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ABSTRACT

Purpose: This study is aimed to examine the association between initial enteral nutrition
(EN) and the clinical prognosis among patients with severe and multiple traumatic injuries,
and to investigate whether this association is modified by the patients’ catabolic status.
Methods: This was a retrospective study of 302 adult patients with severe and multiple
traumatic injuries admitted between January 2017 and September 2020 at Ajou University
hospital in Suwon, Korea. The initial nutritional support by EN and parenteral nutrition were
monitored up to day 7 after admission. Patients were classified into “No”, “Low”, and “High”
EN groups according to the level of initial EN. Multivariable-adjusted logistic regression

and linear regression models were used to estimate the association of the initial EN levels at
hospital admission with the risk of mortality, morbidities, and levels of nutrition-associated
biochemical markers.

Results: High EN support was associated with reduced mortality (odds ratio, 0.07; 95%
confidence interval [CI], 0.02, 0.32) and lower levels of C-reactive protein (f3, -0.22; 95%

CI, -8.606, 1.48), but longer stay in the intensive care unit (, 0.19; 95% CI, 1.82, 11.32). In
analyses stratified by catabolic status, there were fewer incidences of hospital-acquired
infections with increasing EN levels in the moderate or higher nitrogen balance group than in
the mild nitrogen balance group.

Conclusion: Our observation of the inverse association between levels of initial EN
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administration with mortality risk and inflammatory markers may indicate the possible
benefits of active EN administration to the recovery process of severe and multiple trauma
patients. Further studies are warranted on whether the catabolic status modifies the
association between the initial EN and prognosis.

Keywords: enteral nutrition; multiple trauma; catabolism; prognosis; mortality
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Table 1. General characteristics of subjects
Variables Total No ENY Low EN? High EN? p-value®
Number 302 96 105 101 -
Age (yrs) 53.2+18.5 50.7 £18.7 53.0+17.2 55.8+19.3 0.150
Male 244 (80.8) 77 (80.2) 90 (85.7) 77 (76.2) 0.240
BMI (kg/m2) 24.1+3.7 93.6+3.5 24.6+3.9 24.0+3.6 0.130
Energy intake %% 41.7+17.1 36.5+18.6 37.5+16.0 51.1+12.2 <0.001
Protein intake %"® 28.5+19.6 22.5+21.6 22.6 £17.5 40.4 +13.7 <0.001
Presence of comorbidities® 168 (56.0) 38(39.6) 44 (42.3) 50 (50.0) 0.310
Operative status 0.200

Yes 271 (89.7) 82 (85.4) 95 (90.5) 94 (93.1) =

No 31(10.3) 14 (14.6) 10 (9.5) 7 (6.9) -
No. of operation 2.7+2.5 3.1+3.3 2.8+92.4 2.1+1.6 0.030
Illness severity on admission

GCS 6.5+5.1 6.4+5.4 6.9+ 5.0 6.3+4.9 0.660

APACHE Il score” 17.9+ 7.4 18.4+7.9 17.1+6.8 18.0+ 7.5 0.430
Illness severity on discharge

ISS 29.4+12.6 28.6 + 13.0 29.5+11.7 29.9 + 13.2 0.760

GOS” 3.4+x1.6 2.7+1.8 3.8+1.4 3.4+1.3 0.001
Duration of ventilator (day) 17.5+17.7 16.2 + 15.4 16.7 £ 12.9 19.7 £ 23.2 0.320
HOD (day) 44.9+29.8 44.8 + 36.2 46.7 + 24.2 43.3+28.4 0.720
10D (day) 23.4+16.1 21.2+15.9 22.5+11.9 26.3 £19.5 0.070
Death within 30 days of admission 27 (8.9) 20 (20.8) 4(3.8) 3(3.0) <0.001

Values are expressed as mean = SD or number (%).

APACHE Il, Acute Physiology and Chronic Health Evaluation II; BMI, body mass index; EN, enteral nutrition; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome
Scale; HOD, hospital length of stay; 10D, intensive care unit length of stay; ISS, injury severity score; PN, parenteral nutrition.

Ypatients who received nutrition through only PN up to admission day 7. ?Patients who received nutrition through PN and EN, EN intake is less than 4 days during
the first 7 days since hospital admission. »Patients who received nutrition through PN and EN, EN intake is 4 days or more during the first 7 days since hospital
admission. “The p-value was tested by using one way analysis of variance and y? test. ®Energy (or Protein) Intake % = Energy (or Protein) Intake/Energy (or Protein)
Requirement x 100 (%). ®Presence of comorbidities: one or more of diabetes mellitus, myocardial infarction, cerebrovascular disease, dementia, connective tissue
disease, chronic kidney disease, malignancy, liver failure, bleeding disorder, angina, corticosteroids use, hypertension. ?APACHE Il score: n = 289 (No EN: n =93,
Low EN: n =98, High EN: n = 98); GOS: n =180 (No EN: n = 53, Low EN: n = 61, High EN: n = 66).
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+17.5%, High EN T135°0] 40.4 + 13.7%2 oY A| 3383 A 348 2% High EN 15
ol Al 7H =3kth ¥ A 714" 2 o] Q= 79 No EN L5014 39.6%E 7Y A oM,
Low ENZ} High EN 152 Z} 42.3%, 50.0% 50| 31th. Y & & of 2ol A= High EN
IEoNA 949 (93.1%) 2= B} 7P wkon, & Ht 3l40f A= No EN Z159°] 3.1
3l & 71 Eokth

91l A 9] Zkrlo] 22 & & mlotstr] 915k 2| E Q1 GCS} APACHE II score B4 A1t Gese
No EN Z1&0l|A] 6.4 +5.4%, Low EN ZLE°l| 4] 6.9 + 5.0, High EN 150l 4] 6.3 + 4.9 0] %]
T}, T3+ APACHE II score= No EN 150l 4] 18.4 + 7.9%, Low EN 150l A] 17.1 + 6.8%, High
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Table 22} 2T}, W7 QI Z &5 7] o] & 7|7tol| A M5 246 HATHA] -2 Crude E 3ol A]
L 27) JYrF 4ZFof W2 zpo] 7} LhehbA] 99FO Lt model 1, 2 oA = ARG Y
o] 74 A =2 2 & o] F0i3 High EN &0l 18257 of& 713H}e] o] AdttA|

7} B2 AT} (p-trend < 0.05 for both). SHAMA WP L4= Crude ZF T} wahH» HAY
O|F B % AHIYY o5 = &2 ATA 7} &1 = I th (p-trend < 0.04 for all). GOSS]
7% Crude oM BH YL 35 2 F2] Aol 2402 (p-trend = 0.02),
model 2014 W&t HLE SAS T 2= A o] FAI= A &3ttt

27 AHYY BF 4TI G2 HF LAY I o R Table st 2. YU FIYE
% 3RV AKI F=9] 759 model 1914 BHYY o 5°] w=F5 PYECl FIH o2
A3FR O L (p-trend = 0.03), Crude =& T+ model 20| A= A4 0 2 F-2] 3t 2}o| 7} T 5]
Z] QT AKIE A| 2] St HAIS, severe sepsis, ARDS, @14 &3] Wb E2 A O &
2 212 Q) ol 7k Gtk ¥, 302 71E A E-2 Crude RN M YL ZFA
Table 2. Crude and adjusted® mean differences (95% confidence intervals) of clinical outcomes by EN levels
Variables No EN? (n = 96) Low EN? (n=105)  High EN® (n = 101) p for trend®
Duration of ventilator
Crude 0 (ref.) 0.01 (-4.42, 5.42)  0.09 (-1.47, 8.46) 0.16
Model 1 0 (ref.) 0.02 (-3.96, 5.67)  0.13 (-0.01, 9.77) 0.04
Model 2 0 (ref.) 0.02 (-4.14, 5.48)  0.16 (0.63, 11.11) 0.03
10D
Crude 0 (ref.) 0.04(-3.13,5.76)  0.15 (0.57, 9.55) 0.02
Model 1 0 (ref.) 0.04 (-2.94, 5.75)  0.18 (1.58, 10.42) 0.01
Model 2 0 (ref.) 0.04(-2.99, 5.74)  0.19 (1.82, 11.32) 0.01
HOD
Crude 0 (ref.) 0.03 (-6.38, 10.22) -0.02 (-9.83, 6.92) 0.73
Model 1 0 (ref.) 0.05(-3.05,9.61)  0.08 (-1.44, 11.45) 0.13
Model 2 0 (ref.) 0.05(-3.00,9.71)  0.07 (-2.84, 11.01) 0.23
ISS
Crude 0 (ref.) 0.03 (-2.61, 4.43)  0.05 (-2.25, 4.86) 0.47
Model 1 0 (ref.) 0.04 (-2.53, 4.54)  0.07 (-1.61, 5.58) 0.28
Model 2 0 (ref.) 0.03 (-2.67, 4.39)  0.10 (-1.20, 6.49) 0.18
GOS®
Crude 0 (ref.) 0.33(0.51,1.62)  0.22(0.16, 1.25) 0.02
Model 1 0 (ref.) 0.29(0.42,1.46)  0.20(0.13, 1.14) 0.03
Model 2 0 (ref.) 0.28(0.39,1.41)  0.13(0.13,-0.13) 0.16

Values are expressed as f (95% confidence interval).

EN, enteral nutrition; GOS, Glasgow Outcome Scale; HOD, hospital length of stay; 10D, intensive care unit length
of stay; ISS, injury severity score; B3, beta coefficient; PN, parenteral nutrition.

YModel 1 adjusted for age, sex, body mass index, and operation number; and model 2 adjusted for all variable in
the model 1 and energy intake % and protein intake %. 2Patients who received nutrition through only PN up to
admission day 7. ®Patients who received nutrition through PN and EN, EN intake is less than 4 days during the first
7 days since hospital admission. ¥Patients who received nutrition through PN and EN, EN intake is 4 days or more
during the first 7 days since hospital admission. ®The p-trend was tested from model including the ordinal variable
of EN levels as a continuous term and using the Wald test of it. ®GOS: n =180 (No EN: n =53, Low EN: n =61,
High EN: n = 66).
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Table 3. Crude and adjusted® odds ratio (95% confidence interval) of hospital complications by EN levels

Variables NOEN? (n=96) LowEN?®(n=105) High EN¥ (n=101) p for trend®
HAIs®

Crude 1 (ref.) 1.27 (0.73, 2.21) 1.22(0.69, 2.13) 0.500

Model 1 1 (ref.) 1.31(0.74, 2.31) 1.30(0.73, 2.32) 0.370

Model 2 1 (ref.) 1.30(0.73, 2.31) 1.66 (0.88, 3.12) 0.120
Severe sepsis

Crude 1 (ref.) 0.72 (0.19, 2.77) 1.36 (0.42, 4.43) 0.580

Model 1 1 (ref.) 0.76 (0.20, 2.99) 1.35(0.39, 4.62) 0.610

Model 2 1 (ref.) 0.78 (0.20, 3.11) 1.86 (0.45, 7.77) 0.420
AKI

Crude 1 (ref.) 0.28 (0.08, 1.08) 0.40 (0.12, 0.34) 0.100

Model 1 1 (ref.) 0.27 (0.07, 1.06) 0.26 (0.07, 0.94) 0.030

Model 2 1 (ref.) 0.27 (0.07, 1.09) 0.36 (0.09, 1.52) 0.100
ARDS

Crude 1 (ref.) 9.35(0.45, 12.41)  1.44 (0.24, 8.80) 0.740

Model 1 1 (ref.) 2.31(0.42,12.75)  1.31(0.21, 8.20) 0.840

Model 2 1 (ref.) 2.39(0.41, 13.73)  2.04 (0.25, 16.80) 0.500
Thrombophlebitis

Crude 1 (ref.) 0.68 (0.15, 3.10) 0.23(0.03, 2.10) 0.180

Model 1 1 (ref.) 0.81(0.17, 4.00) 0.33(0.03, 3.34) 0.360

Model 2 1 (ref.) 0.81(0.15, 4.28) 0.68 (0.05, 9.63) 0.750
Sore

Crude 1 (ref.) 1.45 (0.80, 2.63) 0.84 (0.45, 1.59) 0.590

Model 1 1 (ref.) 0.62 (0.86, 3.04) 1.07 (0.55, 2.09) 0.860

Model 2 1 (ref.) 1.59 (0.84, 2.99) 1.01 (0.50, 2.07) 0.880
Death within 30 days of admission

Crude 1 (ref.) 0.15 (0.05, 0.46) 0.12 (0.03, 0.41) <0.001

Model 1 1 (ref.) 0.14 (0.04, 0.45) 0.06 (0.02, 0.25) <0.001

Model 2 1 (ref.) 0.11 (0.03, 0.39) 0.07 (0.02, 0.32) <0.001

Values are expressed as odds ratio (95% confidence interval).

AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; EN, enteral nutrition; HAI, hospital-acquired
infection; PN, parenteral nutrition.

YModel 1 adjusted for age, sex, body mass index, and operation number; and model 2 adjusted for all variable

in the model 1 and energy intake % and protein intake %. ?Patients who received nutrition through only PN up

to admission day 7. ¥Patients who received nutrition through PN and EN, EN intake is less than 4 days during the
first 7 days since admission. “Patients who received nutrition through PN and EN, EN intake is 4 days or more
during the first 7 days since admission. ¥The p-trend was tested from model including the ordinal variable of EN
levels as a continuous term and using the Wald test of it. ®HAIs: one or more of ventilator-associated pneumonia,
surgical site infection, central line-associated bloodstream infection, catheter-associated urinary tract infection.

&2 No EN 15| H]3l Low EN LFol| A AFL-9 & =7} 85%, High EN 150l 4] 88%2 7+
ASHA T (p-trend < 0.001). W& HEE HASE model 13} 20| 4 &= 22 A &F/d o] UGS
H, AFSQE =7} 2H2F No EN 15 tiH] Low EN ZL5Cl A 86%, 89%, High EN 1501 4] 94%,
93% 2 0] == Z-& W&SHATH (p-trend < 0.001 for both).

FYFY 3 +E00| U2 deietH x| &7 H3} H|w
= LH/\J-x]- = 02)01]A-] U FLT 7 Fo] y3}shA 27 O| Aol & H| Wk A1}

ol e

Table 42} 2T} ZHH A Ao A tiEAQ] JF A RE *Pﬂﬂb CRPOA A IS &
2Z0| WS 42 So| AUTA YV BHEQon wEkHS B A3 & 1 o)A o]z3t
AFdL FAEHAL (p-trend < 0.005 for all). ZAF 3 %Oﬂ/\i = Crude =&} model 19]A]
BT 38 S A Fo Aol BEEJA Y (p-trend < 0.04 for both),
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Q4 Ha, F3d Fel|otEld, 4k AST, ALTOlA = 15 1F/-2] 4 Q1 2to] 7} gl ]l H.
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Table 4. Crude and adjusted® mean differences (95% confidence intervals) of biochemical marker changes? by
EN levels

Variables No EN? (n = 96) Low EN? (n = 105) High EN® (n = 101) p for trend®
Hb (g/dL)

Crude 0 (ref.) -0.04(-0.84,0.45)  -0.02 (-0.73, 0.57) 0.810

Model 1 0 (ref.) -0.04 (-0.79, 0.45)  -0.05 (-0.89, 0.37) 0.420

Model 2 0 (ref.) -0.03(-0.78,0.47)  -0.05 (-0.91, 0.45) 0.500
Hct (%)

Crude 0 (ref.) -0.03 (-2.39, 1.43) 0.00 (-1.96, 1.90) 0.990

Model 1 0 (ref.) -0.03(-2.30,1.42)  -0.04(-2.43, 1.35) 0.570

Model 2 0 (ref.) -0.03 (-2.27,1.46)  -0.04 (-2.55, 1.59) 0.610
BUN (mg/dL)

Crude 0 (ref.) 0.03 (-2.35, 3.44) 0.11 (-0.43, 5.42) 0.090

Model 1 0 (ref.) 0.04 (-2.09, 3.69) 0.13 (-0.15, 5.79) 0.060

Model 2 O (ref.) 0.03 (-2.28, 3.48) 0.09 (-1.09, 5.17) 0.210
Cr (mg/dL)

Crude 0 (ref.) -0.06 (-0.31,0.07)  -0.05 (-0.18, 0.08) 0.430

Model 1 0 (ref.) -0.05(-0.18,0.08)  -0.06 (-0.18, 0.08) 0.420

Model 2 0 (ref.) -0.06 (-0.18,0.07)  -0.04(-0.17, 0.11) 0.590
Uric acid (mg/dL)

Crude 0 (ref.) -0.11 (-0.90, 0.09) 0.10 (-0.12, 0.89) 0.120

Model 1 0 (ref.) -0.11 (-0.89, 0.05) 0.05 (-0.28, 0.68) 0.380

Model 2 0 (ref.) -0.11 (-0.90, 0.05) 0.03 (-0.42, 0.61) 0.820
AST (U/L)

Crude 0 (ref.) 0.07 (-25.72, 75.50)  0.08 (-19.71, 82.46) 0.230

Model 1 0 (ref.) 0.06 (-25.77, 73.11)  0.09 (-15.47, 85.11) 0.180

Model 2 0 (ref.) 0.06 (-26.06, 72.90)  0.05 (-35.16, 72.64) 0.470
ALT (U/L)

Crude 0 (ref.) 0.11(-6.99, 64.18)  0.05 (-22.18, 49.66) 0.470

Model 1 0 (ref.) 0.11(-6.43, 64.51)  0.05 (-22.89, 49.27) 0.490

Model 2 0 (ref.) 0.11(-7.42, 63.79)  0.03 (-31.53, 46.03) 0.640
CRP (mg/dL)

Crude 0 (ref.) -0.17 (-6.97,-0.48)  -0.34(-11.21, -4.392) <0.001

Model 1 0 (ref.) -0.15(-6.48,-0.11)  -0.28 (-9.76, -2.93) <0.001

Model 2 0 (ref.) -0.16 (-6.58, -0.27) -0.22 (-8.66, -1.48) 0.004
Lactic acid (mmol/L)

Crude 0 (ref.) 0.08 (-0.33, 1.40) 0.18 (0.32, 2.07) 0.010

Model 1 0 (ref.) 0.07 (-0.44, 1.28) 0.14 (0.07, 1.82) 0.030

Model 2 0 (ref.) 0.07 (-0.42, 1.30) 0.10 (-0.28, 1.60) 0.160

Values are expressed as  (95% confidence interval).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; CRP,
C-reactive protein; EN, enteral nutrition; Hb, hemoglobin; Het, hematocrit; B, beta coefficient; PN, parenteral nutrition.
YModel 1 adjusted for age, sex, body mass index, and operation number; and model 2 adjusted for all variable in
the model 1 and energy intake % and protein intake %. ?Laboratory data changes are difference values between
admission day 7 and day 1. ¥Patients who received nutrition through only PN up to admission day 7. “Patients
who received nutrition through PN and EN, EN intake is less than 4 days during the first 7 days since admission.
Patients who received nutrition through PN and EN, EN intake is 4 days or more during the first 7 days since
admission. ®The p-trend was tested from model including the ordinal variable of EN levels as a continuous term
and using the Wald test of it.

olstets M| U £7| ZHHY BF 2T Y4

o oo o

Z7] o|3}ahd Adeiet 27] BB Y 37 710l w2 A/ A ;oj| T3t A= Table 52
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Q) A}A At Abo] 9] 50| K Q1 }o| 7} AT HHH A AHE > 0.0 1& ol A 7] A Y
o 27} FEAP AALS 709] o] ABBAF ekt o wehis B A F
oA /g o] 5 L3 T (p-trend = 0.03 for all). GOSS] 7% Crude oAM= FH IS &
271710 242 9502 47 o}A] = o] A4 o] SHOLE) K| (p-trend < 0.05),
1% 17 o] Fol Aol SAI=I A skeh. BB E] €217 M AL, 155 F
https://doi.org/10.4163/jnh.2022.55.1.85 92



IJNHS

el i4k ZAatof| 0|k = ek Journal of Nutrition and Health

Table 5. Crude and adjusted® mean differences of clinical outcomes (95% confidence interval) by EN levels stratified by nitrogen balance status

Variables

Duration of ventilator

Crude

Model 1

Model 2
10D

Crude

Model 1

Model 2
HOD

Crude

Model 1

Model 2
ISS

Crude

Model 1

Model 2
GOS

Crude

Model 1

Model 2

Nitrogen balance < -10.0 Nitrogen balance > -10.0 p for
No EN? Low EN? High EN pfor  NoEN Low EN High EN pfor interaction®
(n=65) (n=178) (n=63) trend® (n=31) (n=27) (n=38) trend
O(ref.) 0.03(-5.18,7.26)  0.07 (-3.82, 9.27) 0.41  O(ref.) -0.04(-9.45,6.54)  0.16 (-2.35,12.35)  0.16 0.64
O(ref.) 0.05(-4.16,8.12)  0.10(-2.35,10.62) 0.21  O(ref.) -0.08 (-10.47, 5.04)  0.04 (-0.92, 13.44)  0.08 0.63
O(ref.) 0.04(-4.50,7.79)  0.13(-1.94,12.40) 0.16  O(ref.) -0.09(-10.99, 4.84) 0.22 (-0.85, 14.32)  0.08 0.62
O(ref.) 0.03(-4.42,6.54)  0.11(-2.00, 9.54) 0.20 O(ref) 0.04(-6.60,8.93)  0.25(0.54,14.82)  0.03 0.40
O(ref) 0.06(-3.48,7.28)  0.14(-0.76,10.58)  0.09 O (ref.) —-0.02 (-8.38,6.99)  0.26(0.72,14.96)  0.03 0.43
O(ref) 0.05(-3.63,7.19)  0.14(-1.21,11.41) 0.12  O(ref) -0.02 (-8.54,7.22)  0.27(0.63,15.74)  0.03 0.43
O(ref.) 0.02(-8.95,10.99) 0.03(-8.74,12.25) 0.74  O(ref.) 0.07(-10.93, 19.86) -0.11 (-20.90, 7.41)  0.32 0.32
O(ref) 0.08(-3.13,12.77) 0.12(-0.37,16.42) 0.06  O(ref.) -0.03 (-12.74, 8.38) -0.01(-10.48,9.08)  0.90 0.16
O(ref) 0.08(-3.21,12.80) 0.14(-0.42,18.25) 0.06 O (ref.) —-0.04(13.41,7.90) -0.06(-13.56,6.87) 0.52 0.16
O(ref) 0.08(-2.01,6.41)  0.12(-1.15,7.72) 0.14  O(ref) -0.10(9.22,3.64)  -0.08 (-7.90, 3.92) 0.53 0.17
O(ref.) 0.10(-1.58,6.90)  0.15(-0.48, 8.47) 0.08  O(ref) -0.11(-9.56,3.65) -0.07 (-7.91,4.32)  0.58 0.17
O (ref.) 0.09(-1.89,6.51)  0.18(0.08, 9.88) 0.05  O(ref.) -0.11(-9.70, 3.85) -0.07 (-8.31, 4.68) 0.59 0.18
O(ref) 0.19(-0.07,1.26)  0.16 (-0.16, 1.20) 0.15 O(ref) 0.61(1.22,3.21) 0.35 (0.25, 2.02) <0.05 0.40
0 (ref.) 0.21(0.02,1.28) 0.17 (-0.09, 1.18) 0.11  O(ref) 0.49(0.78, 2.78) 0.29 (0.05, 1.80) 0.12 0.63
0 (ref.) 0.20(0.02, 1.26) 0.10 (-0.40, 1.05) 0.30  O(ref.) 0.49(0.74, 2.77) 0.25(-0.08,1.67)  0.22 0.51

Values are expressed as B (95% confidence interval).

EN, enteral nutrition; GOS, Glasgow Outcome Scale; HOD, hospital length of stay; 10D, intensive care unit length of stay; ISS, injury severity score; 3, beta
coefficient; PN, parenteral nutrition.
YModel 1 adjusted for age, sex, body mass index, and operation number; and model 2 adjusted for all variable in the model 1 and energy intake % and protein
intake %. ?Patients who received nutrition through only PN up to admission day 7. ®Patients who received nutrition through PN and EN, EN intake is less than

4 days during the first 7 days since hospital admission. ¥Patients who received nutrition through PN and EN, EN intake is 4 days or more during the first 7 days
since hospital admission. ®The p-trend was tested from model including the ordinal variable of EN levels as a continuous term and using the Wald test of it. ®The
p-interaction was tested using the cross-product term between the ordinal variable of EN levels and nitrogen balance status.
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Table 6. Crude and adjusted® odds ratio (95%

confidence intervals) of hospital complications by EN levels stratified by nitrogen balance status

Variables Nitrogen balance < -10.0 Nitrogen balance > -10.0 P for
No EN? Low EN® High EN9 pfor  NOEN Low EN High EN p for interaction®
(n=65) (n=178) (n=63) trend® (n=31) (n=27) (n=38) trend
HAIs”
Crude 1(ref.)  1.15(0.60, 2.23) 0.68(0.33,1.36)  0.280 1(ref.)  1.44(0.49, 4.23) 3.60(1.32,9.79) 0.010  0.007
Model 1 1(ref)  1.26(0.64, 2.48) 0.76 (0.37,1.56)  0.460 1 (ref.)  1.46 (0.44, 4.81) 4.95(1.38,13.10) 0.010  0.005
Model 2 1(ref)  1.23(0.62, 2.49) 0.88(0.40,1.97) 0.860 1(ref.) 3.13(0.88,11.15)  2.86(0.92,8.96)  0.010 0.005
Severe sepsis
Crude 1(ref)  0.61(0.13,2.83) 1.32(0.34,5.14)  0.670 1 (ref.) 1.15(0.07,19.38)  1.67(0.14,19.29) 0.670  0.880
Model 1 1(ref.)  0.65(0.13, 3.16) 1.27(0.30,5.33)  0.710 1(ref.) 1.32(0.06,27.42)  2.58(0.17,39.25) 0.490  0.880
Model 2 1(ref)  0.60(0.12, 2.99) 1.76 (0.32,9.71)  0.610 1(ref.) 1.12(0.05,25.03)  3.10(0.16, 60.59) 0.460  0.800
Sore
Crude 1(ref.)  1.23(0.60, 2.54) 1.13(0.53,2.42)  0.760 1(ref.)  2.27 (0.77, 6.70) 0.46(0.14,1.47)  0.180  0.210
Model 1 1 (ref.) 1.48 (0.69, 3.19) 1.42(0.63, 3.18) 0.400 1 (ref.) 2.29(0.73, 7.22) 0.54 (0.16, 1.84) 0.330 0.250
Model 2 1(ref)  1.46(0.68, 3.16) 1.28(0.52,3.13)  0.520 1 (ref.)  2.34(0.73, 7.51) 0.52(0.14,1.88)  0.360  0.260
Death within 30 days of admission
Crude 1(ref.)  0.25(0.06, 0.96) 0.10(0.01,0.82)  0.010 1(ref.)  0.07 (0.00, 0.59) 0.10(0.02,0.50)  0.002  0.810
Model 1 1(ref)  0.21(0.05,0.87) 0.06 (0.01,0.58)  0.004 1(ref.) 0.03(0.00, 0.57) 0.05(0.01,0.37)  0.003 0.950
Model 2 1(ref.)  0.19(0.04, 0.81) 0.04(0.00,0.50)  0.003 1(ref.)  0.01(0.00, 0.50) 0.08(0.01,0.69) 0.010  0.770

Values are expressed as odds ratio (95% confidence interval).

EN, enteral nutrition; HAIs, hospital-association infections; PN, parenteral nutrition.

YModel 1 adjusted for age, sex, body mass index, and operation number; and model 2 adjusted for all variable in the Model 1 and energy intake % and protein
intake %. ?Patients who received nutrition through only PN up to admission day 7. ®Patients who received nutrition through PN and EN, EN intake is less than
4 days during the first 7 days since hospital admission. “Patients who received nutrition through PN and EN, EN intake is 4 days or more during the first 7 days

since hospital admission. ®The p-trend was tes
p-interaction was tested using the cross-produ

ted from model including the ordinal variable of EN levels as a continuous term and using the Wald test of it. ®The
ct term between the ordinal variable of EN levels and nitrogen balance status. ”HAls: one or more of ventilator-

associated pneumonia, surgical site infection, central line-associated bloodstream infection, catheter-associated urinary tract infection.
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Table 7. Crude and adjusted® mean differences (95% confidence interval) of biochemical marker change? by EN levels stratified by nitrogen balance status

Variables Nitrogen balance < -10.0 Nitrogen balance > -10.0 p for
No EN? Low EN® High EN® pfor  NOEN Low EN High EN p for interaction”
(n=65) (n=178) (n=63) trend® (n=31) (n=27) (n=38) trend
Hb
Crude 0 (ref.) -0.08(-1.05,0.37) -0.05(-1.00,0.50)  0.51  O(ref) 0.05(-1.08,1.63)  0.03(-1.09,1.40)  0.81 0.56
Model 1 0 (ref.) -0.08 (-1.05,0.36) -0.08 (-1.10, 0.39) 0.35  Of(ref.) 0.06(-0.99,1.69) -0.02 (-1.34, 1.14) 0.85 0.60
Model 2 0 (ref.) -0.08 (-1.05, 0.36) —0.03 (-0.96, 0.68) 0.65  O(ref.) 0.05(-1.07,1.67) -0.05(-1.59, 1.03) 0.66 0.62
Hct
Crude 0 (ref.) -0.06 (-2.95,1.32) -0.04 (-2.82, 1.67) 0.61  O(ref.) 0.04(-3.42,4.66)  0.05(-2.90, 4.54) 0.67 0.50
Model 1 0 (ref.) -0.06(-2.95,1.26) -0.06 (-3.08,1.37)  0.45 O (ref) 0.04(-3.29,4.71)  0.00(-3.70,3.71)  0.99 0.56
Model 2 0 (ref.) -0.06 (-2.96,1.28) -0.03 (-2.90, 2.04) 0.66  O(ref.) 0.04(-3.44,4.74) -0.03 (-4.40, 3.44) 0.80 0.57
BUN
Crude O(ref) 0.09(-1.10,3.96)  0.20(0.65, 5.97) 0.02  O(ref) -0.02(-8.14,7.02)  0.01(-6.63,7.31)  0.91 0.34
Model 1 O(ref) 0.11(-0.72,4.30)  0.23 (1.14, 6.43) 0.01  O(ref.) -0.02(-8.46,7.17)  0.02 (-6.69, 7.78) 0.87 0.35
Model 2 O(ref) 0.12(-0.52,4.41)  0.10(-1.14, 4.60) 0.18  O(ref.) -0.05(-9.27, 6.45)  0.05 (-6.19, 8.89) 0.37 0.40
Serum Cr
Crude 0 (ref.) -0.02(-0.12,0.10) -0.03 (-0.14, 0.10) 0.73  0(ref.) -0.09 (-0.46, 0.20) -0.11 (-0.44, 0.17) 0.39 0.43
Model 1 0(ref) 0.00(-0.11,0.11) -0.01(-0.13, 0.11) 0.88  0O(ref.) -0.10(-0.48,0.20) -0.11(-0.47, 0.17) 0.37 0.44
Model 2 O(ref) 0.00(-0.11,0.11) -0.06(-0.17,0.09)  0.58 O (ref.) —-0.10(-0.48, 0.21) -0.05(-0.40, 0.27)  0.70 0.43
Uric acid
Crude 0 (ref.) -0.08 (-0.82,0.27)  0.20(0.13, 1.27) 0.02  O(ref.) -0.12(-1.61, 0.55) -0.07 (-1.26, 0.71) 0.61 0.10
Model 1 0 (ref.) -0.04(-0.93,0.49)  0.29 (0.02, 0.04) 0.05  O(ref.) -0.10(-1.51,0.63) -0.11(-1.44,0.54)  0.38 0.08
Model 2 0 (ref.) -0.10(-0.84,0.19)  0.09 (-0.27, 0.93) 0.06  O(ref.) -0.12(-1.63,0.56) -0.08 (-1.39, 0.71) 0.53 0.08
AST
Crude 0 (ref.) -0.01(-67.16, 57.54) 0.01 (-63.42, 67.86) 0.95 O (ref) 0.27(13.28,186.78) 0.25(5.86,165.38) 0.04 0.14
Model 1 0 (ref.) -0.01(-64.22, 55.18) 0.02 (-53.98,72.03) 0.78  O(ref.) 0.26(9.17,187.59) 0.27 (12.11, 177.30) 0.03 0.17
Model 2 0 (ref.) 0.00(-61.51, 58.09) -0.02 (78.55, 60.94)  0.81  O(ref.) 0.25(1.88,184.42) 0.26(2.94,177.91) 0.04 0.15
ALT
Crude 0(ref.) 0.10(-17.30, 71.75) 0.05(-31.70, 62.04) 0.65  O(ref.) 0.12(-30.16, 89.83) 0.06 (-42.28, 68.04) 0.68 0.92
Model 1 O(ref) 0.11(-15.07, 73.45) 0.06 (-30.16, 63.27) 0.48 O (ref) 0.11(-33.48,89.73) 0.04 (-48.65, 65.42) 0.80 0.87
Model 2 O(ref) 0.11(-15.13,73.71) 0.02 (-47.40, 56.21) 0.72 O (ref.) 0.10(-37.22,89.05) 0.03 (-53.90, 67.13) 0.84 0.91
CRP
Crude 0 (ref.) -0.02 (-29.04, 24.65) -0.13 (-48.78, 11.30) 0.24 O (ref.) -0.24 (-11.67, 0.74) -0.34(-13.92,-1.38) 0.02 0.33
Model 1 0 (ref.) -0.03 (-32.03, 23.73) -0.12 (-49.18, 12.39) 0.25 O (ref.) -0.21(-10.97, 1.52) -0.23 (-11.65,1.34)  0.12 0.37
Model 2 0 (ref.) -0.06 (-35.64, 20.35) —0.08 (-44.21, 21.28) 0.46  O(ref.) -0.21(-10.87, 1.37) -0.15(-10.11, 3.31) 0.31 0.33
Lactic acid
Crude O(ref) 0.10(-0.40,1.72)  0.19(0.21, 2.46) 0.02  O(ref) 0.04(-1.29,1.81)  0.15(-0.52, 2.33) 0.20 0.66
Model 1 O(ref.) 0.08(-0.52,1.59)  0.17(0.06, 2.30) 0.04  Of(ref.) 0.02(-1.46,1.66)  0.09 (-0.93, 1.99) 0.46 0.49
Model 2 O(ref) 0.09(-0.45,1.65)  0.10(-0.53,1.95)  0.22  O(ref) 0.01(-1.55,1.65) 0.07(-1.14,1.93)  0.61 0.52

Values are expressed as B (95% confidence interval).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; CRP, C-reactive protein; EN, enteral nutrition; Hb,

hemoglobin; Hct, hematocrit; B, beta coefficient; PN, parenteral nutrition.

YModel 1 adjusted for age, sex, body mass index, and operation number; and model 2 adjusted for all variable in the model 1 and energy intake % and protein
intake %. ?Laboratory data changes are difference values between admission day 7 with day 1. »Patients who received nutrition through only PN up to admission

day 7. “Patients who received nutrition through PN and EN, EN intake is less than 4 days during the first 7 days since hospital admission.
nutrition through PN and EN, EN intake is 4 days or more during the first 7 days since hospital admission.

SPatients who received
9The p-trend was tested from model including the

ordinal variable of EN levels as a continuous term and using the Wald test of it. “The p-interaction was tested using the cross-product term between the ordinal

variable of EN levels and nitrogen balance status.
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