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Objective: It remains unclear which critically ill patients are more susceptible to
the adverse effects associated with feeding intolerance (Fl), which is common in
patients receiving early enteral nutrition (EEN). Therefore, we aimed to explore
the association between Fl and short-term outcomes in critically ill patients
receiving EEN.

Methods: This secondary analysis of a multicenter cluster-randomized controlled
trial included patients who initiated enteral nutrition within 48 h of admission
and received it for at least 3 days. We utilized univariate and multivariate propen-
sity score-weighted logistic regression analyses to investigate the association
between Fl and 28-day mortality. We conducted multiple subgroup analyses to
identify subcohorts that are more likely to be adversely impacted by Fl.

Results: A total of 1,545 patients were included in the final analysis, among
whom 856 experienced Fl and 689 did not. In univariate analyses, no associa-
tion was found between Fl and 28-day mortality [odds ratio (OR) 1.302, 95% Cl
0.967-1.752, p = 0.082]. After multiple adjustment, we found the occurrence of
Fl was associated with higher 28-day mortality [adjusted OR (aOR) 1.370, 95% Cl
1.002-1.873, p = 0.048]. This finding was consistent in the propensity-weighted
model (aOR 1.370, 95% CI 1.010-1.873, p = 0.015). In multivariate analyses, larger
effect estimates were observed among patients aged over 65 years (aOR 1.544,
95% C1 1.019-2.338, p = 0.04), with a normal body mass index (BMI) (aOR 1.523,
95% Cl 1.065-2.177, p = 0.021), with a primary diagnosis of respiratory disease
(@OR 1.822, 95% CIl 1.149-2.891, p = 0.011), and with a sequential organ failure
assessment (SOFA) score of < 8 (aOR 1.864, 95% Cl 1.204-2.885, p = 0.005).
Conclusion: In critically ill patients receiving EEN, FI was associated with higher
28-day mortality, longer ICU LOS, fewer ventilator-free days and ICU-free days.
Elderly patients, those with a normal BMI, those with a primary diagnosis of respi-
ratory diseases, and those with a SOFA score of < 8 may be more susceptible to
adverse effects of FI. However, these subgroup findings should be interpreted
cautiously given multiple comparisons.

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2026.1729192&domain=pdf&date_stamp=2026-03-23
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/articles/10.3389/fnut.2026.1729192/full
https://www.frontiersin.org/articles/10.3389/fnut.2026.1729192/full
https://www.frontiersin.org/articles/10.3389/fnut.2026.1729192/full
https://www.frontiersin.org/articles/10.3389/fnut.2026.1729192/full
https://www.frontiersin.org/articles/10.3389/fnut.2026.1729192/full
https://www.frontiersin.org/articles/10.3389/fnut.2026.1729192/full
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2026.1729192
mailto:zhangdong@jlu.edu.cn
https://doi.org/10.3389/fnut.2026.1729192
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Wang et al.

KEYWORDS

10.3389/fnut.2026.1729192

clinical outcomes, feeding intolerance, intensive care unit, mortality, nutritional

support

1 Introduction

For patients who are unable to eat orally, guidelines recommend
early enteral nutrition (EN) rather than parenteral nutrition (PN) or
delayed nutritional therapy (1, 2). However, in critically ill patients,
gastrointestinal (GI) dysfunction may occur to varying degrees, which
may hinder the effective delivery of EN (3). When the intensity of EN
does not align with the GI function, feeding intolerance (FI) may
arise, potentially leading to a reduction or even cessation of EN. On
the other hand, FI may also be associated with poorer clinical out-
comes (4).

The ESICM guidelines were the first to propose a definition of FI,
which involves a comprehensive assessment based on GI symptoms
and the feeding dose initiated within 72 h of EN administration (3).
Some studies indicate that approximately half of critically ill patients
experience FI during the delivery of EN, and FI is associated with
poorer clinical outcomes (5-8). Individualized prediction of the likeli-
hood of FI in critically ill patients, followed by the development of
tailored nutritional strategies, may reduce the incidence of FI (9). This
approach could facilitate the successful delivery of EN, improve nutri-
tional status, promote recovery from illness, and potentially enhance
prognosis (10). However, current predictive tools require higher-qual-
ity datasets for external validation.

Balancing EN with FI presents a significant challenge for intensive
care clinicians. Given the current research and clinical landscape, it
appears that FI may not be entirely avoidable in many cases. Moreover,
it is not clear to what extent, in which patients and via which mecha-
nism FI may influence outcome. Therefore, we have undertaken an
analysis of data from a prospective, multicenter, cluster-randomized
study to address the following two questions: 1. Is there an association
between FI and poorer short-term clinical outcomes in critically ill
patients? This question serves to validate findings from previous stud-
ies. 2. Which critically ill patients are more susceptible to adverse
effects associated with FI? This question is innovative and exploratory,
and it is also the primary focus of this study.

2 Methods
2.1 Study design and patients

This study presents a secondary analysis of the multicenter, clus-
ter-randomized controlled trial known as the NEED trial (11). In
summary, 97 intensive care units (ICUs) across China were randomly

Abbreviations: AGI, Acute gastrointestinal injury; APACHE II, Acute Physiology and
Chronic Health Evaluation Il; BMI, Body mass index; EN, Enteral nutrition; EEN,
Early Enteral nutrition; Fl, Feeding intolerance; Gl, Gastrointestinal; ICU, Intensive
care unit; IQR, Interquartile range; MV, Mechanical ventilation; SOFA, Sequential
Organ Failure Assessment Score; OR, Odds ratio; aOR, adjusted odds ratio; PN,

Parenteral nutrition.
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assigned to either a guideline group that implemented a feeding pro-
tocol or a control group that followed local clinical practices. The
feeding guidelines outline the appropriate timing for initiating EN
and PN, criteria for assessing FI, and methods for adjusting the feed-
ing rate based on intolerance evaluations to meet the nutritional
goals of 25-30 kcal/kg/day for calorie and 1.2-2.0 g/kg/day for pro-
tein. A total of 2,772 patients were enrolled within 24 h of ICU
admission from 90 ICUs between March 26, 2018, and July 4, 2019.
The original study protocol received approval from the ethics com-
mittee of Jinling Hospital (22017NZKY-019-02). Written informed
consent was obtained from all participants or their next of kin prior
to inclusion in the study. Additionally, the trial was registered with
the ISRCTN registry (ISRCTN12233792) before the enrollment pro-
cess began.

Our study included an analysis of a subset of participants based
on specific inclusion criteria: (1) initiation of EN within 48 h of ICU
admission; and (2) patients with at least 3 days of enteral feeding. We
excluded patients classified as acute gastrointestinal injury (AGI)
grade IV, as they have a significantly high probability of developing FI
and are unable to start EN early. Additionally, we excluded patients
who were receiving oral intake, as uncertainty about energy intake
could lead to undetermined FI.

2.2 Data collection

All data were obtained from electronic databases, including
patients’ general clinical information (such as age, sex, body mass
index, and number of comorbidities), primary diagnosis, Acute
Physiology and Chronic Health Evaluation II (APACHE II) score,
Sequential Organ Failure Assessment (SOFA) score, AGI grade, modi-
fied nutrition risk in critically ill (mnNUTRIC) score, specific details of
nutritional delivery (such as the timing of EN initiation, formula used,
actual daily feeding volume, and feeding route), as well as GI symp-
toms and adverse events. For non-obese patients, the actual weight
recorded on the day of admission was used to calculate the average
daily energy and protein intake. For obese patients (BMI > 30 kg/m?),
the ideal body weight was used, calculated using the Broca index:
height (cm) - 100 (for males) or height (cm) - 105 (for females) (12).

2.3 Assessment of Fl

We used detailed data to assess the occurrence of FI in critically
ill patients during the acute phase of critical illness (within 7 days). FI
was diagnosed according to the criteria outlined in the 2012 ESICM
guidelines (3). Specifically, FI was defined as (1) GI symptoms [vomit-
ing, a high gastric residual volume (single residual volume greater
than 200 mL) or diarrhea (more than 3 loose or liquid stools per day,
stool weight exceeding 200-250 g/day or 250 mL/day)] and discon-
tinuation or reduction of EN; and/or (2) 20 kcal/kg/d not reached after
72 h of EN.

YQ Wang and YH Li evaluated the time period of 72 h after EN
start and defined EN being present or absent: (1) any GI symptoms;
(2) 20 keal/kg/d not reached after 72 h of EN; (3) both. They evaluated
FI separately, and finally integrated the FI results. When the FI
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evaluation results were inconsistent, HX Li and D Zhang discuss and
determine the final FI evaluation results.

2.4 Missing data

In this secondary analysis of the NEED trial, we used the dataset
as provided by the original study team, including baseline covariates
imputed according to the prespecified NEED statistical analysis
plan (11).

2.5 Statistical analyses

The normality of continuous variables was assessed using the
Shapiro-Wilk test. For variables with skewed distributions, the
Wilcoxon-Mann-Whitney U-test was used, and results were reported
as the median and interquartile range. Categorical variables were
described by frequency (percentage) and compared using either
Pearson’s chi-squared test or Fisher’s exact test, depending on which
was appropriate.

Subsequently, we investigated factors related to FI through both
univariate and multivariable analyses. For multivariable model selec-
tion, we employed a bidirectional stepwise approach aimed at mini-
mizing the Akaike information criterion (AIC). We evaluated
multicollinearity among variables by calculating the variance inflation
factor and conducting the Farrar-Glauber test. The goodness of fit was
assessed using the Hosmer-Lemeshow test.

Then, we explored the association between FI and 28-day mortal-
ity with univariable logistic regression and multivariable regression
analysis. To address potential indication bias related to FI, we also
conducted multivariable analyses utilizing a propensity score. The
likelihood of being in the FI group was modeled using the nonpara-
metric gradient boosting machine learning algorithm from the Twang
package (13). Confounding factors included in the propensity score
were age, sex, BMI range, and SOFA score. We evaluated the balance
of the propensity model by analyzing the standardized effect sizes of
the variables. Standardized effects below 0.20 indicated low balance,
while 0.40 was
(Supplementary Figure S1). The weights derived from the propensity

considered moderate and 0.60 as large
score were applied in the multivariable logistic regression. This
allowed us to assess the association with 28-day mortality in a pseudo-
population where the characteristics of subjects with FI and non-FI
were balanced. We opted for a double robust approach to minimize
bias related to differences in the distribution of confounding factors,
which may remain despite propensity score weighting (14).
Consequently, we adjusted our propensity-weighted (PW) regression
model for all covariates included in the propensity score. Additionally,
we explored the connection between FI and other short-term clinical
outcomes.

Finally, to evaluate the strength of the association between FI and
28-day mortality in specific subgroups, we conducted a subgroup
analysis based on the following variables: age < 65 years or > 65 years,
sex (male or female), BMI categories (underweight, normal weight,
overweight, obese), primary diagnosis (respiratory, circulatory,
others), medical or surgical patients, NEED or control group, admis-
sion SOFA score < 8 or > 8, and mNUTRIC score < 5 or > 5. We
performed multivariable multilevel logistic regression analyses for
each subgroup, the results are presented in the form of a forest plot.
Given multiple subgroup comparisons, we adjusted the p values from
the multivariable-adjusted  subgroup

analyses using the
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Benjamini-Hochberg false discovery rate (BH-FDR) procedure. FDR-
adjusted g values were reported in the Supplementary Table S2, and
subgroup findings were interpreted as exploratory. Furthermore, we
also considered the impact of the time to the occurrence of the pri-
mary endpoint on the statistical analysis. Therefore, we employed
Kaplan—Meier survival curves and the Log-rank test to document the
survival time up to 28 days after ICU admission.

Statistical analysis was conducted in JMP (SAS Institute) and R
version 4.3.1 (R Foundation for Statistical Computing, Vienna,
Austria) with RStudio version 1.0.136 (RStudio Inc., Boston,
MA, USA).

3 Results
3.1 Patients baseline characteristics

Out of a total of 2,772 patients, 1,545 were eventually included in
the analysis (Figure 1). The mean age of the patients was
62.2 + 17.6 years, and their mean BMI was 22.7 + 3.2. Among them,
67.1% were male. The median APACHE II score was 18.0 (range:
14.0-22.0), the median SOFA score was 7.0 (range: 5.0-9.0), and the
median mNUTRIC score was 4.0 (range: 3.0-6.0). Most patients had
mild gastrointestinal injury: 79.5% had AGI grade <I, 17.2% had AGI
grade II, and 3.4% had AGI grade IIL. The baseline characteristics of
the research objects are summarized in Table 1.

3.2 Results of Fl assessment

We conducted an objective assessment of whether each critically
ill patient experienced FI (feeding intolerance) based on detailed feed-
ing data. Among the total of 856 patients who developed FI, 38
patients were diagnosed based solely on GI symptoms, 79 patients
could not reach at least 20 kcal/kg BW/day via enteral route within
72 h of feeding attempt, and 739 patients met the diagnostic criteria
for FI based on both GI symptoms and enteral feeding doses.

We also considered the potential impact of the intervention mea-
sures in the cluster-randomized controlled trial on the occurrence of
FI. The diagnostic process and proportions of FI in the overall cohort,
the NEED group and the control group are shown in Figure 2.

Among the 867 patients in the NEED group, 472 developed FI
(incidence rate: 54.4%), while in the control group of 678 patients, 384
developed FI (incidence rate: 56.6%) (Table 1). In the NEED group,
the proportion of patients diagnosed with FI based solely on GI symp-
toms was higher than that in the control group (p = 0.044). The pro-
portion of patients diagnosed with FI solely due to insufficient calorie
intake was lower in the NEED group than in the control group
(p <0.001). The proportion of patients whose diagnosis of FI was
based on both GI symptoms and enteral feeding doses was higher in
the NEED group than in the control group (p = 0.021) (Table 2).

3.3 Patients EN intake characteristics

The mean daily EN energy intake for all patients during the 7-day
ICU stay was 964.3 (714.3-1242.9) kcal/day; the mean daily EN
energy intake of patients with FI was 785.7 (535.7-959.3) kcal/day
during 7 days in ICU and the mean daily EN energy intake of patients
without FI was 1232.1 (1057.1-1428.6) kcal/day during the 7 days in
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A total of 2772 patients participated in the NEED study
Patients excluded (n = 1225)
* EN was not initiated within the first 48 hours of ICU (n = 985)
[+ Enteral feeding day less than three days (n =91)
* Missing nutrition data or AGI grade (n = 33)
* Received Oral diet (n = 116)
Total eligible patients (n = 1547)
Eligible but not included (n = 2)
* Missing 28-day mortality (n = 2)
Total analyzed patients (n = 1545)
AGI grade <I (n = 1228) AGI grade II (n = 265) AGI grade III (n = 52)
FIGURE 1
Flowchart of patient selection.

ICU. Compared with non-FI patients, mean daily EN energy intake
was significantly lower in patients with FI (p < 0.001). Daily nutri-
tional calorie intake for all patients, FI patients and non-FI patients
during the 1-7 days after ICU admission were shown in Figure 3.
Daily nutritional calorie intake for FI patients and non-FI patients
during the 1-7 days after ICU admission in the NEED and control
subgroups is shown in Figure 4. Similar to energy intake, daily EN
protein intake was significantly lower in FI patients than in non-FI
patients [31.4 (21.4-38.4) vs. 49.3 (42.3-57.1), p < 0.001].

3.4 Factors related to Fl occurrence

The results of multi-factor logistic regression showed: Patients
who were obese (aOR 10.251, 95% CI 4.377-25.707), overweight (aOR
4.765, 95% CI 2.796-8.359), or of normal weight (aOR 3.717, 95% CI
2.297-6.222), the incidence of FI was higher than that of underweight
patients. Compared with male patients, the incidence of FI was lower
in female patients. The occurrence of FI was positively associated with
SOFA score (Supplementary Table S1).

3.5 Association between Fl and 28-day
mortality

In univariate analyses, no association was found between FI and
28-day mortality (OR 1.302, 95% CI 0.967-1.752, p = 0.082). However,
in multivariate analyses (aOR 1.370, 95% CI 1.002-1.873, p = 0.048),
the occurrence of FI was associated with an increased 28-day mortal-
ity. This association was observed in the propensity-weighted model
(aOR 1.370, 95% CI 1.010-1.873, p = 0.015) (Table 3).

In a subgroup analysis with the univariate models, the association
between FI and 28-day mortality was observed among patients with a
normal BMI (18.5-25) (OR 1.577, 95% CI 1.111-2.238, p = 0.011),
those primary diagnosis of respiratory disease (OR 1.761, 95% CI
1.136-2.728, p=0.011), surgical patients (OR 2.024, 95% CI
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1.001-4.096, p = 0.05), or patients with a SOFA score < 8 (OR 1.701,
95% CI 1.118-2.588, p = 0.013) (Supplementary Figure S2).

In a subgroup analysis with the multivariable models, the associa-
tion between FI and 28-day mortality was also observed in patients
with a normal BMI (aOR 1.523, 95% CI 1.065-2.177, p = 0.021),
patients with a primary diagnosis of respiratory disease (aOR 1.822,
95% CI 1.149-2.891, p = 0.011), or patients with a SOFA score < 8
(aOR 1.864, 95% CI 1.204-2.885, p = 0.005). Additionally, a relation-
ship between FI and 28-day mortality was also observed in the sub-
group of patients aged over 65 years (aOR 1.544, 95% CI 1.019-2.338,
p =0.04). However, in the surgical patient subgroup, the association
between FI and 28-day mortality was no longer significant (aOR
1.813, 95% CI 0.862-3.817, p =0.117) (Figure 5). After BH-FDR
adjustment for multiple subgroup comparisons, none of the subgroup-
level associations remained statistically significant (all g values >0.05;
Supplementary Table S2).

In addition, we also considered the effect of time variables on the
outcome, we employed Kaplan-Meier survival curves and the Log-
rank test to document the survival time up to 28 days after ICU
admission. Ultimately, we plotted the Kaplan-Meier survival curves
for the total patient cohort (Supplementary Figure S3) as well as for
each subgroup (Supplementary Figure $4).

3.6 Association between Fl and other
short-term clinical outcomes

In other short-term clinical outcomes, patients with FI had longer
ICU length of stay (LOS) (OR 1.903, 95% CI 0.436-3.307, p = 0.011)
and shorter ICU-free days D28 (OR —0.919, 95% CI —1.763 to —0.076,
p =0.033) and Ventilator-free days D28 (OR —1.149, 95% CI —2.213
to —0.084, p = 0.035) compared to patients with non-FI. No associa-
tion was found between the occurrence of FI and Albumin D10 (OR
0.119, 95% CI —0.654 to 0.893, p = 0.762) or Pre-albumin D10 (OR
0.007, 95% CI —0.007 to 0.022, p = 0.320) (Table 3).
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TABLE 1 Baseline characteristics of patients.

10.3389/fnut.2026.1729192

Characteristics Total (n = 1,545) Fl (n = 856) Non-Fl (n = 689) p value
Age, mean (SD), y 62.2 (17.6) 62.4 (17.5) 62.0 (17.8) 0.656
Male, No. (%) 1,036 (67.1) 610 (71.3) 426 (61.8) <0.001
BMI, mean (SD), kg/m’ 22.7 (3.2) 23.2(3.2) 22.1(3.2) <0.001
BMI range (%) <0.001
<185 91 (5.9) 23(2.7) 68 (9.9)
18.5-25 1,160 (75.1) 647 (75.6) 513 (74.5)
25-30 225 (16.5) 157 (18.3) 98 (14.2)
>30 39 (2.5) 29 (3.4) 10 (1.5)
Primary diagnosis, No. (%) 0.045
Neurologic 266 (17.2) 147 (17.2) 119 (17.3)
Cardiovascular 374 (24.2) 226 (26.4) 148 (21.5)
Respiratory 729 (47.2) 377 (44.0) 352 (51.1)
Multi trauma 32(2.1) 18 (2.1) 14 (2.0)
Others 144 (9.3) 88 (10.3) 56 (8.1)
Critical care related score®
APACHE II, median (IQR) 18.0 (14.0-22.0) 18.0 (15.0-23.0) 18.0 (13.0-22.0) <0.001
SOFA, median (IQR) 7.0 (5.0-9.0) 7.0 (5.0-10.0) 7.0 (5.0-9.0) 0.005
AGI grade, No. (%) <0.001
<I 1,228 (79.5) 608 (71.0) 620 (90.0)
11 265 (17.2) 202 (23.6) 63(9.1)
11 52 (3.4) 46 (5.4) 6(0.9)
mNUTRIC, median (IQR) 4.0 (3.0-6.0) 4.0 (3.0-6.0) 4.0 (3.0-5.0) 0.011
Number of co-morbidities, median [IQR] 2(1-3) 2(1-3) 2(1-3) 0.472
Organ support therapy, n (%)
MV?, No. (%) 939 (60.8) 536 (62.6) 403 (58.5) 0.099
CRRT®, No. (%) 184 (11.9) 115 (13.4) 69 (10.0) 0.039
Vasopressors®, No. (%) 396 (25.6) 242 (28.3) 154 (22.4) 0.008
Source of ICU admission, n (%) 0.741
Surgical 392 (25.4) 220 (25.7) 172 (25.0)
Medical 1,153 (74.6) 636 (74.3) 517 (75.0)
EN delivery within 7 days after enrollment, median [IQR]
Mean daily EN energy intake, kcal /d 964.3 (714.3-1242.9) 785.7 (535.7-959.3) 1232.1 (1057.1-1428.6) <0.001
Mean daily EN protein intake, g/d 38.6 (28.6-49.7) 31.4 (21.4-38.4) 49.3 (42.3-57.1) <0.001
Study interventions, n (%) 0.389
NEED group 867 (56.1) 472 (55.1) 395 (57.3)
Control group 678 (43.9) 384 (44.9) 294 (42.7)

Tube feeding route, No. (%) 0.986
Prepyloric 1,507 (97.5) 835 (97.5) 672 (97.5)
Postpyloric 38 (2.5) 21(2.5) 17 (2.5)

Results of the first 24 h of testing, median [IQR]
Albumin, g/L 31.6 (27.8-36.1) 31.2 (27.5-36.0) 32.0 (28.0-36.2) 0.164
Pre-albumin, g/L 0.15 (0.11-0.22) 0.15 (0.11-0.21) 0.16 (0.11-0.23) 0.314
CRP, mg/L 54.5 (16.9-114.0) 57.0 (16.0~119.0) 50.0 (18.0~108.4) 0.252
Lac, mmol/L 1.8 (1.2-2.7) 1.8 (1.2-2.8) 1.7 (1.1-2.7) 0.403

BMI, Body mass index; APACHE II, Acute physiology and chronic health evaluation II; SOFA, Sequential organ failure assessment; AGI, Acute gastrointestinal injury; EN, Enteral nutrition; MV,
Mechanical ventilation; CRRT, Continuous renal replacement therapy; FI, Feeding intolerance; IQR, interquartile range. Data presented as mean (standard deviation), median (IQR) or 7 (%).
*Indicated within 24 h of ICU admission.

"Within 7 days of ICU admission.
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Total NEED group Control group
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FIGURE 2

The diagnostic process and proportion of Fl in the total data, the NEED group, and the control group. FI-Both: Both Gl symptoms and enteral feeding
doses met the diagnostic criteria for FI; FI-Calorie: At least 20 kcal/kg BW/day via enteral route cannot be reached within 72 h of feeding attempt, but Gl
symptoms were not sufficient to diagnose Fl; FI-GI: FI was diagnosed based solely on Gl symptoms.

TABLE 2 Nutritional data of patients with feeding intolerance.

Nutritional data Total (n = 856) NEED group Control group
(n = 472) (n = 384)
EN delivery within 7 days after enrollment, median [IQR]
Mean daily EN energy intake, 785.7 (535.7-959.3) 782.1 (515.0-928.6) 785.7 (564.6-996.4) 0.199
keal /d
Mean daily EN protein intake, 31.4 (21.4-38.4) 31.3(20.6-37.1) 31.4 (22.6-39.9) 0.199
g/d
AGI grade, No. (%) 0.333
<I 608 (71.0) 345 (73.1) 263 (68.5)
I 202 (23.6) 103 (21.8) 99 (25.8)
111 46 (5.4) 24 (5.1) 22(5.7)
Diagnostic basis of Fl
FI-GL, No. (%) 38 (4.4) 27 (5.7) 11 (2.9) 0.044
Gastric retention, No. (%) 20 (2.3) 17 (3.6) 3(0.8) 0.074
Diarrhea, No. (%) 14 (1.6) 8(1.7) 6(1.6) 0.266
Others®, No. (%) 3(0.3) 2(0.4) 1(0.3) 1.0
Two or more GI symptoms, 1(0.1) 0(0) 1(0.3) 0.289
No. (%)
Fl-calorie®, No. (%) 79 (9.2) 26 (5.5) 53 (13.8) <0.001
FI-both?, No. (%) 739 (86.3) 419 (88.8) 320 (83.3) 0.021
Gastric retention, No. (%) 349 (40.8) 197 (41.7) 152 (39.6) 0.896
Diarrhea, No. (%) 222 (25.9) 119 (25.2) 103 (26.8) 0.266
Others®, No. (%) 36 (4.2) 21 (4.4) 15(3.9) 0.839
Two or more GI symptoms, 132 (15.4) 82(17.4) 50 (13.0) 0.165
No. (%)
FI, Feeding intolerance; GI, Gastrointestinal. Data presented as median (IQR) or n (%).
“FI was diagnosed based solely on GI symptoms.
*Other GI adverse events.
“At least 20 kcal/kg BW/day via enteral route cannot be reached within 72 h of feeding attempt, but GI symptoms were not sufficient to diagnose FI.
“Both GI symptoms and enteral feeding doses met the diagnostic criteria for FI.
4 Discussion Notably, in the subgroup of patients aged over 65 years, with a normal

BMI, a primary diagnosis of respiratory disease, and a SOFA score of

In this post hoc analysis of the NEED trial, we observed that in < 8, the association between FI and 28-day mortality was observed.
critically ill patients undergoing EEN, the occurrence of FI was associ- ~ However, after Benjamini-Hochberg FDR correction for multiple sub-
ated with increased 28-day mortality, prolonged ICU LOS, and a  group comparisons, these subgroup findings were no longer statisti-
reduction in both ICU-free days and ventilator-free days at 28 days.  cally significant and should therefore be interpreted with caution. In
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FIGURE 3
Daily nutritional calorie intake for all patients (A), feeding intolerance (FI) patients and non-Fl patients (B) during the 1-7 days after intensive care unit
(ICU) admission. Intake of calorie was calculated for all days during ICU admission where nutritional intake could be fully quantified. Horizontal lines in
boxes represent medians; bottoms of boxes show 25th percentile and tops of boxes show 75th percentile. Ends of whiskers represent the upper
adjacent value (ie, 75th percentile plus 1.5 times the IQR) and the lower adjacent value (ie, 25th percentile minus 1.5 times the IQR).

TABLE 3 Short-term clinical outcomes of patients.

Outcomes FI (n = 856) Non-Fl (n = 689) OR (95% CI) p value
Primary outcome

28-day mortality (Crude?), No. (%) 128 (15.0) 82 (11.9) 1.302 (0.967-1.752) 0.082
28-day mortality (Multilevel 128 (15.0) 82 (11.9) 1.380 (1.012-1.881) 0.042

analysis®), No. (%)

28-day mortality (Propensity- 128 (15.0) 82(11.9) 1.370 (1.010-1.873) 0.015
weighted cohort®), No. (%)

Secondary outcome

ICU LOS (days) 16 (9, 28) 14 (9,28) 1.903 (0.436-3.370) 0.011
ICU-free days D28 (days) 12(0,19) 14 (0, 19) -0.919 (-1.763 - —0.076) 0.033
Ventilator-free days D28 (days) 19.5 (7, 28) 20 (11, 28) -1.149 (-2.213 - —0.084) 0.035
Albumin D10 (g/L) 32.7+6.7 326+6.2 0.119 (—0.654-0.893) 0.762
Pre-albumin D10 (mg/dL) 0.17 (0.12,0.21) 0.17 (0.12,0.22) 0.007 (—0.007-0.022) 0.320

FI, Feeding intolerance; ICU, Intensive care unit; LOS, length of stay.

“Univariable logistic regression.

"Multilevel, multivariable analysis with a random effect on the centre of inclusion and adjustment of age, sex, BMI range, and SOFA score.
Propensity-weighted model with adjustment of age, sex, BMI range, and SOFA score.

A NEED group B Control group
000 BA 00 B A
B NoAl (=]
! ‘ ! Daysin :CU (day) : ! ' : ! Daysin JK;U (day) ‘ !
FIGURE 4
Daily nutritional calorie intake for feeding intolerance (Fl) patients and non-Fl patients in the NEED group (A) and the control group (B) during the
1-7 days after intensive care unit (ICU) admission. Intake of calorie was calculated for all days during ICU admission where nutritional intake could be
fully quantified. Horizontal lines in boxes represent medians; bottoms of boxes show 25th percentile and tops of boxes show 75th percentile. Ends of
whiskers represent the upper adjacent value (i.e., 75th percentile plus 1.5 times the IQR) and the lower adjacent value (i.e., 25th percentile minus 1.5
times the IQR).
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Subgroup No. of Patients (%) 28-day mortality adjusted OR (95%Cl) P Value
Overall 1545 (100) —e—i 1.370 (1.002 to 1.873) 0.048
Age (v)

> 65 729 (47.2) ———i 1.544 (1.019 to 2.338) 0.040
<=65 816 (52.8) — i 1.164 (0.722 to 1.876)  0.534
Sex
Male 1036 (67.1) ——i 1.442 (0.964 to 2.155) 0.074
Female 509 (32.9) —_—————i 1.328 (0.800 to 2.205) 0.273
BMI range (kg/m-2)
<185 91 (5.9) . » 1.835(0.580 to 5.809) 0.302
18.5-25 1160 (75.1) — 1.523 (1.065 t0 2.177)  0.021
25-30 225 (16.5) ——— 0.619 (0.258 to 1.483)  0.282
>30 39 (2.5) - » 1.505 (0.145 to 15.625) 0.732
Primary diagnosis
Respiratory 729 (47.2) - 1.822 (1.149 to 2.891) 0.011
Circulatory 374 (24.2) - 1.209 (0.678 to 2.156) 0.519
Others 442 (28.6) — ey 0.888 (0.462 to 1.706) 0.722
Admission
Surgical 392 (25.4) " 1.813 (0.862 to 3.817) 0.117
Medical 1153 (74.6) —_— 1.288 (0.909 to 1.827) 0.155
Study interventions
NEED 867 (56.1) o — 1.387 (0.895 to 2.150) 0.143
Control 678 (43.9) — e 1.284 (0.819 to 2.013) 0.276
SOFA score
>8 502 (32.5) —.————— 0.950 (0.601 to 1.502) 0.827
<=8 1043 (67.5) - 1.864 (1.204 t0 2.885)  0.005
mNUTRIC score
==5 692 (44.8) N 1.329 (0.875 t0 2.018)  0.182
<5 853 (55.2) [ — 1.396 (0.870 t0 2.242)  0.167
FI leads to lower n‘l’(’)srtality UFI leadd to higherzmortalitgfS 3 3.5 4 45 5
FIGURE 5
Feeding intolerance effects in different subgroups. Forest plot depicting the adjusted odds ratios (ORs) from a multilevel, multivariable analysis with a
random effect on the centre of inclusion and adjustment of age, sex, body mass index (BMI) range and admission sequential organ failure assessment
(SOFA) score. The association between Fl and mortality at day 28 is assessed in subgroups according to sex, age, BMI range, primary diagnosis, surgical/
medical patients, NEED/control group, SOFA score, and modified nutrition risk in critically ill (MNUTRIC) score.

addition, no significant association was found between FI and levels
of albumin and pre-albumin at day 10.

We focused this study on patients who initiated EEN in the NEED
trial, as this group is of particular concern regarding the incidence of
FI in clinical practice. While selecting total PN or delaying EN could
potentially prevent FI, such approaches would contradict established
guidelines and deviate from clinical practice; therefore, we excluded
these patients from our analysis. As anticipated, the group experienc-
ing FI had a lower average daily intake of energy and protein.

GI symptoms may occur during the delivery of EN, accompanied
by GI dysfunction, and this dysfunction may develop or worsen due
to EN. Focusing on the occurrence of FI may help reduce GI deterio-
ration and improve prognosis. In this study, we reported the detailed
process of FI evaluation and included all known data related to FI to
increase the transparency of this study.

In addition, we also considered the potential influence of the feed-
ing protocol intervention implemented in the NEED trial (11). We
found that among the patients diagnosed with FI, the proportion of
patients diagnosed with FI who met both the feeding dose and GI
symptoms was relatively high, which is not unexpected, because most
of the patients were due to GI symptoms leading to reduced feeding,
resulting in substandard feeding doses. We also found that nutrient
supply was similar between the NEED group and the control group,
as was the distribution of AGI grades, and these results were consis-
tent with those reported in the original study. Interestingly, there were
some differences in the causes of FI diagnosis between the two groups:
In the control group, the proportion of FI diagnosis was higher due to
substandard feeding dose alone; In the NEED group, the proportion
of FI diagnosed solely due to GI symptoms was higher, and the pro-
portion of feeding dose and GI symptoms meeting the diagnostic
criteria of FI was higher. These results may be related to more
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aggressive feeding strategies in the NEED group. The impact of these
factors is likely to be small in this study because we are looking at
which patients are more susceptible to the effects of FI.

The primary objective of this study was to explore the association
between FI and short-term clinical outcomes. Although univariate anal-
ysis did not reveal an association between FI and 28-day mortality, mul-
tivariable logistic regression identified a significant association between
FI and 28-day mortality, which remained robust in the propensity-
weighted analysis. Reintam Blaser et al. (6) (N = 1712) found that FI was
the strongest predictor of mortality within 90 days of hospitalization.
Similarly, Heyland et al. (5) (N = 15,918) reported that among critically
ill patients on mechanical ventilation, FI was associated with fewer ven-
tilator-free days, longer ICU lengths of stay, and higher mortality. Our
findings are consistent with these studies, suggesting that FI may lead to
a deteriorated overall clinical status, potentially resulting in inadequate
energy and protein intake and subsequent malnutrition, thereby impact-
ing recovery from critical illness. As a result, patients experiencing FI
tend to be more reliant on mechanical ventilation, have prolonged ICU
LOS, and exhibit higher short-term mortality.

However, the study by Virani et al. found an association between
FI and decreased serum prealbumin levels in trauma patients, a rela-
tionship that was not observed in our research (15). Prealbumin levels
reflect a patient’s nutritional status to some extent; during the early
phase of critical illness, infections can inhibit prealbumin synthesis,
making this marker indicative of the severity of acute inflammatory
responses (16). In our study, we monitored prealbumin levels on day
10, and lower prealbumin levels during the post-acute phase suggest
reduced protein reserves and difficulties in recovery from illness.
Although we identified poorer short-term outcomes in the FI group,
we did not find a correlation between FI and prealbumin levels
on day 10.
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The second objective of this study was to investigate the associa-
tion between FI and short-term mortality in specific populations of
critically ill patients. The results aligned with our expectations: not all
types of critically ill patients exhibited an association between FI and
increased short-term mortality. In patients with a normal BMI, the
occurrence of FI is more strongly associated with an increased 28-day
mortality. GI failure caused by FI may be a major factor for poorer
prognosis. Obese patients may be more tolerant of FI (one possible
explanation is). Another possible explanation is that obese patients
have more nutritional reserves, making them more tolerant of malnu-
trition caused by FI. In underweight patients, this association was not
observed, which may be related to the smaller sample size; however,
we believe that such an association could exist, for reasons similar to
those seen in patients with a normal BMI.

Patients whose primary diagnosis is respiratory disease exhibited a
lower incidence of FI. However, our subgroup analysis revealed that in
this population, the occurrence of FI was more strongly associated with
increased 28-day mortality. In the ICU, the impact of respiratory diseases
on GI function may be relatively minimal, as hypoxic conditions may
often be resolved quickly (17). With the improvement in blood oxygen
saturation, GI dysfunction may recover within a short time frame.
Nevertheless, when these patients do experience FI, it may indicate
poorer GI function or even multi-organ dysfunction, thus providing an
explanation for the stronger association between FI and 28-day mortality.

Interestingly, our subgroup analysis also found that in patients
with a SOFA score <8, the association between FI and 28-day mortal-
ity was even more pronounced, which was somewhat unexpected.
Typically, patients with milder conditions have a lower likelihood of
experiencing FI. This aligns with the previous theory; however, when
these patients do develop FI, it may suggest underlying GI dysfunction
(an important prognostic factor not reflected in the SOFA score (18))
and a worse overall clinical status. In patients with higher SOFA
scores, 28-day mortality is largely driven by severe multi-organ dys-
function, so the additional prognostic contribution of FI may be
modest. These factors may help clarify this unexpected finding.

Although our univariate analysis did not reveal an association
between FI and 28-day mortality in elderly patients, the multivariate
analysis identified such an association. This may be because con-
founding factors may mask the true relationship between FI and mor-
tality in univariate analysis. The greater impact of FI on elderly
patients may be attributable to several factors, including higher preva-
lence of comorbidities, reduced recovery capacity, and impaired
immune and metabolic functions, which collectively contribute to a
lower tolerance for the adverse effects of FI. We will interpret this
finding with caution. In addition, the subgroup classification and the
selection of critical values in this study were not only based on the
NEED dataset, but also referred to the FRANS study (19).

This study presents certain innovative aspects. We have validated
previous findings that FI is associated with poorer short-term out-
comes. Furthermore, we have identified a group of patients who are
more sensitive to FI, indicating that the occurrence of FI may lead to
worse prognoses in this population.

However, this study has some limitations. First, although it repre-
sents a secondary analysis of a cluster randomized controlled trial
conducted across 97 ICUs in China, the study began in 2017, and
current nutritional practices (such as progressive feeding) differ from
those at that time. Consequently, some patients in our study may have
experienced FI due to early excessive feeding; adherence to the feeding
strategies recommended by current guidelines could potentially
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reduce the overall incidence of FI. We acknowledge that this limitation
is significant. Second, we excluded patients who were receiving oral
nutrition (albeit a small number), as their nutritional intake could not
be accurately quantified. The study focused solely on nutritional calo-
rie and protein intake, and due to a lack of data, we could not assess
non-nutritive calories and proteins, such as those from propofol,
which may lead to an underestimation of overall nutritional intake.

5 Conclusion

This study indicates that in critically ill patients initiated on EEN,
the occurrence of FI was associated with higher 28-day mortality,
longer ICU LOS, fewer ventilator-free days and ICU-free days. Elderly
patients, those with a normal BMI, those with a primary diagnosis of
respiratory diseases, and those with a SOFA score of < 8 may be more
susceptible to adverse effects of FI. However, these subgroup findings
should be interpreted cautiously given multiple comparisons.
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