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Methods: The data was extracted from a THAI-SICU study that prospectively recruited participants (>18 y of
age) from three Thai surgical intensive care units (SICUs) of university-based hospitals. The demographic
data and nutrition factors at SICU admission included energy delivery deficit, weight loss severity, route of
energy delivery, and albumin and nutrition risk screening (NRS-2002). The outcomes were 28-d hospital
mortality and sepsis occurrence. The statistical analysis was performed using Cox regression.
Results: The study included 1503 eligible patients with a predominantly male population. The 28-d mortality
and sepsis occurrences were 211 (14%) and 452 (30%), respectively. Regarding multivariable analysis, for
mortality outcome, the protective effects of nutrition variables were higher body mass index (BMI; hazard
ratio [HR], 0.82; 95% confidence interval [CI], 0.68-0.99; P=0.039), tube feeding (HR, 0.46; 95% (I,
0.26-0.83; P=0.010), and a combination of enteral and parenteral nutrition (HR, 0.24; 95% CI, 0.07-0.77;
P=0.016). The harmful effects were severe weight loss (HR, 1.61; 95% CI, 1.16—2.22; P=0.004), albumin <2.5
(HR, 2.15; 95% CI, 1.20—3.84; P=0.010), and at risk according to NRS-2002 (HR, 1.34; 95% CI, 0.98—1.85;
P=0.071). For the sepsis occurrence, only tube feeding had a protective effect (HR, 0.58; 95% CI, 0.39-0.88;
P=0.009), and only albumin <2.5 had a harmful effect (HR, 1.71; 95% CI, 1.20-2.45; P=0.003).
Conclusion: Nutrition factors affecting the mortality or sepsis occurrence in this study were BMI, enteral feed-
ing or combination with parenteral nutrition, severe weight loss, preadmission albumin <2.5, and at risk
according to NRS-2002.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Malnutrition leads to the worst outcome in hospital patients
[1-3]. A large retrospective single-center study in the United
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States found the increase in 30-d mortality in critically ill patients
with protein—energy malnutrition doubled [3]. In a previous large
prospective cohort report in surgical critically ill patients in Thai-
land, malnourished patients were also at a significantly increased
risk for intensive care unit (ICU), 28-d mortality, and sepsis
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occurrence [2]. The consensus statement of the Academy of Nutri-
tion and Dietetics/American Society for Parenteral and Enteral
Nutrition recommended diagnosis of adult malnutrition. The state-
ment suggested that at least two factors of the following included
insufficient energy intake, weight loss, loss of muscle mass, loss of
subcutaneous fat, localized or generalized fluid accumulation, and
diminished functional status as measured by handgrip strength [4].
Serum albumin levels as a nutrition feature carry the highest
weight in the prognostic nutrition index calculation and associated
postoperative outcomes [5]. However, the effect size of these nutri-
tion factors is still unknown, especially in surgical critically ill
patients in Thailand. Therefore, the present study aimed to evalu-
ate the effect of some of the nutrition factors, especially energy
delivery deficit, weight loss, route of energy delivery before admis-
sion, and admission albumin and nutrition risk assessment on the
mortality outcome and sepsis occurrence in multicenter surgical
ICUs (SICUs) in Thailand.

Participants and Methods
Data source, participants, and study variables

The present data were retrieved from the multicenter study in SICUs (THAI-
SICU study), which was run by two university-based hospitals in Bangkok and a
third in Chiang Mai province. This was a prospective observational data collection
study. The details of the methodology and unit characteristics were described pre-
viously [6].

The hospitals recruited all admission patients who were >18 y of age and had
a length of stay or survived more than 24 h. At SICU admission, the demographic
data, body mass index (BMI), diagnostic categories, and disease severity using the
Acute Physiologic and Chronic Health Evaluation II (APACHE II) score were
recorded. Additionally, nutrition indices including weight loss (Table 1), nutrition
intake or energy delivery (Table 2), nutrition risk screening (NRS-2002), and
admission albumin levels were also collected. For the nutrition or energy intake
before SICU admission, oral intake was a retrospective self-report or an interview
of the patient or caregiver by trained ICU nurses and a medical record review in
those who had been in-hospital patient before SICU admission. Nutrition risk was
defined as an NRS-2002 score of > 3 [7].

Study outcomes of the mortality and the new sepsis occurrence were prospec-
tively followed within the 28-d period after SICU admission. New sepsis occur-
rence was followed daily. Sepsis occurrence in this study used the Sepsis-II
definition as a systemic inflammatory response and infection with or without
organ failure or unstable hemodynamics, as well as patients with new onset of
fever and suspected infection with or without an identified source (non-infectious
patients were excluded) and starting antimicrobial agents. The detail of data col-
lection protocol was defined in a previous methodology report [6]. The date of sep-
sis occurrence was the first date of culture or starting of antimicrobial agents. The
office of Joint Research Ethic Committee approved this study before data
collection [6].

Table 1
Weight loss criteria

Weight loss, %

Time period Mild Moderate Severe
1wk <1 1-2 >2
2-3wk <2 2-3 >3
1 mo <4 4-5 >5
3 - 5mo <7 7-8 >8
>6 mo <10 10 >10
Table 2
Energy or nutrition intake from normal requirement or usual intake criteria
Energy delivery, % Period, d
<7 8-14 >14
<10 Moderate Severe Severe
10-25 Mild Moderate Severe
25-50 No Mild Moderate
50-75 No No Mild
75-100 No No No

The definitions of weight loss severity and level of energy delivery deficit
depend on their estimated or measured amount of weight or food intake history
and the time frame of their alteration from the usual condition. In this study, we
modified these definitions based on the nutrition triage tool (NT-2013), which is
the most common nutrition assessment tool used in Thailand and is recommended
by the Society of Parenteral and Enteral Nutrition of Thailand [8]. The original table
scored the weight loss severity and energy deficit. We categorized these variables
into four categories: no, mild, moderate, and severe. Details of the criteria are pre-
sented in Tables 1 and 2.

Statistical analysis and prediction models

The continuous or discrete data was described as median and interquartile
range (IQR) or divided into two or more groups and was described by percentage.
The categorical data was described as a percentage. We compared two samples of
continuous or discrete data using the Wilcoxon rank-sum test and Fisher’s exact
test comparing two proportions of data. The significant factors were used as the
adjusted variables on the multivariable Cox regression, which was performed on
mortality and the first day of new sepsis occurrence within 28 d after SICU admis-
sion.

Results

In all, 1503 participants were eligible, after excluding 746 from
2249 based on nutrition data. The overall 28-d mortality rate was
14% (n=211) and new sepsis occurrence was 30% (n = 452; Fig. 1).

Baseline data were comparable in the two groups: like age and
sex except for BMI, APACHE II scores, and sepsis at admission. The
APACHE II score was significantly higher on both sepsis occurrence
and non-surviving patients (P=0.001 and P=0.001, respectively;
Table 3). There were no differences in admission diagnosis
between the 28-d mortality group and patients with sepsis occur-
rence, except sepsis at admission (Table 3). However, a patient
with a diagnosis of respiratory, abdominal, and musculoskeletal—skin
categories had a significantly higher proportion of sepsis occurrence in
this cohort (Table 3).

In Table 4, significant differences in nutritional factors were
seen in both outcomes of mortality and sepsis occurrence, includ-
ing energy delivery deficit, weight loss, and route of energy deliv-
ery, but not duration of delivery. Both mortality and sepsis
occurrence had a significant energy delivery deficit, more weight
loss, and less tube feeding or combination of parenteral delivery.
For energy delivery, most patients had a higher proportion in the
group of >14 d of their self-report of nutrition delivery. For admit-
ted albumin levels and NRS-2002 score, patients who were at risk
for malnutrition or hypoalbuminemia strongly correlated with
28-d mortality and sepsis occurrence (median [IQR]: mortality: 2.3
[1.7-2.8] versus 2.9 [2.3-3.5] g/dL, P < 0.001; and sepsis occur-
rence: 2.4 [1.9-2.9] versus 3 [2.4-3.6] g/dL, P < 0.001, respec-
tively; Table 4).

Severity of disease as measured by APACHE II and diagnostic
categories was adjusted in multivariable analysis on interested out-
comes (Table 5). Regarding mortality outcome, high BMI (median
[IQR]: 0.82 [0.68—0.99], P=0.039), previous tube feeding or receiv-
ing of enteral nutrition (median [IQR]: 0.46 [0.26—0.83], P=0.010),
or a combination of both enteral and parenteral nutrition (median
[IQR]: 0.24 [0.07-0.77], P=0.016) had a significant low probability
of mortality. In contrast, severe weight loss, admission albumin
levels of <2.5 g/dL (median [IQR]: 1.61 [1.16—-2.22], P=0.004 ver-
sus 2.15[1.20-3.84] g/dL, P=0.010, respectively) and nutrition risk
(median [IQR]: 1.34 [0.98-1.85], P=0.071) had a high probability
of mortality. Regarding sepsis occurrence outcome, previous tube
feeding (P=0.009) had a significant low probability, and there was
a low probability in the previous receipt of combined enteral and
parenteral nutrition (P=0.086). In contrast, only admission albu-
min levels of <2.5 g/dL (P=0.003) had a high probability of sepsis
occurrence (Table 5; Fig. 2).
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Fig. 1. Study flow. ICU, intensive care unit; SICU, surgical intensive care unit.

Table 3
Patient characteristics of non-survival (28-d mortality) vs survival and sepsis occurrence vs no sepsis occurrence (N = 1503)
Variables Non-survival Survival P- Sepsis occurrence No sepsis occurrence P-
(n=211) (n=1,292) value (n=452) (n=1,051) Value
Age (y), median (IQR) 65 (54-77) 65 (52-76) 0.406 66 (53.5-77) 64 (52,-5) 0.121
Male, n (%) 115 (54.5) 745 (57.7) 0.409 269 (59.5) 591 (56.2) 0.256
BMI (kg/m?), median (IQR) 22(19-24.2) 22.6 (19.9-25.8) 0.012 22.3(19.5-254) 22.5(19.9-25.6) 0.578
APACHE I1, median (IQR) 20(16-27) 11(8-15) 0.001 16 (12-22) 11(7-15) 0.001
Diagnostic categories, n (%) 0.021 0.764
Cardiovascular 29(13.7) 245(19) 0.505 51(11.3) 223(21.2) 0.478
Respiratory 30(14.2) 155(12) 0.189 65 (14.4) 120(11.4) 0.024
Abdominal (GI, HBP) 96 (45.5) 453 (35.1) 0.142 196 (43.4) 353(33.6) 0.018
Neuro-Head-Neck 5(2.4) 41(3.2) 0.540 4(0.9) 42 (4) 0.522
Sepsis at admission 13(6.2) 24(1.9) 0.012 32(7.1) 5(0.5) 0.001
Trauma 12(5.7) 67(5.2) 0.248 22 (4.9) 57 (5.4) 0.121
Metabolic 1(0.5) 30(2.3) 0.543 5(1.1) 26(2.5) 0.759
Renal-Genitourinary 8(3.8) 114 (8.8) 0.983 23(5.1) 99 (9.4) 0.481
Obstetric-Gynecologic 1(0.5) 46 (3.6) 0.340 7(1.6) 40(3.8) 0.849
Musculoskeletal-Skin 13(6.2) 89 (6.9) 0.365 43(9.5) 59 (5.6) 0.007
Others 3(1) 28(2.2) 0.609 4(0.9) 27 (2.5) 0.046

HBP, Hepato-biliary-pancreas; GI, gastroinstestinal.
Bold values are the parameter that p < 0.05.

Discussion

In the present study, the crude 28-d mortality and new sepsis
occurrence rate in SICU patients were 14% and 30%, respectively.
On the univariable analysis, risk factors for mortality in this study
were BMI, APACHE II score, diagnostic categories, weight loss
severity, hypoalbuminemia, and being at nutritional risk according
to the NRS assessment. Risk factors for sepsis occurrence were
APACHE 1I score, diagnostic categories, hypoalbuminemia, and
being at nutritional risk according to the NRS assessment.

Regarding BMI, a previous observation study reported by Lim
et al. found that BMI did not affect the significant predictor of ICU
mortality [9]. Severity of diseases and failure to remove an endotra-
cheal tube had more influence on mortality in their study [9]. In the
results of the present multivariable analysis, BMI was significantly
associated with mortality, but was not significant in the occurrence
of sepsis. The present results had the same direction as the recent
systematic review and meta-analysis by Pepper et al., which found
that overweight and obese patients had significantly lower
adjusted mortality than sepsis patients admitted to the ICU [10].
Although the median and IQR of BMI in the present study were

within the normal range (Table 3), higher BMI had protective
effects on probability for mortality. These phenomena might be
referred to as the energy reserve play, an important role on the
hypermetabolic state in critically ill patients.

Energy deficit from less food intake and malnourishment led to
a lengthy hospital stay and mortality in a large observation by an
Australasian nutrition day survey [11]. In the present results, mod-
erate to severe energy delivery deficit was significantly associated
with mortality, but was not significant after adjusted in multivari-
able analysis for both mortality and sepsis occurrence. These
results might occur from the stronger effects of disease severity on
a statistical model. Additionally, we found that the patient who
previously received enteral or a combination had a lower risk for
mortality and sepsis occurrence in the multivariable analysis.

Although there were no exact data on preadmission, there are
two possible reasons for these effects. First, enteral nutrition in the
functioning gut could be achieved or approached the target of
energy requirement more than oral diet alone in sick patients. The
more protective effect of mortality was shown in the patients with
a combination of enteral and parenteral nutrition. Second, there
was the physiologic effect of enteral nutrition on gut-barrier
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Fig. 2. Kaplan—Meier survival estimates of 28-d mortality and sepsis occurrence by albumin groups.

function [12]. The present results demonstrated that although
there was no statistical significance on mortality in parenteral
nutrition alone, the effect size of hazard was higher than oral nutri-
tion, whereas enteral or combination nutrition had significant pro-
tective effects on mortality.

Weight loss is a characteristic of malnourishment (undernutri-
tion). It is a parameter to evaluate and document on the nutrition
status and is taken into account in screening and assessment tools
[4]. Weight loss reflects the whole body reserve. However, acute
weight gain in critically ill patients might be a sign of fluid accumu-
lation or fluid overload and can lead to worsening outcomes [13].
We found that only severe weight loss in the definition of nutrition
triage had a significant effect on mortality. Nevertheless, the accu-
rate amount of weight change in a particular period is an estima-
tion in some patients. Memory might affect the precision of the
data.

In the multivariable analysis, albumin levels at admission,
which were <2.5 g/dL, showed a strongly significant association
with mortality. Likewise, a previous retrospective study by Seo
et al. showed that albumin, base excess, and respiratory rate at
admission could accurately predict 28-d mortality in severe sepsis
with shock in the emergency department [14]| and could predict
mortality in an acute illness setting through the Herrmann et al.
report [15].

Furthermore, nutrition risk (NRS 2002) at admission was signif-
icantly associated with mortality. This result was in line with
previous studies [16,17]. The recent systematic review and meta-
analysis of prospective cohort studies on NRS-2002 as a predictor
of postoperative outcome in abdominal surgical patients demon-
strated that the mortality risk in patients had a higher pooled odds
ratio of 3.61 (95% CI, 1.38-9.47; P=0.009) [18].

The strength of the present study was that it was a large cohort,
multicenter observational study with an academic base and its
comprehensive collaboration studies between specialties in Thai-
land. However, 33% (746 of 2,249) of short ICU stays, incomplete
data, and missing data on nutrition variables were excluded owing
to an observational study. The prehospital data in some patients,

especially on weight loss and amount of energy intake, were esti-
mations; whereas weight loss was defined as the amount of the
present weight decrease compared with the normal weight. If the
present weight did not change or increase, it was classified as no
weight loss. Additionally, the amount of energy intake was a pro-
portion of the present intake and the normal intake. These might
lead to recall bias if they missed the normal weight or the normal
intake, respectively.

The limitations of the study were first that there was no specifi-
cation of surgery types (elective/urgent/emergency) and no infor-
mation on the variables of the nutrition intervention during ICU
admission, which could modify the outcomes. Second, although
there was a large number of SICU patients in Thailand, this study
was conducted in three large tertiary university-based hospitals.
The generalizability to other hospital levels might be limited. Third,
although the duration and route of nutrition delivery might have a
significant association, we could not demonstrate these associa-
tions because the exact delivery time (uncertain time) was 18.7%
and a total of 73.5% of self-report duration of delivery accounted
for the group of >14 d. Additionally, 91.5% of self-report route pro-
vided was on oral nutrition route. A future study of comparison
between prior admission of route and duration of nutrition support
on SICU outcomes should be considered.

However, this study confirmed the knowledge gap of nutrition
factors on the main outcomes in surgical critically ill patients. In
addition to patient disease severity, the patients who had nutrition
risk factors should be a concern and nutrition therapy should be
undertaken as soon as possible. Although we found protective
effects of enteral nutrition provision or its combination, the physio-
logical effects and nutrition preparation with isocaloric enteral
nutrition or oral supplement before SICU admission on elective
high-risk surgical patients who need SICU admission might be initi-
ated for future study. Additionally, nutrition assessment tools used
in critically ill patients, such as the Bhumibol Nutrition Triage/
Nutrition Triage, NRS-2002, Subjective Global Assessment, and
NUTRIC score, might be initiated in a further study in multicenter
studies in Thailand.
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Table 4
Nutrition characteristics of non-survival (28-d mortality) and sepsis occurrence (N = 1503)

Non-survive Survive P- Sepsis occurrence No sepsis occurrence
Nutrition factors (n=211) (n=1,292) value (n=452) (n=1,051) P-value
Energy delivery deficit, n (%) <0.001 <0.001
No 108 (51.2) 863 (66.8) 251(55.5) 720 (68.5)
Mild 47(22.3) 229(17.7) 100 (22.1) 176 (16.8)
Moderate 43(20.4) 181 (14) 85(18.8) 139(13.2)
Severe 13(6.2) 19(1.5) 16 (3.5) 16 (1.5)
Weight loss severity, n (%) <0.001 <0.001
No 97 (46) 812 (62.9) 239 (52.9) 670 (63.8)
Mild 19(9) 126 (9.8) 42(9.3) 103 (9.8)
Moderate 22(10.4) 108 (8.4) 48(10.6) 82(7.8)
Severe 73 (34.6) 246 (19) 123 (27.2) 196 (18.7)
Route of delivery before admission, n (%) <0.001 0.007
Oral 182 (86.3) 1,193 (92.3) 394 (87.2) 981 (93.3)
Tube feed 16 (7.6) 37(2.9) 29(6.4) 24(2.3)
v 6(2.8) 11(0.9) 7(1.6) 10(1)
Combined 3(14) 40(3.1) 15(3.3) 28(2.7)
None 4(1.9) 11(0.9) 7(1.6) 8(0.8)
Duration of delivery (d), n (%) 0.121 0.139
<7 13(6.2) 45 (4.5) 23(5.1) 35(3.3)
8-14 11(5.2) 47 (3.6) 23(5.1) 35(3.3)
>14 144 (68.2) 961 (74.4) 323(71.4) 782 (74.4)
Uncertain time 43(20.4) 239(18.5) 83(18.4) 199(18.9)
Albumin level, median (IQR), g/dL 2.3(1.7-2.8) 29(2.3-3.5) <0.001 24(1.9-2.9) 3(2.4-3.6) <0.001
Albumin groups, n (%) <0.001 <0.001
>3.50 15(7.1) 295 (22.8) 40(8.9) 270(25.7)
2.51-.50 58 (27.5) 543 (42 139(30.8) 462 (44)
<2.50 138 (65.4) 454 (35.1) 273 (60.4) 319 (30.4)
Nutrition risk screening <0.001 <0.001
(NRS-2002)
At risk, n (%) 129(70.9) 484 (43.1) 249 (63.9) 364 (39.8)
No risk, n (%) 53(29.1) 638 (56.9) 141 (36.2) 550 (60.2)
IV, intravenous; NRS, nutrition risk screening.
Bold values are the parameter that p < 0.05.
Table 5
Multivariable Cox analysis of predictors of non-survival (28-d mortality) and sepsis occurrence
Non-survival* Sepsis occurrence”
Variables HR (95% CI) P-value HR (95% CI) P-value
Body mass index 0.82 (0.68-0.99) 0.039 1.01(0.91-1.12) 0.828
Energy delivery deficit
No Reference Reference
Mild 1.16 (0.81-1.65) 0.412 0.90(0.70-1.14) 0.367
Moderate 1.20(0.83- 1.73) 0.338 0.98 (0.76-1.27) 0.876
Severe 1.59 (0.89-2.87) 0.120 0.87 (0.52—1.46) 0.597
Weight loss severity
No Reference Reference
Mild 1.08 (0.64-1.82) 0.770 1.08(0.77-1.51) 0.653
Moderate 1.05 (0.60—1.59) 0.890 0.93 (0.59-1.20) 0.320
Severe 1.61(1.16-2.22) 0.004 1.02 (0.81-1.29) 0.863
Route of delivery before admission
Oral Reference Reference
Tube feed 0.46 (0.26-0.83) 0.010 0.58 (0.39-0.88) 0.009
I\ 1.35(0.58-3.10) 0.485 0.76 (0.36-1.62) 0477
Combined 0.24 (0.07-0.77) 0.016 0.63 (0.37-1.07) 0.086
None 1.61(0.58-4.44) 0.360 1.77 (0.79-3.99) 0.169
Admitted albumin, g/dL
>3.50 Reference - Reference
2.51-3.50 1.11 (0.60-2.07) 0.734 1.21(0.83-1.75) 0318
<250 2.15(1.20-3.84) 0.010 1.71(1.20-2.45) 0.003
NRS 2002
No risk Reference Reference
At Risk 1.34(0.98-1.85) 0.071 1.08 (0.88-1.33) 0.480

IV, intravenous; NRS, nutrition risk screening.
Bold values are the parameter that p < 0.05.
*Include adjustment for APACHE II and diagnostic categories.
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Conclusion

Nutrition factors having protective effects of mortality or sepsis
occurrence are BMI, enteral feeding, parenteral nutrition, or a com-
bination of both. In contrast, harmful factors of mortality or sepsis
occurrence are severe weight loss, preadmission albumin levels of
<2.5, and nutrition at risk as assessed by the NRS-2002.

Acknowledgments

The Medical Research Network of the Consortium of Thai Medi-
cal Schools (MedResNet) performed the data processing of this
project. The authors acknowledge all project and hospital staffs.

References

[1] Pirlich M, Schutz T, Norman K, Gastell S, Lubke HJ, Bischoff SC, et al. The Ger-
man hospital malnutrition study. Clin Nutr 2006;25:563-72.

[2] Chittawatanarat K, Chaiwat O, Morakul S, Kongsayreepong S. Outcomes of
nutrition status assessment by Bhumibol Nutrition Triage/Nutrition Triage
(BNT/NT) in multicenter THAI-SICU study. ] Med Assoc Thai 2016;99(suppl 6):
$184-92.

[3] Mogensen KM, Robinson MK, Casey JD, Gunasekera NS, Moromizato T, Rawn
JD, et al. Nutritional status and mortality in the critically ill. Crit Care Med
2015;43:2605-15.

[4] White ]V, Guenter P, Jensen G, Malone A, Schofield M, et al. Consensus state-
ment of the Academy of Nutrition and Dietetics/American Society for Paren-
teral and Enteral Nutrition: Characteristics recommended for the
identification and documentation of adult malnutrition (undernutrition). ]
Acad Nutr Diet 2012;112:730-8.

[5] Mohri Y, Inoue Y, Tanaka K, Hiro J, Uchida K, Kusunoki M. Prognostic nutri-
tional index predicts postoperative outcome in colorectal cancer. World J Surg
2013;37:2688-92.

[6] Chittawatanarat K, Chaiwat O, Morakul S, Pipanmekaporn T, Thawitsri T,
Wacharassint P, et al. A multi-center Thai university-based surgical intensive

care units study (THAI-SICU study): methodology and ICU characteristics. ]
Med Assoc Thai 2014;97(suppl1):S45-54.

[7] Kondrup ], Allison SP, Elia M, Vellas B, Plauth M. ESPEN guidelines for nutrition
screening 2002. Clin Nutr 2003;22:415-21.

[8] Chittawatanarat K, Tosanguan K, Chaikledkaew U, Tejavanija S, Teerawat-
tananon Y. Nationwide survey of nutritional management in an Asian
upper-middle income developing country government hospitals: combi-
nation of quantitative survey and focus group discussion. Clin Nutr ESPEN
2016;14:24-30.

[9] Lim SY, Kim SI, Ryu Y], Lee JH, Chun EM, Chang JH. The body mass index as a
prognostic factor of critical care. Kor ] Intern Med 2010;25:162-7.

[10] Pepper DJ, Sun J, Welsh ], Cui X, Suffredini AF, Eichacker PQ. Increased body
mass index and adjusted mortality in ICU patients with sepsis or septic shock:
a systematic review and meta-analysis. Crit Care 2016;20:181.

[11] Agarwal E, Ferguson M, Banks M, Batterham M, Bauer ], Capra S, et al. Malnu-
trition and poor food intake are associated with prolonged hospital stay, fre-
quent readmissions, and greater in-hospital mortality: results from the
Nutrition Care Day Survey 2010. Clin Nutr 2013;32:737-45.

[12] Yang H, Feng Y, Sun X, Teitelbaum DH. Enteral versus parenteral nutrition:
effect on intestinal barrier function. Ann N'Y Acad Sci 2009;1165:338-46.

[13] Chittawatanarat K, Pichaiya T, Chandacham K, Jirapongchareonlap T, Chotiros-
niramit N. Fluid accumulation threshold measured by acute body weight
change after admission in general surgical intensive care units: how much
should be concerning? Ther Clin Risk Manag 2015;11:1097-106.

[14] Seo MH, Choa M, You JS, Lee HS, Hong JH, Park YS, et al. Hypoalbuminemia, low
base excess values, and tachypnea predict 28-day mortality in severe sepsis
and septic shock patients in the emergency department. Yonsei Med ]
2016;57:1361-9.

[15] Herrmann FR, Safran C, Levkoff SE, Minaker KL. Serum albumin level on admis-
sion as a predictor of death, length of stay, and readmission. Arch Intern Med
1992;152:125-30.

[16] Mercadal-Orfila G, Lluch-Taltavull ], Campillo-Artero C, Torrent-Quetglas M.
Association between nutritional risk based on the NRS-2002 test and hospital
morbidity and mortality. Nutr Hospital 2012;27:1248-54.

[17] Ozbilgin S, Hanc: V, Omiir D, Ozbilgin M, Tosun M, Yurtlu S, et al. Morbidity
and mortality predictivity of nutritional assessment tools in the postoperative
care unit. Medicine 2016;95:e5038.

[18] Sun Z, Kong X], Jing X, Deng R], Tian ZB. Nutritional risk screening 2002 as a
predictor of postoperative outcomes in patients undergoing abdominal sur-
gery: a systematic review and meta-analysis of prospective cohort studies.
PLoS One 2015;10:e0132857.


http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30620-8/sbref0018

	Effects of nutrition factors on mortality and sepsis occurrence in a multicenter university-based surgical intensive care unit in Thailand (THAI-SICU study)
	Introduction
	Participants and Methods
	Data source, participants, and study variables
	Statistical analysis and prediction models

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


