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Abstract

Background. This retrospective study aimed to assess whetleengh of natural foods, also
in combination with enteral nutrition, improves abiiitative recovery in patients severe

acquired brain injuries.

Methods. 40 severe acquired brain injuries patients (75%emahged 50.2 16.6) were

selected. The study population was divided inteehgroups based on the type of nutrition

administered (enteral, oral, and mixed)iiMd Nutritional Assessment andLevel
of Cognitive Functioning scales were used to assess changes from admission

discharge in each group. Multiple logistic regressmodel was performed to assess the

association between the feeding typology and marial recovery.

Results. At admission, about 97.5% of patients were malnoudishée found significant
score changes from baseline to follow-up for bett ised and in each subgroup, except for
the subgroup that includes patients fed with ehtexgrition. There were significant
differences in biochemical indicators, includingréés of albumin (p<0.01) and protein
(p<0.001), compared to baseline and follow-up. Omatrition resulted to be a significant

predictor for nutritional improvement.

Conclusions. Nutrition therapy within a multi-disciplinary tea may improve both the
hospital care and the recovery in severe acquirath bnjuries population. Notably, our
findings suggest that natural nutrition is supet@menteral nutrition in improving nutritional

outcomes, which should be confirmed by further istsid

Keywords: Hospital Malnutrition, Natural Food, Oral nutritiogSABI, MNA.

Number of words: 3843



Introduction

Hospitalization in an intensive care unit for sevacquired brain injury (SABI) often causes
protein-energy deficiencies, because of the exlmustf energetic and plastic substrates. It
induces a reduction in lean body mass and an exgaakthe extracellular compartment [1],
which the long-term can lead to a state of maltiatri Malnutrition is the multifactorial
condition resulting when the body does not get right amount of nutrients, leading to
metabolic alterations and deficiencies in proteamsl dietary energy, which affects the
correct organ functioning [2]. Thus, malnutritioeduces the immune response, increasing
the risk of developing infections [3]. In hospisatting, it has been showed that malnutrition
prolongs hospital stay, increasing the risks oflamped readmission and the risk of death,
especially in older adults [4].

Neurological patients have a hypermetabolic andetggtabolic state with severe nitrogen
loss and rapid deterioration of the lean body nj&kslt can harm the patient's health and
affect his rehabilitation recovery [6]. According the most recent literature, hospital
malnutrition prevalence in brain injured patientsijther due to stroke or trauma, is between
1.3% and 73%, depending on criteria used for disignand the presence of comorbidities
[7]. In many countries, nutrition screening uporspital admission is not mandatory, and
malnutrition remains under-reported and often poddcumented, although it could allow to
timely adopt an appropriated nutritional theraply Rurthermore, patients who do not receive
most suitable nutritional cares during the firsyslaf hospitalization are those who will have
a worse hospital course, especially if they shommpms of oropharyngeal dysphagia [9].
Indeed, dysphagia leads to a reduction in effeottge of swallowing, with a consequently
nutritional insufficiency, and it might be the eaphtion for the reduction in calorie intake

[10].



During the acute phase of brain injury, the usartficial nutrition might be necessary, often
through enteral nutrition, i.e. nose gastric tuf@NG) or percutaneous endoscopic
gastrostomy (PEG). The classic approach to enteraition involves the use of industrial
formulations, which are not free from side effettssides to have negative repercussions on
the patient's quality of life such as discomfompitation of movements, and nutritional
restriction [11]. On the contrary, the use of bletndoods has both economic and clinical
advantages [12]. Indeed, natural feeding reducashdia occurrence, allows to integrate
nutrients not present in industrial formulationagilitating long-term enteral nutrition [13],
and offers to familiars the opportunity to prepareals for their loved ones. However, natural
feedings administered to patients with SABI isl il issue little dealt with in the literature
[14].

The aim of this study is to retrospectively evatutite role of natural feed, exclusively

administered or in combination with enteral nudriti in recovering of SABI patients.

Materials and Methods

Study design and settings

A retrospective cohort study evaluated the patievith SABI hospitalized at the neuro-
rehabilitation unit of the IRCCS Neurolesi “Bonifadejo” of Messina from January 1,
2018, to December 31, 2019. Usually, patients abevied by a rehabilitation team in
collaborations with a skilled nutritionist, and boat admission and at discharge they
underwent a clinical assessment, as well as triadeshen hospitalization stay was longer

than 90 days.

Study population and data collection
In this study, we selected SABI patients with aistel8 years of age. Exclusion criteria were:

hospital death, length to stay in hospital les$1tB@ days, BMI (Body Mass Index) greater



than 23 kg/m2, intestinal malabsorption diseased, aministration of parenteral nutrition.
Data were collected in an electronic sheet inclgcage, gender, diagnosis, comorbidities,
height and weight, type of feeding, biochemicaluesl (i.e. total proteins and albumin),
occurrence of albumin and protein supplements,pmadand-post scores of both nutritional
and cognitive assessment. In absence of at lesstassessment (e.g. at baseline or at
followJup) we excluded the patient, whereas in presenceuitiple assessments (i.e. long
hospitalization stay) we considered the first assent as baseline (T0) and the closest to the
90th day as follow-up (T1). Patients for whom itsw@ot possible to detect anthropometric
parameters were also excluded.

Sixty-three patients were initially screened, ar®l & them were excluded (6 because
underwent parental nutrition, 3 were underage,e?l diuring the hospitalization, and 12 due
to lack of follow-up evaluations or anthropometp@arameters). Finally, forty subjects (75%
males), with mean age of 50.2 + 16.6 years and Ignaiith a diagnosis of stroke (62.5%),
were included in the study.

To evaluate whether feeding typology affects niotnél and cognitive recovery, the study
population was divided in three groups accordinthetype of feeding administered during
hospitalization. Thus, the first group includedigats who underwent enteral nutrition (SNG
or PEG), the second group included patients wheoewmeht oral nutrition, and the third
group included patients who underwent a mixed noirj i.e. the administration of natural
foods orally as weaning training during the day,levhhe administration of formulas for
enteral nutrition at night. A more detailed desioip of the study population is provided in

Table 1.

Nutritional and cognitive assessment
Nutritional and cognitive changes during hospitian were assessed by means of the Mini

Nutritional Assessment (MNA) and the Level of Cdy@ Functioning (LCF), respectively.



The MNA evaluates the patient’s nutritional staitiss specific for elderly (age 65 years)
admitted in hospitals and nursing homes. The MNAtisctured in two parts: a screening
assessment and a global one, in which anthropametredical, lifestyle, dietary, and
psychosocial factors are considered. It includegelis with a maximum score of 30. Values
below 17 indicate default malnutrition, values betw 17 and 23.5 indicate risk of
malnutrition, while values above 24 indicate normadritional status [15]; whereas the LCF
allows to evaluate the recovery of consciousnedscammunication and to monitor patient’s
cognitive improvements after brain injury. It indes 8 levels scored from 1 to 8 (higher

score = better performance) [16].
Statistical Analysis

Data were analyzed using the R version 3.5.0, densig a p<0.05 as statistically
significant. Because of the small subgroup dimerssionon-parametric analysis was
performed. Thus, we used the Wilcoxon signed-rast to compare each group between
baseline and follow-up (intra-group analysis), ve@er comparisons between groups was
made by mean of the Kruskal-Wallis test. We alseduthe Chi-squared test or, when
opportune the Fisher's exact test, to compare ptiops. To assess the association between
the feeding typology and nutritional recovery, wexfprmed a multiple logistic regressions
adjusting for some characteristics (i.e. gendere, adiagnosis, albumin and protein
supplement), considering the categorical variaM&A improved’ (1= yes; 0= no) coded
according to the TO-T1 change of the patient'sitiatral status (e.g. “yes” indicates a change
from “malnutrition” to “risk of malnutrition” or td‘normal nutritional status”). We applied a
backward elimination stepwise procedure for theiahmf the best predictive variables
according to the Akaike information criterion (AlClrinally, the analysis of covariance
(ANCOVA) was performed to assess whether the imgmment of the nutritional status

influenced the cognitive functioning, independerfilgm the score difference at baseline.



Notably, the model had the LCF score at T1 as digr@nvariable, the variable ‘MNA
improved’ as independent variable, and the LCFes@irTO as covariate. We performed
ANOVA to verify whether the model was significantlyfferent from the one fitted with the

interaction term “MNA improved*LCF score at TO.

Results

Patient characteristics at baseline

About 97.5% of patients were malnourished at adonssNo significant differences at
baseline among patients in different nutritionattisgs emerged (Table 1). However, the
proportion of patients fed with oral nutrition whieeeded albumin supplement was

significantly lower than whom fed with enteral or@d method (p < 0.01).

Comparison of clinical outcomes between baseline and follow-up

Both MNA and LCF scores changed significantly frobaseline to follow-up (p < 0.001 and
p < 0.01, respectively). We observed also a chan&MI median scores, although it did not
reach the significance (p = 0.06). Performing thteaikgroup analysis in different subgroups
according to nutritional settings, we also consdeahe subgroup of patients progressed from
enteral to oral nutrition during the hospitalizatid®Results showed a significant improvement
in both MNA and LCF scores between TO and T1 inhesgbgroup, except in the one

including patients fed with enteral nutrition (Tald).

Comparison of biochemical indicators between baseline and follow-up

There were significant differences in biochemigalicators, including albumin (p < 0.01)
and protein (p < 0.001) levels, from baseline asitbiv-up. We observed significant changes
also within subgroups, especially concerning the iooluding patients fed with oral nutrition

(Table 3).



Analysis of Covariance on changesin cognitive functioning

Since the interaction term “MNA improved*LCF scaeT0” was no significant, it was not
considered in the ANCOVA models fitting. Resultpodged in Table 4 show that the
nutritional improvement had a significant effect a@€F change (F = 10.5; p < 0.01),

increasing of about 0.99 points its score.

Risk and protective factors for nutritional improvement
The backward elimination stepwise procedure iditifthe logistic model including as
predictors age and type of feedings. However, ondy nutrition resulted to be a significant

predictor for nutritional improvement, as reported able 5.

Discussion

SABI is a damage to the brain, occurring from tratimor non-traumatic causes (mainly
stroke), and often resulting in deterioration ofgibal, cognitive, emotional or independent
functioning. Since the brain is involved in the g@#es of regulating metabolic activity,
metabolic alterations as hormonal changes andnmmflatory response occur frequently in
SABI patients. Therefore, these patients suffemfigevere metabolic disorders, which alter
the nutritional balance (i.e. insufficient intakedaexcessive consumption of nutrients),
increase their inflammatory state, and leading tdeficient state of malnutrition [17].
According to recent literature, our sample showdigh percentage of malnourished patients
on admission (97,5%), many of whom underwent afical feeding.

The most common form of hospital malnutrition inved nutritional deficits, loss of body
mass (fat and lean), alteration of blood test \&laled cognitive deficits [18]. The study of
Maruyama et al. [19] showed that the presence dhumx@ion increases the incidence of

mortality in all pathologies, with greater effect stroke patients during the rehabilitation



phase rather than in the acute phase. Indeed, mabw affects the functional status,
undermining the patient’s recovery [20]. Thus, yarthospital nutrition plays a fundamental
role in rehabilitation recovery of these patientsorder to avoid complications due to the
impairment of organ functions, as well as to thaseaing of the patient's immunological
status [21-22] Moreover, the hyper-metabolism cbodican complicate the initial patient’s
stabilization at admission, and prolong the relialbibn period [17].

To the best of our knowledge, this is the firsdgtdealing with natural feeding in recovering
of SABI patients. Although there are some diffeeat baseline in MNA and LCF scores
among groups, because of the different impairmépatents in each group, the intra-group
analysis findings depict a higher score change madmin the oral feed group. Notably, our
findings showed an improvement in the nutritiontdtiss of all patients receiving an
individual nutritional treatment, although it waignificant only in patients who underwent
natural or mixed nutrition. We also observed a iiggmt improvement, both in nutritional
status and in cognitive functioning, in patientsged from artificial to natural oral nutrition
during the hospitalization. This important residaded us to believe that a natural diet
conducted within a hospital setting could have &ldeantage to improve the recovery in
patients with SABI, compared to the exclusive udestandard artificial formulations.
According to Waitzberg et al., [23], our resultgylilight the importance of in-hospital
nutritional assessment for early detection of m@ition, together with a prompt nutritional
intervention, in particular with oral feeding thpyalndeed, it is well known that a balanced
natural nutrition provides richer food quality thaartificial nutrition, allowing better
absorption of nutrients. However, neurological dbads of SABI patients usually cause
altered levels of consciousness or impaired swatigunechanisms that necessitate artificial
nutritional support. The guidelines of the Americ&ociety for Parenteral and Enteral

Nutrition (ASPEN) indicate that neurological pateshould start nutritional support as soon



as possible [24]. Indeed, early nutritional suppmah provide catabolic calories and other
nutrients that the patient needs, maintain the rocglunctions, reduce infection rates and
complications, promote neural function and reducertatity [22]. Enteral nutrition is
considered the best nutritional approach when t#mrgintestinal tract is structurally and
functionally intact, since its association with tbecreasing of T regulatory cells in the
lamina propria of the intestinal epithelium, whit@nsequent reduction of the inflammatory
state [25]. Moreover, enteral nutrition resulted ¢ontribute in maintaining nutrient
metabolism in patients with neurologically criticdiseases [5]. However, the use of enteral
nutrition can produce some adverse risks, as refgeyndrome, increased volume of gastric
residues, diarrhoea and constipation [26]. Notablgrrhoea exacerbates the microbial
gastrointestinal imbalance, increasing the riskaofibiotics need [27]. In his work [28],
Savino explains how industrial medical products may contain the optimal amount of
nutrients needed to meet patient needs, espea@slloncern the quality (presence of
branched, essential and non-essential amino ammis)he origin of raw materials.

Although the use of natural foods is not generedlgommended because of higher risk of
microbial contamination, some studies have shovan tie administration of natural foods
through enteral nutrition can significantly reduttee occurrence of complications [29].
Indeed, natural feeding allows to integrate nutgdpetter than industrial formulations and
offer to familiars to be more involved in making atefor their relatives; however, could be
risky how the familiars prepare the food, e.goitild be not optimally blended.

The recent literature is lacking in studies conddain SABI patients undergoing nutritional
therapy, especially in studies aimed to comparectsfof natural foods versus the ones of
enteral or parental nutrition. Schmidt et al. [38]their study, showed that the use of natural
foods can be an effective in the treatment of Hwer, by contributing to improve the

rehabilitation recovery in neurological patientsowéver, they administered natural foods



(such as milk, meat, and vegetables) only by ehtertition. Most recently, Fabiani et al.
[31] reported that the administration of naturadde by enteral nutrition significantly reduces
the appearance of diarrhoea, but it was observamhients subjected to cardiac surgery.
However, our findings show as the type of nutritc@m have a pivotal role in SABI patient’s
recovery, both from a metabolic and cognitive pahview. Indeed, the oral nutrition seems
to have the greatest prognostic capacity for notd improvement in SABI patients (Table
5). Thus, the type of nutrition could representredictive index of future hospitalizations.
Moreover, we found that patients fed with oral iign since the beginning of the
hospitalization required less albumin supplementatalthough both albumin and protein
values significantly increased within the normalge during the hospitalization.

One of the main aspects of hospital malnutritiomeisresented by excessive thinness [32].
Such a condition, demonstrated by a low BMI, wae @bserved in our sample. Our findings
show a mean increase of weight during the hospéttdin, with a consequent increase of the
BMI. However, the TO-T1 comparison of BMI did natach the statistical significance. It
was probably due to the extreme underweight caditof patients, who were too
compromised to reach normal levels.

Our study has some limitations. First, due to #teospectivity of the study which can lead to
information bias. For example, results could be@#d by a bias due to different lengths in
hospitalization stay. Second, due to the limitethbar of medical records, the sample could
be not large enough to extend correctly resulth@dSABI patients’ population. Third, due to
the not completeness of medical records, additiateth as biochemical values could
reinforce our findings, as well as data concermatients' calorie and protein intake. We only
know that the choice of the necessary calories masle through the Harris-Benedict

equation. Further prospective studies are needddabwith information bias, and to confirm



our results by comparing nutritional changes betwedifferent feedings during

hospitalization.

In conclusion, this study sustains that an ad-hadrition therapy within a multi-disciplinary

team may improve both the hospital care and thevexy in SABI population. Results show

that natural nutrition is superior to enteral rudn in improving nutritional outcomes.
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Table 1. Demographic and clinical description of patient®aseline in different nutritional

forms.
All Nutrition

Characteristic (n = 40) Enteral Mixed Oral  p-value

(n=14) (n=13) (n=13)
Males 30 (75.0) 11 (78.6) 9 (69.2) 10 (76.9) 0.84
Age (years) 50.2+16.6 49.7+18.8 46.2+12.6 54.6 +17.7 0.46
Diagnosis
Traumatic brain injury 12 (30.0) 5 (35.7) 4 (30.8) 3(23.1)
Stroke 25 (62.5) 9 (64.3) 9 (69.2) 7 (53.8) 0.26
Spinal lesion 3 (7.5) 0 (0.0) 0 (0.0) 3(23.1)
Comorbidity
None 11 (27.5) 3(21.4) 3(23.1) 5(38.5) 0.67
Hypertension 10 (25.0) 4 (28.6) 2 (15.4) 4 (30.8) 0.73
Hypertriglyceridemia 1(2.5) 1(7.1) 0(0.0) 0 (0.0) 0.99
Hypercholesterolemia 3(7.5) 2(14.3) 0 (0.0) 1(7.7) 0.76
Diabetes type 2 6 (15.0) 3(21.4) 2 (15.4) 1(7.7) 0.86
Cardiopathy 8 (20.0) 2 (14.3) 4 (30.8) 2 (15.4) 0.61
Hypothyroidism 2 (5.0) 0 (0.0) 0 (0.0) 2 (15.4) 0.20
Other 5 (12.5) 1(7.1) 3(23.1) 1(7.7) 0.50
Nutritional status
Well-nourished 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Risk for malnutrition 1(2.5) 0 (0.0) 1(7.7) 0 (0.0) 0.65
Malnourished 39 (97.5) 14 (100.0) 12 (92.3) 13 (100.0)
Supplement
None 4 (10.0) 0 (0.0) 1(7.7) 3(23.1) 0.13
Protein 22 (55.0) 7 (50.0) 9 (69.2) 6 (46.1) 0.44
Albumin 26 (65.0) 12 (85.7) 10 (76.9) 4 (30.8) <0.01

Continuous variables were expressed as mean +asthrdkviation, whereas categorical
variables as frequencies and percentages. SigmifitHierences are in bold.



Table 2.Intra-groups analysis of clinical outcomes in diffet nutritional subgroups.

Baseline Follow-up p-value
All (n = 40)
MNA 8.75 (6.37 — 11.62) 16.25 (12.38 - 19.38) < 0.001
BMI 18.90 (17.57 — 20.55) 19.60 (18.10 — 20.90) 0.06
LCF 3.00 (2.00 — 4.00) 4.50 (3.00 — 6.00) <0.01
Enteral (n = 6)
MNA 7.75 (5.37 - 9.37) 11.0 (8.75 - 11.75) 0.20
BMI 20.65 (16.57 — 25.18) 20.70 (18.25 - 24.12) 0.99
LCF 2.00 (1.25 - 2.00) 3.00 (2.25 — 3.75) 0.06
Mixed (n = 13)
MNA 7.00 (5.50 —9.00) 13.50 (12.50 — 18.00) <0.01
BMI 18.90 (17.70 — 19.40) 18.60 (18.10 — 20.90) 0.52
LCF 2.00 (2.00 — 4.00) 4.00 (3.00 — 4.00) 0.04
Oral (n = 13)
MNA 10.50 (8.50 — 12.00) 18.50 (16.50 — 21.00) <0.01
BMI 18.70 (18.50 — 20.70) 19.70 (18.32 — 20.70) 0.08
LCF 5.00 (4.00 — 6.00) 6.00 (5.00 — 7.00) <0.01
From enteral to oral (n = 8)
MNA 9.50 (6.62 — 11.87) 18.00 (13.50 — 21.38) 0.02
BMI 19.25 (17.27 — 20.50) 19.75 (17.88 — 21.60) 0.24
LCF 2.00 (2.00 — 3.00) 6.00 (4.00 — 6.00) 0.04

Legend: LCF = Levels of Cognitive Functioning scAltNA = Mini Nutritional Assessment;

BMI = Body Mass Index. Scores are reported as nme(iest-third quartile). Significant

differences are in bold.



Table 3.Intra-groups analysis of biochemical outcomes ffedent nutritional subgroups.

Baseline Follow-up p-value
All (n = 40)
Albumin (g/L) 2.90 (2.30-3.42) 3.15 (2.87 — 3.50) <0.01
Protein (g/L) 6.15 (5.77 — 6.60) 6.55 (6.27 — 6.90) < 0.001
Enteral (n = 6)
Albumin (g/L) 2.50 (2.15-2.92) 2.50 (2.27 — 2.95) 0.99
Protein (g/L) 6.40 (5.85 - 6.72) 6.80 (6.72 — 8.30) 0.04
Mixed (n = 13)
Albumin (g/L) 2.90 (2.30 — 3.50) 3.10 (3.00 — 3.30) 0.21
Protein (g/L) 6.30 (6.20 — 6.60) 6.70 (6.40 — 6.90) 0.01
Oral (n = 13)
Albumin (g/L) 2.90 (2.50 — 3.30) 3.20 (3.00 — 3.50) <0.01
Protein (g/L) 5.80 (5.60 — 6.00) 6.50 (6.10 — 6.50) <0.01
From enteral to oral (n = 8)
Albumin (g/L) 3.05 (2.67 — 3.47) 3.35(3.17 — 3.60) 0.10
Protein (g/L) 6.10 (5.97 — 6.72) 6.50 (6.37 — 6.75) 0.08

Values are reported as median (first-third quartBgnificant differences are in bold.



Table 4. ANCOVA results on patient’s cognitive functions.

Coefficients Sum Squares Estimate Std. Err.  Df F value p value
LCF (at baseline) 27.48 0.53 0.13 1 15.62 <0.001
MNA improved 18.49 0.99 0.30 1 10.51 0.002
Residuals 65.08 - - 37 - -

Df = Degree freedom; LCF = Levels of Cognitive Fumging scale; MNA = Mini
Nutritional Assessment. Significance are in bold.



Table 5.Backward Logistic regression: significant predistof nutritional improvement.

Predictors

OR

Std. Err.

Wald z

[95% Conf. interval] | p-value
Age 1.04 0.02 1.66 0.99 1.10 0.06
Nutrition- Mixed 2.44 1.33 0.67 0.21 60.59 0.50
Nutrition-Oral 16.08 1.27 2.19 1.81 383.15 0.03

Pseudo-R=0.21; Prob »*(3)<0.01
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