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Abstract
Malnutrition is highly prevalent among hospitalized patients, ranging from 30% to 50% depending on the patient
population and the criteria used for diagnosis. Identifying early those who are malnourished and at risk of
malnutrition and intervening at an early stage will improve patients overall prognosis and will reduce the costs to
the state. Even though cardiac patients are at risk of malnutrition, data on the prevalence of malnutrition among
cardiology inpatients is limited. The aim of the study was to assess malnutrition status of the newly admitted
patients in a specialist cardiology institution in Sri Lanka by internationally recommended nutrition screening and
assessment tools. During study period, 322 (61.22%) males and 204 (38.78%) females were recruited. Malnutrition
status assessed by each screening tool had a wide variation. According to Mini Nutritional Assessment tool 69.6%
were having possible malnutrition. Malnutrition Screening Tool 47.9% to be at risk of malnutrition. Subjective Global
Assessments categorized only 4.2% as malnourished on the other hand Malnutrition Universal Screening Tool
categorized 20.4% and 19.6% subjects as at medium risk and high risk of malnutrition respectively. Nutritional Risk
Screening detected 6.3%, 25.1% and 24.9% patients to be mildly, moderately and severely malnourished
respectively. Short Nutrition Assessment Questionnaire categorized 5.0% and 17.7% patients to be moderately
malnourished and severely malnourished correspondingly. In conclusion, Although malnutrition was prevalent
among this population, a wide variation in the nutritional status when assessed by widely used internationally
recognized tools was observed.
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Introduction
Malnutrition is any imbalance in nutrition; from overnutrition to under-nutrition. Over-nutrition which was
more prevalent in developed countries is now becoming
a major health problem in less developed countries as
well (Subramanian and Smith 2006). Under-nutrition
can occur as a consequence of deficiency in dietary intake,
poor absorption, increased requirements or from excessive
nutrient losses associated with the disease state or from
a combination of above factors (Soeters et al. 2008).
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Negative consequences of malnutrition can be varied:
longer length of hospital stay, increased morbidity and
mortality (Reilly et al. 1988) affecting patients and increased health expenditure for the state (Neumayer
et al. 2001). Despite current advancements in understanding of the value of proper nutritional care, the malnutrition is yet highly prevalent among hospitalized patients,
ranging from 30% to 50% depending on the patient population and the criteria used for diagnosis (McWhirter and
Pennington 1994) and is often unrecognized and underestimated by health care workers (Stratton et al. 2006). Identifying early those who are malnourished and at risk of
malnutrition and intervening at an early stage will improve patients overall prognosis and will reduce the costs
to the state (Neumayer et al. 2001). Therefore many validated tools for nutrition risk screening and nutrition
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assessment exist for the accurate identification, referral
and treatment of patients who are malnourished or at risk
of malnutrition. Nutrition screening is a process of identifying characteristics known to be associated with malnutrition risk while nutrition assessment is a diagnostic tool
to determine if a patient is currently malnourished (Identifying patients at risk: ADA's definitions for nutrition screening
and nutrition assessment Council on Practice COP Quality
Management Committee 1994).
Many nutrition screening and assessment tools exist
to identify risk of, and diagnose, malnutrition. The Malnutrition Screening Tool (MST) is a simple instrument to
identify patients at high risk of malnutrition (Ferguson
et al. 1999). Related to the MST, the Malnutrition Universal Screening Tool (MUST) was developed to detect
both under-nutrition and obesity in adults (Stratton
et al. 2006). The Nutritional Risk Screening (NRS) is the
preferred screening tool for hospitalized patients (Kondrup
et al. 2003). Mini Nutritional Assessment – the Short Form
(MNA-SF) was developed to assess nutritional risk in elders
(Guigoz 2006). The four item Short Nutrition Assessment
Questionnaire (SNAQ) was developed to diagnose malnutrition in hospitalized patients and does not require calculation of BMI (Kruizenga et al. 2005a). Subjective Global
Assessment (SGA) is one of the most commonly used nutrition assessment tools and reliably detects patients with
established malnutrition (Detsky et al. 1987). Ideally, nutritional assessment should be practical, easy to perform,
non-invasive, well tolerated, inexpensive, requiring no use
of devices or supplementary examinations, applicable at
the bedside, show appropriate sensitivity and specificity
and yield immediate result.
Prevalence of malnutrition among children, general medical and surgical inpatients has been widely reported. However, data on the prevalence of malnutrition among
cardiology inpatients is limited (Yamauti et al. 2006).
Lomivorotov et al. reported that significant prognostic
values of different nutritional screening tools in patients
undergoing cardiopulmonary bypass (Lomivorotov et al.
2013). Malnutrition is common among cardiology wards
due to heart failure, anorexia, pre-investigate ‘nil by
mouth’ and due to cardiac cachexia (Webb et al. 1986).
Although it is highly recommended to screen for malnutrition upon cardiac admission, low percentage of screening is reported even in the developed world (Joyce et al.
2011). In some countries, including United Kingdom,
United States, the Netherlands and some parts of Denmark,
nutrition screening on patient admission is mandatory
(Elia et al. 2005).
Currently, ischemic heart disease (IHD) is the leading
cause of mortality in hospitals in Sri Lanka accounting
for 22.7 deaths per 100000 population while it has led to
330 admissions per 100,000 of all hospital admissions
(Ministry of Healthcare and Nutrition Sri Lanka 2009).
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A proper malnutrition assessment is not being carried
out in this subgroup of patients. Aim of this study was
to assess the nutritional status of patients with suspected
or proven cardiological diagnosis and to establish the
prevalence of malnutrition in this patient population,
using MST, MUST, SNAQ, MNA-SF, NRS and SGA
screening tools in the national level tertiary care institute
in Sri Lanka.

Methods
Consecutive patients admitted to the cardiology unit of
a tertiary care hospital were enrolled from March 2012
to July 2012. Planned admissions for investigations or interventions, patients whose medical condition prevented
them from having their anthropometric measurements
taken or patients who were unable to complete the questionnaire were excluded. Moreover, patients with acute
oleander poisoning, pregnant and lactating women were
not involved in the study. This questionnaire included
socio-demographic data, medical history of current disease status, subjective assessment of the nutritional status using patients’ history and examination and objective
assessment through anthropometric measurements. All
data collection was done by a specially-trained medical
officer with close supervision of clinical nutrition and
cardiology experts. All patients who provided informed
written consent were screened for malnutrition using an
interviewer administered questionnaire.
Weight (to the nearest 100 g) was measured using a electronic flat scale (seca 815, seca GmbH. Co. kg, Germany)
and height (to the nearest 1 mm) was measured using a
standard stadiometer (Stadiometer for mobile height
measurement - seca 217, seca GmbH. Co. kg, Germany)
by a trained medical officer. Body mass index (BMI) was
calculated by dividing weight (kilograms) by the square
of height (meter).
Nutritional status was assessed by MST, MUST, SNAQ,
MNA-SF, NRS and SGA questionnaires. MST is a simple,
three-question tool assessing recent unintentional weight
and appetite loss. MUST assess body mass index, unplanned weight loss in past 3–6 months and the presence or absence of acute illness or lack of nutritional
intake >5 days. NRS 2002 includes reduced BMI, recent
weight loss, recent decreased dietary intake and severity
of the illness. MNA-SF utilizes information on decreased
food intake, recent weight loss, degree of mobility, recent
psychological stress, acute illness, neuropsychological
problems and BMI. SNAQ assessed recent weight loss,
recent decreased appetite, and recent intake of supplemental drinks or tube feeding. SGA was used to assess
nutrition using data on weight change, dietary intake
change, gastrointestinal symptoms (dysphagia, nausea,
vomiting, diarrhoea, anorexia), and changes in functional
capacity (normal, suboptimal, bedridden) in relation to
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malnutrition as well as assessment of fat and muscle
stores and the presence of oedema and ascites by a
trained medical officer. The diagnosis made by the clinicians was utilized to calculate diagnosis related stress
level measured in SGA.
Data entry and statistical analysis was performed using
the SPSS Version 16.0 statistical package. Categorical
variables were expressed as number and percentage (%)
and continuous variables were expressed as mean and
standard deviation. Chi square test and t-test were used
to compare male and female population. P value < 0.05
was considered as statistically significant. Patients were
classified in to different nutritional groups according to
each different tool.
The present study was conducted according to the
guidelines laid down in the Declaration of Helsinki and
was approved by the Review Committee, National Hospital of Sri Lanka, Sri Lanka.

Table 1 Socio-demographic and clinical characteristics of
patients in the population

Results
Five hundred twenty six patients were included, of
whom 322 (61.22%) were males and 204 (38.78%) were
females. The majority were Sinhalese (n = 438, 83.3%)
while Sri Lankan Tamils (n = 43, 8.2%), Indian Tamils
(n = 4, 0.8%), Muslims (n = 34, 6.5%) and other ethnic
groups (n = 7, 1.3%) made the rest of the population. A
large proportion (n = 172, 32.7%) had studied up to
grade 11 and only 55 (10.5%) had not had a formal education. The population consisted of a variety of patients
with the majority presenting with an acute coronary syndrome (n = 275, 52.3%). Arrhythmias was the second
commonest disease category and included 67 (12.7%) patients., Fifty nine patients presented with heart failure
and cardiomyopathies while another Fifty nine patients
(11.2%) were categorized under miscellaneous (Table 1).
The mean age was 58.5 ± 12.0 years. There was a significant difference of age between males (M = 57.6,
SD = 12.5) and females (M = 59.9 ± 11.2, p = 0.04). Ages
ranging from 22 years to 85 years were included in the
study and the majority was in the age group of 50–60
years. The mean body mass index (BMI) was 23.61 kgm−2
(±4.15) while the females had a higher BMI than males
(males 23.33 ± 3.67, females 24.03 ± 4.80; p = 0.07).
Malnutrition status assessed by each screening tool
had a wide variation. Number and percentage of patients
falling under each parameter assessed in each tool is
shown in Table 2. MNA, MST, SGA and NRS tools
could be applied to the entire population since a response could be obtained for every parameter assessed
while MUST, SNAQ were applicable only to a proportion of the population as a response could not be
attained for all the parameters used in the above tools.
MUST screened only 113 (21.5%) patients as the rest of
the population (n = 413, 87.5%) were not able to recall

Age Categories

Patient characteristic

Population
(n = 526)

Males
(n = 322)

Females
(n = 204)

Number %

Number %

Number %

Ethnicity
Sinhala

438

83.3 266

82.6 172

84.3

Muslim

43

8.2

24

7.5

19

9.3

Indian Tamil

4

0.8

4

1.2

0

0

Sri Lankan Tamil

34

6.5

22

6.8

12

5.9

Other

7

1.3

6

1.9

1

0.5

Not Educated

55

10.5 25

7.8

30

14.7

Up to Grade 5

175

33.3 96

29.8 79

38.7

Up to Grade 11

172

32.7 113

35.1 59

28.9

Up to Grade 13

101

19.2 73

22.7 28

13.7

Tertiary

23

4.4

15

4.7

8

3.9

20-30

8

1.5

7

2.2

1

0.5

30-40

40

7.6

28

8.7

12

5.9

40-50

82

15.6 54

16.8 28

13.7

50-60

158

30.0 99

30.7 59

28.9

Education level

60-70

153

29.1 85

26.4 68

33.3

>70

85

16.2 49

15.2 36

17.7

ACS

275

52.3 188

58.4 87

42.6

Acute non-cardiac
infections

17

3.2

10

3.1

7

3.4

2

0.6

4

Diagnosis Categories

Anaemia

6

1.1

Arrhythmias

67

12.7 36

11.2 31

15.2

HF/Cardiomyopathy

59

11.2 33

10.2 26

12.7

Infective
endocarditis

5

1.0

1.2

0.5

4

1

2.0

Pericardial disease

7

1.3

3

0.9

4

2.0

PHT

10

1.9

1

0.3

9

4.4

Respiratory disease

5

1.0

3

0.9

2

1.0

Valvular heart
disease

16

3.0

7

2.2

9

4.4

Miscellaneous

59

11.2 35

10.9 24

11.8

Age

58.5 ± 12.0

59.9 ± 11.2

57.6 ± 12.5

BMI

23.33 ± 3.67

24.03 ± 4.80

23.60 ± 4.15

unplanned weight loss in the past 3–6 months. As 407
(77.4%) patients were incapable of recalling their lost
weight within last 1–6 months, SNAQ were applicable
to only a subset of patients (n = 119; 22.6%).
According to MNA, which divided the sample population in to three groups, 160 (30.4%) patients were identified as having normal nutritional status, 336 (63.9%) as
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Table 2 Prevalence of malnutrition according to
malnutrition screening and assessment tools
Score
MNA (n = 526)

Number

%

12-14

Normal

160

30.4

8-11

At risk of malnutrition

336

63.9

0-7

Malnourished

MST (n = 526)

<2

No risk of malnutrition

>=2

Risk of malnutrition

250

47.9

SGA (n = 526)

<17

Well nourished

503

95.8

NRS (n = 526)

MUST (n = 113)

SNAQ (n = 119)

30

5.7

276

52.1

17 - 22

Moderately malnourished

>22

Severely malnourished

22

4.0

1

0.2

0

Normal

230

43.7

1

Mild

33

6.3

2

Moderate

132

25.1

3

Severe

131

24.9

0

Low Risk

68

60.2

1

Medium Risk

23

20.4

>=2

High Risk

22

19.6

<2

Well nourished

92

77.3

2

Moderately malnourished

>=3

Severely malnourished

6

5.0

21

17.7

at risk of malnutrition and 30 (5.7%) as malnourished.
MST detected 276 (52.1%) subjects to be normal and
250 (47.9%) to be at risk of malnutrition. SGA categorized 503 (95.8%) subjects as well-nourished and 23
(4.2%) as malnourished. Although the cumulative value
of SGA was low, the sub-components of SGA relived
nearly every second patient had lost weight unintentionally (Additional file 1). NRS divided patients in to malnutrition categories of normal (230; 43.7%), mild (33;
6.3%), moderate (132; 25.1%) and severe (131; 24.9%) respectively. However, most of NRS scores were derived
from food intake data rather than weight lose percentages. MUST categorized 68 (60.2%), 23 (20.4%) and 22
(19.6%) subjects as at low risk, at medium risk, and at
high risk of malnutrition levels. SNAQ categorized 92
(77.3%), 6 (5.0%). 21(17.7%) patients to be well nourished,
moderately malnourished and severely malnourished
correspondingly.
Distribution of the patients in the sub component
of the each nutrition screening and assessment tool is
presented in Additional file 1 as online supplementary
file.

Discussion
To the best of our knowledge, this is the first study done
to assess the prevalence of malnutrition in general cardiac
patients by means of widely used internationally recommended six malnutrition screening tools. Furthermore this

is also the first study done on Sri Lankan hospital patients
to assess the prevalence of malnutrition.
Prevalence of malnutrition among different group of
population such as paediatric (Sermet-Gaudelus et al.
2000; Secker and Jeejeebhoy 2007), geriatric (Sacks et al.
2000; Stratton et al. 2004; Rubenstein et al. 2001) and
adult inpatients (Stratton et al. 2004) has been broadly
studied. Moreover, malnutrition among different specialties of internal medical (Stratton et al. 2004), surgical
(Detsky et al. 1987; Stratton et al. 2004), oncology (Bauer
et al. 2002) and acute medicine also has been evaluated.
Cardiac inpatients is another risk group which is highly
prone for malnutrition due to most apparent reasons
such as heart failure, anorexia, pre-investigate ‘nil by
mouth’, due to cardiac cachexia (Webb et al. 1986).
Nevertheless, publications on the prevalence of malnutrition among adult cardiology inpatients are limited
(Yamauti et al. 2006). Pirlich et al. reported over 20% of
malnutrition among cardiology patients in Germany
(Pirlich et al. 2006).
Present study recruited consecutive patients admitted
to the cardiology unit of a tertiary care hospital, ensuing
a large subject population with accurate representation
of the study population. In this study, malnutrition status assessed by each tool had a wide variation ranging
from 4.4% to 69.6% detected by SGA and MNA-SF respectively. We have reported responses for each component of the different tools (Additional file 1). A wide
variety of risk factors that is considered in each malnutrition risk assessment tool, ranging from objective measurements to subjective assessment might be accountable to
different categorizations obtained from each tool (Green
and Watson 2006). Moreover, even when different malnutrition screening tools detects equivalent percentage to be
malnourished, the subjects identified at risk may differ
(Stratton et al. 2004). Even though literature illustrates the
differences in classification of nutritional status by different screening tools, Stratton et al. illustrates that MUST
has excellent agreement with NRS and SGA, fair amount
of agreement with and MST and MNA-SF (Kyle et al.
2006). When comparing MUST and SNAQ, MUST had
been found to have higher accuracy to detect malnutrition
than SNAQ measured by low fat free mass index in a
study carried out on patients undergoing cardiac surgery
at 59% and 19% prevalence respectively (van Venrooij
et al. 2011). When comparing MST with SGA in a study
done on oncology patients receiving chemotherapy, MST
has acceptable relative validity, inter-rater reliability,
sensitivity, and specificity, and hence proved to be an
acceptable nutrition screening tool to detect malnutrition (Isenring et al. 2006). In a study carried out in hospitalized patients in Brazil to identify the most appropriate
nutritional screening tool for predicting unfavourable
clinical outcomes, NRS, MUST, and MNA-SF detected
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malnutrition risk in 27.9%, 39.6%, and 73.2% of patients,
respectively. NRS and MNA-SF found to have similar
sensitivity to predict clinical outcomes, though NRS
seems to provide the best yield (Raslan et al. 2010). In
an evaluation of three nutritional screening tools in a
Portuguese oncology centre, MUST identified the highest
proportion of nutritionally-at-risk patients (43.8%), followed
by 28.5% using NRS-2002 and 17.7% using MST (Amaral
et al. 2008). Similar to above, present study also identified
a wide variation in the malnutrition status when measured
from each different tool, even though, the similarities do
exist (MST 47.9%, MUST 40%, NRS 44.3%).
According to local (Katulanda et al. 2010) and regional
evidence (WHO Expert Consultation 2004) (Misra et al.
2009) the lower BMI values are recommended for South
Asians. Since number of malnutrition assessment and
screening (MUST, NRS, MNA, SNAQ, MST) tools utilizes BMI cut offs and weight loss values that is suitable
for Caucasians, for which the tools are originally developed the above assessment and screening tools may
categorize South Asians to be falsely malnourished.
SGA was originally developed and validated to assess
malnutrition risk in gastrointestinal surgical patients
(Detsky et al. 1987). Moreover, it is proved to be useful
to assess malnutrition in different populations and to
predict prognosis in numerous clinical situations (BarbosaSilva and Barros 2006). Nevertheless, Agreement between
subjective global assessment and some other malnutrition
screening methods is not always acceptable (Barbosa-Silva
and Barros 2006). Prevalence of malnutrition varies according to the population studied, such as 19.2% of stroke
patients (Martineau et al. 2005), 76% of oncology patients
(Bauer et al. 2002), 80% of liver transplant candidates
(Hasse et al. 1993), 69.8% of geriatric residents (Sacks et al.
2000), 51% of paediatric population (Secker and Jeejeebhoy
2007), 47.6% of medical patients (Baccaro et al. 2007) and
51.9% of cardiac patients (Yamauti et al. 2006). Present
study which was done on 526 cardiac patients identified
4.4% (n = 24) to be malnourished mainly due to low/nil responses to some parameters (Supplementary documents,
Additional file 1). Even though MNA-SF has been validated to be used in the geriatric population, its use on general medical patients is still need to be explored although
we had a portion of (n = 238) of over 60 years old patients
(Rubenstein et al. 2001). MNA-SF identified 366 (69.6%)
patients to be at risk of possible malnutrition and screened
the whole population as it did not require details on previous weight measurements. MST is an effective and simple
tool that has been validated to be used in adult acute hospital patients (Ferguson et al. 1999). According to MST
47.9% were detected to be at risk of malnutrition. MST
could be applied to the entire population due the presence
of the ‘unsure’ category of the amount of lost weight
(Ferguson et al. 1999).
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The prevalence of malnutrition (medium + high risk)
was 40% in our population according to MUST which is
compatible with the prevalence of malnutrition ranging
from 19-60% in hospital inpatients (Stratton et al. 2004).
Some of the criteria used in MUST were not applicable
to the population studied such as “acute disease status
causing no or likely to cause no nutritional intake for
more than 5 days”, giving a low prevalence of malnutrition than actual. Since majority of South Asians were
unable to recall their usual weight or lost weight
(Shirodkar and Mohandas 2005) MUST could not be utilized for the entire population to assess the nutritional
status. Although we reported NRS values for the whole
population, weight loss values were limited and most of
scores were derived from food intake data. Among free
living adults, less than quarter had known their body
weight accurately in Sri Lanka (Jayawardena et al. 2014).
A study done on general surgery patients has identified
6.1% prevalence of malnutrition according to NRS (Gur
et al. 2009). In a another study 31.5% were identified as
at high risk of malnutrition and malnutrition was more
prevalent in general medical wards than in surgical patients (38.6% vs.19.1%; P < 0.001) (Giryes et al. 2012).
The patients who were unable to comply with measuring
height and weight directly were excluded from this
study, thus excluding high risk subgroup of patients
(Giryes et al. 2012). SNAQ is considered as a reliable
and a cost effective malnutrition screening tool suitable
to be used in both hospital inpatients and outpatients
(Kruizenga et al. 2005b; Neelemaat et al. 2008). Kruizenga
et al. has also demonstrated that malnutrition is associated
with poor health status and care complexity. Twenty
nine percent patients who had SNAQ score of at least 3
indicating severe malnutrition risk on admission, had
poorer quality of life, poorer physical functioning, a
lower fat free mass index, and higher care complexity.
Thus malnutrition is an imperative indicator of general
health status of the patients (Kruizenga et al. 2006).
In this study, we found 17.7% patients to be severely
malnourished and 5% to be moderately malnourished
requiring nutritional intervention. Since some of the parameters assessed in MNA, MST and SGA tools were
not applicable to the entire population, selection of a
tool which can use for the entire population or development of a population specific malnutrition screening
tool would be appropriate.
In summary, although malnutrition among cardiac patients is highly prevalent, the present study demonstrates
that there is a wide variation in the nutritional status when
assessed by widely used internationally recognized tools.
Even though some tools are proved to be reliable to detect
malnutrition accurately for various populations, each tool
has to be validated before embarking to assess malnutrition
in cardiac patients.

Pathirana et al. SpringerPlus 2014, 3:412
http://www.springerplus.com/content/3/1/412

Additional file
Additional file 1: Distribution of the patients within each nutrition
screening and assessment tool (online supplementary).

Competing interests
Authors declare no conflict of interest.
Authors’ contributions
AKP, NL and RJ have made substantial contribution to conception and
design the study. WSS and RE interpreted data. IR analyzed the data. IR, RJ,
NCL and AKP were involved in drafting the manuscript. All authors read and
approved the final manuscript.
Funding/support disclosure
This research received no specific grant from any funding agency in the
public, commercial or not-for-profit sectors.
Author details
1
Institute of Cardiology, National Hospital of Sri Lanka, Colombo, Sri Lanka.
2
Department of Medicine, Faculty of Medicine and Allied Sciences, Rajarata
University of Sri Lanka, Mihintale, Sri Lanka. 3Institute of Health and
Biomedical Innovation, Queensland University of Technology, Brisbane, QLD,
Australia. 4Diabetes Research Unit, Department of Clinical Medicine, Faculty
of Medicine, University of Colombo, Colombo, Sri Lanka.
Received: 28 March 2014 Accepted: 30 July 2014
Published: 7 August 2014
References
Amaral TF, Antunes A, Cabral S, Alves P, Kent-Smith L (2008) An evaluation of
three nutritional screening tools in a Portuguese oncology centre. J Hum
Nutr Diet 21(6):575–583
Baccaro F, Moreno JB, Borlenghi C, Aquino L, Armesto G, Plaza G, Zapata S (2007)
Subjective global assessment in the clinical setting. JPEN J Parenter Enteral
Nutr 31(5):406–409
Barbosa-Silva MC, Barros AJ (2006) Indications and limitations of the use of
subjective global assessment in clinical practice: an update. Curr Opin Clin
Nutr Metab Care 9(3):263–269. doi:10.1097/01.mco.0000222109.53665.ed
Bauer J, Capra S, Ferguson M (2002) Use of the scored Patient-Generated Subjective
Global Assessment (PG-SGA) as a nutrition assessment tool in patients with
cancer. Eur J Clin Nutr 56(8):779–785. doi:10.1038/sj.ejcn.1601412
Council on Practice (COP) Quality Management Committee (1994) Identifying
patients at risk: ADA's definitions for nutrition screening and nutrition
assessment. J Am Diet Assoc 94(8):838–839
Detsky AS, McLaughlin JR, Baker JP, Johnston N, Whittaker S, Mendelson RA,
Jeejeebhoy KN (1987) What is subjective global assessment of nutritional
status? JPEN J Parenter Enteral Nutr 11(1):8–13
Elia M, Zellipour L, Stratton RJ (2005) To screen or not to screen for adult
malnutrition? Clinical Nutrition (Edinburgh, Scotland) 24(6):867–884
Ferguson M, Capra S, Bauer J, Banks M (1999) Development of a valid and
reliable malnutrition screening tool for adult acute hospital patients.
Nutrition 15(6):458–464
Giryes S, Leibovitz E, Matas Z, Fridman S, Gavish D, Shalev B, Ziv-Nir Z, Berlovitz Y,
Boaz M (2012) MEasuring Nutrition risk in hospitalized patients: MENU, a
hospital-based prevalence survey. Isr Med Assoc J 14(7):405–409
Green SM, Watson R (2006) Nutritional screening and assessment tools for older
adults: literature review. J Adv Nurs 54(4):477–490. doi:10.1111/j.13652648.2006.03841.x
Guigoz Y (2006) The Mini Nutritional Assessment (MNA) review of the literature–What
does it tell us? J Nutr Health Aging 10(6):466–485. discussion 485–467
Gur AS, Atahan K, Aladag I, Durak E, Cokmez A, Tarcan E, Tavusbay C (2009) The
efficacy of nutrition risk screening-2002 (NRS-2002) to decide on the nutritional
support in general surgery patients. Bratisl Lek Listy 110(5):290–292
Hasse J, Strong S, Gorman MA, Liepa G (1993) Subjective global assessment:
alternative nutrition-assessment technique for liver-transplant candidates.
Nutrition 9(4):339–343
Isenring E, Cross G, Daniels L, Kellett E, Koczwara B (2006) Validity of the
malnutrition screening tool as an effective predictor of nutritional risk in

Page 6 of 7

oncology outpatients receiving chemotherapy. Support Care Cancer 14
(11):1152–1156. doi:10.1007/s00520-006-0070-5
Jayawardena R, Byrne NM, Soares MJ, Katulanda P, Hills AP (2014) Body weight
perception and weight loss practices among Sri Lankan adults. Obes Res Clin
Pract 8(2):e192–e200. http://dx.doi.org/10.1016/j.orcp.2013.05.003
Joyce T, Mayre-Chilton KM, Tabi S (2011) Audit of the completion of the nutrition
screening tool on cardiac and cardiothoracic wards. J Hum Nutr Diet 24
(4):392–393. doi:10.1111/j.1365-277X.2011.01177_24.x
Katulanda P, Jayawardena MA, Sheriff MH, Constantine GR, Matthews DR (2010)
Prevalence of overweight and obesity in Sri Lankan adults. Obes Rev 11
(11):751–756. doi:10.1111/j.1467-789X.2010.00746.x OBR746
Kondrup J, Rasmussen HH, Hamberg O, Stanga Z, Ad Hoc EWG (2003) Nutritional
risk screening (NRS 2002): a new method based on an analysis of controlled
clinical trials. Clin Nutr 22(3):321–336
Kruizenga HM, Seidell JC, de Vet HC, Wierdsma NJ, van Bokhorst-de van der
Schueren MA (2005a) Development and validation of a hospital screening
tool for malnutrition: the short nutritional assessment questionnaire (SNAQ).
Clin Nutr 24(1):75–82. doi:10.1016/j.clnu.2004.07.015
Kruizenga HM, Van Tulder MW, Seidell JC, Thijs A, Ader HJ, van der Schueren MA
VB-d (2005b) Effectiveness and cost-effectiveness of early screening and
treatment of malnourished patients. Am J Clin Nutr 82(5):1082–1089
Kruizenga HM, de Jonge P, Seidell JC, Neelemaat F, van Bodegraven AA,
Wierdsma NJ, van Bokhorst-de van der Schueren MA (2006) Are malnourished
patients complex patients? Health status and care complexity of malnourished
patients detected by the Short Nutritional Assessment Questionnaire (SNAQ).
Eur J Intern Med 17(3):189–194. doi:10.1016/j.ejim.2005.11.019
Kyle UG, Kossovsky MP, Karsegard VL, Pichard C (2006) Comparison of tools for
nutritional assessment and screening at hospital admission: a population
study. Clin Nutr 25(3):409–417. doi:10.1016/j.clnu.2005.11.001
Lomivorotov VV, Efremov SM, Boboshko VA, Nikolaev DA, Vedernikov PE, Deryagin
MN, Lomivorotov VN, Karaskov AM (2013) Prognostic value of nutritional
screening tools for patients scheduled for cardiac surgery. Interactive
CardioVascular and Thoracic Surgery 16(5):612–618. doi:10.1093/icvts/ivs549
Martineau J, Bauer JD, Isenring E, Cohen S (2005) Malnutrition determined by the
patient-generated subjective global assessment is associated with poor
outcomes in acute stroke patients. Clin Nutr 24(6):1073–1077. doi:10.1016/j.
clnu.2005.08.010
McWhirter JP, Pennington CR (1994) Incidence and recognition of malnutrition in
hospital. BMJ 308(6934):945–948
Ministry of Healthcare and Nutrition Sri Lanka (2009) The national policy &
strategic framework for prevention and control of chronic non-communicable
diseases.
Misra A, Chowbey P, Makkar BM, Vikram NK, Wasir JS, Chadha D, Joshi SR, Sadikot S,
Gupta R, Gulati S, Munjal YP (2009) Consensus statement for diagnosis of
obesity, abdominal obesity and the metabolic syndrome for Asian Indians and
recommendations for physical activity, medical and surgical management. J
Assoc Physicians India 57:163–170
Neelemaat F, Kruizenga HM, de Vet HC, Seidell JC, Butterman M, van der
Schueren MA VB-d (2008) Screening malnutrition in hospital outpatients. Can
the SNAQ malnutrition screening tool also be applied to this population?
Clin Nutr 27(3):439–446. doi:10.1016/j.clnu.2008.02.002
Neumayer LA, Smout RJ, Horn HG, Horn SD (2001) Early and sufficient feeding
reduces length of stay and charges in surgical patients. J Surg Res
95(1):73–77. doi:10.1006/jsre.2000.6047
Pirlich M, Schütz T, Norman K, Gastell S, Lübke HJ, Bischoff SC, Bolder U, Frieling
T, Güldenzoph H, Hahn K, Jauch K-W, Schindler K, Stein J, Volkert D, Weimann
A, Werner H, Wolf C, Zürcher G, Bauer P, Lochs H (2006) The German hospital
malnutrition study. Clin Nutr 25(4):563–572. http://dx.doi.org/10.1016/j.
clnu.2006.03.005
Raslan M, Gonzalez MC, Dias MC, Nascimento M, Castro M, Marques P, Segatto S,
Torrinhas RS, Cecconello I, Waitzberg DL (2010) Comparison of nutritional risk
screening tools for predicting clinical outcomes in hospitalized patients.
Nutrition 26(7–8):721–726. doi:10.1016/j.nut.2009.07.010
Reilly JJ, Jr, Hull SF, Albert N, Waller A, Bringardener S (1988) Economic impact of
malnutrition: a model system for hospitalized patients. JPEN J Parenter
Enteral Nutr 12(4):371–376
Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B (2001) Screening for
undernutrition in geriatric practice: developing the short-form mini-nutritional
assessment (MNA-SF). J Gerontol A Biol Sci Med Sci 56(6):M366–M372
Sacks GS, Dearman K, Replogle WH, Cora VL, Meeks M, Canada T (2000) Use of
subjective global assessment to identify nutrition-associated complications

Pathirana et al. SpringerPlus 2014, 3:412
http://www.springerplus.com/content/3/1/412

Page 7 of 7

and death in geriatric long-term care facility residents. J Am Coll Nutr
19(5):570–577
Secker DJ, Jeejeebhoy KN (2007) Subjective global nutritional assessment for
children. Am J Clin Nutr 85(4):1083–1089
Sermet-Gaudelus I, Poisson-Salomon AS, Colomb V, Brusset MC, Mosser F, Berrier F,
Ricour C (2000) Simple pediatric nutritional risk score to identify children at risk
of malnutrition. Am J Clin Nutr 72(1):64–70
Shirodkar M, Mohandas KM (2005) Subjective global assessment: a simple and
reliable screening tool for malnutrition among Indians. Indian J Gastroenterol
24(6):246–250
Soeters PB, Reijven PL, van der Schueren MA VB-d, Schols JM, Halfens RJ, Meijers JM,
van Gemert WG (2008) A rational approach to nutritional assessment. Clin Nutr
27(5):706–716. doi:10.1016/j.clnu.2008.07.009
Stratton RJ, Hackston A, Longmore D, Dixon R, Price S, Stroud M, King C, Elia M
(2004) Malnutrition in hospital outpatients and inpatients: prevalence,
concurrent validity and ease of use of the 'malnutrition universal screening
tool' ('MUST') for adults. Br J Nutr 92(5):799–808
Stratton RJ, King CL, Stroud MA, Jackson AA, Elia M (2006) 'Malnutrition universal
screening Tool' predicts mortality and length of hospital stay in acutely ill
elderly. Br J Nutr 95(2):325–330
Subramanian SV, Smith GD (2006) Patterns, distribution, and determinants of
under- and overnutrition: a population-based study of women in India. Am J
Clin Nutr 84(3):633–640
van Venrooij LM, van Leeuwen PA, Hopmans W, Borgmeijer-Hoelen MM, de Vos
R, De Mol BA (2011) Accuracy of quick and easy undernutrition screening
tools–short nutritional assessment questionnaire, malnutrition universal
screening tool, and modified malnutrition universal screening tool–in
patients undergoing cardiac surgery. J Am Diet Assoc 111(12):1924–1930
Webb JG, Kiess MC, Chan-Yan CC (1986) Malnutrition and the heart. CMAJ 135
(7):753–758
WHO Expert Consultation (2004) Appropriate body-mass index for Asian populations
and its implications for policy and intervention strategies. Lancet
363(9403):157–163. doi:10.1016/S0140-6736(03)15268-3
Yamauti AK, Ochiai ME, Bifulco PS, de Araujo MA, Alonso RR, Ribeiro RH,
Pereira-Barretto AC (2006) Subjective global assessment of nutritional
status in cardiac patients. Arq Bras Cardiol 87(6):772–777
doi:10.1186/2193-1801-3-412
Cite this article as: Pathirana et al.: Prevalence of hospital malnutrition
among cardiac patients: results from six nutrition screening tools.
SpringerPlus 2014 3:412.

Submit your manuscript to a
journal and beneﬁt from:
7 Convenient online submission
7 Rigorous peer review
7 Immediate publication on acceptance
7 Open access: articles freely available online
7 High visibility within the ﬁeld
7 Retaining the copyright to your article

Submit your next manuscript at 7 springeropen.com

