts/en/. Accessed
June 18, 2018.

3. Australian Institute of Health and Welfare. Ageing statistics 2013-14
[Internet].Available from http://www.aihw.gov.au/ageing/. Accessed June 18,
2018.

4. Mudge AM, Banks MD, Barnett AG, Blackberry I, Graves N, Green T et al.
CHERISH (collaboration for hospitalised elders reducing the impact of stays
in hospital): protocol for a multi-site improvement program to reduce geriatric
syndromes in older inpatients. BMC Geriatr 2017;17(1):11.

5. Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC et al.
ESPEN guidelines on definitions and terminology of clinical nutrition. Clin
Nutr 2017;36(1):49-64.

250

6. Pirlich M, Schutz T, Kemps M, Luhman N, Minko N, Lubke HJ et al. Social risk
factors for hospital malnutrition. Nutrition 2005;21(3):295-300.

7. White JV, Guenter P, Jensen G, Malone A, Schofield M. Consensus statement:
Academy of Nutrition and Dietetics and American Society for Parenteral and
Enteral Nutrition: characteristics recommended for the identification and
documentation of adult malnutrition (undernutrition). JPEN J Parenter
Enteral Nutr 2012;36(3):275-83.

8. Wild T, Rahbarnia A, Kellner M, Sobotka L, Eberlein T. Basics in nutrition and
wound healing. Nutrition 2010;26(9):862-6.

9. Franceschi C, Bonafe M, Valensin S, Olivieri F, De Luca M, Ottaviani E et al.
Inflamm-aging. An evolutionary perspective on immunosenescence. Ann N Y
Acad Sci 2000;908:244-54.

10. Evans WJ, Morley JE, Argiles J, Bales C, Baracos V, Guttridge D et al. Cachexia:
a new definition. Clin Nutr 2008;27(6):793-9.

11. Muscaritoli M, Anker SD, Argiles J, Aversa Z, Bauer JM, Biolo G et al.
Consensus definition of sarcopenia, cachexia and pre-cachexia: joint
document elaborated by Special Interest Groups (SIG) "cachexia-anorexia in
chronic wasting diseases" and "nutrition in geriatrics". Clin Nutr
2010;29(2):154-9.

251

12. Goldman LE, Sarkar U, Kessell E, Guzman D, Schneidermann M, Pierluissi E et
al. Support from hospital to home for elders: a randomized trial. Ann Intern
Med 2014;161(7):472-81.

13. Carrion S, Roca M, Costa A, Arreola V, Ortega O, Palomera E et al. Nutritional
status of older patients with oropharyngeal dysphagia in a chronic versus an
acute clinical situation. Clin Nutr 2017;36(4):1110-16.

14. Roy M, Gaudreau P, Payette H. A scoping review of anorexia of aging correlates
and their relevance to population health interventions. Appetite 2016;105:68899.

15. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F et al.
Sarcopenia: European consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older People. Age Ageing
2010;39(4):412-23.

16. Pahor M, Manini T, Cesari M. Sarcopenia: clinical evaluation, biological markers
and other evaluation tools. J Nutr Health Aging 2009;13(8):724-28.

17. Kelaiditi E, Cesari M, Canevelli M, van Kan GA, Ousset PJ, Gillette-Guyonnet S
et al. Cognitive frailty: rational and definition from an (I.A.N.A./I.A.G.G.)
international consensus group. J Nutr Health Aging 2013;17(9):726-34.

252

18. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the
concepts of disability, frailty, and comorbidity: implications for improved
targeting and care. J Gerontol A Biol Sci Med Sci 2004;59(3):255-63.

19. Morley JE, Baumgartner RN, Roubenoff R, Mayer J, Nair KS. Sarcopenia. J Lab
Clin Med 2001;137(4):231-43.

20. Kruizenga HM, Wierdsma NJ, van Bokhorst MA, de van der S, Haollander HJ,
Jonkers-Schuitema CF et al. Screening of nutritional status in The
Netherlands. Clin Nutr 2003;22(2):147-52.

21. McWhirter JP, Pennington CR. Incidence and recognition of malnutrition in
hospital. BMJ 1994;308(6934):945-48.

22. Allard JP, Keller H, Teterina A, Jeejeebhoy KN, Laporte M, Duerksen DR et al.
Factors associated with nutritional decline in hospitalised medical and surgical
patients admitted for 7 d or more: a prospective cohort study. Br J Nutr
2015;114(10):1612-22.

23. Landi F, Calvani R, Tosato M, Martone AM, Ortolani E, Savera G et al. Anorexia
of Aging: Risk Factors, Consequences, and Potential Treatments. Nutrients
2016;8(2):69.
24. MacIntosh C, Morley JE, Chapman IM. The anorexia of aging. Nutrition
2000;16(10):983-95.

253

25. Di Francesco V, Fantin F, Omizzolo F, Residori L, Bissoli L, Bosello O et al. The
anorexia of aging. Dig Dis 2007;25(2):129-37.

26. Chapman IM. The anorexia of aging. Clin Geriatr Med 2007;23(4):735-56.

27. Chapman IM, MacIntosh CG, Morley JE, Horowitz M. The anorexia of ageing.
Biogerontology 2002;3(1-2):67-71.

28. Di Francesco V, Zamboni M, Zoico E, Mazzali G, Dioli A, Omizzolo F et al.
Unbalanced serum leptin and ghrelin dynamics prolong postprandial satiety
and inhibit hunger in healthy elderly: another reason for the "anorexia of
aging". Am J Clin Nutr 2006;83(5):1149-52.

29. Yeh SS, Blackwood K, Schuster MW. The cytokine basis of cachexia and its
treatment: are they ready for prime time? J Am Med Dir Assoc 2008;9(4):21936.

30. Morley JE. Pathophysiology of the anorexia of aging. Curr Opin Clin Nutr Metab
Care 2013;16(1):27-32.

31. Cereda E, Pedrolli C, Klersy C, Bonardi C, Quarleri L, Cappello S et al.
Nutritional status in older persons according to healthcare setting: A
systematic review and meta-analysis of prevalence data using MNA((R)). Clin
Nutr 2016;35(6):1282-90.

254

32. Rahman A, Wu T, Bricknell R, Muqtadir Z, Armstrong D. Malnutrition Matters in
Canadian Hospitalized Patients: Malnutrition Risk in Hospitalized Patients in
a Tertiary Care Center Using the Malnutrition Universal Screening Tool. Nutr
Clin Pract 2015;30(5):709-13.

33. Alvarez-Hernandez J, Planas Vila M, Leon-Sanz M, Garcia de Lorenzo A,
Celaya-Perez S, Garcia-Lorda P et al. Prevalence and costs of malnutrition in
hospitalized patients; the PREDyCES Study. Nutr Hosp 2012;27(4):1049-59.

34. Lazarus C, Hamlyn J. Prevalence and documentation of malnutrition in hospitals:
a case study in a large private hospital setting. Nutr Diet 2005;62(1):41-47.

35. Thomas JM, Isenring E, Kellett E. Nutritional status and length of stay in patients
admitted to an Acute Assessment Unit. J Hum Nutr Diet 2007;20(4):320-28.

36. Charlton K, Nichols C, Bowden S, Milosavljevic M, Lambert K, Barone L et al.
Poor nutritional status of older subacute patients predicts clinical outcomes
and mortality at 18 months of follow-up. Eur J Clin Nutr 2012;66(11):122428.

37. Marshall S, Young A, Bauer J, Isenring E. Malnourished older adults admitted to
rehabilitation in rural New South Wales remain malnourished throughout
rehabilitation and once discharged back to the community: a prospective
cohort study. J Agin Res Clin Practice 2015;4(4):197-204.

255

38. National Centre for Classification in Health. Australian Consortium for
classification Development ICD-10-AM [Internet]. 2017. Available from
https://www.accd.net.au/Icd10.aspx. Accessed June 18, 2018.

39. Braunschweig CA. Creating a clinical nutrition registry: prospects, problems, and
preliminary results. J Am Diet Assoc 1999;99(4):467-70.

40. Correia IT, Waitzberg DL. The impact of malnutrition on morbidity, mortality,
length of hospital stay and costs evaluated through a multivariate model
analysis. Clin Nutr 2003;22(3):235-39.

41. Singh H, Watt K, Veitch R, Cantor M, Duerksen DR. Malnutrition is prevalent in
hospitalized medical patients: are housestaff identifying the malnourished
patient? Nutrition 2006;22(4):350-54.

42. Pirlich M, Schutz T, Norman K, Gastell S, Lubke HJ, Bischoff SC et al. The
German hospital malnutrition study. Clin Nutr 2006;25(4):563-72.

43. Buurman BM, Hoogerduijn JG, van Gemert EA, de Haan RJ, Schuurnans MJ, de
Rooji SE. Clinical characteristics and outcomes of hospitalized older patients
with distinct risk profiles for functional decline: a prospective cohort study.
PloS one 2012;7(1):e29621. DOI: 10.1371/journal.pone.0029621.

256

44. Holyday M, Daniells S, Bare M, Caplan GA, Petocz P, Bolin T. Malnutrition
screening and early nutrition intervention in hospitalised patients in acute aged
care: a randomised controlled trial. J Nutr Health Aging 2012;16(6):562-68.

45. Dent E, Chapman IM, Piantadosi C, Visvanathan R. Performance of nutritional
screening tools in predicting poor six-month outcome in hospitalised older
patients. Asia Pac J Clin Nutr 2014;23(3):394-99.

46. Baek MH, Heo YR. Evaluation of the efficacy of nutritional screening tools to
predict malnutrition in the elderly at a geriatric care hospital. Nutr Res Pract
2015;9(6):637-43.

47. Bonetti L, Terzoni S, Lusignani M, Negri M, Froldi M, Destrebecq A. Prevalence
of malnutrition among older people in medical and surgical wards in hospital
and quality of nutritional care: A multicenter, cross-sectional study. J Clin
Nurs 2017;26(23-24):5082-92.

48. McCormack P. Undernutrition in the elderly population living at home in the
community: a review of the literature. J Adv Nurs 1997;26(5):856-63.

49. Corish CA, Kennedy NP. Protein-energy undernutrition in hospital in- patients. Br
J Nutr 2000;83(6):575-91.
50. Sullivan DH, Moriarty MS, Chernoff R, Lipschitz DA. Patterns of care: an
analysis of the quality of nutritional care routinely provided to elderly
hospitalized veterans. JPEN J Parenter Enteral Nutr 1989;13(3):249-54.

257

51. Milne AC, Potter J, Vivanti A, Avenell A. Protein and energy supplementation in
elderly people at risk from malnutrition. Cochrane Database Syst Rev
2009;2(2): CD003288. DOI:10.1002/14651858.CD003288.pub3.

52. van Bokhorst-de van der Schueren MA, Lonterman-Monasch S, de Vries OJ,
Danner SA, Kramer MH, Muller M. Prevalence and determinants for
malnutrition in geriatric outpatients. Clin Nutr 2013;32(6):1007-11.

53. Burke A. Hungry in hospital. London: Association of Community Health Councils
for England and Wales 1997 [Internet]. Available from
http://www.achcew.org.uk/031%20Hungry%20in%20Hospital.pdf. Assessed
June 18 2018.

54. Braunschweig C, Gomez S, Sheean PM. Impact of declines in nutritional status on
outcomes in adult patients hospitalized for more than 7 days. J Am Diet Assoc
2000;100(11):1316-22.

55. Feinberg J, Nielsen EE, Korang SK, Halberg Engell K, Nielsen MS, Zhang K et
al. Nutrition support in hospitalised adults at nutritional risk. Cochrane
Database Syst Rev 2017;5: Cd011598.
DOI:10.1002/14651858.CD011598.pub2.

258

56. Curtis LJ, Valaitis R, Laur CV, McNicholl T, Nasser R, Keller HH. Low Food
Intake In Hospital: patient, institutional, and clinical factors. Appl Physiol Nutr
Metab 2018. DOI: 10.1139/apnm-2018-0064.

57. Franklin GA, McClave SA, Hurt RT, Lowen CC, Stout AE, Stogner LL et al.
Physician-delivered malnutrition: why do patients receive nothing by mouth or
a clear liquid diet in a university hospital setting? JPEN J Parenter Enteral
Nutr 2011;35(3):337-42.

58. Caccialanza R, Klersy C, Cereda E, Cameletti B, Bonoldi A, Bonardi C et al.
Nutritional parameters associated with prolonged hospital stay among
ambulatory adult patients. CMAJ 2010;182(17):1843-49.

59. Chambers R, Bryan J, Jannat-Khah D, Russo E, Merriman L, Gupta R. Evaluating
Gaps in Care of Malnourished Patients on General Medicine Floors in an
Acute Care Setting. Nutr Clin Pract 2018. DOI: 10.1002/ncp.10097.

60. Keller H, Allard J, Vesnaver E, Laporte M, Gramlich L, Bernier P et al. Barriers
to food intake in acute care hospitals: a report of the Canadian Malnutrition
Task Force. J Hum Nutr Diet 2015;28(6):546-57.

61. Russell CA. The impact of malnutrition on healthcare costs and economic
considerations for the use of oral nutritional supplements. Clin Nutr
2007;2(1):25-32.

259

62. Lim SL, Ong KCB, Chan YH, Loke WC, Ferguson M, Daniels L. Malnutrition
and its impact on cost of hospitalization, length of stay, readmission and 3year mortality. Clin Nutr 2012;31(3):345-50.

63. Kirkland LL, Kashiwagi DT, Brantley S, Scheurer D, Varkey P. Nutrition in the
hospitalized patient. J Hosp Med 2013;8(1):52-58.

64. Sullivan DH, Sun S, Walls RC. Protein-energy undernutrition among elderly
hospitalized patients: a prospective study. JAMA 1999;281(21):2013-19.

65. Deutz NE, Matheson EM, Matarese LE, Luo M, Baggs GE, Nelson JL et al.
Readmission and mortality in malnourished, older, hospitalized adults treated
with a specialized oral nutritional supplement: A randomized clinical trial.
Clin Nutr 2016;35(1):18-26.

66. Norman K, Pichard C, Lochs H, Pirlich M. Prognostic impact of disease-related
malnutrition. Clin Nutr 2008;27(1):5-15.

67. Allard JP, Keller H, Jeejeebhoy KN, Laporte M, Duerksen DR, Gramlich L et al.
Malnutrition at Hospital Admission-Contributors and Effect on Length of
Stay: A Prospective Cohort Study From the Canadian Malnutrition Task
Force. JPEN J Parenter Enteral Nutr 2016;40(4):487-97.

68. Cederholm T, Jagren C, Hellstrom K. Outcome of protein-energy malnutrition in
elderly medical patients. Am J Med 1995;98(1):67-74.

260

69. Edington J, Boorman J, Durrant ER, Perkins A, Giffin CV, James R et al.
Prevalence of malnutrition on admission to four hospitals in England. The
Malnutrition Prevalence Group. Clin Nutr 2000;19(3):191-5.

70. Correia MI, Campos AC. Prevalence of hospital malnutrition in Latin America:
the multicenter ELAN study. Nutrition 2003;19(10):823-25.

71. Kyle UG, Pirlich M, Schuetz T, Lochs H, Pichard C. Is nutritional depletion by
Nutritional Risk Index associated with increased length of hospital stay? A
population-based study. JPEN J Parenter Enteral Nutr 2004;28(2):99-104.

72. Landi F, Onder G, Gambassi G, Pedone C, Carbonin P, Bernabei R. Body mass
index and mortality among hospitalized patients. Arch Intern Med
2000;160(17):2641-4.

73. Aviles A, Yanez J, Lopez T, Garcia EL, Guzman R, Diaz-Maqueo JC.
Malnutrition as an adverse prognostic factor in patients with diffuse large cell
lymphoma. Arch Med Res 1995;26(1):31-4.

74. Bastow MD, Rawlings J, Allison SP. Benefits of supplementary tube feeding after
fractured neck of femur: a randomised controlled trial. Br Med J
1983;287(6405):1589-92.

261

75. Gariballa SE, Parker SG, Taub N, Castleden CM. Influence of nutritional status
on clinical outcome after acute stroke. Am J Clin Nutr 1998;68(2):275-81.

76. Japur CC, Penaforte FR, Chiarello PG, Monteiro JP, Vieira MN, Basile-Filho A.
Harris-Benedict equation for critically ill patients: are there differences with
indirect calorimetry? J Crit Care 2009;24(4):628.e1-5.

77. Giner M, Laviano A, Meguid MM, Gleason JR. In 1995 a correlation between
malnutrition and poor outcome in critically ill patients still exists. Nutrition
1996;12(1):23-29.

78. van Wissen J, van Stijn MF, Doodeman HJ, Houdijk AP. Mini Nutritional
Assessment and Mortality after Hip Fracture Surgery in the Elderly. J Nutr
Health Aging 2016;20(9):964-68.

79. Buscemi S, Batsis JA, Parrinello G, Massenti FM, Rosafio G, Sciascia V et al.
Nutritional predictors of mortality after discharge in elderly patients on a
medical ward. Eur J Clin Invest 2016;46(7):609-18.

80. Dizdar OS, Baspinar O, Kocer D, Dursun ZB, Avci D, Karakukcu C et al.
Nutritional Risk, Micronutrient Status and Clinical Outcomes: A Prospective
Observational Study in an Infectious Disease Clinic. Nutrients 2016;8(3):124.

262

81. Huang BT, Peng Y, Liu W, Zhang C, Chai H, Huang FY et al. Nutritional State
Predicts All-Cause Death Independent of Comorbidities in Geriatric Patients
with Coronary Artery Disease. J Nutr Health Aging 2016;20(2):199-204.

82. Gomes F, Emery PW, Weekes CE. Risk of Malnutrition Is an Independent
Predictor of Mortality, Length of Hospital Stay, and Hospitalization Costs in
Stroke Patients. J Stroke Cerebrovasc Dis 2016;25(4):799-806.

83. Breslow R. Nutritional status and dietary intake of patients with pressure ulcers:
review of research literature 1943 to 1989. Decubitus 1991;4(1):16-21.

84. Haydock DA, Hill GL. Impaired wound healing in surgical patients with varying
degrees of malnutrition. JPEN J Parenter Enteral Nutr 1986;10(6):550-54.

85. Windsor JA, Knight GS, Hill GL. Wound healing response in surgical patients:
recent food intake is more important than nutritional status. Br J Surg
1988;75(2):135-37.

86. Rai J, Gill SS, Kumar BR. The influence of preoperative nutritional status in
wound healing after replacement arthroplasty. Orthopedics 2002;25(4):41721.

87. Rothan-Tondeur M, Meaume S, Girard L, Weill-Engerer S, Lancien E,
Abdelmalak S et al. Risk factors for nosocomial pneumonia in a geriatric

263

hospital: a control-case one-center study. J Am Geriatr Soc 2003;51(7):9971001.

88. Schneider SM, Veyres P, Pivot X, Soummer AM, Jambou P, Filippi J et al.
Malnutrition is an independent factor associated with nosocomial infections.
Br J Nutr 2004;92(1):105-11.

89. Arora NS, Rochester DF. Respiratory muscle strength and maximal voluntary
ventilation in undernourished patients. Am Rev Respir Dis 1982;126(1):5-8.

90. Pikul J, Sharpe MD, Lowndes R, Ghent CN. Degree of preoperative malnutrition
is predictive of postoperative morbidity and mortality in liver transplant
recipients. Transplantation 1994;57(3):469-72.

91. Lew CC, Yandell R, Fraser RJ, Chua AP, Chong MF, Miller M. Association
Between Malnutrition and Clinical Outcomes in the Intensive Care Unit: A
Systematic Review. JPEN J Parenter Enteral Nutr 2016

92. Shpata V, Ohri I, Nurka T, Prendushi X. The prevalence and consequences of
malnutrition risk in elderly Albanian intensive care unit patients. Clin Interv
Aging 2015;10:481-86.

93. Vivanti A, Ward N, Haines T. Nutritional status and associations with falls,
balance, mobility and functionality during hospital admission. J Nutr Health
Aging 2011;15(5):388-91.

264

94. Marshall S, Young A, Bauer J, Isenring E. Malnutrition in Geriatric
Rehabilitation: Prevalence, Patient Outcomes, and Criterion Validity of the
Scored Patient-Generated Subjective Global Assessment and the Mini
Nutritional Assessment. J Acad Nutr Diet 2016;116(5):785-94.

95. Marshall S, Bauer J, Isenring E. The consequences of malnutrition following
discharge from rehabilitation to the community: a systematic review of current
evidence in older adults. J Hum Nutr Diet 2014;27(2):133-41.

96. Kvamme JM, Olsen JA, Florholmen J, Jacobsen BK. Risk of malnutrition and
health-related quality of life in community-living elderly men and women: the
Tromso study. Qual Life Res 2011;20(4):575-82.

97. Norman K, Kirchner H, Lochs H, Pirlich M. Malnutrition affects quality of life in
gastroenterology patients. World J Gastroenterol 2006;12(21):3380-85.

98. Kuikka LK, Salminen S, Ouwehand A, Gueimonde M, Strandberg TE, FinneSoveri UH et al. Inflammation markers and malnutrition as risk factors for
infections and impaired health-related quality of life among older nursing
home residents. J Am Med Dir Assoc 2009;10(5):348-53.

99. Jimenez-Redondo S, Beltran de Miguel B, Gavidia Banegas J, Guzman Mercedes
L, Gomez-Pavon J, Cuadrado Vives C. Influence of nutritional status on

265

health-related quality of life of non-institutionalized older people. J Nutr
Health Aging 2014;18(4):359-64.

100. Jeejeebhoy KN, Keller H, Gramlich L, Allard JP, Laporte M, Duerksen DR et al.
Nutritional assessment: comparison of clinical assessment and objective
variables for the prediction of length of hospital stay and readmission. Am J
Clin Nutr 2015;101(5):956-65.

101. Lim SL, Lee CJ, Chan YH. Prognostic validity of 3-Minute Nutrition Screening
(3-MinNS) in predicting length of hospital stay, readmission, cost of
hospitalisation and mortality: a cohort study. Asia Pac J Clin Nutr
2014;23(4):560-66.

102. Ulltang M, Vivanti AP, Murray E. Malnutrition prevalence in a medical
assessment and planning unit and its association with hospital readmission.
Aust Health Rev 2013;37(5):636-41.

103. Agra Bermejo RM, Gonzalez Ferreiro R, Varela Roman A, Gomez Otero I,
Kreidieh O, Conde Sabaris P et al. Nutritional status is related to heart failure
severity and hospital readmissions in acute heart failure. Int J Cardiol
2017;230:108-14.

104. Bally MR, Blaser Yildirim PZ, Bounoure L, Gloy VL, Mueller B, Briel M et al.
Nutritional Support and Outcomes in Malnourished Medical Inpatients: A
Systematic Review and Meta-analysis. JAMA Intern Med 2016;176(1):43-53.

266

105. Freijer K, Tan SS, Koopmanschap MA, Meijers JMM, Halfens RJG, Nuijten
MJC. The economic costs of disease related malnutrition. Clin Nutr
2013;32(1):136-41.

106. Gibney M. Nutrition and health in an ageing population. UCD Institute of Food
and Health Seminar Series 2010 [Internet]. Available from
www.ucd.ie/t4cms/UCD_Ageing_Policy_Doc_June_10.pdf. Accessed June
19, 2018.

107. Elia M, Russell CA, Stratton RJ. Malnutrition in the UK: policies to address the
problem. Proc Nutr Soc 2010;69(4):470-76.

108. Robinson G, Goldstein M, Levine GM. Impact of nutritional status on DRG
length of stay. JPEN J Parenter Enteral Nutr 1987;11(1):49-51.

109. Leon-Sanz M, Brosa M, Planas M, Garcia-de-Lorenzo A, Celaya-Perez S,
Hernandez JA. PREDyCES study: The cost of hospital malnutrition in Spain.
Nutrition 2015;31(9):1096-102.

110. Elia M. The economics of malnutrition. Nestle Nutr Workshop Ser Clin Perform
Programme 2009;12:29-40.

267

111. Barker LA, Gout BS, Crowe TC. Hospital malnutrition: prevalence,
identification and impact on patients and the healthcare system. Int J Environ
Res Public Health 2011;8(2):514-27.

112. Ha NT, Hendrie D, Moorin R. Impact of population ageing on the costs of
hospitalisations for cardiovascular disease: a population-based data linkage
study. BMC Health Serv Res 2014;14:554.

113. Kellett J, Kyle G, Itsiopoulos C, Naunton M, Luff N. Malnutrition: The
Importance of Identification, Documentation, and Coding in the Acute Care
Setting. J Nutr Metab 2016; DOI: 10m.1155/2016/9026098

114. Rowell D, Jackson T. Additional costs of inpatient malnutrition, Victoria,
Australia, 2003–2004. Eur J Health Econ 2011;12(4):353-61.

115. Milte RK, Ratcliffe J, Miller MD, Crotty M. Economic evaluation for protein
and energy supplementation in adults: opportunities to strengthen the
evidence. Eur J Clin Nutr 2013;67(12):1243-50.

116. Kelly I, Tessier S, Cahill A, Morris S, Crumley A, McLaughlin D et al. Still
hungry in hospital: identifying malnutrition in acute hospital admissions. QJM
2000;93(2):93-98.

117. Jeznach-Steinhagen A, Ostrowska J, Czerwonogrodzka-Senczyna A. Evaluation
of conducting a screening assessment of nutritional status of hospitalized

268

patients. Presentation of main goals and objectives of the global health project
"NutritionDay". Przegl Epidemiol 2016;70(1):71-5, 147-50.

118. Middleton M, Nazarenko G, Nivison‐Smith I, Smerdely P. Prevalence of
malnutrition and 12‐month incidence of mortality in two Sydney teaching
hospitals. Intern Med J 2001;31(8):455-61.

119. Agarwal E, Ferguson M, Banks M, Batterham M, Bauer J, Capra S et al.
Nutrition care practices in hospital wards: results from the Nutrition Care Day
Survey 2010. Clin Nutr 2012;31(6):995-1001.

120. Arensberg MB. Population aging: opportunity for business expansion, an
invitational paper presented at the Asia-Pacific Economic Cooperation
(APEC) International Workshop on Adaptation to Population Aging Issues,
July 17, 2017, Ha Noi, Viet Nam. J Health Popul Nutr 2018;37(1):7.

121. Conley J, O'Brien CW, Leff BA, Bolen S, Zulman D. Alternative Strategies to
Inpatient Hospitalization for Acute Medical Conditions: A Systematic Review.
JAMA Intern Med 2016;176(11):1693-702.

122. Arends J, Baracos V, Bertz H, Bozzetti F, Calder PC, Deutz NEP et al. ESPEN
expert group recommendations for action against cancer-related malnutrition.
Clin Nutr 2017;36(5):1187-96.

269

123. Bounoure L, Gomes F, Stanga Z, Keller U, Meier R, Ballmer P et al. Detection
and treatment of medical inpatients with or at-risk of malnutrition: Suggested
procedures based on validated guidelines. Nutrition 2016;32(7-8):790-98.

124. Duerksen DR, Keller HH, Vesnaver E, Allard JP, Bernier P, Gramlich L et al.
Physicians' perceptions regarding the detection and management of
malnutrition in Canadian hospitals: results of a Canadian Malnutrition Task
Force survey. JPEN J Parenter Enteral Nutr 2015;39(4):410-17.

125. van Bokhorst-de van der Schueren MA, Guaitoli PR, Jansma EP, de Vet HC.
Nutrition screening tools: does one size fit all? A systematic review of
screening tools for the hospital setting. Clin Nutr 2014;33(1):39-58.

126. Elia M. Screening for malnutrition: a multidisciplinary responsibility.
Development and use of the 'Malnutrition Universal Screening Tool' ('MUST')
for adults. Malnutrition Advisory Group, a Standing committee of BAPEN.
BAPEN 2003 [Internet]. Available from https://www.bapen.org.uk/screeningand-must/must/must-report/the-must-report-executive-summary. Accessed
June 19, 2018.

127. Raja R, Gibson S, Turner A, Winderlich J, Porter J, Cant R et al. Nurses' views
and practices regarding use of validated nutrition screening tools. Aust J Adv
Nurs 2008;26(1):26-33.

270

128. Skipper A, Ferguson M, Thompson K, Castellanos VH, Porcari J. Nutrition
screening tools: an analysis of the evidence. JPEN J Parenter Enteral Nutr
2012;36(3):292-98.

129. Kondrup J, Allison SP, Elia M, Vellas B, Plauth M. ESPEN guidelines for
nutrition screening 2002. Clin Nutr 2003;22(4):415-21.

130. Ferguson M, Capra S, Bauer J, Banks M. Development of a valid and reliable
malnutrition screening tool for adult acute hospital patients. Nutrition
1999;15(6):458-64.

131. Elia M. Screening for malnutrition: a multidisciplinary responsibility.
Development and use of the 'Malnutrition Universal Screening Tool' ('MUST')
for adults. Malnutrition Advisory Group, a Standing committee of
BAPEN.Redditch: BAPEN. 2003

132. Kruizenga HM, Seidell JC, de Vet HC, Wierdsma NJ, van Bokhorst-de van der
Schueren MA. Development and validation of a hospital screening tool for
malnutrition: the short nutritional assessment questionnaire (SNAQ). Clin
Nutr 2005;24(1):75-82.

133. Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for
undernutrition in geriatric practice: developing the short-form mini-nutritional
assessment (MNA-SF). J Gerontol A Biol Sci Med Sci 2001;56(6):M366-72.

271

134. Detsky AS, McLaughlin JR, Baker JP, Johnston N, Whittaker S, Mendelson RA
et al. What is subjective global assessment of nutritional status? JPEN J
Parenter Enteral Nutr 1987;11(1):8-13.

135. Bauer J, Capra S, Ferguson M. Use of the scored Patient-Generated Subjective
Global Assessment (PG-SGA) as a nutrition assessment tool in patients with
cancer. Eur J Clin Nutr 2002;56(8):779-85.

136. Vellas B, Guigoz Y, Garry PJ, Nourhashemi F, Bennahum D, Lauque S et al.
The Mini Nutritional Assessment (MNA) and its use in grading the nutritional
state of elderly patients. Nutrition 1999;15(2):116-22.

137. Scott A. Screening for malnutrition in the community: the MUST tool. Br J
Community Nurs 2008;13(9):10-12.

138. Elia M, Stratton RJ. Considerations for screening tool selection and role of
predictive and concurrent validity. Curr Opin Clin Nutr Metab Care
2011;14(5):425-33.

139. Velasco C, Garcia E, Rodriguez V, Frias L, Garriga R, Alvarez J et al.
Comparison of four nutritional screening tools to detect nutritional risk in
hospitalized patients: a multicentre study. Eur J Clin Nutr 2011;65(2):269-74.

140. Poulia KA, Klek S, Doundoulakis I, Bouras E, Karayiannis D, Baschali A et al.
The two most popular malnutrition screening tools in the light of the new

272

ESPEN consensus definition of the diagnostic criteria for malnutrition. Clin
Nutr 2017;36(4):1130-35.

141. Kyle UG, Kossvsky, M. P., Karsegard, C. P.,. Comparison of tools for nutritional
assessment and screening at hospital admission: A population study. Clin Nutr
2006;25(3):409-17.

142. Amaral TF, Antunes A, Cabral S, Alves P, Kent-Smith L. An evaluation of three
nutritional screening tools in a Portuguese oncology centre. J Hum Nutr Diet
2008;21(6):575-83.

143. Stratton RJ, King CL, Stroud MA, Jackson AA, Elia M. 'Malnutrition Universal
Screening Tool' predicts mortality and length of hospital stay in acutely ill
elderly. Br J Nutr 2006;95(2):325-30.

144. Koifman E, Mashiach T, Papier I, Karban A, Eliakim R, Chermesh I. Proactive
screening in Israel identifies alarming prevalence of malnutrition among
hospitalized patients--action is needed. Nutrition 2012;28(5):515-19.

145. Raslan M, Gonzalez MC, Dias MC, Nascimento M, Castro M, Marques P et al.
Comparison of nutritional risk screening tools for predicting clinical outcomes
in hospitalized patients. Nutrition 2010;26(7-8):721-26.

273

146. van Bokhorst-de van der Schueren MA, Guaitoli, P. R., Jansma, E. P., de Vet, H.
C.W. Nutrition Screening tools: Does one size fit all? A systematic review
screening tools for the hospital setting Clin Nutr 2014;33:39-58.

147. Cascio BL, Logomarsino JV. Evaluating the effectiveness of five screening tools
used to identify malnutrition risk in hospitalized elderly: A systematic review.
Geriatr Nurs 2018;39(1):95-102.

148. Power L, Mullally D, Gibney ER, Clarke M, Visser M, Volkert D et al. A review
of the validity of malnutrition screening tools used in older adults in
community and healthcare settings - A MaNuEL study. Clin Nutr ESPEN
2018;24:1-13.

149. Guerra RS, Fonseca I, Sousa AS, Jesus A, Pichel F, Amaral TF. ESPEN
diagnostic criteria for malnutrition - A validation study in hospitalized
patients. Clin Nutr 2017;36(5):1326-32.

150. Gomes F, Schuetz P, Bounoure L, Austin P, Ballesteros-Pomar M, Cederholm T
et al. ESPEN guidelines on nutritional support for polymorbid internal
medicine patients. Clin Nutr 2018;37(1):336-53.

151. Hasse J, Strong S, Gorman MA, Liepa G. Subjective global assessment:
alternative nutrition-assessment technique for liver-transplant candidates.
Nutrition 1993;9(4):339-43.

274

152. Ottery F. Patient-Generated Subjective Global Assessment. In: McCallum PD,
Polisena CG, editors. The Clinical Guide to Oncology Nutrition. Chicago:
American Dietetic Association; 2000. p. 11-23.

153. Ottery F. Patient-Generated Subjective Global Assessment. In: The Clinical
Guide to Oncology Nutrition. Chicago, IL: American Dietetic Association
2000:11-23.

154. Ottery FD. Rethinking nutritional support of the cancer patient: the new field of
nutritional oncology. Semin Oncol 1994;21(6):770-78.

155. Persson C, Sjoden PO, Glimelius B. The Swedish version of the patientgenerated subjective global assessment of nutritional status: gastrointestinal vs
urological cancers. Clin Nutr 1999;18(2):71-77.

156. Isenring E, Bauer J, Capra S. The scored Patient-generated Subjective Global
Assessment (PG-SGA) and its association with quality of life in ambulatory
patients receiving radiotherapy. Eur J Clin Nutr 2003;57(2):305-9.

157. Desbrow B, Bauer J, Blum C, Kandasamy A, McDonald A, Montgomery K.
Assessment of nutritional status in hemodialysis patients using patientgenerated subjective global assessment. J Ren Nutr 2005;15(2):211-16.

275

158. Beattie AH, Prach AT, Baxter JP, Pennington CR. A randomised controlled trial
evaluating the use of enteral nutritional supplements postoperatively in
malnourished surgical patients. Gut 2000;46(6):813-18.

159. Marshall S, Young A, Bauer J, Isenring E. Nutrition Screening in Geriatric
Rehabilitation: Criterion (Concurrent and Predictive) Validity of the
Malnutrition Screening Tool and the Mini Nutritional Assessment-Short Form.
J Acad Nutr Diet 2016;116(5):795-801.

160. Sheard JM, Ash S, Mellick GD, Silburn PA, Kerr GK. Improved nutritional
status is related to improved quality of life in Parkinson's disease. BMC
Neurol 2014;14:212.

161. Mulasi U, Vock DM, Kuchnia AJ, Jha G, Fujioka N, Rudrapatna V et al.
Malnutrition Identified by the Academy of Nutrition and Dietetics and
American Society for Parenteral and Enteral Nutrition Consensus Criteria and
Other Bedside Tools Is Highly Prevalent in a Sample of Individuals
Undergoing Treatment for Head and Neck Cancer. JPEN J Parenter Enteral
Nutr 2018;42(1):139-47.

162. Kim EJ, Yoon YH, Kim WH, Lee KL, Park JM. The clinical significance of the
mini-nutritional assessment and the scored patient-generated subjective global
assessment in elderly patients with stroke. Ann Rehabil Med 2013;37(1):6671.

276

163. Laky B, Janda M, Cleghorn G, Obermair A. Comparison of different nutritional
assessments and body-composition measurements in detecting malnutrition
among gynecologic cancer patients. Am J Clin Nutr 2008;87(6):1678-85.

164. Brown J, Bowling A, Flynn T. Models of quality of life: A taxonomy, overview
and systematic review of the literature [Internet]. European Forum on
Population Ageing and Research 2004 [cited 2018 August 5]. Available from:
http://eprints.kingston.ac.uk/17177/.

165. Niezgoda HE, Pater J L. A validation study of the domains of the core EORTC
quality of life questionnaire. Qual Life Res 1993;(2):319-25.

166. Aaroson NK, Ahmedzai S, Bergman S, Bullinger M, Cull A, Duez N J et al. The
European Organization for Research and Treatment of Cancer QLQ-C30: a
quality-of-life instrument for use in international clinical trials in oncology. J
Natl Cancer Inst 1993;85(5):365-76.

167. World Health Organization. The World Health Organization quality of life
assessment (WHOQOL): position paper from the World Health Organization.
Soc Sci Med 1995;41(10):1403-09.

168. Bowling A. Measuring health. A Review of Quality of Life Measurement Scales.
Berkshire, England: McGraw-Hill Education (UK); 2004.

277

169. Drewnowski A, Evans WJ. Nutrition, physical activity, and quality of life in
older adults summary. J Gerontol A Biol Sci Med Sci 2001;56(suppl 2):89-94.

170. Vetta F, Ronzoni S, Taglieri G, Bollea MR. The impact of malnutrition on the
quality of life in the elderly. Clin Nutr 1999;18(5):259-67.

171. Ovesen L, Hannibal J, Mortensen EL. The interrelationship of weight loss,
dietary intake, and quality of life in ambulatory patients with cancer of the
lung, breast, and ovary. Nutr Cancer 1993;19(2):159-67.

172. Larsson JA, Akerlind I, Permerth J, Hornqvist JO. The relationship between
nutritional state on quality of life in surgical patients. Eur J Surg 1994;160(67):329-34.

173. Öhrn KE, Sjödén P-O, Wahlin Y-B, Elf M. Oral health and quality of life among
patients with head and neck cancer or haematological malignancies. Support
Care Cancer 2001;9(7):528-38.

174. Rasheed S, Woods RT. Malnutrition and quality of life in older people: a
systematic review and meta-analysis. Ageing Res Rev 2013;12(2):561-66.

175. Johansson L, Sidenvall B, Malmberg B, Christensson L. Who will become
malnourished? A prospective study of factors associated with malnutrition in
older persons living at home. J Nutr Health Aging 2009;13(10):855-61.

278

176. Wham CA, McLean C, Teh R, Moyes S, Peri K, Kerse N. The BRIGHT Trial:
what are the factors associated with nutrition risk? J Nutr Health Aging
2014;18(7):692-97.

177. Rolls BJ. Do chemosensory changes influence food intake in the elderly? Physiol
Behav 1999;66(2):193-97.

178. Toffanello ED, Inelmen EM, Imoscopi A, Perissinotto E, Coin A, Miotto F et al.
Taste loss in hospitalized multimorbid elderly subjects. Clin Interv Aging
2013;8:167-74.

179. Duffy VB, Backstrand JR, Ferris AM. Olfactory dysfunction and related
nutritional risk in free-living, elderly women. J Am Diet Assoc
1995;95(8):879-84.

180. Bushnell DM, Martin ML, Ricci JF, Bracco A. Performance of the EQ-5D in
patients with irritable bowel syndrome. Value Health 2006;9(2):90-97.

181. Williams SB, Bartsch G, Muurahainen N, Collins G, Raghavan SS, Wheeler D et
al. Protein intake is positively associated with body cell mass in weight-stable
HIV-infected men. J Nutr 2003;133(4):1143-46.

182. Kind P. The EuroQol instrument: an index of health-related qualilty of life. In:
Spilker B, editor. Quality of life and Pharmacoeconomics in Clinical Trials.
2nd ed. Philadelphia: Lippincott-Raven Publishers; 1996. p.191-201.

279

183. Brooks R. EuroQuol: the current state of play. Health Policy 1996;37:53-72.

184. The EuroQol database. EQ-5D [Internet]. Rotterdam, The Netherlands: EuroQol
Research Foundation; 2018 [cited 2018 June 19]. Available from.
https://euroqol.org/.

185. Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB. Recommendation
of the Panel on Cost-effectiveness in Health and Medicine. JAMA
1996;(276):1253-58.

186. Cheung K, Oemar M, Oppe M, Rabin R. EQ-5D user guide: basic information
on how to use EQ-5D. Rotterdam: EuroQol Group 2009

187. Devlin NJ, Shah KK, Feng Y, Mulhern B, van Hout B. Valuing health-related
quality of life: an EQ-5D-5L value set for England. Health Econ
2018;27(1):7-22.

188. Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L et al.
Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L across
eight patient groups: a multi-country study. Qual Life Res 2013;22(7):171727.

280

189. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D et al.
Development and preliminary testing of the new five-level version of EQ-5D
(EQ-5D-5L). Qual Life Res 2011;20(10):1727-36.

190. Amarasena N, Keuskamp D, Balasubramanian M, Brennan DS. Health
behaviours and quality of life in independently living South Australians aged
75 years or older. Aust Dent J 2018;63(2):156-162.

191. Milne AC, Avenell A, Potter J. Meta-analysis: protein and energy
supplementation in older people. Ann Intern Med 2006;144(1):37-48.

192. Bornet MA, Rubli Truchard E, Rochat E, Pasquier J, Monod S. Factors
associated with quality of life in elderly hospitalised patients undergoing postacute rehabilitation: a cross-sectional analytical study in Switzerland. BMJ
Open 2017;7(10):e018600. DOI: 10.1136/bmjopen-2017-018600.

193. Finkelstein FO, Wuerth D, Finkelstein SH. Health related quality of life and the
CKD patient: challenges for the nephrology community. Kidney Int
2009;76(9):946-52.

194. Janssen DJ, Franssen FM, Wouters EF, Schols JM, Spruit MA. Impaired health
status and care dependency in patients with advanced COPD or chronic heart
failure. Qual Life Res 2011;20(10):1679-88.

281

195. Parlevliet JL, MacNeil-Vroomen JL, Bosmans JE, de Rooij SE, Buurman BM.
Determinants of health-related quality of life in older patients after acute
hospitalisation. Neth J Med 2014;72(8):416-25.

196. Worcester MU, Murphy BM, Elliott PC, Le Grande MR, Higgins RO, Goble AJ
et al. Trajectories of recovery of quality of life in women after an acute cardiac
event. Br J Health Psychol 2007;12(Pt 1):1-15.

197. Neelemaat F, Bosmans JE, Thijs A, Seidell JC, van Bokhorst-de vander
Schueren MA. Oral Nutritional support in malnourished elderly decreases
functional limitations with no extra cost. Clin Nutr 2012;31:183-90.

198. Lew CCH, Yandell R, Fraser RJL, Chua AP, Chong MFF, Miller M. Association
Between Malnutrition and Clinical Outcomes in the Intensive Care Unit: A
Systematic Review. JPEN J Parenter Enteral Nutr 2017;41(5):744-58.

199. Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M, Meyfroidt G et al.
Early versus late parenteral nutrition in critically ill adults. N Engl J Med
2011;365(6):506-17.

200. Van Dyck L, Casaer MP, Gunst J. Autophagy and Its Implications Against Early
Full Nutrition Support in Critical Illness. Nutr Clin Pract 2018;33(3):339-347.

282

201. Vanhorebeek I, Gunst J, Derde S, Derese I, Boussemaere M, Guiza F et al.
Insufficient activation of autophagy allows cellular damage to accumulate in
critically ill patients. J Clin Endocrinol Metab 2011;96(4):E633-45.

202. Choi AM, Ryter SW, Levine B. Autophagy in human health and disease. N Engl
J Med 2013;368(7):651-62.

203. Kroemer G, Marino G, Levine B. Autophagy and the integrated stress response.
Mol Cell 2010;40(2):280-93.

204. Wischmeyer PE. Tailoring nutrition therapy to illness and recovery. Crit Care
2017;21(Suppl 3):316.

205. Oshima T, Pichard C. Parenteral nutrition: never say never. Critical care
2015;19 Suppl 3:S5. DOI: 10.1186/cc14723.

206. Li X, Ma F, Jia K. Early enteral nutrition within 24 hours or between 24 and 72
hours for acute pancreatitis: evidence based on 12 RCTs. Med Sci Monit
2014;20:2327-35.

207. Marik PE. Is early starvation beneficial for the critically ill patient? Curr Opin
Clin Nutr Metab Care 2016;19(2):155-60.

207. Munk T, Beck A, Holst M, Rosenbom E, Rasmussen H, Nielsen M et al. Positive
effect of protein‐supplemented hospital food on protein intake in patients at

283

nutritional risk: a randomised controlled trial. J Hum Nutr Diet
2014;27(2):122-32.

209. Feldblum I, German L, Castel H, Harman-Boehm I, Shahar DR. Individualized
nutritional intervention during and after hospitalization: the nutrition
intervention study clinical trial. J Am Geriatr Soc 2011;59(1):10-17.

210. Somanchi M, Tao X, Mullin GE. The facilitated early enteral and dietary
management effectiveness trial in hospitalized patients with malnutrition.
JPEN J Parenter Enteral Nutr 2011;35(2):209-16.

211. Starke J, Schneider H, Alteheld B, Stehle P, Meier R. Short-term individual
nutritional care as part of routine clinical setting improves outcome and
quality of life in malnourished medical patients. Clin Nutr 2011;30(2):194201.

212. Rufenacht U, Ruhlin M, Wegmann M, Imoberdorf R, Ballmer PE. Nutritional
counseling improves quality of life and nutrient intake in hospitalized
undernourished patients. Nutrition 2010;26(1):53-60.

213. Hickson M, Bulpitt C, Nunes M, Peters R, Cooke J, Nicholl C et al. Does
additional feeding support provided by health care assistants improve
nutritional status and outcome in acutely ill older in-patients?—a randomised
control trial. Clin Nutr 2004;23(1):69-77.

284

214. Vermeeren MA, Wouters EF, Geraerts-Keeris AJ, Schols AM. Nutritional
support in patients with chronic obstructive pulmonary disease during
hospitalization for an acute exacerbation; a randomized controlled feasibility
trial. Clin Nutr 2004;23(5):1184-92.

215. Gazzotti C, Arnaud-Battandier F, Parello M, Farine S, Seidel L, Albert A et al.
Prevention of malnutrition in older people during and after hospitalisation:
results from a randomised controlled clinical trial. Age Ageing
2003;32(3):321-25.

216. Roberts M, Potter J, McColl J, Reilly J. Can prescription of sip-feed supplements
increase energy intake in hospitalised older people with medical problems? Br
J Nutr 2003;90(2):425-29.

217. Potter JM. Oral supplements in the elderly. Curr Opin Clin Nutr Metab Care
2001;4(1):21-28.

218. Vlaming S, Biehler A, Hennessey EM, Jamieson CP, Chattophadhyay S, Obeid
OA et al. Should the food intake of patients admitted to acute hospital services
be routinely supplemented? A randomized placebo controlled trial. Clin Nutr
2001;20(6):517-26.

219. Organisation for Economic Co-operation and Development (OECD). Health at a
Glance: Europe 2010 [Internet]. Paris, France: OECD Publishing; 2010 [cited

285

2018 June 18]. Available from: http://dx.doi.org/10.1787/health_glance-2010en.

220. Organisation for Economic Co-operation and Development (OECD). Health at a
Glance 2011: OECD indicators [Internet]. Paris, France: OECD Publishing;
2011 [cited 2018 June 18]. Available at
:http://dx.doi.org/10.1787/health_glance-2011-en.

221. Freijer K, Tan SS, Koopmanschap MA, Meijers JM, Halfens RJ, Nuijten MJ.
The economic costs of disease related malnutrition. Clin Nutr 2013;32(1):13641.

222. Raja R, Lim AV, Lim YP, Lim G, Chan SP, Vu CK. Malnutrition screening in
hospitalised patients and its implication on reimbursement. Intern Med J
2004;34(4):176-81.

223. Walzer S, Droeschel D, Nuijten M, Chevrou-Severac H. Health economic
analyses in medical nutrition: a systematic literature review. Clinicoecon
Outcomes Res 2014;6:109-24.

224. Mitchell H, Porter J. The cost-effectiveness of identifying and treating
malnutrition in hospitals: A systematic review. J Hum Nutr Diet
2016;29(2):156-64.

286

225. Darmon P, Lochs H, Pichard C. Economic impact and quality of life as
endpoints of nutritional therapy. Curr Opin Clin Nutr Metab Care
2008;11(4):452-58.

226. Freijer K, Bours MJ, Nuijten MJ, Poley MJ, Meijers JM, Halfens RJ et al. The
economic value of enteral medical nutrition in the management of diseaserelated malnutrition: a systematic review. J Am Med Dir Assoc 2014;15(1):1729.

227. Elia M, Normand C, Norman K, Laviano A. A systematic review of the cost and
cost effectiveness of using standard oral nutritional supplements in the
hospital setting. Clin Nutr 2016;35(2):370-80.

228. Nuijten M. Health Economics in Medical Nutrition: An Emerging Science.
Nestle Nutr Inst Workshop Ser 2015;82:129-41.

229. Freijer K, Lenoir-Wijnkoop I, Russell CA, Koopmanschap MA, Kruizenga HM,
Lhachimi SK et al. The view of European experts regarding health economics
for medical nutrition in disease-related malnutrition. Eur J Clin Nutr
2015;69(5):539-45.

230. Giraldo Giraldo NA, Vasquez Velasquez J, Roldan Cano PA, Ospina Astudillo
C, Sosa Cardona YP. Cost-effectiveness of early nutritional therapy in
malnourished adult patients in a high complexity hospital. Nutr Hosp
2015;32(6):2938-47.

287

231. Nuijten M, Mittendorf T. The Health Economic Impact of Oral Nutritional
Supplements (ONS) in Germany. Aktuel Ernahrungsmed 2012;37(03):126-33.

232. Freijer K, Nuijten MJ, Schols JM. The budget impact of oral nutritional
supplements for disease related malnutrition in elderly in the community
setting. Front Pharmacol 2012;3:78.

233. Neelemaat F, Bosmans JE, Thijs A, Seidell JC. Oral nutritional support in
malnourished elderly decreases functional limitations with no extra costs. Clin
Nutr 2012;31(2):183-90.

234. Wyers C, Reijven P, Evers S, Willems P, Heyligers I, Verburg A et al. Costeffectiveness of nutritional intervention in elderly subjects after hip fracture. A
randomized controlled trial. Osteoporos Int 2013;24(1):151-62.

235. Norman K, Kirchner H, Freudenreich M, Ockenga J, Lochs H, Pirlich M. Three
month intervention with protein and energy rich supplements improve muscle
function and quality of life in malnourished patients with non-neoplastic
gastrointestinal disease—a randomized controlled trial. Clin Nutr
2008;27(1):48-56.

236. Freijer K, Nuijten M. Analysis of the health economic impact of medical
nutrition in the Netherlands. Eur J Clin Nutr 2010;64(10):1229-34.

288

237. Kruizenga HM, Van Tulder MW, Seidell JC, Thijs A, Ader HJ, Van Bokhorst-de
van der Schueren MA. Effectiveness and cost-effectiveness of early screening
and treatment of malnourished patients. Am J Clin Nutr 2005;82(5):1082-89.

238. Rypkema G, Adang E, Dicke H, Naber T, de Swart B, Disselhorst L et al. Costeffectiveness of an interdisciplinary intervention in geriatric inpatients to
prevent malnutrition. J Nutr Health Aging 2004;8(2):122-27.

239. Koretz RL, Avenell A, Lipman TO, Braunschweig CL, Milne AC. Does enteral
nutrition affect clinical outcome? A systematic review of the randomized
trials. Am J Gastroenterol 2007;102(2):412-29

240. Schuetz P, Blaser Yildirim PZ, Gloy VL, Briel M, Bally MR. Early nutritional
therapy for malnourished or nutritionally at-risk adult medical inpatients.
Cochrane Database of Systematic Reviews 2014;(5):
DOI:10.1002/14651858.CD011096.

241. Schwartz DB. Enteral Nutrition and Dementia Integrating Ethics. Nutr Clin
Pract 2018;33(3):377-87.

242. Baldwin C, Weekes C. Dietary counselling with or without oral nutritional
supplements in the management of malnourished patients: a systematic review
and meta‐analysis of randomised controlled trials. J Hum Nutr Diet
2012;25(5):411-26.

289

243. Potter J, Langhorne P, Roberts M. Routine protein energy supplementation in
adults: systematic review. BMJ 1998;317(7157):495-501.

244. Hoffer LJ. Clinical nutrition: 1. Protein–energy malnutrition in the inpatient. Can
Med Assoc J 2001;165(10):1345-49.

245. Kubrak CJ, L.;. Malnutrition in acute care patients: A narrative review. Int J
Nurs Stud 2007;(44):1036-54.

246. Russell CA, Elia M. Malnutrition in the UK: where does it begin? Proc Nutr Soc
2010;69(4):465-69.

247. Landi F, Zuccala G, Gambassi G, Incalzi RA, Manigrasso L, Pagano F et al.
Body mass index and mortality among older people living in the community. J
Am Geriatr Soc 1999;47(9):1072-76.

248. Corish CA, Kennedy NP. Protein–energy undernutrition in hospital in-patients.
Br J Nutr 2000;83(06):575-91.

249. Baldwin C, Parsons TJ. Dietary advice and nutritional supplements in the
management of illness-related malnutrition: systematic review. Clin Nutr
2004;23(6):1267-79.

250. Reid CL. Nutritional requirements of surgical and critically-ill patients: do we
really know what they need? Proc Nutr Soc 2004;63(03):467-72.

290

251. Rosenthal RA. Nutritional concerns in the older surgical patient. J Am Coll Surg
2004;199(5):785-91.

252. Mudge AM, Kasper K, Clair A, Redfern H, Bell JJ, Barras MA et al. Recurrent
readmissions in medical patients: a prospective study. J Hosp Med
2011;6(2):61-67.

253. Butterworth CE Jr. The skeleton in the hospital closet. Nutrition 1994;10(5):442.

254. Adams NE, Bowie AJ, Simmance N, Murray M, Crowe TC. Recognition by
medical and nursing professionals of malnutrition and risk of malnutrition in
elderly hospitalised patients. Nutr Diet 2008;65(2):144-50.

255. Gout BS, Barker LA, Crowe TC. Malnutrition identification, diagnosis and
dietetic referrals: Are we doing a good job? Nutr Diet 2009;66(4):206-11.

256. Kyle UG, Pirlich M, Schuetz T, Luebke HJ, Lochs H, Pichard C. Prevalence of
malnutrition in 1760 patients at hospital admission: a controlled population
study of body composition. Clin Nutr 2003;22(5):473-81.

257. Mueller C, Compher C, Ellen DM. A.S.P.E.N. clinical guidelines: Nutrition
screening, assessment, and intervention in adults. JPEN J Parenter Enteral
Nutr 2011;35(1):16-24.

291

258. British Association for Parenteral and Enteral Nutrition (BAPEN). UK: BAPEN;
2018. The MUST toolkit [cited 2018 June 20]. Available at
https://www.bapen.org.uk/screening-and-must/must/must-toolkit/.

259. Pt-Global Innovation in nutritional care [Internet]. USA: Pt Global; 2014. PGSGA (Scored Patient-Generated Subjective Global Assessment) resources
[cited 2018 June 20]. Available at http://tinyurl.com/hmp433y.

260. Anthony PS. Nutrition screening tools for hospitalized patients. Nutr Clin Pract
2008;23(4):373-82.

261. Porter J, Raja R, Cant R, Aroni R. Exploring issues influencing the use of the
Malnutrition Universal Screening Tool by nurses in two Australian hospitals. J
Hum Nutr Diet 2009;22(3):203-9.

262. National Institute for Health and Clinical Excellence (NICE) Clinical guideline.
Nutrition support for adults: oral nutrition support, enteral tube feeding and
parenteral Nutrition [Internet]. London (UK): National Collaborating Centre
for Acute Care; 2006 [2017 August; cited 2018 June 18]. Available from:
https://www.nice.org.uk/Guidance/cg32

263. Akner G, Cederholm T. Treatment of protein-energy malnutrition in chronic
nonmalignant disorders. Am J Clin Nutr 2001;74(1):6-24.

292

264. Charlton KE, Nichols C, Bowden S, Lambert K, Barone L, Mason M et al. Older
rehabilitation patients are at high risk of malnutrition: evidence from a large
Australian database. J Nutr Health Aging 2010;14(8):622-28.

265. Stylianou N, Fackrell R, Vasilakis C. Are medical outliers associated with worse
patient outcomes? A retrospective study within a regional NHS hospital using
routine data. BMJ Open 2017;7(5):e015676. DOI:10.1136/BMJOPEN-2016015676.

266. Alameda C, Suarez C. Clinical outcomes in medical outliers admitted to hospital
with heart failure. Eur J Intern Med 2009;20(8):764-67.

267. Nobili A, Garattini S, Mannucci PM. Multiple diseases and polypharmacy in the
elderly: challenges for the internist of the third millennium. J Comorb
2011;1:28-44.

268. Jeejeebhoy KN. Nutritional assessment. Nutrition 2000;16(7-9):585-90.

269. Allison SP, Kinney JM. Nutrition and ageing. Curr Opin Clin Nutr Metab Care
2001;4(1):1-4.

270. Abizanda P, Sinclair A, Barcons N, Lizán L, Rodríguez-Mañas L. Costs of
Malnutrition in Institutionalized and Community-Dwelling Older Adults: A
Systematic Review. J Am Med Dir Assoc 2016;17(1):17-23.

293

271. Braunschweig C, Gomez S, Sheean PM. Impact of declines in nutritional status
on outcomes in adult patients hospitalized for more than 7 days. J Am Diet
Assoc 2000;100(11):1316-22.

272. Tangvik RJ, Tell GS, Guttormsen AB, Eisman JA, Henriksen A, Nilsen RM et
al. Nutritional risk profile in a university hospital population. Clin Nutr
2015;34(4):705-11.

273. Elia M, Stratton RJ. An analytic appraisal of nutrition screening tools supported
by original data with particular reference to age. Nutrition 2012;28(5):477-94.

274. Waitzberg DL, Caiaffa WT, Correia MIT. Hospital malnutrition: the Brazilian
national survey (IBRANUTRI): a study of 4000 patients. Nutrition
2001;17(7):573-80.

275. Boleo-Tome C, Monteiro-Grillo I, Camilo M, Ravasco P. Validation of the
Malnutrition Universal Screening Tool (MUST) in cancer. Br J Nutr
2012;108(2):343-48.

276. Porter J, Raja R, Cant R, Aroni R. Exploring issues influencing the use of the
Malnutrition Universal Screening Tool by nurses in two Australian hospitals. J
Hum Nutr Diet 2009;22(3):203-09.

277. Willis H. Causes, assessment and treatment of malnutrition in older people. Nurs
Older People 2017;29(2):20-25.

294

278. Rasheed S, Woods R. An investigation into the association between nutritional
status and quality of life in older people admitted to hospital. J Hum Nutr Diet
2014;27(2):142-51.

279. Donini L, Savina C, Piredda M, Cucinotta D, Fiorito A, Inelmen EM et al. Senile
anorexia in acute-ward and rehabilitation settings. J Nutr Health Aging
2008;12(8):511-17.

280. Smith PJ, Blumenthal JA. Dietary Factors and Cognitive Decline. J Prev
Alzheimers Dis 2016;3(1):53-64.

281. Royal College of Physicians. Hospitals on the Edge? The Time for Action. A
report by the Royal College of Physicians [Internet]. London: Royal College
of Physicians; 2012 [cited 2018 June 18]. Available from:
https://www.rcplondon.ac.uk/guidelines-policy/hospitals-edge-time-action.

282. Balla U, Malnick S, Schattner A. Early readmissions to the department of
medicine as a screening tool for monitoring quality of care problems.
Medicine 2008;87(5):294-300.

283. Klausen HH, Petersen J, Bandholm T, Juul-Larsen HG, Tavenier J, Eugen-Olsen
J et al. Association between routine laboratory tests and long-term mortality
among acutely admitted older medical patients: a cohort study. BMC Geriatr
2017;17(1):62. DOI: 10.1186/s12877-017-0434-3.

295

284. Puhan MA, Scharplatz M, Troosters T, Steurer J. Respiratory rehabilitation after
acute exacerbation of COPD may reduce risk for readmission and mortality -a systematic review. Respir Res 2005;6:54. DOI: 10.1186/1465-9921-6-54.

285. Dharmarajan K, Hsieh AF, Lin Z, Bueno H, Ross JS, Horwitz LI et al.
Diagnoses and timing of 30-day readmissions after hospitalization for heart
failure, acute myocardial infarction, or pneumonia. JAMA 2013;309(4):35563.

286. Bradley EH, Curry L, Horwitz LI, Sipsma H, Wang Y, Walsh MN et al. Hospital
strategies associated with 30-day readmission rates for patients with heart
failure. Circ Cardiovasc Qual Outcomes 2013;6(4):444-50.

287. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in the
Medicare fee-for-service program. N Engl J Med 2009;360(14):1418-28.

288. Prescott HC, Sjoding MW, Iwashyna TJ. Diagnoses of early and late
readmissions after hospitalization for pneumonia. A systematic review. Ann
Am Thorac Soc 2014;11(7):1091-100.

289. Graham KL, Wilker EH, Howell MD, Davis RB, Marcantonio ER. Differences
Between Early and Late Readmissions Among Patients: a cohort study Ann
Intern Med 2015;162(11):741-49.

296

290. Kansagara D, Englander H, Salanitro A, Kagen D, Theobald C, Freeman M et al.
Risk prediction models for hospital readmission: a systematic review. JAMA
2011;306(15):1688-98.

291. Stratton RJ, Hebuterne X, Elia M. A systematic review and meta-analysis of the
impact of oral nutritional supplements on hospital readmissions. Ageing Res
Rev 2013;12(4):884-97.

292. Sharma Y, Thompson C, Shahi R, Hakendorf P, Miller M. Malnutrition in
acutely unwell hospitalized elderly - “The skeletons are still rattling in the
hospital closet”. J Nutr Health Aging 2017;21(10):1210-1215.

293. Cole A, Shah K, Mulhern B, Feng Y, Devlin N. Valuing EQ-5D-5L health states
'in context' using a discrete choice experiment. Eur J Health Econ
2018;19(4):595-605.

294. Belsley DA, Kuh E, Welsch RE. Regression diagnostics: Identifying influential
data and sources of collinearity. Hoboken, N.J. : John Wiley & Sons; 2005.

295. Donze J, Lipsitz S, Bates DW, Schnipper JL. Causes and patterns of
readmissions in patients with common comorbidities: retrospective cohort
study. BMJ 2013;347:f7171.

296. Krumholz HM. Post-hospital syndrome--an acquired, transient condition of
generalized risk. N Engl J Med 2013;368(2):100-2.

297

297. Alzahrani SH, Alamri SH. Prevalence of malnutrition and associated factors
among hospitalized elderly patients in King Abdulaziz University Hospital,
Jeddah, Saudi Arabia. BMC Geriatr 2017;17(1):136.

298. Mazzola P, Ward L, Zazzetta S, Broggini V, Anzuini A, Valcarcel B et al.
Association Between Preoperative Malnutrition and Postoperative Delirium
After Hip Fracture Surgery in Older Adults. J Am Geriatr Soc
2017;65(6):1222-28.

299. Mogensen KM, Horkan CM, Purtle SW, Moromizato T, Rawn JD, Robinson
MK et al. Malnutrition, Critical Illness Survivors, and Postdischarge
Outcomes: A Cohort Study. JPEN J Parenter Enteral Nutr 2017: DOI:
10.1177/0148607117709766.

300. Robison S, Howie-Esquivel J, Vlahov D. Readmission risk factors after hospital
discharge among elderly. Popul Health Manag 2012;15(6):338-51.

301. Sharma Y, Thompson C, Kaambwa B, Shahi R, Hakendorf P, Miller.
Investigation of the benefits of early malnutrition screening with telehealth
follow up in elderly acute medical admissions. QJM 2017;110(10):639-47.

302. Kubrak C, Jensen L. Malnutrition in acute care patients: a narrative review. Int J
Nurs Stud 2007;44(6):1036-54.

298

303. Patel MD, Martin FC. Why don't elderly hospital inpatients eat adequately? J
Nutr Health Aging 2008;12(4):227-31.

304. Vanderwee K, Clays E, Bocquaert I, Gobert M, Folens B, Defloor T.
Malnutrition and associated factors in elderly hospital patients: a Belgian
cross-sectional, multi-centre study. Clin Nutr 2010;29(4):469-76.

305. Isabel M, Correia, M. I., Waitzberg, D. L.,. The impact of malnutrition on
morbidity, mortality, length of hospital stay and costs evaluated through a
multivariate model analysis. Clin Nutr 2003;22(3):235-39.

306. Liu L, Bopp MM, Roberson PK, Sulliva DH. Undernutrition and risk of
mortality in elderly patients witthin 1 year of hospital discharge. J Geront A
Biol Sci Med Sci 2002;57(11):M741-6.

307. Van Nes MC, Hermann FR, Gold G, Michel JP, Rizzoli R. Does the mini
nutritional assessment predict hospitalization outcomes in older people? Age
and Ageing 2001;30(3):221-26.

308. Davies M. Nutritional screening and assessment in cancer-associated
malnutrition. Eur J Oncol Nurs 2005;9 Suppl 2:S64-73.

309. Stratton RJ, Hackston A, Longmore D, Dixon R, Price S, Stroud M et al.
Malnutrition in hospital outpatients and inpatients: prevalence, concurrent

299

validity and ease of use of the 'malnutrition universal screening tool' ('MUST')
for adults. Br J Nutr 2004;92(5):799-808.

310. Committee CoPQM. Identifying patients at risk: ADA’s definitions for nutrition
screening and nutrition assessment. J Am Diet Assoc. 1987;11:8-13.

311. Isenring E, Cross G, Kellett E, Koczwara B, Daniels L. Nutritional status and
information needs of medical oncology patients receiving treatment at an
Australian public hospital. Nutr Cancer 2010;62(2):220-28.

312. Read JA, Crockett N, Volker DH, MacLennan P, Choy ST, Beale P et al.
Nutritional assessment in cancer: comparing the Mini-Nutritional Assessment
(MNA) with the scored Patient-Generated Subjective Global Assessment
(PGSGA). Nutr Cancer 2005;53(1):51-56.

313. Fleiss JL, Levin B, Paik MC. Statistical methods for rates and proportions. 3rd
ed. Hoboken, N.J: Wiley-Interscience; 2003. Chapter18, The measurement of
interrater agreement.

314. Noori N, Kovesdy CP, Dukkipati R, Kim Y, Duong U, Bross R et al. Survival
predictability of lean and fat mass in men and women undergoing maintenance
hemodialysis. Am J Clin Nutr 2010;92(5):1060-70.

300

315. Phillips P. Grip strength, mental performance and nutritional status as indicators
of mortality risk among female geriatric patients. Age Ageing 1986;15(1):5356.

316. Jaffar AF, Gray WK, Porter B, Turnbull EJ, Walker RW. A cross-sectional study
of the nutritional status of community-dwelling people with idiopathic
Parkinson's disease. BMC Neurol 2010;10:124. DOI:10.1186/1471-2377-10124.

317. Gibson RS. Principles of nutritional assessment. New York: Oxford university
press; 2005.

318. Clemens S, Begum N, Harper C, Whitty JA, Scuffham PA. A comparison of EQ5D-3L population norms in Queensland, Australia, estimated using utility
value sets from Australia, the UK and USA. Qual Life Res 2014;23(8):237581.

319. Calleja Fernandez A, Vidal Casariego A, Cano Rodriguez I, Ballesteros Pomar
MD. Malnutrition in hospitalized patients receiving nutritionally complete
menus: prevalence and outcomes. Nutr Hosp 2014;30(6):1344-49.

320. Agarwal E, Ferguson M, Banks M, Bauer J, Capra S, Isenring E. Nutritional
status and dietary intake of acute care patients: results from the Nutrition Care
Day Survey 2010. Clin Nutr 2012;31(1):41-47.

301

321. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people.
Lancet 2013;381(9868):752-62.

322. Sanford AM. Anorexia of aging and its role for frailty. Curr Opin Clin Nutr
Metab Care 2017;20(1):54-60.

323. Saarela RK, Soini H, Hiltunen K, Muurinen S, Suominen M, Pitkala K.
Dentition status, malnutrition and mortality among older service housing
residents. J Nutr Health Aging 2014;18(1):34-8.

324. Allard JP, Keller H, Jeejeebhoy KN, Laporte M, Duerksen DR, Gramlich L et al.
Decline in nutritional status is associated with prolonged length of stay in
hospitalized patients admitted for 7 days or more: A prospective cohort study.
Clin Nutr 2016;35(1):144-52.

325. Mogensen KM, Robinson MK, Casey JD, Gunasekera NS, Moromizato T, Rawn
JD et al. Nutritional Status and Mortality in the Critically Ill. Crit Care Med
2015;43(12):2605-15.

326. Delano MJ, Moldawer LL. The origins of cachexia in acute and chronic
inflammatory diseases. Nutr Clin Pract 2006;21(1):68-81.

327. Moreira NC, Krausch-Hofmann S, Matthys C, Vereecken C, Vanhauwaert E,
Declercq A et al. Risk Factors for Malnutrition in Older Adults: A Systematic

302

Review of the Literature Based on Longitudinal Data. Adv Nutr
2016;7(3):507-22.

328. Messina G, Fenucci R, Vencia F, Niccolini F, Quercioli C, Nante N. Patients’
evaluation of hospital foodservice quality in Italy: what do patients really
value? Public Health Nutr 2013;16(4):730-37.

329. Corkins MR, Guenter P, DiMaria-Ghalili RA, Jensen GL, Malone A, Miller S et
al. Malnutrition diagnoses in hospitalized patients: United States, 2010. JPEN
J Parenter Enteral Nutr 2014;38(2):186-95.

330. Tappenden KA, Quatrara B, Parkhurst ML, Malone AM, Fanjiang G, Ziegler
TR. Critical role of nutrition in improving quality of care: an interdisciplinary
call to action to address adult hospital malnutrition. J Acad Nutr Diet
2013;113(9):1219-37.

331. Trombetti A, Cheseaux J, Herrmann FR, Rizzoli R. A critical pathway for the
management of elderly inpatients with malnutrition: effects on serum insulinlike growth factor-I. Eur J Clin Nutr 2013;67(11):1175-81.

332. Gariballa S, Forster S, Walters S, Powers H. A randomized, double-blind,
placebo-controlled trial of nutritional supplementation during acute illness. Am
J Med 2006;119(8):693-99.

303

333. High KP. Nutritional strategies to boost immunity and prevent infection in
elderly individuals. Clin Infect Dis 2001;33(11):1892-900.

334. Juliebo V, Bjoro K, Krogseth M, Skovlund E, Ranhoff AH, Wyller TB. Risk
factors for preoperative and postoperative delirium in elderly patients with hip
fracture. J Am Geriatr Soc 2009;57(8):1354-61.

335. Vincent JL, Preiser JC. When should we add parenteral to enteral nutrition?
Lancet 2013;381(9864):354-55.

336. Baldwin C. The effectiveness of nutritional interventions in malnutrition and
cachexia. Proc Nutr Soc 2015;74(4):397-404.

337. Santarpia L, Contaldo F, Pasanisi F. Nutritional screening and early treatment of
malnutrition in cancer patients. J Cachexia Sarcopenia Muscle 2011;2(1):2735.

338. Cawood AL, Elia M, Stratton RJ. Systematic review and meta-analysis of the
effects of high protein oral nutritional supplements. Ageing Res Rev
2012;11(2):278-96.

339. Avenell A, Smith TO, Curtain JP, Mak JC, Mynt PK. Nutritional
supplementation for hip fracture aftercare in older people. Cochrane Database
Syst Rev 2016;11:CD001880. DOI: 10.1002/14651858.CD001880.pub6.

304

340. Fraser SD, Taal MW. Multimorbidity in people with chronic kidney disease:
implications for outcomes and treatment. Curr Opin Nephrol Hypertens
2016;25(6):465-72.

341. Clegg A, Relton C, Young J, Witham M. Improving recruitment of older people
to clinical trials: use of the cohort multiple randomised controlled trial design.
Age Ageing 2015;44(4):547-50.

342. Piantadosi C, Chapman IM, Naganathan V, Hunter P, Cameron ID, Visvanathan
R. Recruiting older people at nutritional risk for clinical trials: what have we
learned? BMC Res Notes 2015;8:151.

343. Beaufrère A, Neveux N, Mirand PP, Buffiere C, Marceau G, Sapin V et al.
Long-term intermittent glutamine supplementation repairs intestinal damage
(structure and functional mass) with advanced age: assessment with plasma
citrulline in a rodent model. J Nutr Health Aging 2014;18(9):814-19.

344. Ljungqvist O, van Gossum A, Sanz ML, de Man F. The European fight against
malnutrition. Clin Nutr 2010;29(2):149-50.

345. Sharma Y, Thompson C, Kaambwa B, Shahi R, Miller M. Validity of the
Malnutrition Universal Screening Tool (MUST) in Australian hospitalized
acutely unwell elderly patients. Asia Pac J Clin Nutr 2017;26(6):994-1000.

305

346. Drummond MF SM, O’ Brien B, Stoddart GW. Methods for the Economic
Evalution of Health Care Programmes. Oxford: Oxford University Press;
2005.

347. Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D et al.
Consolidated Health Economic Evaluation Reporting Standards (CHEERS)-explanation and elaboration: a report of the ISPOR Health Economic
Evaluation Publication Guidelines Good Reporting Practices Task Force.
Value Health 2013;16(2):231-50.

348. Henry DA, Hill SR, Harris A. Drug prices and value for money: the Australian
Pharmaceutical Benefits Scheme. JAMA 2005;294(20):2630-32.

349. Conner-Spady BL, Marshall DA, Bohm E, Dunbar MJ, Loucks L, Al Khudairy
A et al. Reliability and validity of the EQ-5D-5L compared to the EQ-5D-3L
in patients with osteoarthritis referred for hip and knee replacement. Qual Life
Res 2015;24(7):1775-84.

350. Golicki D, Niewada M, Buczek J, Karlinska A, Kobayashi A, Janssen MF et al.
Validity of EQ-5D-5L in stroke. Qual Life Res 2015;24(4):845-50.

351. Green JP, McNamee JP, Kobel C, Seraji MHR, Lawrence SJ. Planning for
subacute care: predicting demand using acute activity data. Aust Health Rev
2016;40(6):686-90.

306

352. Palmer S, Byford S, Raftery J. Economics notes: types of economic evaluation.
BMJ 1999;318(7194):1349.

353. Barber JA, Thompson SG. Analysis and interpretation of cost data in randomised
controlled trials: review of published studies. BMJ 1998;317(7167):1195-200.

354. Black WC. The CE plane: a graphic representation of cost-effectiveness. Med
Decis Making 1990;10(3):212-14.

355. Schafer JL. Analysis of Incomplete Multivariate Data. London: Chapman &
Hall; 1997.

356. Mair C, Stear M, Johnson P, Denwood M, Jimenez de Cisneros JP, Stefan T et
al. A Bayesian generalized random regression model for estimating
heritability using overdispersed count data. Genet Select Evol 2015;47:51.
DOI:https//doi.org/10.1186/s12711-015-0125-5.

357. Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York: WileyInterscience; 2004.

358. Joensuu JT, Huoponen S, Aaltonen KJ, Konttinen YT, Nordstrom D, Blom M.
The cost-effectiveness of biologics for the treatment of rheumatoid arthritis: a
systematic review. PloS one 2015;10(3):e0119683. DOI:
10.1371/journal.pone.0119683.

307

359. Harris AH, Hill SR, Chin G, Li JJ, Walkom E. The role of value for money in
public insurance coverage decisions for drugs in Australia: a retrospective
analysis 1994-2004. Med Decis Making 2008;28(5):713-22.

360. O'Sullivan AK, Thompson D, Drummond MF. Collection of health-economic
data alongside clinical trials: is there a future for piggyback evaluations?
Value Health 2005;8(1):67-79.

361. Petrou S, Gray A. Economic evaluation alongside randomised controlled trials:
design, conduct, analysis, and reporting. BMJ 2011;342:d1548.

362. Banks M, Bauer J, Graves N, Ash S. Malnutrition and pressure ulcer risk in
adults in Australian health care facilities. Nutrition 2010;26(9):896-901.
363. Misu S, Asai T, Doi T, Sawa R, Ueda Y, Saito T et al. Association between gait
abnormality and malnutrition in a community-dwelling elderly population.
Geriatr Gerontol Int 2017;17(8):1155-1160.

364. Espaulella J, Guyer H, Diaz-Escriu F, Mellado-Navas JA, Castells M, Pladevall
M. Nutritional supplementation of elderly hip fracture patients. A randomized,
double-blind, placebo-controlled trial. Age Ageing 2000;29(5):425-31.

365. Duncan DG, Beck SJ, Hood K, Johansen A. Using dietetic assistants to improve
the outcome of hip fracture: a randomised controlled trial of nutritional
support in an acute trauma ward. Age Ageing 2006;35(2):148-53.

308

366. Bruce D, Laurance I, McGuiness M, Ridley M, Goldswain P. Nutritional
supplements after hip fracture: poor compliance limits effectiveness. Clin Nutr
2003;22(5):497-500.

367. Gianotti L, Braga M, Frei A, Greiner R, Di Carlo V. Health care resources
consumed to treat postoperative infections: cost saving by perioperative
immunonutrition. Shock 2000;14(3):325-30.

368. Norman K, Pirlich M, Smoliner C, Kilbert A, Schulzke JD, Ockenga J et al.
Cost-effectiveness of a 3-month intervention with oral nutritional supplements
in disease-related malnutrition: a randomised controlled pilot study. Eur J Clin
Nutr 2011;65(6):735-42.

369. Zhong Y, Cohen JT, Goates S, Luo M, Nelson J, Neuman PJ et al. The CostEffectiveness of Oral Nutrition Supplementation for Malnourished Older
Hospital Patients. Appl Health Econ Health Policy 2017;15(1):75-83.

370. Kudsk KA, Reddy SK, Sacks GS, Lai HC. Joint Commission for Accreditation
of Health Care Organizations guidelines: too late to intervene for nutritionally
at-risk surgical patients. JPEN J Parenter Enteral Nutr 2003;27(4):288-90.

371. Venzin RM, Kamber N, Keller WC, Suter PM, Reinhart WH. How important is
malnutrition? A prospective study in internal medicine. Eur J Clin Nutr
2009;63(3):430-36.

309

372. Goulding L, Adamson J, Watt I, Wright J. Lost in hospital: a qualitative
interview study that explores the perceptions of NHS inpatients who spent
time on clinically inappropriate hospital wards. Health Expect
2015;18(5):982-94.

373. Goulding L, Adamson J, Watt I, Wright J. Patient safety in patients who occupy
beds on clinically inappropriate wards: a qualitative interview study with NHS
staff. BMJ Qual Saf 2012;21(3):218-24.

374. Santamaria JD, Tobin AE, Anstey MH, Smith RJ, Reid DA. Do outlier inpatients
experience more emergency calls in hospital? An observational cohort study.
Med J Aust 2014;200(1):45-48.

375. Perry L. Nutrition: a hard nut to crack. An exploration of the knowledge,
attitudes and activities of qualified nurses in relation to nutritional nursing
care. J Clin Nurs 1997;6(4):315-24.

376. Thibault R, Makhlouf AM, Kossovsky MP, Lavindrasana J, Chikhi M, Meyer R
et al. Healthcare-associated infections are associated with insufficient dietary
intake: an observational cross-sectional study. PloS one 2015;10(4):e0123695.
DOI: 10.1371/journal.pone.0123695.

377. Sopena N, Heras E, Casas I, Bechini J, Guasch I, Pedro-Botet ML et al. Risk
factors for hospital-acquired pneumonia outside the intensive care unit: a casecontrol study. Am J Infect Control 2014;42(1):38-42.

310

378. Klek S, Sierzega M, Szybinski P, Szczepanek K, Scislo L, Walewska E et al.
The immunomodulating enteral nutrition in malnourished surgical patients - a
prospective, randomized, double-blind clinical trial. Clin Nutr
2011;30(3):282-88.

379. Remond D, Shahar DR, Gille D, Pinto P, Kachal J, Peyron MA et al.
Understanding the gastrointestinal tract of the elderly to develop dietary
solutions that prevent malnutrition. Oncotarget 2015;6(16):13858-98.

380. Madl C, Holzinger U. [Nutrition and gastrointestinal intolerance]. Med Klin
Intensivmed Notfmed 2013;108(5):396-400.

381. Kurkcu M, Meijer RI, Lonterman S, Muller M, de van der Schueren MAE. The
association between nutritional status and frailty characteristics among
geriatric outpatients. Clin Nutr ESPEN 2018;23:112-16.

382. Ravasco P. Cancer and nutrition: Key determinants of quality of life. Eur J
Cancer 2009;45:409.

383. Perry L, Mclaren S. An exploration of nutrition and eating disabilities in relation
to quality of life at 6 months post‐stroke. Health Soc Care Community
2004;12(4):288-97.

311

384. Chung AS, Hustedt JW, Walker R, Jones C, Lowe J, Russell GV. Increasing
Severity of Malnutrition Is Associated With Poorer 30-Day Outcomes in
Patients Undergoing Hip Fracture Surgery. J Orthop Trauma 2018;32(4):15560.

385. Mesquita ET, Cruz LN, Mariano BM, Jorge AJ. Post-Hospital Syndrome: A
New Challenge in Cardiovascular Practice. Arq Bras Cardiol
2015;105(5):540-44.

386. Brownlee SA, Blackwell RH, Blanco BA, Zapf MAC, Kliethermes S, Gupta GN
et al. Impact of Post-Hospital Syndrome on Outcomes Following Elective,
Ambulatory Surgery. Ann Surg 2017;266(2):274-79.

387. van Seben R, Reichardt LA, Essink DR, van Muster BC, Bosch JA, Buurman
BM. "I feel worn out, as if I neglected myself": Older patients' perspectives on
post-hospital symptoms after acute hospitalization. Gerontologist 2018. DOI:
10.1093/geront/gnx192.

388. Matsukuma Y, Tanaka S, Taniguchi M, Nakano T, Masutani H, Hirakata H et al.
Association of geriatric nutritional risk index with infection-related mortality
in patients undergoing hemodialysis: The Q-Cohort Study. Clin Nutr 2018.
DOI: 10.1016/j.clnu.2018.01.019.

312

389. Zyga S, Christopoulou G, Malliarou M. Malnutrition-inflammationatherosclerosis syndrome in patients with end-stage renal disease. J Ren Care
2011;37(1):12-5.

390. Allawi AAD. Malnutrition, inflamation and atherosclerosis (MIA syndrome) in
patients with end stage renal disease on maintenance hemodialysis (a single
centre experience). Diabetes Metab Syndr 2018;12(2):91-97.

391. Rea IM, Gibson DS, McGilligan V, McNerlan SE, Alexander HD, Ross OA.
Age and Age-Related Diseases: Role of Inflammation Triggers and Cytokines.
Front Immunol 2018;9:586.

392. Vita JA, Keaney JF, Jr., Raby KE, Morrow JD, Freedman JE, Lynch S et al. Low
plasma ascorbic acid independently predicts the presence of an unstable
coronary syndrome. J Am Coll Cardiol 1998;31(5):980-86.

393. Ashor AW, Lara J, Mathers JC, Siervo M. Effect of vitamin C on endothelial
function in health and disease: a systematic review and meta-analysis of
randomised controlled trials. Atherosclerosis 2014;235(1):9-20.

394. Neelemaat F, Meijers J, Kruizenga H, van Ballegooijen H, van Bokhorst-de van
der Schueren M. Comparison of five malnutrition screening tools in one
hospital inpatient sample. J Clin Nurs 2011;20(15-16):2144-52.

313

395. Guigoz Y. the Mini Nutritional Assessment (MNA) review of the literature-What
does it tell us?. J N Health Aging 2006;10(6):466.

396. Poulia KA, Klek S, Doundoulakis I, Bouras E, Karayiannis D, Baschali A et al.
The two most popular malnutrition screening tools in the light of the new
ESPEN consensus definition of the diagnostic criteria for malnutrition. Clin
Nutr 2017;36(4):1130-35.

397. Marshall S, Young A., Bauer, J., Isenring, E.,. Malnourished Older Adults
admitted to Rehabilitation in Rural New South Wales remain malnourished
throughout Rehablitation and once Discharged back to the Community: A
Prospective Cohort Study. J Aging Res Clin Practice 2015;4(4):197-204.

398. Benedetti F, Carlino E, Piedimonte A. Increasing uncertainty in CNS clinical
trials: the role of placebo, nocebo, and Hawthorne effects. Lancet Neurol
2016;15(7):736-47.

399. McCambridge J, Witton J, Elbourne DR. Systematic review of the Hawthorne
effect: new concepts are needed to study research participation effects. J Clin
Epidemiol 2014;67(3):267-77.

400. Curtis L. Comment on: Guidelines for the management of hospital-acquired
pneumonia in the UK: Report of the Working Party on Hospital-Acquired
Pneumonia of the British Society for Antimicrobial Chemotherapy. J
Antimicrob Chemother 2008;62(3):641.

314

401. Montejo JC, Zarazaga A, Lopez-Martinez J, Urrutia G, Roque M, Blesa AL et al.
Immunonutrition in the intensive care unit. A systematic review and consensus
statement. Clin Nutr 2003;22(3):221-33.

402. Johansen N, Kondrup J, Plum LM, Bak L, Norregaard P, Bunch E et al. Effect of
nutritional support on clinical outcome in patients at nutritional risk. Clin Nutr
2004;23(4):539-50.

403. Neelemaat F, Bosmans JE, Thijs A, Seidell JC, van Bokhorst-de van der
Schueren MA. Post-discharge nutritional support in malnourished elderly
individuals improves functional limitations. J Am Med Dir Assoc
2011;12(4):295-301.

404. Thomas SK, Humphreys KJ, Miller MD, Cameron ID, Whitehead C, Kurrie S et
al. Individual nutrition therapy and exercise regime: a controlled trial of
injured, vulnerable elderly (INTERACTIVE trial). BMC Geriartr 2008;8:4.
DOI: 10.1186/1471-2318-8-4.

405. Philipson TJ, Snider JT, Lakdawalla DN, Stryckman B, Goldman DP. Impact of
oral nutritional supplementation on hospital outcomes. Am J Manag Care
2013;19(2):121-28.

315

406. Mole L, Kent B, Abbott R, Wood C, Hickson M. The nutritional care of people
living with dementia at home: A scoping review. Health Soc Care Community
2018;26(4):e485-e496. DOI:10.1111/hsc.12540.

407. Chye L, Wei K, Nyunt MSZ, Gao Q, Wee SL, Ng TP. Strong Relationship
between Malnutrition and Cognitive Frailty in the Singapore Longitudinal
Ageing Studies (SLAS-1 and SLAS-2). J Prev Alzheimers Dis 2018;5(2):14248.

408. Tchalla AE, Clement JP, Saulnier I, Beaumatin B, Lachal F, Gayot C et al.
Predictors of Rapid Cognitive Decline in Patients with Mild-to-Moderate
Alzheimer Disease: A Prospective Cohort Study with 12-Month Follow-Up
Performed in Memory Clinics. Dement Geriatr Cogn Disord 2018;45(1-2):5665.

409. Yildiz D, Buyukkoyuncu Pekel N, Kilic AK, Tolgay EN, Tufan F. Malnutrition
is associated with dementia severity and geriatric syndromes in patients with
Alzheimer disease. Turk J Med Sci 2015;45(5):1078-81.

410. Peterson A, Mattek N, Clemons A, Bowman GL, Buracchio T, Kaye J et al.
Serum vitamin D concentrations are associated with falling and cognitive
function in older adults. J Nutr Health Aging 2012;16(10):898-901.

411. Chen CC, Bai YY, Huang GH, Tang ST. Revisiting the concept of malnutrition
in older people. J Clin Nurs 2007;16(11):2015-26.

316

412. O'Shea E, Trawley S, Manning E, Barrett A, Browne V, Timmons S.
Malnutrition in Hospitalised Older Adults: A Multicentre Observational Study
of Prevalence, Associations and Outcomes. J Nutr Health Aging
2017;21(7):830-36.

413. Bo Y, Liu C, Ji Z, Yang R, An Q, Zhang X et al. A high whey protein, vitamin D
and E supplement preserves muscle mass, strength, and quality of life in
sarcopenic older adults: A double-blind randomized controlled trial. Clin Nutr
2018. DOI: 10.1016/j.clnu.2017.12.020.

414. Kvamme JM, Gronli O, Florholmen J, Jacobsen BK. Risk of malnutrition is
associated with mental health symptoms in community living elderly men and
women: the Tromso study. BMC Psychiatry 2011;11:112. DOI: 10.1186/1471244x-11-112.

415. Wei J, Fan L, Zhang Y, Li S, Partridge J, Claytor L et al. Association Between
Malnutrition and Depression Among Community-Dwelling Older Chinese
Adults. Asia Pac J Public Health 2018;30(2):107-17.

416. Rabenberg M, Harisch C, Rieckmann N, Buttery AK, Mensink GB, Busch MA.
Association between vitamin D and depressive symptoms varies by season:
Results from the German Health Interview and Examination Survey for Adults
(DEGS1). J Affect Disord 2016;204:92-8.

317

417. Ganji V, Milone C, Cody MM, McCarty F, Wang YT. Serum vitamin D
concentrations are related to depression in young adult US population: the
Third National Health and Nutrition Examination Survey. Int Arch Med
2010;3:29.

418. Garcion E, Wion-Barbot N, Montero-Menei CN, Berger F, Wion D. New clues
about vitamin D functions in the nervous system. Trends Endocrinol Metab
2002;13(3):100-5.

419. Smith MP, Fletcher-Turner A, Yurek DM, Cass WA. Calcitriol protection
against dopamine loss induced by intracerebroventricular administration of 6hydroxydopamine. Neurochem Res 2006;31(4):533-39.

420. Formiga F, Ferrer A, Almeda J, San Jose A, Gil A, Pujol R. Utility of geriatric
assessment tools to identify 85-years old subjects with vitamin D deficiency. J
Nutr Health Aging 2011;15(2):110-14.

421. Davidson I, Smith S. Nutritional screening: pitfalls of nutritional screening in the
injured obese patient. Proc Nutr Soc 2004;63(3):421-25.

422. Jyrkka J, Mursu J, Enlund H, Lonnroos E. Polypharmacy and nutritional status in
elderly people. Curr Opin Clin Nutr Metab Care 2012;15(1):1-6.

423. Zadak Z, Hyspler R, Ticha A, Vlcek J. Polypharmacy and malnutrition. Curr
Opin Clin Nutr Metab Care 2013;16(1):50-55.

318

424. Reed SD, Anstrom KJ, Bakhai A, Briggs AH, Califf RM, Cohen DJ et al.
Conducting economic evaluations alongside multinational clinical trials:
toward a research consensus. Am Heart J 2005;149(3):434-43.

425. National Health and Medical Research Council. How to put the Evidence Into
Practice: Implementation and Dissemination Guidelines [Internet]. Canberra;
2000 [cited 2018 June 18]. Available from:
https://www.nhmrc.gov.au/guidelines-publications/cp71.

426. Donald A, Milne R. Implementing research findings in clinical practice. In:
Haines A, Donald A, editors. Getting research findings into practice. 2 nd
edition. London: BMJ Publishing Group; 2002. p. 68-76.

427. Araujo DA, Noronha MB, Cunha NA, Abrunhosa SF, Rocha AN, Amaral TF.
Low serum levels of vitamin B12 in older adults with normal nutritional status
by mini nutritional assessment. Eur J Clin Nutr 2016;70(7):859-62.

428. de van der Schueren MAE, Laviano A, Blanchard H, Jourdan M, Arends J,
Baracos VE. Systematic review and meta-analysis of the evidence for oral
nutritional intervention on nutritional and clinical outcomes during
chemo(radio)therapy: current evidence and guidance for design of future
trials. Ann Oncol 2018;29(5):1141-53.

319

429. Ramalho R, Ramalho P, Couto N, Pereira P. Omega-3 therapeutic
supplementation in a patient with metastatic adenocarcinoma of the pancreas
with muscle mass depletion. Eur J Clin Nutr 2017;71(6):795-97.

430. Opie RS, O'Neil A, Itsiopoulos C, Jacka FN. The impact of whole-of-diet
interventions on depression and anxiety: a systematic review of randomised
controlled trials. Public Health Nutr 2015;18(11):2074-93.

320

