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It is important to identify patients who are at risk of malnutrition upon hospital admission as malnutrition results 
in poor outcomes such as longer length of hospital stay, readmission, hospitalisation cost and mortality. The aim 
of this study was to determine the prognostic validity of 3-Minute Nutrition Screening (3-MinNS) in predicting 
hospital outcomes in patients admitted to an acute tertiary hospital through a list of diagnosis-related groups 
(DRG). In this study, 818 adult patients were screened for risk of malnutrition using 3-MinNS within 24 hours of 
admission. Mortality data was collected from the National Registry with other hospitalisation outcomes retrieved 
from electronic hospital records. The results were adjusted for age, gender and ethnicity, and matched for DRG. 
Patients identified to be at risk of malnutrition (37%) using 3-MinNS had significant positive association with 
longer length of hospital stay (6.6±7.1 days vs 4.5±5.5 days, p<0.001), higher hospitalisation cost (S$4540±7190 
vs S$3630±4961, p<0.001) and increased mortality rate at 1 year (27.8% vs 3.9%), 2 years (33.8% vs 7.2%) and 
3 years (39.1% vs 10.5%); p<0.001 for all. The 3-MinNS is able to predict clinical outcomes and can be used to 
screen newly admitted patients for nutrition risk so that appropriate nutrition assessment and early nutritional in-
tervention can be initiated. 
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INTRODUCTION 
Malnutrition is prevalent in hospitalised patients and 
leads to poor clinical outcomes.1-3 Many studies have 
shown strong association between malnutrition and long-
er length of hospital stay (LOS), increased mortality, 
higher rate of readmission and increased hospitalisation 
cost.1-5 Therefore, it is important that all newly admitted 
patients are screened for malnutrition risk using a validat-
ed nutrition screening tool.6 

Nutrition screening tools are designed to quickly and 
effectively identify people who are at risk of malnutrition 
or are already malnourished.7,8 There are a number of 
validated tools available, including Malnutrition Univer-
sal Screening Tool (MUST), Malnutrition Screening Tool 
(MST), Mini Nutritional Assessment-Short Form (MNA-
SF) and Nutrition Risk Screening-2002 (NRS-2002).9-12 
Each of these has been validated on predominantly Cau-
casian populations. The 3-Minute Nutrition Screening (3-
MinNS) is an easy, fast and validated nutrition screening 
tool developed specifically to screen for nutrition risk in 
the Asian population.13  

A systematic review had shown that there were limited 
nutrition screening tools that effectively and consistently 
provide good nutritional screening results and predict 

 
 
outcomes at the same time.14 

The aim of this study was to evaluate the prognostic 
validity of 3-MinNS in predicting length of hospital stay, 
readmissions, hospitalisation cost and mortality in pa-
tients admitted to an acute tertiary hospital.   
 
METHODS 
Study participants and study design 
This observational study was approved by National 
Healthcare Group Domain Specific Review Board in two 
separate time periods (DSRB-C/05/179 and DSRB-
D/08/444). The first ethical approval was sought and ob-
tained to validate the 3-MinNS13 and a second approval 
was obtained to track the outcomes of these patients sub-
sequently. National University Hospital (NUH) is a 1032-
bed acute-care tertiary hospital providing a range of spe- 
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ciality services. Over a 10-month period, newly admitted 

inpatients were consecutively screened for eligibility 
from a predetermined fixed sequence of 16 wards. A 
maximum of six consenting patients per day were recruit-
ed. Once all 16 wards had been covered, the sequence 
was repeated. Patients from the paediatrics ward were 
excluded as they used different nutrition screening indica-
tors, and the psychiatric, intensive care and maternity 
units were excluded as per hospital request. Information 
on the hospital population was retrieved from NUH’s 
Management Information Services.  
 
3-Minute Nutrition Screening (3-MinNS) tool 
The 3-MinNS is a validated and easy-to-use nutrition 
screening tool that consists of three main components: 1) 
unintentional weight loss during the past six months; 2) 
nutritional intake in the previous week and 3) muscle 
wastage at the temporalis and clavicular areas.13 Primary 
caregivers would score for the “unintentional weight loss” 
and “nutritional intake” components for uncommunica-
tive patients. The tool consists of a “don’t know” re-
sponse for patients or caregivers who were unsure of any 
weight loss and to avoid any missing data in the weight 
loss column. A quantitative score of 0 to 3 was allocated 
to each criterion (3=most severe).13 A total score of 3 or 
more indicates patient is at risk of malnutrition. The nutri-
tion screening scores were documented and made availa-
ble to the healthcare professionals managing the patients 
in the wards.  
 
Baseline nutrition parameters 
Body weight and height were measured using the cali-
brated digital Seca weighing machine and stadiometer 
(Seca, Seca Deutschland, Germany). Mid-arm anthropo-
metric assessment of tricep skinfold thickness (TST) and 
mid-arm circumference (MAC) was performed on the 
non-dominant arm using a calibrated Harpenden skinfold 
caliper (Harpenden, Baty International, England) and a 
measuring tape respectively. For the measurement of TST, 
the arm was extended and hanging relaxed. Measure-
ments were taken midway between the point of the acro-
mion and olecranon process on three consecutive occa-
sions, and the average was calculated. Measurement of 
MAC was taken at the same site with the arm in an ex-
tended position. Mid-arm muscle circumference (MAMC) 
was calculated from the average measurements of MAC 
and TST using the equation: MAMC (cm) = MAC (cm) – 
0.314 x TST (mm). Participants’ serum albumin levels 
were documented if they had been done within the first 
two days of hospital admission. 
 

Length of hospital stay (LOS), readmission, hospitallisa-
tion cost and mortality 
Length of hospital stay, inpatient mortality and cost of 
hospitalisation were obtained from the hospital’s elec-
tronic medical record. Hospitalisation cost consisted of 
the total cost of index admission prior to any government 
subsidy. Index admission was regarded as the admission 
when patients were enrolled into the study. Data for re-
admission were tracked prospectively for each participant 
at three different time points: 90 days, 6 months and 1 
year from the date of discharge. The survival data (up to 
3.5 years) were retrieved from the Singapore National 
Registry. Personal identifiable information was removed 
before the mortality data was returned to the principal 
investigator. Information on patient’s DRG was obtained 
from NUH’s Casemix Department retrospectively. The 
DRG is a system commonly used by many countries to 
categorise patients according to their diagnosis and pro-
cedures. Similar levels of disease complexity and treat-
ment are usually grouped within each DRG.15 Potential 
confounding factors arising from a patient’s medical con-
dition or disease, such as type and complexity may affect 
the hospitalisation cost and outcome and could hence be 
controlled for using DRG. The LOS of study participants 
were compared with NUH’s population and other Singa-
pore public hospital patients with similar DRG. A com-
parison of hospitalisation costs between the study subjects 
and patients with similar DRG in NUH was also carried 
out.  
 
Statistical analyses 
The mean values for nutrition parameters were compared 
between patients at malnutrition risk and not at risk using 
two-sample t-test. Mixed model analysis with matching 
for DRG was used to determine differences in LOS and 
cost of hospitalisation between participants who were at 
risk of malnutrition and those who were not at risk. Pois-
son regression with matching for DRG was used to de-
termine if malnutrition risk was associated with readmis-
sion and mortality. The result was presented as relative 
risk (RR) with 95% confidence interval (CI). A p-value of 
<0.05 indicates statistical significance. All variables were 
adjusted for age, ethnicity and gender. Statistical analyses 
were performed with the Statistical Package for the Social 
Sciences for Windows version 19.0 (SPSS Inc., Chicago, 
IL, USA). 
 
RESULTS 
A total of 818 subjects participated in the study, of which 
37% (n=302) were identified to be at risk of malnutrition 
using 3-MinNS. The demographic profile of the study 

 
Table 1. Baseline characteristics of study participants (n=818) and the hospital population (n=21,348) 
 

 Gender (%)  Ethnicity (%) Age, years 
(mean±SD) Women  Men   Chinese Indian Malay Others 

Study sample (n=818) 41 59  62 11 20 7 51.9±15.4 
Hospital population (n=21,348) 44 56  60 13 18 9 49.3±15.9 
p-value§ 0.24  0.05 <0.001* 
 
n: number; SD: standard deviation. 
§Statistical analysis is by Chi-square test for gender and ethnicity and 2-Sample T-test for age. 
*Statistically significant. 
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participants is presented in Table 1. There was no statisti-
cal difference in gender and ethnicity distribution be-
tween the study sample and hospital population. The 
study sample was older than the hospital population. The 
information on clinical specialties to which the partici-
pants had been admitted has been reported in a previous 
paper.13 

Participants at risk of malnutrition were significantly 
older and had significantly lower body weight, body mass 
index, mid-arm anthropometrics and albumin levels com-
pared with participants who were not at risk of malnutri-
tion (Table 2). Length of stay and cost of hospitalisation 
were significantly higher for participants identified as at 
risk of malnutrition than those not at risk, even after ad-
justment for ethnicity, age, gender and matched for DRG 

(Table 3). Comparing the mean difference in LOS be-
tween participants and NUH’s patient population with 
similar DRG, those who were at risk of malnutrition had a 
significantly higher LOS. This significance was not lost 
after adjustment for confounding factors. Similarly, com-
pared with all Singapore public hospitals, the mean dif-
ference in LOS was significantly longer in those who 
were at risk of malnutrition (Table 3).  

Subjects with malnutrition risk had a significantly 
higher mean hospitalisation cost. These results were 
shown to be consistently significant before and after ad-
justment for confounding factors. When compared with 
the average cost of hospitalisation of study participants 
and NUH’s population with similar DRG, the mean dif-
ference in hospitalisation cost for people who were at risk 

 
Table 2. Comparisons of age and baseline nutrition parameters between study participants who were at malnutrition 
risk and not at malnutrition risk as determined by 3-MinNS 
  

Baseline parameter Number of 
subjects 

3-MinNS 
p-value§ Not at risk  

(mean±SD) 
At risk  

(mean±SD) 
Age (years) 818  49.4±15.4 55.9±14.3 <0.001* 
Weight (kg) 818  67.8±14.3  56.7±13.9  <0.001* 
Body mass index (kg/m2)  734¶ 25.5±5.1  21.9±4.8 <0.001* 
Tricep skinfold thickness (mm) 818 16.3±7.1 12.3±6.2 <0.001* 
Mid-arm circumference (cm) 818 30.5±4.3 26.7±4.8 <0.001* 
Mid-arm muscle circumference (cm) 818 25.4±3.4 22.8±3.7 <0.001* 
Albumin (g/L)   375† 38.8±6.2 35.8±6.3 <0.001* 
 
3-MinNS: 3-Minute Nutrition Screening tool; SD: standard deviation. 
§Statistical analysis is by 2-Sample T-test. 
*Statistically significant. 
¶Excluding missing data due to inability to obtain height of participants to calculate body mass index. 
†Excluding missing data for albumin levels. 
 
 
Table 3. Comparisons of the length of hospital stay and cost of hospitalisation between study participants who were 
at malnutrition risk and not at malnutrition risk as determined by 3-MinNS (n=818) 
 

Outcome 
3-MinNS Unadjusted 

p-value† 
Adjusted 

p-value‡ Not at risk 
(n =516) 

At risk  
(n =302) 

Length of hospital stay (days) 
Mean±SD 
Median (range)  

 
4.5±5.5 
3 (1-63) 

 
6.6±7.1 
4 (1-59) 

<0.001* <0.001* 

Mean difference in length of hospital stay for study sub-
jects compared with length of hospital stay for NUH 
patients with similar DRG (days) 

Mean±SD 

 
 
 

-0.2±4.3 

 
 
 

1.6±6.3 

 
 
 

<0.001* 

 
 
 

<0.001* 
Mean difference in length of hospital stay for study sub-

jects compared with average length of hospital stay for 
Singapore public hospitals’ patients with similar DRG 
(days) 

Mean±SD 

 
 
 
 

-0.8±4.5 

 
 
 
 

0.9±6.5 

 
 
 
 

<0.001* 

 
 
 
 

<0.001* 
Cost of hospitalisation (Singapore dollars, $) 

Mean±SD  
Median (range) 

 
3630±4961 

1933 (178-63494) 

 
4540±7190 

2638 (297-70471) 

 
  0.033* 

 
  0.037* 

Mean difference in cost of hospitalisation for study sub-
jects compared with average cost of hospitalisation for 
NUH patients with similar DRG (Singapore dollars, $) 

Mean±SD 

 
 
 

263±3254 

 
 
 

1576±5852 

 
 
 

<0.001* 

 
 
 

<0.001* 
 

3-MinNS: 3-Minute Nutrition Screening tool; n: number; SD: standard deviation; NUH: National University Hospital; DRG: Diagnosis-
related groups. 
†, ‡Statistical analysis is by 2 Sample T-test for unadjusted results and Linear Regression for adjusted results. 
†Results were not adjusted. 
‡Results were adjusted for age, gender and ethnicity; and matched for diagnosis-related groups.  
*Statistically significant. 
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of malnutrition was shown to be six times higher than 
those who were not at risk of malnutrition, even after ad-
justment for confounding factors (Table 3).  

The 3-Minute Nutrition Screening was shown to signif-
icantly predict mortality (log rank: p<0.001). The per-
centage of overall survival for participants at risk of mal-
nutrition was 28.6% lower than those who were not at 
risk (Figure 1). Subjects identified to be at risk of malnu-
trition using the 3-MinNS had a higher mortality rate at 1, 
2 and 3 years of discharge (Table 4). Results were shown 
to be consistent throughout these three years and the sig-
nificance of the results persisted after adjusting for age, 
ethnicity and gender; and matched for DRG in data analy-
sis. Unadjusted results for readmission within 90 days, 6 
months and 1-year of index admission were shown to 
have a statistically positive association in participants 
who were at risk of malnutrition. However, after adjust-
ment for confounding factors, the significance was lost.  
 
DISCUSSION 
This study is the first to examine prognostic validity of 
the 3-MinNS in predicting outcomes. Patients at risk of 

malnutrition based on 3-MinNS have significantly higher 
mortality, longer length of hospital stay and higher cost of 
hospitalisation. Study participants at risk of malnutrition 
had a four-fold higher chance of mortality within 1 year 
compared with those not at risk after controlling for age, 
gender, ethnicity and disease using DRG. Mortality rates 
were statistically significant in both the unadjusted and 
adjusted results, showing that risk of malnutrition is an 
independent risk factor for 1-year, 2-year and 3-year mor-
tality. A similar study that controlled for all three varia-
bles (age, gender and disease) found a significant two-
fold increase in mortality in patients who were at risk of 
malnutrition using NRS-2002.16 In studies that controlled 
for age and gender, Stratton et al4 and Henderson et al17 
showed that geriatric patients identified as at high risk of 
malnutrition using MUST had a 2-fold higher risk of mor-
tality compared with those who were at low risk.  

Patients who were at risk of malnutrition stayed in the 
hospital 1.5 times longer than those not at risk, and the 
results were significant even after controlling for age, 
gender and disease (DRG). One previous study also con-
trolled for all three variables and found a similar result.16  

 

 
Figure 1. Comparison of overall survival in study participants at risk and not at risk of malnutrition (n=818)§. n=number; 3-MinNS=3-
Minute Nutrition Screening tool. †Survival and mortality data retrieved from Singapore National Registry. §Statistical analysis is by 
Kaplan Meier analysis with log-ranked test. 
 
 
Table 4. Comparison of mortality and readmission rates between study participants at malnutrition risk and not at 
malnutrition risk using 3-MinNS (n=818) 
 

Outcome 
3-MinNS, n (%)  Unadjusted†  Adjusted‡ 

Not at risk  
(n =516) 

At risk  
(n =302) RR 95% CI p-value RR 95% CI p-value 

Inpatient mortality        0 (0)   12 (4)  NA§ - <0.001*  NA§ - <0.001* 
1-year cumulative mortality     20 (3.9) 84 (27.8)  7.19 4.50, 11.5 <0.001*  4.33 2.23, 8.40 <0.001* 
2-year cumulative mortality     37 (7.2) 102 (33.8)  4.72 3.32, 6.67 <0.001*  2.55 1.58, 4.14 <0.001* 
3-year cumulative mortality 54 (10.5) 118 (39.1)  3.73 2.79, 4.97 <0.001*  2.40 1.58, 3.65 <0.001* 
Readmission within 90 days 

of index admission 
120 (23.3) 100 (33.1)  1.42 1.14, 1.78 <0.001*  1.32 0.95, 1.85 0.10 

Readmission within 6 
months of index admission 

164 (31.8) 135 (44.7)  1.41 1.18, 1.68 <0.001*  1.34 0.99, 1.79 0.05 

Readmission within 1 year 
of index admission 

207 (40.1) 159 (52.6)  1.31 1.13, 1.52 <0.001*  1.23 0.94, 1.59 0.13 

 
3-MinNS: 3-Minute Nutrition Screening tool; n: number; RR: Relative risk; 95% CI: 95% Confidence Interval. 
† ,‡ Statistical analysis is by Poisson Regression. 
†Results were not adjusted. 
‡Results were adjusted for age, gender and ethnicity; and matched for diagnosis-related groups. 
§Unable to calculate RR due to no inpatient death for all patients who were not at risk of malnutrition as determined by 3-MinNS. 
*Statistically significant. 
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Sorensen et al16 reported a 1.5 times longer LOS in pa-
tients who were at risk of malnutrition using NRS-2002 
compared with those not at risk. Amaral et al18 and 
Schiesser et al19 also used NRS-2002 and found 1.7 and 
2.6 times longer LOS in patients at risk of malnutrition 
respectively, however their results were only controlled 
for age and gender. Similarly, Stratton et al4 controlled 
for age and gender, and found a 3.5 times longer LOS in 
geriatric patients at risk of malnutrition using MUST. 
Other studies associating nutrition risk with LOS mainly 
controlled for age or gender or did not control for any 
confounders.20-22 

As for hospitalisation costs, patients at risk of malnutri-
tion determined by 3-MinNS incurred 25% higher cost of 
hospitalisation. These results were significant even after 
controlling for age, gender, ethnicity and matched for 
DRG. A cross sectional study conducted in Portugal 
found that patients at risk of malnutrition (using NRS-
2002) incurred twice the mean cost of hospitalisation 
compared with those not at risk.23 In that study, hospitali-
sation costs were estimated based on hospital LOS and 
DRG,23 whereas our study used the exact hospitalisation 
costs. The higher cost for patients at risk of malnutrition 
was likely due to the higher LOS. A review paper by 
Norman et al3 further supports the increased cost of hos-
pitalisation in patients at risk of malnutrition, due in part 
to the increased length of stay in this group of patients. 

The current study shows that even though patients at 
malnutrition risk were at about 1.4 times higher risk of 
readmission after 90 days and 6 months of discharge, this 
significance diminished after the results were controlled 
for age, gender, ethnicity and DRG. One Israeli study that 
controlled only for age found that elderly hip fracture 
patients who were at risk of malnutrition using MNA-SF 
had a 1.4 times higher chance of readmission 6 months 
after discharge.24 Conversely, a study using MUST as the 
screening tool in geriatric patients did not show any sig-
nificant increase in the readmission rate of patients at risk 
of malnutrition, after controlling for age and gender.4 
This led the authors to conclude that social factors may  
affect the readmission rate of patients.  

Previous studies on the relative validity of 3-MinNS 
showed good sensitivity and specificity of the tool.13,25 
This study provides evidence-based information on the 
prognostic validity of 3-MinNS in the adult hospitalised 
population. The overall result of the present study shows 
that 3-MinNS is able to predict hospitalisation outcomes 
such as length of hospital stay, cost of hospitalisation, 
readmission and mortality. It is therefore even more im-
portant that patients identified to be at risk of malnutrition 
are referred to the dietitians for a thorough nutrition as-
sessment and appropriate nutritional intervention.13,26 

A strength of this study included consecutive sampling 
methodology to achieve a large pool of newly admitted 
patients, representative of the hospital population. An 
additional strength of this study includes the prospective 
tracking of clinical outcomes and the use of exact cost of 
hospitalisation. The retrieval of mortality data from the 
National Registry ensured accuracy of the data to ensure 
information is captured on subjects who have passed 
away after being discharged from the hospital. This is the 
only study to track mortality data for up to three years to 

determine the prognostic validity of a nutrition screening 
tool. A further strength is that results were simultaneously 
controlled for age, gender, ethnicity and disease, thus 
reducing confounding factors. This has rarely been done 
in other studies. 

A limitation of this study was our inability to determine 
the number of patients who were subsequently referred 
for dietetic management after being screened to be at risk, 
and whether these patients had improved outcomes with 
treatment, as these aspects were beyond the scope of the 
study. At the time of the study in 2006, referrals to the 
dietitian were solely by referrals from the doctors and 
many patients who were at risk of malnutrition were not 
routinely referred to a dietitian. With the supporting out-
comes data after the completion of this study in 2010, we 
have successfully put in place a comprehensive system to 
ensure patients at risk of malnutrition are referred for nu-
trition care during hospitalisation and are followed up 
closely after discharge.26,27 These efforts have resulted in 
improved nutrition status, functional outcomes and quali-
ty of life for patients.26 
 
Conclusion 
The 3-MinNS has good prognostic value in predicting 
length of hospital stay, mortality and cost of hospitalisa-
tion of patients. It can be used to screen newly hospital-
ised patients for nutrition risk so that early detection and 
appropriate intervention can be initiated. 
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三分钟营养筛查预测住院时间、再入院、住院费用和

死亡率的有效性：一项队列研究 
 
营养不良会导致住院时间延长、再入院、住院费用增加和死亡率增加等不良预

后，因此确定住院患者是否存在营养不良风险很重要。本研究的目的是通过诊

断相关组列表（DRG）确定三分钟营养筛查（3-MinNS）在预测三级医院急性

住院患者临床结果的预后有效性。在这项研究中，有 818 名成年患者在入院

24 小时内用 3-MinNS 筛查了其营养不良风险。从国家登记的包括其它住院治

疗结果的医院电子档案中获得死亡率数据。结果校正了年龄、性别和种族，并

以诊断相关组进行匹配。用 3-MinNS 确定的有营养不良风险的患者占 37%，

与营养不良呈显著正相关的有：较长的住院时间（6.6±7.1 天 vs 4.5±5.5 天, 
p<0.001）、较高的住院费用（S$4540±7190 vs S$3630±4961, p<0.001）以及增

加的死亡率（第 1 年为 27.8% vs 3.9%，第 2 年为 33.8% vs 7.2%，第 3 年为

39.1% vs 10.5%， p<0.001）。3-MinNS 能够预测临床预后，可用于新入院患

者的营养风险筛查，以便进行适当的营养评估和早期营养干预。 
 
关键词：营养风险、三分钟营养筛查、预测效度、结果、死亡率 


