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Abstract
Background: Malnutrition is highly prevalent among hospital admissions and associated with, poor response to
medical treatment, prolonged hospital stay, increased mortality and cost to the state. The aim of this study is to
assess the ability of the nutrition screening tools to predict the clinical outcome of cardiac patients.
Methods: Five hundred and twenty six patients underwent nutritional screening via Malnutrition Screening Tool
(MST), Malnutrition Universal Screening Tool (MUST), Short Nutritional Assessment Questionnaire (SNAQ), Mini
Nutritional Assessment-Short Form (MNA-SF), Nutritional Risk Screening (NRS) and Subjective Global Assessment
(SGA) tools on admission and each subject was followed up until discharge and after one month to identify the
clinical course and outcome.
Results: The mean hospital stay was 5.3 days and median hospital stay was 4.0 days. The mean hospital stay is
increasing with the malnutrition level in MUST, NRS, MNA-SF, MST, NRS and SGA tools. The inpatient mortality is
higher in high risk nutritional categories of all six malnutrition screening tools. MNA-SF, MST and SGA tools
demonstrate a positive relationship between non-prophylactic antibiotic usage and poor nutritional status. High risk
nutritional categories of MNA-SF and MST are associated with prescription of multivitamin/minerals. According to
MNA-SF, MST and SGA the follow up mortality was increased with worsening nutritional status. The incidence of
readmissions was increased gradually with deteriorating nutritional status categorized by MUST, SNAQ, MST and
SGA tools.
Conclusion: Malnutrition may be associated with poor clinical outcome of the cardiac patients during and after the
hospital stay. Each tool reported a variable prediction in outcomes such as death, infection and prolonged hospital
stay due to the poor nutritional status.
Keywords: Malnutrition, Cardiac patients, Clinical outcome, Nutrition screening tools, Sri Lanka

Background
Malnutrition is highly prevalent among hospital admissions, accounting for 25-40 % of hospital inpatients [1].
Malnutrition is associated with, poor response to medical treatment due to deterioration of muscular, respiratory, immune function and poor wound healing as well
as increased mortality, increased length of hospital stay
and increased cost to the state [2–5]. In patients with severe congestive cardiac failure, malnutrition is associated
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poor outcome as evidenced by increased right atrial
pressure and tricuspid regurgitation [6]. Due to malnutrition the muscles in the heart are weakened, which in
turn lead to cardiac dysfunction [7]. The presence of cardiac cachexia is an independent predictor of mortality
[8]. Detecting those who are already malnourished and
at risk of malnutrition, and intervening at an earlier
stage will improve patients’ outcome and will reduce the
costs to the state [9].
In the absence of a gold standard to assess nutritional
status various subjective and objective assessments are
in practice. Their ability to predict clinical outcome is
highly variable depending on the tool utilized and the
patient population. Consequently, several studies have
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been done on different patient populations by means of
different screening tools. A study has been carried out to
assess the most appropriate nutritional screening tool
for predicting unfavorable clinical outcomes in patients
admitted to a Brazilian public university hospital. In that
study three nutritional screening tools namely, Nutritional risk screening (NRS), Malnutrition universal
screening tool (MUST) and Mini nutritional assessmentshort form (MNA-SF) detected 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
acquiesce [10]. Malnutrition in cardiac surgical patients
detected by modified version of the Malnutrition Universal Screening Tool (MUST) was associated with prolonged intensive care unit and hospital stay [11].
In a study done on acute stroke patients to determine
the nutritional status and the association between nutritional status and health outcomes, 19.2 % of patients
were malnourished on admission according to Subjective
Global Assessment (SGA) [12]. Moreover malnutrition
was found to be associated with increased length of stay
and increased prevalence of dysphagia, enteral feeding
and other complications. The ability of Mini Nutritional
Assessment (MNA-SF) to predict increased risk of mortality and transfers is shown in a study done in a
tertiary-care geriatric hospital in Switzerland [13] as well
as in a study done in a sub acute care facility in
Australia [14]. Cardiac patients are specially considered
as at risk of malnutrition due to apparent factors including heart failure, anorexia, pre-investigate ‘nil by mouth’
and due to cardiac cachexia [15]. Mortality risk is two
times more in cardiac patients with moderate or severe
protein energy malnutrition [16]. The research evidence
on predicting the clinical outcome according to nutritional status of the cardiac patients is limited. More than
half of the cardiac patients and sixty percent of the patients with congestive cardiac failure were identified as
malnourished according to SGA in study done in Brazil
[16]. Though malnutrition is rarely the primary cause of
death, it contributes to poor patient prognosis by aggravating pre-existing heart failure and increasing the susceptibility to infections [17].
The aim of this study is to assess the ability of six
widely recommended nutrition screening and assessment tools to predict the clinical outcome when applied
to a cardiac population admitted to a national level tertiary care institute in Sri Lanka.

Methods
Study design and subjects

All consecutive patients who were admitted for more
than 24 hours to the Institute of Cardiology, National
Hospital Sri Lanka, Colombo from March 2012 to July
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2012 were enrolled in the current study. Patients who
provided informed written consent were assessed using
an interviewer-administered questionnaire on admission.
It consisted of 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. After determining the nutritional status on
admission, each subject was followed up until discharge
and after one month to identify the clinical course and
outcome. Ethical approval was obtained from the ethical
review committee of the National Hospital of Sri Lanka,
Colombo, Sri Lanka.
Nutritional assessment tools

Nutritional status was assessed by Malnutrition Screening Tool (MST), Malnutrition Universal Screening Tool
(MUST), Short Nutritional Assessment questionnaire
(SNAQ), Mini Nutritional Assessment-Short Form
(MNA-SF), Nutritional Risk Screening (NRS) and Subjective Global Assessment (SGA) tools.
MST is a three-question tool assessing recent unintentional weight and appetite loss [18]. MUST utilizes information on body mass index (BMI), unplanned weight
loss in past 3–6 months and the presence or absence of
acute illness or lack of nutritional intake >5 days [19].
NRS tool includes similar criteria as MUST [20]. MNASF assesses decreased food intake, recent weight loss, degree of mobility, recent psychological stress, acute illness, neuropsychological problems and BMI [21]. SNAQ
appraises information on recent weight loss, recent decreased appetite, and recent intake of supplemental
drinks or tube feeding [22]. SGA assess nutritional status
using data on weight change, dietary intake change,
gastrointestinal symptoms (dysphagia, anorexia, nausea,
vomiting and diarrhea), and changes in functional capacity (normal, suboptimal or bedridden) in relation to
malnutrition as well as assessment of fat and muscle
stores and the presence of oedema and ascites [23]. The
diagnosis made by the entire clinical team and clinical
records of patients were utilized to calculate diagnosis
related stress level measured in SGA.
Anthropometric assessment

Weight was measured to the nearest 0.1 kg using a
digital scale (Seca 815, seca GmbH. Co. kg, Germany)
and height was measured using a standard stadiometer
to the nearest 0.1 cm (Stadiometer for mobile height
measurement - Seca 217, seca GmbH. Co. kg, Germany)
by a trained medical officer. BMI was calculated by dividing weight (kilograms) by the square of height (meter).
Waist circumference (WC) at the mid-point between the
lowest rib (10th) and iliac crest and mid arm circumference (MAC) at mid acromiale-radiale (to the nearest
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0.1 cm) was measured by a standard measuring tape
(Seca 203, seca GmbH. Co. kg, Germany).
Outcome measures

In hospital and follow up outcome after 1 month was
assessed. During the hospital stay patients were followed
up daily to detect deaths, cardiac and non-cardiac disease
conditions, use of non-prophylactic antibiotics, prescription of multivitamin and mineral supplements, use of enteral and parenteral nutrition, intensive care admission ,
transfers to another wards for further management and
performance of emergency procedures. Patients who were
fit to be discharged were assessed after one month by
means of a brief telephone interview. Those who were unable to be reached even after the third attempt of calling
were dropped out. At one month follow up the details on
deaths, readmissions and features of infections were acquired. The cause of death and the diagnosis on readmission were obtained from death certificates and the
diagnosis cards respectively. Features of infections were
confirmed by going through medical reports, clinical
symptoms and drug history.
Statistical analysis

Data entry and statistical analysis was performed using
the SPSS Version 16.0 statistical package. Categorical
variables were presented as number and percentage and
continuous variables were presented as mean, standard
deviation, median, inter-quartile range. The relationship
between nutrition screening tools and duration of hospital stay was investigated using Spearman correlation
coefficient. Multiple linear regression was performed to
identify the accuracy of, nutritional status, BMI, MAC
and WC of each patient in predicting the duration of
hospital stay and to identify the best score that predict
the length of hospital stay from the tools that were
studied. The Chi-square test for independence was used
to detect relationship between different nutritional categories in predicting clinical outcome. P values less
than 0.05 were taken as significant.

Results
Baseline characteristics of the study population are described in Table 1. Three hundred twenty three males
(61.22 %) and 204 females (38.78 %) were participated in
the study. The majority were Sinhalese (n = 438, 83.3 %)
and a large proportion (n = 175, 33.3 %) had studied up
to grade five. The mean age was 57.6 ± 12.5 years. The
mean BMI was 23.33(±3.67) kgm−2 while the females
had a higher BMI value than males (p < 0.05). The mean
hospital stay was 5.31 days and median hospital stay was
4.0 days. The inter-quartile range was 2.0-6.0 days. Ten
deaths (1.9 %) have occurred during the hospital stay
consisting of 4 (1.2 %) males and 6 (2.9 %) females.
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Seventeen (3.2 %) cardiac complications and 9 (1.7 %)
non-cardiac complications occurred during the hospital
stay giving rise to a total of 26 (4.9 %) patients with
complications. Sixty seven patients (12.7 %) received
non-prophylactic antibiotics and 32 (6.1 %) patients received multivitamin mineral supplements. Only 2 (0.4 %)
patients received high protein/high calorie supplements
while none received enteral or parenteral feeding. One
hundred and twelve patients (21.3 %) were transferred to
the intensive care unit (ICU) and 50 patients (9.5 %)
underwent emergency procedures such as defibrillation,
temporary pacemaker implantation, percutaneous coronary intervention, percutaneous trans-venous mitral commissurotomy. Twenty one patients (4.0 %) were
transferred to other medical and surgical wards for further management. Four hundred and seventy five patients (90.3 % of the total sample) were followed up at
1 month. Nine deaths (1.9 %), 19 (4.0 %) infections and
53 (11.1 %) readmissions were reported.
Hospital stay according to different categories of nutritional screening is shown in Table 2. The mean hospital stay is increasing with the malnutrition level in
MUST, NRS, MNA-SF, MST, NRS and SGA tools. Furthermore median hospital stay is escalating with the
poor nutrition in MUST and SGA tools. Inter-quartile
range has a trend to increase with deteriorating nutrition status in MUST, NRS, MNA-SF, MST and SGA
tools. According to Spearman correlation coefficient,
MUST has a significant correlation with the duration of
hospital stay at 0.05 confidence level, while MNASF,MST and SGA has a significant correlation with the
duration of hospital stay at 0.01 confidence level.
Nutritional status assessed by each tool had a wide
variation. SGA, SNAQ, MUST, MST, NRS and MNASF screening tools detected 4.2 % (n = 23), 22.7 % (n =
27), 40 % (n = 45), 47.9 % (n = 250), 50.0 % (n = 263)
and 69.6 % (n = 366) malnutrition prevalence respectively. The outcome of patients during hospital stay
according to nutritional status is summarized in Table 3.
The mortality is increased in high-risk nutritional categories of all six malnutrition screening tools. No clear
relationship between the cardiac/non-cardiac morbidity, performance of emergency procedures to improve
survival and the nutrition status is shown from the
current study. MNA-SF, MST and SGA tools demonstrates a positive relationship between non-prophylactic
antibiotic usage and poor nutritional status. High-risk
categories of malnutrition assessed by MNA-SF and
MST are associated with multivitamin/ mineral usage.
Only high-risk nutritional categories of SGA are
associated with increasing incidence of ICU transfer.
MNA-SF and MST tools show a positive relationship
between poor nutrition status and transfers to other
ward for further management. The Chi-square test for
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Table 1 Socio-demographic and clinical characteristics of patients in the population
Patient characteristic

Population (n = 526)

Males (n = 322)

Females (n = 204)

Number

%

Number

%

Number

%

Sinhala

438

83.3

266

82.6

172

84.3

Muslim

43

8.2

24

7.5

19

9.3

Indian Tamil

4

.8

4

1.2

0

0

Ethnicity

Sri Lankan Tamil

34

6.5

22

6.8

12

5.9

Other

7

1.3

6

1.9

1

.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

Education level

Up to Grade 13

101

19.2

73

22.7

28

13.7

Tertiary

23

4.4

15

4.7

8

3.9

57.6a ± 12.5

Age

59.9a ± 11.2

23.33a ± 3.67

BMI
d

24.03a ± 4.80
b

c

a

23.60a ± 4.15

5.3 ± 5.3

4.0 2.0-6.0

5.3 ± 5.9

4.0 2.0-6.0

5.1a ± 4.1

4.0b 3.0-6.0c

Deaths

10

1.9

4

1.2

6

2.9

Cardiac and non cardiac complications

26

4.9

16

5.0

10

5.0

Non prophylactic antibiotics

67

12.7

39

12.1

28

13.7

Multivitamin mineral supplements

32

6.1

14

4.3

18

8.8

Hospital stay

a

58.5a ± 12.0
a

c

During hospital stay

High protein/high calorie supplements

2

0.4

2

0.6

0

0.0

Enteral/parenteral nutrition

0

0.0

0

0.0

0

0.0

Intensive care transfer

112

21.3

79

24.5

33

16.2

Emergency procedures

50

9.5

36

11.2

14

6.9

Transfers

21

4.0

14

4.3

7

3.4

Deaths

9

1.9

7

2.4

2

1.1

Features of infection

19

4.0

10

3.4

9

5.0

Readmission

53

11.1

30

10.1

23

12.9

Follow up at 1 monthe

a

Mean bMedian cInter-quartile range (Q1-Q3); dN = 516; eN = 475

independence indicated that there was no significant
association between non-prophylactic antibiotic usage,
ICU transfer, performing emergency procedures within
three groups classified by NRS. Even though, there was
a significant difference between the numbers of patients
who received non-prophylactic antibiotics (x2 = 21.79,
p < 0.01, phi = 0.20) and numbers of patients who
underwent emergency procedures (x2 = 7.69, p = 0.02,
phi = 0.12), there were no significant difference in the
patients transferred to the ICU within the three nutritional categories classified by MNA-SF. According to
MST non-prophylactic antibiotic usage, ICU transfer
and transfers to other medical and surgical wards
showed no significance. Requirement of emergency

procedures (x2 = 6.05, p = 0.01, phi = 0.11) had a significance difference between each nutritional categories.
The clinical outcome of patients after one month of discharge is presented in Table 4. According to MNA-SF,
MST and SGA the follow up mortality was increased with
worsening nutritional status. There was no significant trend
between nutritional status and features of infections. The
incidence of readmissions was increased gradually with deteriorating nutritional status categorized by MUST, SNAQ,
MST and SGA tools. When Chi-square test was applied to
MST to detect relationship between different nutritional
categories, infections and readmissions (x2 = 3.57, p = 0.17,
phi = 0.08) between each category showed no statistical significance difference.
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Table 2 Duration of hospital stay according to nutritional categories
Malnutrition
screening tool

Regressionc
Mean hospital Median hospital Inter-quartile Correlations
stay (days)
stay (days)
range (Q1-Q3)
Correlation Significance R square
coefficient (2-tailed)

ANOVA

Coefficients
Standardized Significance
coefficients

Significance Beta
MUST
Low risk

4.4 ± 4.3

3.5

2.0 - 5.8

Medium risk

4.5 ± 2.3

4.0

3.0 - 6.0

High risk

7.9 ± 11.2

6.0

3.0 - 8.0

Normal

4.5 ± 4.0

3.0

2.0 - 6.0

Mild

5.7 ± 7.1

4.0

2.0 – 6.5

Moderate

5.8 ± 6.2

4.0

3.0 – 7.0

Severe

5.9 ± 5.6

4.0

3.0 – 7.0

NRS

MNA
Normal

4.3 ± 3.2

4.0

2.0 - 6.0

At risk of
malnutrition

5.5 ± 5.7

4.0

3.0 - 6.0

Malnourished

7.9 ± 8.0

5.5

3.3 – 9.0

SNAQ
Well nourished 5.1 ± 6.4

4.0

2.0 - 6.0

Moderately
malnourished

8.8 ± 6.9

8.5

2.0 – 14.0

Severely
malnourished

6.1 ± 2.6

5.0

4.0 - 8.0

MST
No risk of
malnutrition

5.0 ± 5.2

4.0

2.0 - 6.0

Risk of
malnutrition

5.5 ± 5.3

4.0

3.0 - 6.0

SGA
Well nourished 5.2 ± 5.2

4.0

2.0 - 6.0

Moderately
malnourished

7.1 ± 6.9

5.0

3.5 – 8.0

Severely
malnourished

-

-

-

0.217a

0.023

0.035

0.436

0.112

0.326

0.053

0.368

-

-

-

-

−0.123b

0.005

0.030

0.004

−0.139

0.016

0.237a

0.010

0.021

0.666

0.046

0.645

0.122b

0.006

0.020

0.035

0.043

0.356

0.233b

0.000

0.036

0.001

0.139

0.003

a

Correlation is significant at the 0.05 level (2-tailed).
Correlation is significant at the 0.01 level (2-tailed).
Predictors: (Constant), malnutrition screening tool, WC, MAC, BMI, Dependent Variable: Hospital Stay

b
c

Discussion
To the extent of our knowledge, this is the first study to
demonstrate the predictability of the clinical outcome of
the cardiac patients according to six malnutrition
screening tools. Malnutrition, which is common in hospital inpatients, is associated with increased morbidity,
hospital stay and mortality [2]. Identifying those who are
at nutritional risk will enable local and international
health initiatives to be planned in order to utilize limited
resources in a productive way [1].

Relationship between malnutrition and adverse clinical
outcome has widely studied in diverse clinical settings.
In a study done on acute stroke patients to identify the
association between malnutrition and adverse clinical
outcome, malnutrition assessed by SGA was found to be
associated with increased length of stay and increased
prevalence of dysphagia and complications [12]. Elderly
population is highly susceptible to cardiovascular diseases and prone for malnutrition. In a study done in a
tertiary-care geriatric hospital in Switzerland [13] as well
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Table 3 Outcome during hospital stay
Malnutrition
screening tool

Mortality

Morbidity

Non prophylactic
antibiotics

Multivitamin mineral
supplements

Intensive care
transfer

Emergency
procedure

Transfers

MUST
Low risk (68)

0 (0.0 %)

6 (8.8 %)

10 (14.7 %)

3 (4.4 %)

13 (19.1 %)

6 (8.9 %)

2 (2.9 %)

Medium risk (23)

0 (0.0 %)

1 (4.3 %)

1 (4.3 %)

0 (0.0 %)

4 (17.4 %)

2 (8.6 %)

0 (0.0 %)

High risk (22)

3(13.6 %)

2 (9.0 %)

5 (22.7 %)

0 (0.0 %)

6 (27.3 %)

4 (18.2 %)

1 (4.5 %)

NRS
Normal (230)

4 (1.7 %)

8 (3.4 %)

21 (9.1 %)

10 (4.3 %)

53 (23.0 %)

23 (10.0 %)

4 (1.7 %)

Mild (33)

0 (0.0 %)

3 (9.0 %)

8 (24.2 %)

0 (0.0 %)

4 (12.1 %)

0 (0.0 %)

4 (12.1 %)

Moderate (132)

2 (1.5 %)

4 (3.0 %)

17 (12.9 %)

8 (6.1 %)

29 (22.0 %)

14 (10.7 %)

6 (4.6 %)

Severe (131)

4 (3.1 %)

12 (9.1 %)

21 (16.0 %)

14 (10.7 %)

26 (19.8 %)

14 (10.7 %)

7 (5.3 %)

1 (0.6 %)

11 (6.8 %)

10 (6.2 %)

9 (5.6 %)

39 (24.4 %)

23 (14.3 %)

2 (1.2 %)

MNA
Normal (160)
At risk of malnutrition (336)

7 (2.1 %0

15 (4.5 %)

46 (13.7 %)

20 (6.0 %)

67 (19.9 %)

24 (7.2 %)

15 (4.5 %)

Malnourished (30)

2 (6.7 %)

3 (10.0 %)

11 (36.7 %)

3 (10.0 %)

6 (20.0 %)

4 (13.3 %)

4 (13.3 %)

0 (0.0 %)

7 (7.6 %)

9 (9.8 %)

4 (4.3 %)

19 (20.7 %)

7 (7.6 %)

4 (4.3 %)

SNAQ
Well nourished (92)
Moderately malnourished (6)

0 (0.0 %)

0 (0.0 %)

0 (0.0 %)

0 (0.0 %)

2 (33.3 %)

2 (33.3 %)

0 (0.0 %)

Severely malnourished (21)

2 (9.5 %)

2 (9.5 %)

6 (28.6 %)

0 (0.0 %)

7 (33.3 %)

4 (19.0 %)

0 (0.0 %)

No risk of malnutrition (276)

3 (1.1 %)

22 (8.0 %)

30 (10.9 %)

15 (5.4 %)

62 (22.5 %)

36 (13.1 %)

7 (2.5 %)

Risk of malnutrition (250)

7 (2.8 %)

7 (2.8 %)

37 (14.8 %)

17 (6.8 %)

50 (20.0 %)

15 (6.0 %)

14 (5.6 %)

MST

SGA
Well nourished (503)

8 (1.6 %)

28 (5.6 %)

59 (11.7 %)

30 (6.0 %)

106(21.1 %)

49 (9.8 %0

20 (4.0 %)

Moderately malnourished (22)

1 (4.5 %)

0 (0.0 %)

7 (31.8 %)

2 (9.1 %)

5 (22.7 %)

2 (9.1 %)

1 (4.5 %)

Severely malnourished (1)

1 (100 %)

1 (100 %)

1 (100 %)

0 (0.0 %)

1 (100 %)

0 (0.0 %)

0 (0.0 %)

as in a study done in a sub acute care facility in
Australia [14], the ability of MNA-SF to predict increased risk of mortality and transfers is reported.
Length of hospital stay is a substitute marker of patients'
well-being during treatment and is positively associated
with malnutrition and other co-morbidities [24]. Nevertheless establishing a relationship between malnutrition
and hospital death is a difficult task due to the various
confounding factors [25, 26].
The availability of different malnutrition screening
tools leads to the necessity of deriving the best tool in
predicting clinical outcome in a target population. Controversy has persisted throughout on the level of predictability of the clinical outcome by different nutrition
screening tools. Nutrition Risk Classification was found
to have the best prediction compared to MNA-SF, MST
and NRS in their ability to predict postoperative wound
and infectious complications in a study done on patients
undergoing abdominal surgery [27]. Velasco et al. has
demonstrated a good agreement between NRS-2002 and
MUST with SGA in assessing prevalence of nutritional
risk in hospitalized patients [28]. The concurrent

application of different tools as SGA and NRS also enhances the ability to predict adverse clinical outcomes in
hospitalized patients [29].
Our results show the predictability of the clinical outcome by six different tools had been heterogeneous.
Nevertheless, all six tools under study were able to predict increased mortality in all high-risk nutritional categories. In a study done on the Brazilian hospitalized
patients, NRS and MNA-SF had similar performances in
predicting deaths, complications and very long length of
hospital stay compared to MUST [10]. MNA-SF and
SGA had been able to predict increased mortality in
geriatric malnourished patients classified according to
above tools [30]. Stratton et al. have demonstrated that
MUST is able to predict in hospital mortality as well as
mortality after 3 months and 6 months after discharge
in acutely ill elderly [19]. Patients who were at a higher
nutritional risk classified by SGA, MUST and NRS-2002
were more likely to be hospitalized for a longer duration
compared to the low-risk group [31]. Furthermore,
Amaral et al. have reported MUST to have a higher ability to predict length of stay compared to NRS in a study
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Table 4 Follow up outcome after 1 month
Malnutrition screening tool

Malnutrition prevalence

Follow up at 1 month

Follow up mortality

Features of infection

Readmission

Low risk

68

62 (91.2 %)

1 (1.6 %)

2 (3.2 %)

6 (9.7 %)

Medium risk

23

23 (100.0 %)

0 (0.0 %)

2 (8.7 %)

4 (17.4 %)

High risk

22

19 (86.4 %)

0 (0.0 %)

1 (5.3 %)

5 (26.3 %)

Normal

230

209 (90.8 %)

2 (1.0 %)

10 (4.8 %)

16 (7.7 %)

Mild

33

32 (97.0 %)

0 (0.0 %)

3 (9.4 %)

7 (21.9 %)

Moderate

132

121 (91.7 %)

4 (3.3 %)

4 (3.3 %)

14 (11.6 %)

Severe

131

113 (86.3 %)

3 (2.7 %)

2 (1.8 %)

16 (14.2 %)

Normal

160

152 (95.0 %)

1(0.7 %)

7 (4.6 %)

17 (11.2 %)

At risk of malnutrition

336

298 (88.7 %)

7 (2.3 %)

11 (3.7 %)

34 (11.4 %)

Malnourished

30

25 (83.3 %)

1 (4.0 %)

1 (4.0 %)

2 (8.0 %)

MUST

NRS

MNA

SNAQ
Well nourished

92

83 (90.2 %)

2 (2.4 %)

3 (3.6 %)

10 (12.0 %)

Moderately malnourished

6

6 (100.0 %)

0 (0.0 %)

1 (16.7 %)

1 (16.7 %)

Severely malnourished

21

19 (90.5 %)

0 (0.0 %)

1 (5.3 %)

4 (21.1 %)

No risk of malnutrition

276

252 (91.3 %)

3 (1.2 %)

10 (4.0 %)

22 (8.7 %)

Risk of malnutrition

250

223 (89.2 %)

6 (2.7 %)

9 (4.0 %)

31 (13.9 %)

Well nourished

503

456 (90.7 %)

8 (1.8 %)

19 (4.2 %)

49 (10.7 %)

Moderately malnourished

22

19 (86.4 %)

1 (5.3 %)

0 (0.0 %)

4 (21.1 %)

Severely malnourished

1

0 (0.0 %)

0 (0.0 %)

0 (0.0 %)

0 (0.0 %)

MST

SGA

done in oncology patients [32].On the contrary in the
present study the mean hospital stay has increased with
the deteriorating nutrition level classified by MUST,
MNA-SF, MST, NRS and SGA tools. We found a positive relationship between non-prophylactic antibiotic
usage and poor nutritional status when assessed by
MNA-SF, MST and SGA tools. Correspondingly, SGA
has detected increased number of days requiring antibiotics in high-risk nutritional categories in a study done
on Indian cancer patients [33]. In contrast to above, the
nutritional assessment tools for predicting adverse hospital outcomes appeared to be weak predictors of death,
infection and hospital stay in a study done on general
medical and surgical patients, and in patients undergoing cardiac surgery [26, 34]. The present study was done
in a cardiac setting of a tertiary care hospital, thus requiring a higher number of acutely ill patients to be
transferred to the ICU. Yet only high-risk nutritional
categories of SGA are associated with increasing incidence of ICU transfer though the values are not significant. Similarly, MUST and SNAQ had failed to detect
any association between malnutrition and length of ICU
stay in a study done on patients undergoing cardiac

surgery [34]. We have found a positive relationship between poor nutrition status assessed by MNA-SF, MST
stools and transfers to other ward for further management. In addition the incidence of readmissions increased gradually with deteriorating nutritional status
categorized by MUST, SNAQ, MST and SGA tools although the values are not statistically significant. Furthermore, a significance difference in the number
readmitted is not seen in the study done by Stratton et
al. on a elderly population [19].
Our study was done in a tertiary care centre in a developing country. Patients with diverse cardiovascular
disease conditions had been admitted to this centre from
different parts of the island. Though the total number
recruited is over five hundreds, the number of patients
falling under each subcategory was low resulting in difficulties in applying statistical methods. Furthermore enteral or parenteral nutrition is not abundantly used in
Sri Lanka giving low values under corresponding group.
In developed countries, the disease course and comorbidities are the main influential factors in the final
decision making. In contrary, factors such as availability
of the resources and cost had been given more
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importance in the setting under study. Furthermore, biochemical parameters such as serum albumin, lymphocyte
count was not taken into account as increased cost associated with the investigations. There was only a few
numbers of patients who received high calorie/ protein
diet supplements as such treatment methods are not
routinely practiced in this centre. Similar to above, difficulties in applying statistical methods have arisen owing
to the low incidence of outcome measures seen at one
month after discharge. The study team encountered with
practical difficulties and high costs involved in getting
down the patients who are living far from the treatment
center and being followed up at the local clinics for post
discharge one month assessment. Thus the decision was
taken to proceed with a short telephone interview,
though the reliability is constrained.

Conclusion
Our finding supports that malnutrition may be associated with adverse clinical outcome in cardiac patients
during the hospital stay and one month after the discharge. However, different malnutrition screening tool
report variable predictability of the poor clinical outcome. Hence the necessity of the development and validation of a malnutrition screening tool specific for the
cardiology admissions have surfaced.
Abbreviations
MST: Malnutrition screening tool; MUST: Malnutrition universal screening tool;
SNAQ: Short nutritional assessment questionnaire; MNA-SF: Mini nutritional
assessment-short form; NRS: Nutritional risk screening; SGA: Subjective global
assessment; BMI: Body mass index; WC: Waist circumference; MAC: Mid-Arm
circumference; ICU: Intensive care unit.
Competing interests
The authors declare that they have no conflict of interests. No specific
funding support was taken.
Authors’ contributions
RJ, NCL and AKP have made substantial contribution to conception and
design the study. WSS and AOW 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.
Acknowledgements
The authors would like to acknowledge the staff of the Institute of
Cardiology, National Hospital of Sri Lanka, Colombo. The authors also thank
Dr. Ruwan Ekanayake, Dr. J.B. Jayawardhena and Dr. S.P. Premaratne for their
support for conduct this study.
Author details
1
Department of Physiology, Faculty of Medicine, University of Colombo,
Colombo, Sri Lanka. 2Institute of Health and Biomedical Innovation,
Queensland University of Technology, Brisbane, Queensland, Australia.
3
Institute of Cardiology, National Hospital of Sri Lanka, Colombo, Sri Lanka.
4
Department of Medicine, Faculty of Medicine and Allied Sciences, Rajarata
University of Sri Lanka, Mihintale, Sri Lanka.
Received: 29 July 2015 Accepted: 7 January 2016

Page 8 of 9

References
1. 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):1082–9.
2. Correia MI, 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):235–9.
3. Shepherd AA. Nutrition for optimum wound healing. Nurs Stand.
2003;18(6):55–8.
4. Pichard C, Kyle UG, Morabia A, Perrier A, Vermeulen B, Unger P. Nutritional
assessment: lean body mass depletion at hospital admission is associated
with an increased length of stay. Am J Clin Nutr. 2004;79(4):613–8.
5. Stratton RJ, Green CJ, Elia M. Disease-related malnutrition : an evidencebased approach to treatment. Wallingford: CABI; 2003.
6. Carr JG, Stevenson LW, Walden JA, Heber D. Prevalence and hemodynamic
correlates of malnutrition in severe congestive heart failure secondary to
ischemic or idiopathic dilated cardiomyopathy. Am J Cardiol.
1989;63(11):709–13.
7. Kerstetter JE, Holthausen BA, Fitz PA. Malnutrition in the institutionalized
older adult. J Am Diet Assoc. 1992;92(9):1109–16.
8. Anker SD, Ponikowski P, Varney S, Chua TP, Clark AL, Webb-Peploe KM, et al.
Wasting as independent risk factor for mortality in chronic heart failure.
Lancet. 1997;349(9058):1050–3.
9. Neumayer LA, Smout RJ, Horn HGS, Horn SD. Early and Sufficient Feeding
Reduces Length of Stay and Charges in Surgical Patients. J Surg Res.
2001;95(1):73–7.
10. 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):721–6.
11. van Venrooij LMW, van Leeuwen PAM, Hopmans W, Borgmeijer-Hoelen
MMMJ, de Vos R, De Mol BAJM. Accuracy of Quick and Easy Undernutrition
Screening Tools&#x2014;Short Nutritional Assessment Questionnaire,
Malnutrition Universal Screening Tool, and Modified Malnutrition Universal
Screening Tool&#x2014; in Patients Undergoing Cardiac Surgery. J Am Diet
Assoc. 2011;111(12):1924–30.
12. Martineau J, Bauer JD, Isenring E, Cohen S. Malnutrition determined by the
patient-generated subjective global assessment is associated with poor
outcomes in acute stroke patients. Clin Nutr. 2005;24(6):1073–7.
13. Van Nes MC, Herrmann FR, Gold G, Michel JP, Rizzoli R. Does the mini
nutritional assessment predict hospitalization outcomes in older people?
Age Ageing. 2001;30(3):221–6.
14. Visvanathan R, Penhall R, Chapman I. Nutritional screening of older people
in a sub-acute care facility in Australia and its relation to discharge
outcomes. Age Ageing. 2004;33(3):260–5.
15. Webb JG, Kiess MC, Chan-Yan CC. Malnutrition and the heart. CMAJ.
1986;135(7):753–8.
16. Yamauti AK, Ochiai ME, Bifulco PS, de Araujo MA, Alonso RR, Ribeiro RH, et
al. Subjective global assessment of nutritional status in cardiac patients. Arq
Bras Cardiol. 2006;87(6):772–7.
17. Bergstrom J, Lindholm B. Malnutrition, cardiac disease, and mortality: an
integrated point of view. Am J Kidney Dis. 1998;32(5):834–41.
18. 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.
19. 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.
20. Kondrup J, Rasmussen HH, Hamberg O, Stanga Z, Ad Hoc EWG. Nutritional
risk screening (NRS 2002): a new method based on an analysis of controlled
clinical trials. Clin Nutr. 2003;22(3):321–36.
21. Guigoz Y. The Mini Nutritional Assessment (MNA) review of the literature–
What does it tell us? J Nutr Health Aging. 2006;10(6):466–85. discussion
485–467.
22. 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.
23. 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.

Jayawardena et al. BMC Nutrition (2016) 2:5

Page 9 of 9

24. Laky B, Janda M, Kondalsamy-Chennakesavan S, Cleghorn G, Obermair A.
Pretreatment malnutrition and quality of life - association with prolonged
length of hospital stay among patients with gynecological cancer: a cohort
study. BMC Cancer. 2010;10(1):1–6.
25. Kyle UG, Genton L, Pichard C. Hospital length of stay and nutritional status.
Curr Opin Clin Nutr Metab Care. 2005;8(4):397–402.
26. Beghetto MG, Luft VC, Mello ED, Polanczyk CA. Accuracy of nutritional
assessment tools for predicting adverse hospital outcomes. Nutr Hosp.
2009;24(1):56–62.
27. Putwatana P, Reodecha P, Sirapo-ngam Y, Lertsithichai P, Sumboonnanonda
K. Nutrition screening tools and the prediction of postoperative infectious
and wound complications: comparison of methods in presence of risk
adjustment. Nutrition. 2005;21(6):691–7.
28. Velasco C, García E, Rodríguez V, Frías L, Garriga R, Álvarez J, et al.
Comparison of four nutritional screening tools to detect nutritional risk in
hospitalized patients: a multicentre study. Eur J Clin Nutr. 2010;65(2):269–74.
29. Raslan M, Gonzalez MC, Torrinhas RS, Ravacci GR, Pereira JC, Waitzberg DL.
Complementarity of Subjective Global Assessment (SGA) and Nutritional
Risk Screening 2002 (NRS 2002) for predicting poor clinical outcomes in
hospitalized patients. Clin Nutr. 2011;30(1):49–53.
30. Persson MD, Brismar KE, Katzarski KS, Nordenstrom J, Cederholm TE.
Nutritional status using mini nutritional assessment and subjective global
assessment predict mortality in geriatric patients. J Am Geriatr Soc. 2002;
50(12):1996–2002.
31. Kyle UG, Kossovsky MP, Karsegard VL, Pichard C. Comparison of tools for
nutritional assessment and screening at hospital admission: a population
study. Clinical nutrition (Edinburgh, Scotland). 2006;25(3):409.
32. 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.
33. Shirodkar M, Mohandas KM. Subjective global assessment: a simple and
reliable screening tool for malnutrition among Indians. Indian J
Gastroenterol. 2005;24(6):246–50.
34. van Venrooij LM, van Leeuwen PA, Hopmans W, Borgmeijer-Hoelen MM,
de Vos R, De Mol BA. 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. 2011;111(12):1924–30.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

