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and evaluation of its inter-methods reliability*
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ABSTRACT

Purpose: The current study was designed for development of a simplified malnutrition screening tool (SMST) for hospi-
talized patients using readily available laboratory and patient information and for evaluation of its reliability compared to
well—established tools, such as PGSGA and NRS—2002. Methods: Anthropometric and biochemical measurements, as
well as a few subjective assessments, of 903 patients who were preclassified by their nutritional status according to PGS-
GA were analyzed. Among them, a combination of factors, including age, BMI, albumin, cholesterol, total protein, hema-
tocrit, and changes in body weight and food intake, were statistically selected as variables for SMST. Results: Accord-
ing to SMST, 620 patients (68.7%) were classified as the normal group and 283 patients (31.3%) were classified as the
malnutrition group. Significant differences in age, albumin, TLC, BMI, hemoglobin, hematocrit, total protein, cholesterol, and
length of stay were observed between the two groups. For inter—methods reliability, the screening results by SMST were
compared with those by PGSGA and NRS—2002. The comparison with PGSGA and NRS—2002 showed ‘Substantial
agreement’ (sensitivity 94.4%, specificity 88.4%, k = 0.747) and ‘Moderate agreement’ (sensitivity 96.1%, specificity 79.5%,
k = 0.505), respectively, indicating that SMST held high inter—methods reliability. Conclusion: In conclusion, SMST, based
on readily available laboratory and patient information and simple subjective assessments on changes in food intake and
body weight, may be a useful alternative tool with a simple but reliable risk index, especially in resource—limited domestic
hospitals.
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Table 1. Patient characteristics based on an anthropometric
and laboratory data

Total n = 903
(100%)
Man 387 (42.9)
Gender
Woman 516 (57.1)
A < 65 (years) 651 (72.1)
e
9 > 65 (years) 252 (27.9)
A" < 3.5 (g/dl 6 (9.5
> 3.5 (g/dl) 817 (90.5)
e < 900 (cells/mm?) 171 (18.9)
> 900 (cells/mm?) 732 (81.1)
B < 18.5 (kg/m?) 55(6.1)
> 18.5 (kg/m?) 848 (93.9)
Ho? <12 (g/d)) 432 (47.8)
> 12(g/dl) 471 (52.2)
Het? < 36 (%) 498 (55.1)
of
> 36 (%) 405 (44.9)
T oro? < 6 (g/ml) 110 (12.2)
P > 4(g/ml) 793 (87.8)
. < 150 (mg/dl) 221 (24.5)
Chol
> 150(mg/dl) 682 (75.5)
Y Yes 163 (18.1)
Wt.change
No 740 (81.9)
,  Yes 184 (20.4)
Intake change
No 719 (79.6)
LOS" < 11 (day) 685 (75.9)
> 11 (day) 218 (24.1)

1) Alb: albumin 2) TLC: total lymphocyte count 3) BMI: body
mass index 4) Hb: hemoglobin 5) Hct: hematocrit  6) T.pro:
total protein 7) Chol: cholesterol 8) Wt.change: weight loss in
resent 6 months 9) Intake Change: decrease in the last week
10) LOS: length of stay

o2 QN HFHOR AR FojziAle] e v
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8179 (90.5%), =7} 900 cells/mm’ H]5H 1719
(18.9%), 900 cells/mm” oA 7321 (81.1%)0|3itt. &l w2
FHL 12 g/dl w|gho] 4327 (47.8%), 12 g/dl o)A+ 4719
(52.2%), S|uFE A EL= 36% u|vh2- 498 (55.1%), 36% ©)4+
2 4057 (44.9%)= S & T 6 g/ml v|ko]
1109 (12.2%), 6 g/ ml ©]A4ko] 7939 (87.8%), B Z&|AH)
22 150 mg/dl U 2217 (24.5%), 150 mg/dl O] 682
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g2 + YFEL 3HA) F Lo R BH)
3% ATt (Table 2). & 9039 F FTa-2 6881 (76.
% % 2157 (23.8%)% UERT: ot} JYET

TS B, AY9] HatS FEtoA 54.8 £ 13
FarollAl 58.8 £ 1314, 5 UHRIG] HtS 4
+ 0.5 g/dI9} 39 + 0.6 g/dl, EQUaF49] FHFS 15751
687.8 cells/mm*2} 1331.6 + 735.1 cells/mm?, BMIQ] B4
2239 + 33 kg/m’9} 219 + 33 kg/m’ O & LTI
Hato] WA Yebdth (p < 0.001). sl2ZFE2He] Ha-S 122
+ 18¢/dl, 114 + 19 g/dl, FnFE TR EQ] HHFL 358 + 5.1%
9} 332 £ 54% (p < 0.001), THWHAS] HH-2 67 + 0.6 g/
ml¢} 6.5 + 0.8 g/ml (p < 0.001), @=F Y 2E|=2] FHA-S

-+

Table 2. Relationship between normal and malnutrition by PGSGA

184.1 + 56.6 mg/dI®} 170.6 + 48.1 mg/dl (p = 0.002)E G
EFO] gato] Wekon, Y717 Het FatolA 8.
FarollA 99 + 153UE JFEFTe Hat
o] & Ao AAYY Fo4E Bt (p = 0.057).

+ 11.3?:_!, S =

SMST (Simplified Malnutrition Screening Tool)2| F¥m
THR|E U SGQIAHMET MY

SMST®] g H7HA 5 9 FFAMET A4S fl5te] PG-
SGAZ E3)) oot (001: + o
of ek 2@741 + 9]
ble & 7|&
9, FAubtas
EAE, AlFRgtol, HHHslo iz 5o ?JV\E] 39
B (5R)S 5351900} (Table 3). B-4135H A1} 457 9] 3]
FAlo] vgko, 2etAof| A FUakt427t A9 2lar A
oA FEZFZRI, 4A ol A o] AIA=RCE 4ctA 2] 4714
3]A4]-& ROC curve (Area under curve = 0.971)7} 4*|s}
o M} 71 2 4dA & 2 Are] SMSTR A48kt
(Table 4). AA% SMSTS] ok E71A] o= <8, BMI, 8%
Ui, EF Y AHE, A, SulEaeE, A5Es),
A F W3t B7L ZFFEQITE 95% AR TS 71Re 2 oY
o] 6541 o1}l k= 6541 mIHE Zhatof] HIs OR = 6.05, BMI
7} 18.5 kg/m’ w7kl A= 1 o)Al Al H]E| OR =
5.52, % d3io] 35 g/dl mgkel A= 3.5 g/dl o)Akl
2EAte]] H]8f| OR = 3.90, €5 Zel2EE0] 150 me/dl m]Rk
ol $Hl= 11 o)Al Ao Bl OR = 0.552 & YeRgth
WAL 6 g/ml v|TE] 2RAP7F 71 o)}l SEAfol HlEl OR
= 2.63, SMHE A2 E7} 36% 1|9kl $hAb= 11 oAl Skt
of Hl3l] OR = 1.85, A&7t AH T a7 ol A

PGSGA”
Total ) )
n (%) Normall Malnutrition p values
903 (100%)
688 (76.2) 215 (23.8)
Age (years) 55.8+13.1" 548+ 13.0 58.8+13.1 < 0.001
Alb (g/d))” 42+0.5 43+0.5 39+0.6 < 0.001
TLC (cells/mm?? 1517.1 £706.8 1575.1 + 687.8 1331.6 + 735.1 < 0.001
BMI (kg/m?)” 23.4+3.4 23.9 +3.3 21.9+33 < 0.001
Hb (g/dN)?® 120+ 1.8 122+1.8 1M.4+19 < 0.001
Hct (%)” 352+53 358+ 5.1 332+54 < 0.001
T.pro (g/mi)'"” 6.7 +0.7 6.7 £0.6 6.5+0.8 < 0.001
Chol (mg/d)"” 180.9 + 54.9 184.1 + 56.6 170.6 + 48.1 0.002
LOS (day)'? 8.5+ 12.4 81+11.3 99+153 0.057

1) Mean £SD  2) PGSGA: patient generated-subjective global assessment. score: normal (0—1), malnutrition stage 1 (2—-3), mal-

nuftrition stage 2 (4—8), malnutrition stage 3 (> 9)

3) Normal: normal + malnutrition stage 1

4) Malnutrition: malnutrition stage 2

+ malnutrition stage 3 5) Alb: albumin 6) TLC: fotal lymphocyte count 7) BMI: body mass index 8) Hb: hemoglobin  9) Hct:
hematocrit 10) T.pro: total protein 11) Chol: cholesterol 12) LOS: length of stay
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Table 3. Selection of variations in developing a new tool for the Simplified Malnutrition Screening Tool (SMST)

) , p values”
Odd ratio (95% ClI)
Step 1 Step 2 Step 3 Step 4
Age (years)
> 65 5.66 (2.78—11.54) < 0.001 < 0.001 < 0.001 < 0.001
< 65 1.00
BMI (kg/m?)”
< 18.5 5.46 (1.45—20.55) 0.012 0.012 0.011 0.011
> 18.5 1.00
Albumin (g/dl)
< 3.5 3.48 (1.21-9.99) 0.021 0.020 0.018 0.010
> 3.5 1.00
Chol (mg/dl)”
< 150 0.54 (0.27-1.08) 0.080 0.078 0.076 0.084
> 150 1.00
T.pro (g/ml)”
<é 2.64(1.02-6.81) 0.045 0.045 0.046 0.045
> 6 1.00
Hct (%)
< 36 1.81 (0.62—5.28) 0.279 0.277 0.033 0.047
> 36 1.00
Wt.change”
Yes 46.04 (20.89-101.47) < 0.001 < 0.001 < 0.001 < 0.001
No 1.00
Intake change”
Yes 319.94 (135.83-753.63) < 0.001 < 0.001 < 0.001 < 0.001
No 1.00
Gender
Woman 0.66 (0.35—1.23) 0.187 0.186 0.190
Man 1.00
Hb (g/dD)”
<12 1.10 (0.39-3.11) 0.860 0.860
> 12 1.00
TLC (cells/mm?)'”
< 900 1.00 (0.48—2.06) 0.993

> 900

1.00

1) OR according to logistic regression analysis with all variables (step1) 2) Logistic regression analysis with backward elimination
methods 3) BMI: body mass index 4) Chol: cholesterol 5) T.pro: total protein  6) Hct: hematocrit 7) Wt.change: weight loss in

resent 6 months 8) Intake Change: decrease in the last week 9) Hb: hemoglobin 10) TLC: total lymphocyte count

ol vlslf OR = 48.1, A7t s 2= A5 A4
7} 1= AFoll H3ll OR = 300.23% 7| YERgT} ojof wlke}
AR S| AA2 5214 + (1.801 x Age) + (1,708 x BMI) +
(1.362 x Alb) + (-0.605 % Chol) + (0.968 x T.Pro) + (0.613
X Hct) + (3.873 x Wt.change) + (5705 x Intake change)©]
c} (Table 4).

SMSTe| FYEIt 71EH 4%

=
= o
T (P + FFET DAY YT (FYET 294

FEEL I F o R BRI AWE Vo m JFSH
OF5 9} BeFe 717 01} 12 AH4=3)5)0] Receiver Operating
Characteristic (ROC) curve®] 23} (Area under curve =
0971 = ¢ojAl F3EE E3] Yoduen index (Sensitivity + Spe-
cificity-1)& 3Lt (Table 5). ©] 5, gre] 7 2 0.828&
71202, SMSTE A%t 3]9)4]2] 21} gholA] YL deE
FUEFO R Hrlet= 78S -1.5675% A4k

SMSTS| FTIIZ | 2 CHAIxtel S
SMSTe] opa7}azte wjz gepet se 2t
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Table 4. Logistic regression analysis of the variables for SMST model

Regression coefficient (B)

Odds ratio (95% ClI)

Intercept -5.214
Age > 65 (years) 1.801
BMI < 18.5 (kg/m?)" 1.708
Albumin < 3.5 (g/dl) 1.362
Cholesterol < 150 (mg/dl) —-0.605
T.pro < 6 (g/ml)? 0.968
Hct < 36 (%)° 0.613
Wt.change® 3.873
Intake change” 5.705

6.05 (2.99-12.26)
5.52 (1.48-20.59)
3.90 (1.38—11.03)
0.55 (0.28-1.08)
2.63 (1.02-6.79)
1.85(1.01-3.39)
48.11 (21.90-105.67)
300.23 (129.57-698.70)

Model® = —5.214 + (1.801 x Age) +
change) + (5.705 x Intake change)
P (Malnourished) = exp (model)/1 + exp (model)

(1.708 x BMI) + (1.362 x Alb) + (-

0.605 x Chol) + (0.968 x T.Pro) + (0.613 x Hct) + (3.873 x Wt.

1) BMI: body mass index 2) T.pro: total protein  3) Hct: hematocrit

Change: decrease in the last week 6) Age (years), < 65=0, > 65

4) Wt.change: weight loss in resent 6 months  5) Intake
=1; BMI (kg/m?, > 185=0, < 18.5=1: Alb (g/dl), > 3.5=0, <

3.5=1; Chol (mg/dl), > 150=0, < 150 = 1; T.pro (g/ml), > 6 =0, < 6 = 1; Hct(%), > 36 =0, < 36 = 1; Wt.change, no weight loss =

0, weight loss = 1 Intfake change, no change =0, decrease =1

Table 5. Inter-methods Reliability of the SMST index

SMST” value (positive if less than or equal to)

Sensitivity (%)

Specificity (%) Youden index”

—2.2035 0.963 0.855 0.817

—2.0895 0.958 0.856 0.814

—1.9945 0.953 0.862 0.815

—1.88%0 0.953 0.869 0.823

—1.7685 0.944 0.878 0.822

—-1.7010 0.944 0.882 0.826

—1.5675 0.944 0.884 0.828

—1.3895 0.940 0.887 0.826

—1.3370 0.902 0.911 0.814

—1.2080 0.884 0.917 0.801

—-1.0790 0.879 0.917 0.796

—1.0265 0.874 0.922 0.796

—0.8530 0.874 0.923 0.797
1) SMST: simplified malnutrition screening tool 2) Youden index: sensitivity + specificity — 1
JEAE o2 BRlol tae] BAS BAsl o) B JFBFTAA Ekon], BF A, F910)
(Table 6). SMST2] %‘ﬂ%‘#t P2 620 08.7%), ¥¥F 745 BML S|EF =R, SufE A E, ST dF SYA
B 2838 GLINO R e F5, dFEsael B Bae JURTLoN I, BE AR §

A ZF AEEY] Hat-S B, AR B2 FotollA] 55.1
+ 1344, FFEFToA 573 £ 1244, 5 drme

TS 43 + 04 g/dI1€} 40 * 0.6 g/dl, 2Yap140] HAF
1572.8 + 678.1 cells/mm*®} 1395.0 + 752.7 cells/mm?, BMI
o] H2 239 + 34 kg/m*Q} 223 + 33 kg/m’, S| HZEH]
O] B2 122 + 1.8 g/dI2}F 11.6 + 1.9 g/dl, SMIE | EQ]
B2 358 + 51%9 339 + 55%, TN BHL 67 +
0.6 g/mi¢k 6.6 £ 0.8 g/ml, BF FHAEHZE2 H2 185.6
+ 58.5 mg/dI2} 170.6 + 447 mg/dl, AY717H] B2 79

+ 11099499 + 14.8U= YERdt, Al ti2 AR A7

flo o

ojzfo]giet.

SMSTet PGSGA, NRS20022| =12t M2 ZHS
N ES ThoFAME SMSTS PGSGA, NRS20029}
o] Y2 == B A5Gt (Table 7). & 90332 24} % SMST
o] JoFEarsiat= 2831 (31.3%), PGSGAL] G Eaksix=
2157 (23.8%), NRS20029] GFE5eAt= 1297 (14.3%)°]
itk SMSTE] %3 % PGSGAL] 3-8 608 (67.3%),
JFETFL 121 (1.3%), SMSTS]| JUdEF 5 PGSGA
T2 807 (89%), FYEH T 203 (22.5%)% L, |

of o3
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Table 6. Patient characteristics by SMST

SMST”
Total "
n (%) 903 (100) Normal Malnutrition p values
620 (68.7) 283 (31.3)
Age (years) 558+13.17 55.1 +13.4 57.3+12.4 0.024
Alb (g/dl)? 42405 43+0.4 40406 < 0.001
TLC? (cells/mm?) 1517.1 + 706.8 1572.8 + 678.1 1395.0 + 752.7 0.001
BMI (kg/m?)” 23.4+3.4 23.9+3.4 223+33 < 0.001
Hb (g/dl)” 120+ 1.8 122+ 1.8 11.6+1.9 < 0.001
Hct (%)° 352+53 358+ 5.1 33.9+55 < 0.001
T.pro (g/m))” 6.7 +0.7 6.7 +0.6 6.6+0.8 0.006
Chol (mg/d))® 180.9 + 54.9 185.6 + 58.5 170.6 + 44.7 < 0.001
LOS (day)” 8.5+ 124 79+11.0 9.9+148 0.046

1) SMST: simplified malnutrition screening tool 2) Alb: albumin 3) TLC: total lymphocyte count 4) BMI: body mass index 5) Hb:
hemoglobin 6) Hct: hematocrit 7) T.pro: total protein 8) Chol: cholesterol 9) LOS: length of stay 10) Mean +SD

Table 7. Statistical comparisons of PGSGA, NRS2002 and SMST at admission

PGSGA" NRS2002” Total
Normal Malnutrition Normal Malnutrition
SMST?
Normal 608 (67.3)" 12(1.3) 615 (68.1) 5(0.6) 620 (68.7)
Malnuftrition 80 ( 8.9) 203 (22.5) 159 (17.6) 124 (13.7) 283 (31.3)
Total 688 (76.2) 215(23.8) 774 (85.7) 129 (14.3) 903 (100)
Senisitivity 94.4 96.1
Specificity 88.4 79.5
Kappa value 0.747*** 0.505™**

1) PGSGA: patient generated - subjective global assessment. score: normal (0—1), malnutrition stage 1 (2—3), malnutrition stage 2
(4-8), malnutrition stage 3 (> 9), normal: normal + malnutrition stage 1, malnutrition: malnutrition stage 2 + malnutrition stage  2)
NRS2002: nutritional risk screening 2002 3) SMST: simplified malnutrition screening tool 4) n (%)

wxx0 0 <0.001

= 94.4%, E0)% 88.4%, 71t 07470131} (p < 0.001).
SMSTQ] OF&t 2 NRS20022] 52 6159 (68.1%), %

oFEEESLO 51 (0.6%), SMSTS] YoFE=FT & NRS20029]
k&L 1509 (17.6%), FoFEekt2 1248 (13.7%) %0,
7T 96.1%, E0)% 79.5%, 71k 0.505% YERFTH (p

1
< 0.001).
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