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AIMS AND SCOPE

Clinical Science of Nutrition (Cli Sci Nutr) is the peer-reviewed, not-for-profit, open access, scholarly, online only publication of the Society of Clinical Enteral Paren-
teral Nutrition - Turkey. The journal is published tri-annually in April, August, and December and its publication language is English.

The journal aims to contribute to the literature by publishing high impact content and become one of the leading publications of the field while functioning as
an open discussion forum on significant issues of current interest. Clinical Science of Nutrition also aims to have significant input in emphasizing the increasing
importance of clinical nutrition in Turkey and the region, identifying the effects of differences between societies on study results in a clearer way and converting
clinical applications into scientific publications as well as forming a bridge between West and East.

The scope of Clinical Science of Nutrition includes original research articles, review articles, case reports, conference reports, and letters to the editor as well as ed-
itorials, abstracts from international and national congresses, panel meetings, conferences and symposia. As an online-only publication, in addition to traditional
manuscript submissions, Clinical Science of Nutrition is also able to process video, audio and interactive software submissions. Authors, are encouraged to submit
their content in the most appropriate medium to best convey their findings to the audience of Clinical Science of Nutrition.

The journal covers all aspects of nutrition and dietetics including prevalence of malnutrition and its effects on clinical results; nutritional support and delivery
methods and their advantages and disadvantages; nutritional support products and their side effects; immune system and nutritional support; ERAS protocol and
nutritional support; home parenteral and enteral nutrition; nutrition support teams and their necessity, challenges and potential solutions of nutritional support.

The journal’s target audience includes academicians, practitioners, specialists and students interested in nutrition and dietetics.

The editorial and publication processes of the journal are shaped in accordance with the guidelines of the International Committee of Medical Journal Editors (ICM-
JE), World Association of Medical Editors (WAME), Council of Science Editors (CSE), Committee on Publication Ethics (COPE), European Association of Science Editors
(EASE), and National Information Standards Organization (NISO). The journal is in conformity with the Principles of Transparency and Best Practice in Scholarly
Publishing (doaj.org/bestpractice).

Processing and publication are free of charge with the journal. No fees are requested from the authors at any point throughout the evaluation and publication
process. All manuscripts must be submitted via the online submission system, which is available at clinscinutr.org. The journal guidelines, technical information,
and the required forms are available on the journal’s web page.

Publication expenses of the journal are covered by the Society of Clinical Enteral Parenteral Nutrition - Turkey. Potential advertisers should contact the Editorial
Office. Advertisement images are published only upon the Editor-in-Chief’s approval.

Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) and not the opinions of the Society of Clinical
Enteral Parenteral Nutrition - Turkey, editors, editorial board, and/or publisher; the editors, editorial board, and the publisher disclaim any responsibility or liability
for such materials.

All published content i available online, free of charge at clinscinutr.org. Printed copies of the journal are distributed internationally, free of charge.

Clinical Science of Nutrition is an open access publication and the journal’s publication model is based on Budapest Open Access Initiative (BOAI) declaration.
Journal’s archive is available online, free of charge at clinscinutr.org. Clinical Science of Nutrition’s content is licensed under a Creative Commons Attribution-Non-
Commercial 4.0 International License.
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INSTRUCTIONS TO AUTHORS

Clinical Science of Nutrition (Cli Sci Nutr) is the peer-reviewed, not-for-
profit, open access, scholarly, online only publication of the Society of
Clinical Enteral Parenteral Nutrition - Turkey. The journal is published
tri-annually in April, August, and December and its publication language
is English.

The journal aims to contribute to the literature by publishing high impact
content and become one of the leading publications of the field while
functioning as an open discussion forum on significant issues of current
interest. Clinical Science of Nutrition also aims to have significant input
in emphasizing the increasing importance of clinical nutrition in Turkey
and the region, identifying the effects of differences between societies
on study results in a clearer way and converting clinical applications into
scientific publications as well as forming a bridge between West and East.

The scope of Clinical Science of Nutrition includes original research arti-
cles, review articles, case reports, conference reports, and letters to the
editor as well as editorials, abstracts from international and national
congresses, panel meetings, conferences and symposia. As an online-on-
ly publication, in addition to traditional manuscript submissions, Clinical
Science of Nutrition is also able to process video, audio and interactive
software submissions. Authors, are encouraged to submit their content in
the most appropriate medium to best convey their findings to the audi-
ence of Clinical Science of Nutrition.

The journal covers all aspects of nutrition and dietetics including preva-
lence of malnutrition and its effects on clinical results; nutritional support
and delivery methods and their advantages and disadvantages; nutrition-
al support products and their side effects; immune system and nutrition-
al support; ERAS protocol and nutritional support; home parenteral and
enteral nutrition; nutrition support teams and their necessity, challenges
and potential solutions of nutritional support.

The editorial and publication processes of the journal are shaped in ac-
cordance with the guidelines of the International Council of Medical
Journal Editors (ICMJE), the World Association of Medical Editors (WAME),
the Council of Science Editors (CSE), the Committee on Publication Ethics
(COPE), the European Association of Science Editors (EASE), and National
Information Standards Organization (NISO). The journal conforms to the
Principles of Transparency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria for a manuscript to be accepted for publication. Manu-
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scripts submitted for evaluation should not have been previously present-
ed or already published in an electronic or printed medium. The journal
should be informed of manuscripts that have been submitted to another
journal for evaluation and rejected for publication. The submission of pre-
vious reviewer reports will expedite the evaluation process. Manuscripts
that have been presented in a meeting should be submitted with detailed
information on the organization, including the name, date, and location
of the organization.

Manuscripts submitted to Clinical Science of Nutrition will go through a
double-blind peer-review process. Each submission will be reviewed by at
least two external, independent peer reviewers who are experts in their
fields in order to ensure an unbiased evaluation process. The editorial
board will invite an external and independent editor to manage the eval-
uation processes of manuscripts submitted by editors or by the editorial
board members of the journal. The Editor in Chief is the final authority in
the decision-making process for all submissions.

An approval of research protocols by the Ethics Committee in accordance
with international agreements (World Medical Association Declaration
of Helsinki “Ethical Principles for Medical Research Involving Human
Subjects,” amended in October 2013, www.wma.net) is required for ex-
perimental, clinical, and drug studies and for some case reports. If re-
quired, ethics committee reports or an equivalent official document will
be requested from the authors. For manuscripts concerning experimental
research on humans, a statement should be included that shows that writ-
ten informed consent of patients and volunteers was obtained following a
detailed explanation of the procedures that they may undergo. For studies
carried out on animals, the measures taken to prevent pain and suffering
of the animals should be stated clearly. Information on patient consent,
the name of the ethics committee, and the ethics committee approval
number should also be stated in the Materials and Methods section of
the manuscript. It is the authors’ responsibility to carefully protect the
patients’ anonymity. For photographs that may reveal the identity of the
patients, signed releases of the patient or of their legal representative
should be enclosed.

All submissions are screened by a similarity detection software (iThenti-
cate by CrossCheck).

In the event of alleged or suspected research misconduct, e.q., plagiarism,
citation manipulation, and data falsification/fabrication, the Editorial
Board will follow and act in accordance with COPE guidelines.
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Eachindividual listed as an author should fulfil the authorship criteria rec-
ommended by the International Committee of Medical Journal Editors (IC-
MIE - www.icmje.org). The ICMJE recommends that authorship be based
on the following 4 criteria:

1 Substantial contributions to the conception or design of the work; or
the acquisition, analysis, or interpretation of data for the work; AND

2 Drafting the work or revising it critically for important intellectual
content; AND

3 Final approval of the version to be published; AND
Agreement to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.

In addition to being accountable for the parts of the work he/she has
done, an author should be able to identify which co-authors are respon-
sible for specific other parts of the work. In addition, authors should have
confidence in the integrity of the contributions of their co-authors.

All those designated as authors should meet all four criteria for author-
ship, and all who meet the four criteria should be identified as authors.
Those who do not meet all four criteria should be acknowledged in the
title page of the manuscript.

Clinical Science of Nutrition requires corresponding authors to submit a
signed and scanned version of the authorship contribution form (avail-
able for download through clinscinutr.org) during the initial submission
process in order to act appropriately on authorship rights and to prevent
ghost or honorary authorship. If the editorial board suspects a case of
“gift authorship,” the submission will be rejected without further review.
As part of the submission of the manuscript, the corresponding author
should also send a short statement declaring that he/she accepts to un-
dertake all the responsibility for authorship during the submission and
review stages of the manuscript.

Clinical Science of Nutrition requires and encourages the authors and
the individuals involved in the evaluation process of submitted man-
uscripts to disclose any existing or potential conflicts of interests,
including financial, consultant, and institutional, that might lead to
potential bias or a conflict of interest. Any financial grants or other
support received for a submitted study from individuals or institutions
should be disclosed to the Editorial Board. To disclose a potential con-
flict of interest, the ICMJE Potential Conflict of Interest Disclosure Form
should be filled in and submitted by all contributing authors. Cases of
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a potential conflict of interest of the editors, authors, or reviewers are
resolved by the journal’s Editorial Board within the scope of COPE and
ICMJE guidelines.

The Editorial Board of the journal handles all appeal and complaint cases
within the scope of COPE guidelines. In such cases, authors should get in
direct contact with the editorial office regarding their appeals and com-
plaints. When needed, an ombudsperson may be assigned to resolve cases
that cannot be resolved internally. The Editor in Chief is the final authority
in the decision-making process for all appeals and complaints.

Clinical Science of Nutrition requires each submission to be accompanied
by a Copyright Agreement and Acknowledgement of Authorship Form
(available for download clinscinutr.org). When using previously published
content, including figures, tables, or any other material in both print and
electronic formats, authors must obtain permission from the copyright
holder. Legal, financial and criminal liabilities in this regard belong to the
author(s). By signing the Copyright Agreement and Acknowledgement of
Authorship Form, authors agree that the article, if accepted for publication
by the Clinical Science of Nutrition, will be licensed under a Creative Com-
mons Attribution-Non Commercial 4.0 International License (CC-BY-NC).

Statements or opinions expressed in the manuscripts published in Clinical
Science of Nutrition reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher; the editors, the edi-
torial board, and the publisher disclaim any responsibility or liability for
such materials. The final responsibility in regard to the published content
rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-Recom-
mendations for the Conduct, Reporting, Editing, and Publication of Schol-
arly Work in Medical Journals (updated in December 2018 - http://www.
icmje.org/icmje-recommendations.pdf). Authors are required to prepare
manuscripts in accordance with the CONSORT guidelines for randomized
research studies, STROBE guidelines for observational original research
studies, STARD guidelines for studies on diagnostic accuracy, PRISMA
guidelines for systematic reviews and meta-analysis, ARRIVE guidelines
for experimental animal studies, and TREND guidelines for non-random-
ized public behaviour.

Manuscripts can only be submitted through the journal’s online manu-
script submission and evaluation system, available at clinscinutr.org.
Manuscripts submitted via any other medium will not be evaluated.

A-IV
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Manuscripts submitted to the journal will first go through a technical
evaluation process where the editorial office staff will ensure that the
manuscript has been prepared and submitted in accordance with the jour-
nal’s guidelines. Submissions that do not conform to the journal’s guide-
lines will be returned to the submitting author with technical correction
requests.

Authors are required to submit the following:

« Copyright Agreement and Acknowledgement of Authorship Form
and

- |CMJE Potential Conflict of Interest Disclosure Form (should be filled in
by all contributing authors)

during the initial submission. These forms are available for download at
clinscinutr.org.

Preparation of the Manuscript
Title page: A separate title page should be submitted with all submis-
sions and this page should include:

- The full title of the manuscript as well as a short title (running head)
of no more than 50 characters,

- Name(s), affiliations, and highest academic degree(s) of the au-
thor(s),

«  Grant information and detailed information on the other sources of
support,

« Name, address, telephone (including the mobile phone number) and
fax numbers, and email address of the corresponding author,

«  Acknowledgment of the individuals who contributed to the prepa-
ration of the manuscript but who do not fulfil the authorship crite-
ria.

Abstract: An abstract should be submitted with all submissions except
for Letters to the Editor. The abstract of Original Articles should be struc-
tured with subheadings (Objective, Methods, Results, and Conclusion).
Please check Table 1 for word count specifications.

Keywords: Each submission must be accompanied by a minimum of
three to a maximum of six keywords for subject indexing at the end of
the abstract. The keywords should be listed in full without abbreviations.
The keywords should be selected from the National Library of Medicine,
Medical Subject Headings database (https://www.nIm.nih.gov/mesh/
MBrowser.html).
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Manuscript Types

Original Articles: This is the most important type of article since it pro-
vides new information based on original research. The main text of orig-
inal articles should be structured with Introduction, Methods, Results,
and Discussion subheadings. Please check Table 1 for the limitations for
Original Articles.

Statistical analysis to support conclusions is usually necessary. Statistical
analyses must be conducted in accordance with international statistical
reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock SJ. Sta-
tistical guidelines for contributors to medical journals. Br Med J 1983: 7;
1489-93). Information on statistical analyses should be provided with a
separate subheading under the Materials and Methods section and the
statistical software that was used during the process must be specified.

Units should be prepared in accordance with the International System of
Units (SI).

Editorial Comments: Editorial comments aim to provide a brief critical
commentary by reviewers with expertise or with high reputation in the
topic of the research article published in the journal. Authors are selected
and invited by the journal to provide such comments. Abstract, Keywords,
and Tables, Figures, Images, and other media are not included.

Review Articles: Reviews prepared by authors who have extensive
knowledge on a particular field and whose scientific background has
been translated into a high volume of publications with a high citation
potential are welcomed. These authors may even be invited by the jour-
nal. Reviews should describe, discuss, and evaluate the current level of
knowledge of a topic in clinical practice and should guide future studies.
The main text should contain Introduction, Clinical and Research Conse-
quences, and Conclusion sections. Please check Table 1 for the limitations
for Review Articles.

Case Reports: There is limited space for case reports in the journal and
reports on rare cases or conditions that constitute challenges in diagno-
sis and treatment, those offering new therapies or revealing knowledge
not included in the literature, and interesting and educative case reports
are accepted for publication. The text should include Introduction, Case
Presentation, and Discussion subheadings. Please check Table 1 for the
limitations for Case Reports.

Letters to the Editor: This type of manuscript discusses important parts,
overlooked aspects, or lacking parts of a previously published article. Ar-
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ticles on subjects within the scope of the journal that might attract the
readers’ attention, particularly educative cases, may also be submitted in
the form of a “Letter to the Editor.” Readers can also present their com-
ments on the published manuscripts in the form of a “Letter to the Editor.”
Abstract, Keywords, and Tables, Figures, Images, and other media should
not be included. The text should be unstructured. The manuscript that is
being commented on must be properly cited within this manuscript.

Tables

Tables should be included in the main document, presented after the ref-
erence list, and they should be numbered consecutively in the order they
are referred to within the main text. A descriptive title must be placed
above the tables. Abbreviations used in the tables should be defined
below the tables by footnotes (even if they are defined within the main
text). Tables should be created using the “insert table” command of the
word processing software and they should be arranged clearly to provide
easy reading. Data presented in the tables should not be a repetition of the
data presented within the main text but should be supporting the main
text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as separate files
(in TIFF or JPEG format) through the submission system. The files should
not he embedded in a Word document or the main document. When there
are figure subunits, the subunits should not be merged to form a single
image. Each subunit should be submitted separately through the submis-
sion system. Images should not be labeled (a, b, ¢, etc.) to indicate figure
subunits. Thick and thin arrows, arrowheads, stars, asterisks, and similar
marks can be used on the images to support figure legends. Like the rest
of the submission, the figures too should be blind. Any information within
the images that may indicate an individual or institution should be blind-
ed. The minimum resolution of each submitted figure should be 300 DPI.
To prevent delays in the evaluation process, all submitted figures should
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be clear in resolution and large in size (minimum dimensions: 100 x 100
mm). Figure legends should be listed at the end of the main document.

All acronyms and abbreviations used in the manuscript should be defined
at first use, both in the abstract and in the main text. The abbreviation
should be provided in parentheses following the definition.

When a drug, product, hardware, or software program is mentioned with-
in the main text, product information, including the name of the product,
the producer of the product, and city and the country of the company
(including the state if in USA), should be provided in parentheses in the
following format: “Discovery St PET/CT scanner (General Electric, Milwau-
kee, WI, USA)”

All references, tables, and figures should be referred to within the main
text, and they should be numbered consecutively in the order they are
referred to within the main text.

Limitations, drawbacks, and the shortcomings of original articles should
be mentioned in the Discussion section before the conclusion paragraph.

References

While citing publications, preference should be given to the latest, most
up-to-date publications. Authors should avoid using references that are
older than ten years. The limit for the old reference usage is 15% in the
journal. If an ahead-of-print publication is cited, the DOI number should
be provided. Authors are responsible for the accuracy of references. Jour-
nal titles should be abbreviated in accordance with IS0 4 standards. When
there are six or fewer authors, all authors should be listed. If there are
seven or more authors, the first six authors should be listed followed by
“etal.”In the main text of the manuscript, references should be cited using
Arabic numbers in parentheses. The reference styles for different types of
publications are presented in the following examples.

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit Reference limit Table limit Figure limit
Original Article 5000 300 (Structured) 50 6 7 or total of 15 images
Review Article 6000 300 60 6 10 or total of 20 images
(ase Report 2500 250 20 No tables 10 or total of 20 images
Letter to the Editor 1000 No abstract 5 No tables No media
Editorial 1000 No abstract 5 No tables No media
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Journal Article: Rankovic A, Rancic N, Jovanovic M, Ivanovi¢ M, Gajovic
0, Lazi¢ Z, et al. Impact of imaging diagnostics on the budget — Are we
spending too much? Vojnosanit Pregl 2013; 70: 709-11.

Book Section: Suh KN, Keystone JS. Malaria and babesiosis. Gorbach SL,
Barlett JG, Blacklow NR, editors. Infectious Diseases. Philadelphia: Lippin-
cott Williams; 2004.p.2290-308.

Books with a Single Author: Sweetman SC. Martindale the Complete Drug
Reference. 34th ed. London: Pharmaceutical Press; 2005.

Editor(s) as Author: Huizing EH, de Groot JAM, editors. Functional recon-
structive nasal surgery. Stuttgart-New York: Thieme; 2003.

Conference Proceedings: Bengisson S. Sothemin BG. Enforcement of data
protection, privacy and security in medical informatics. In: Lun KC, Degou-
let P, Piemme TE, Rienhoff 0, editors. MEDINFO 92. Proceedings of the 7th
World Congress on Medical Informatics; 1992 Sept 6-10; Geneva, Switzer-
land. Amsterdam: North-Holland; 1992. pp.1561-5.

Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf B, Agron E, Wu
L, Lindley A, et al. Early Treatment Diabetic Retinopathy Study Research
Group. Risk factors for renal replacement therapy in the Early Treatment
Diabetic Retinopathy Study (ETDRS), Early Treatment Diabetic Retinopathy
Study Kidney Int: 2004. Report No: 26.

Thesis: Yilmaz B. Ankara Universitesindeki Ogrencilerin Beslenme Durum-
lan, Fiziksel Aktiviteleri ve Beden Kitle indeksleri Kan Lipidleri Arasindaki
Iligkiler. H.U. Saglik Bilimleri Enstitiisii, Doktora Tezi. 2007.

Manuscripts Accepted for Publication, Not Published Yet: Slots J. The mi-
croflora of black stain on human primary teeth. Scand J Dent Res. 1974.

Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, Roberts JP,
Wang ZJ. Adult living donor liver imaging. Diagn Interv Radiol. 2016 Feb
24. doi: 10.5152/dir.2016.15323. [Epub ahead of print].

@ CLINICAL SCIENCE OF ~

-NUTRITION_—_—_

Manuscripts Published in Electronic Format: Morse SS. Factors in the emer-
gence of infectious diseases. Emerg Infect Dis (serial online) 1995 Jan-Mar
(cited 1996 June 5): 1(1): (24 screens). Available from: URL: http:/ www.
cdc.gov/ncidodIEID/cid.htm.

REVISIONS

When submitting a revised version of a paper, the author must submit a de-
tailed “Response to the reviewers” that states point by point how each issue
raised by the reviewers has been covered and where it can be found (each
reviewer’s comment, followed by the author’s reply and line numbers where
the changes have been made) as well as an annotated copy of the main
document. Revised manuscripts must be submitted within 30 days from the
date of the decision letter. If the revised version of the manuscript is not sub-
mitted within the allocated time, the revision option may be canceled. If the
submitting author(s) believe that additional time is required, they should
request this extension before the initial 30-day period is over.

Accepted manuscripts are copy-edited for grammar, punctuation, and
format. Once the publication process of a manuscript is completed, it is
published online on the journal’s webpage as an ahead-of-print publica-
tion before it is included in its scheduled issue. A PDF proof of the accepted
manuscript is sent to the corresponding author and their publication ap-
proval is requested within 2 days of their receipt of the proof.
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ABSTRACT

Malnutrition is an important cause of mortality and morbidity in critically ill patients. Moreover, malnutrition leads to increased
apoptosis leading to secondary immune deficiency. Nutritional support is therefore an important aspect of patient care in
critically ill patients. Although total parenteral nutrition (TPN) provides sufficient energy and protein requirement to critically il
patients, it increases the risk of infection by inducing apoptosis in the intestinal epithelial cells resulting in the loss of mucosal
epithelial barrier function. However, early parenteral nutritional support inhibits autophagy in critically ill patients, leading to
suppression of natural immunity, infection development, and increased organ dysfunction. Autophagy is an important repair
process in the recovery of organ dysfunction caused by critical disease. Therefore, the absence of parenteral nutritional support
in the acute phase of critical disease stimulates autophagy and accelerates recovery. Even though it is thought that fasting-ac-
tivated autophagy may have positive effects on critical illness, early trophic/hypocaloric enteral nutrition support should be

initiated in patients at high risk of malnutrition.

Keywords: Apoptosis, autophagy, enteral nutrition, inflammation, malnutrition

There is a rapid catabolic process caused by systemic
inflammatory response in critically ill patients treated in
intensive care units. This catabolic process leads to mal-
nutrition by causing imbalances in protein and energy
metabolisms (1).

Approximately 10%-70% of hospitalized patients have
signs of malnutrition. More importantly, malnutrition
remains undiagnosed in 70% of the patients, and 70%-
80% of the patients do not receive any nutritional sup-
port in the hospital. Malnutrition occurs more rapidly
due to the underlying inflammatory response and cat-
abolic stress in critically ill patients monitored in inten-
sive care units (2).

On the other hand, malnutrition is still an important
cause of secondary immune deficiency with unclear
mechanisms. Malnutrition changes the immune re-
sponse by reducing cell-mediated immunity, phagocy-
tosis function, secretory antibody response, and anti-
body affinity, and influencing the complement system
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and cytokine production. Thus, especially in critically ill
patients, the malnutrition-induced immune dysfunction
often presents with an infection that becomes an im-
portant risk factor for sepsis and mortality (3). Malnu-
trition in critically ill patients leads to the development
of complications such as decreased respiratory muscle
strength, consequently leading to low ventilation ca-
pacity, prolonged mechanical ventilation time, delayed
wound healing, prolonged intensive care stay, and in-
creased morbidity and mortality (1, 2, 4, 5).

Some studies have reported that the provision of ca-
loric requirements by early enteral nutrition in critical-
ly ill patients reduces the hypermetabolic response (6,
7). In addition, early initiation of enteral nutrition has
been shown to help promote intestinal mucosal integ-
rity, motility, and intestinal blood flow (8). In addition,
enteral nutrition has been shown to provide significant
improvement in organ dysfunction score, reduce the in-
cidence of infection, shorten the length of hospital stay,
and accelerate wound healing (9).
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Apoptosis

Apoptosis is a type of cell death called programmable
cell death (Type 1), in which cells destroy themselves
without inflammation, and is regulated by genes, re-
quires protein synthesis and energy, and promotes
homeostasis in an organism. It was first described in
1972 by Kerr et al. (10) with the term "physiological cell
death.” Although apoptosis appears as a physiological
mechanism for homeostasis during development and
aging, it can also occur as a defense mechanism against
pathological stimuli, like when cells are damaged by
disease or harmful agents (Figure 1).

Many genes in an organism mediate the mechanism of
apoptosis (11). Inhibition or overexpression of genes
controlling apoptosis has an important role in the
pathogenesis of diseases in humans. In this context,

apoptosis appears to be a very important mechanism in
the pathophysiology of sepsis. Increased apoptosis of
lymphocytes from immune cells in patients with sepsis
is accompanied by decreased apoptosis of leukocytes
(12). While one is the main determinant of immune dys-
function, the other is a sign of persistent infectious in-
flammation observed in sepsis (11). In sepsis, gastroin-
testinal and pulmonary epithelial cells undergo intense
apoptosis, which is one of the main reasons for organ
dysfunction. All of these have been reported to contrib-
ute to the development of impaired immune response
during sepsis and sepsis-induced organ dysfunction (10,
13).

Relationship Between Nutrition and Apoptosis

Malnutrition is an important cause of apoptosis in crit-
ically ill patients. In studies examining the relationship
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Pro-caspase 9

EndoG

Caspase-3

ER Stress
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Figure 1. Summary of the extrinsic pathway (death receptor pathway) that initiates apoptosis by transmembrane
receptor-mediated interactions and the intrinsic pathway that causes changes in the inner membrane of the mito-
chondria initiated by intracellular signals. Intracellular signals are DNA damage, increased intracellular calcium lev-
els, decreased pH, metabolic and/or cell cycle disorders, and hypoxia. Extracellular signals are inadequate growth

and reproduction factors, activation of death receptors (Fas-FasL or TNF mediated), cytotoxic T lymphocytes and
ischemia, toxins, UV, chemotherapeutic drugs, and external factors such as radiation. In both signal paths, caspases
are employed

MAPK: mitogen-activated protein kinase; PI3K-Akt: phosphoinositide 3-kinase/Akt; APAF-1: apoptosis protease activating factor-1; ER:
endoplasmic reticulum; IL: interleukin; Cyc C: cytochrome C; Endo G: endonuclease G; TNF: tumor necrosis factor
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Table 1. Effects of total parenteral nutrition on the intestinal system

Mucosal atrophy as a result of decrease in intestinal epithelial cell proliferation and increased apoptosis

Decrease in mucosal epithelial barrier function as a result of reduction in crypt/villus complex number

Reduction of intraepithelial lymphocyte and lamina propria lymphocyte counts

Increased bacterial translocation as a result of impaired intestinal barrier function

between malnutrition and apoptosis, malnutrition has
been shown to reduce the expression of Bcl-2 gene
family proteins, which have been shown to have an-
ti-apoptotic activity, and consequently increase apop-
tosis in peritoneal macrophages (14). Similarly, severe
malnutrition developed in experimental animals has
been shown to cause increased apoptosis in thymus and
spleen cells. On the other hand, malnutrition can delay
the apoptotic functions of neutrophils and mononucle-
ar cells (3, 14-17). It has been proposed that malnutri-
tion in critically ill patients causes increased apoptosis,
changes defense mechanisms, leads to dysfunction of
lymphohematopoietic organs, and changes immune re-
sponse, and is an important risk factor for the develop-
ment of sepsis. Although the effects of malnutrition on
the hematopoietic system are still unclear, they appear
to be responsible for inadequate hematopoiesis, which
is irreversible in the short term.

Inadequate activation of neutrophils has an important
role in acute respiratory distress syndrome (ARDS) and
the pathogenesis of sepsis. Apoptosis is necessary for
the removal of neutrophils from the tissue that has de-
veloped inflammation and for timely resolution of in-
flammation. Resolvins and protectins endogenously
produced from eicosapentaenoic acid (immunomodu-
latory effective nutrition) substrates have been shown
to increase phagocytic clearance of bacteria, reduce
inflammation severity, modulate neutrophil chemotaxis,
and provide neutrophil apoptosis (16, 18, 19). Howev-
er, resolvins, which increase inflammation by increasing
the apoptosis of neutrophils in ARDS, have also been
shown to have a protective effect against reperfusion
damage and heart failure in cardiomyocytes after myo-
cardial infarction (20, 21).

Although total parenteral nutrition (TPN) provides suf-
ficient energy and protein requirements to critically ill
patients, it may lead to sudden malnutrition of the in-
testinal system (22). Numerous studies have shown that
TPN causes significant physical changes in the intestinal
mucosa and significant changes in the intestinal muco-
sal immunity. It has been reported that TPN application
increases intestinal permeability, induces apoptosis of

intestinal epithelial cells, reduces intraepithelial lym-
phocyte and lamina propria lymphocyte counts, and
causes mucosal imbalance of intestinal cytokines (22-
24). However, it has been shown that administration of
TPN instead of enteral nutrition leads to changes in the
expression of intestinal Toll-like receptors and cytokine
by inducing apoptosis in interferon-g mediated intes-
tinal cells, resulting in the development of bacterial
translocation and sepsis (Table 1) (23).

Relationship Between Nutrition and
Autophagy

Autophagy or programmable cell death (Typ Il), liter-
ally meaning “self-eating of the cell,” is an important
biological mechanism leading to the breakdown of in-
tracellular proteins and organelles in lysosomes by be-
ing enclosed in vesicles (25, 26). Autophagy has been
shown to assist in the maintenance of homeostasis by
providing recycling of intracellular molecules in the
event of short-term starvation or cellular stress (27).
While fasting, glucagon, oxidative stress, and glutamine
provide stimulation of autophagy, nutrition, insulin, and
hyperglycemia cause inhibition of autophagy (28). The
protection of homeostasis in cellular stress in critical
disease depends on the interaction between autopha-
gy and inflammasome, while autophagy stimulation has
also been shown to be protective against organ dys-
function and mortality (Figure 2) (29).

The relatively new concept of autophagy has just en-
tered the field of nutrition. In pathophysiological stud-
ies, which report that early full nutrition has no effect
on mortality in critically ill patients, negative results are
shown; early full nutrition has been shown to inhibit
autophagy and fail to suppress endogenous catabo-
lism (30). However, studies have shown that inhibition
of autophagy of the liver and skeletal muscle develops
after parenteral nutritional support in critical illness and
consequently increases muscle weakness and muscle
loss (31-33). Moreover, it is thought that autophagy
suppressed by early parenteral nutritional support in
critically ill patients may lead to suppression of natural
immunity and may contribute to an increase in infection
rate and organ dysfunction (34, 35).
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In experimental studies in which the effect of macro-
nutrient composition on autophagy was examined, in-
hibition of autophagy and organ damage caused by
nutrition have been shown to be more serious for nu-
trients containing high amino acid contents than nutri-
ents containing high lipid and carbohydrate contents
(31, 36). These findings have been confirmed in studies
conducted in critically ill patients. In the subgroup anal-
ysis of the EPaNIC study, muscle biopsies performed in
patients receiving early parenteral nutritional support
have shown that autophagy is less activated and con-
sequently more muscle weakness and a longer recovery
period are observed (32, 35).
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In summary, although fasting in acute critical disease is
thought to be an adaptive response and may be ben-
eficial in activating autophagy in the acute phase, the
risk of malnutrition should be screened within 48 hours
of admission, given the adverse effects of malnutri-
tion. Intensive care patients with high risk of malnu-
trition should be evaluated in detail. Considering the
fact that enteral nutrition prevents the development
of infection, decreases the length of stay in the ICU
and mechanical ventilator, and has positive effects on
mortality and preservation of gastrointestinal system
mucosal integrity in critically ill patients with high risk
of malnutrition, it is valuable. Consequently, consider-
ing the reduction of bacterial translocation and, more
importantly, the effects of early complete enteral nu-
tritional support on autophagy inhibition, early trophic
enteral nutritional support should be initiated within
the first 24-48 hours.
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ABSTRACT

Objective: Oral amino-acid-combination supplements have become a common intervention to maintain or potentially increase the lean
body mass (LBM) in the elderly. Our aim was to determine the tolerance and efficacy of the 8-week beta-hydroxy beta-methylbutyrate/
arginine/glutamine (HMB/Arg/Gln) supplementation on anthropometrics, LBM, muscle strength, and gait speed in elderly patients.

Methods: In this longitudinal observational study, a total of 131 elderly patients were evaluated at two consecutive visits, including
baseline (Week 0) and single follow-up (Week 8). The use of HMB/Arg/Gln was evaluated in terms of patient compliance, the efficacy
on anthropometrics, LBM (kg, measured with bioelectrical impedance analysis-BIA), muscle strength (kg), gait speed, and safety.

Results: The mean (standard deviation, SD) age was 74.7 (6.8) years (57.3% of participants were males). Of the patients were di-
agnosed with malnutrition (according to the Subjective Global Assessment test). The main indications for the HMB/Arg/Gln sup-
plementation were sarcopenia (45.8%) and cancer cachexia (42.0%). Only two patients stopped supplementation because of taste
problem (1.5%). Overall, 79.4% of patients were still on HMB/Arg/GIn at the follow-up. The mid-upper-arm circumference (MUAC,
25.3-27.0 cm, p=0.017), mid-upper-arm muscle circumference (MUAMC, 21.7-22.2 cm, p=0.006), hand grip strength (16.0-19.0 kg,
p=0.0001), and gait speed (0.5-0.7 m/sec, p=0.008) were increased after the HMB/Arg/GlIn supplementation. The adverse events
were reported in 14 (10.7%) patients. No serious adverse events were reported in association with HMB/Arg/GIn.

Conclusion: Our findings showed that 8 weeks of the HMB/Arg/Gln supplementation applied twice daily were well tolerated
and safe in the elderly. The supplementation seems to improve the MUAC, MUAMC, muscle strength, and gait speed.

Keywords: Beta-hydroxy-beta-methylbutyrate, elderly, gait speed, muscle mass, strength, tolerability
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Introduction

Reaching up to 15% per decade by the age of 70, mus-
cle loss is common throughout the aging process, while
sarcopenia or the loss of muscle mass and/or function
has been considered to be associated with the function-
al status, which is directly linked to the health status in
the elderly (1, 2). A decline in the lean body mass (LBM)
has been associated with decreased physical function,
impaired quality of life, poor treatment response, and in-
creased mortality (3).

Based on their capability to increase the protein syn-
thesis in skeletal muscles, the use of amino-acid-combi-
nation oral nutritional supplements has become one of
the interventions to maintain or potentially increase the
LBM in the elderly (3, 4). Beta-hydroxy-beta-methylbu-
tyrate (HMB), a metabolite of leucine, has been shown
to stimulate protein synthesis and inhibit proteolysis,
while arginine (Arg) and glutamine (GlIn) increase colla-
gen and protein synthesis (5-7). Accordingly, the use of
the HMB, Arg, and GIn combination in a dietary supple-
ment (HMB/Arg/GlIn) has become increasingly studied
in terms of its muscle-sparing properties and safety. It
seems that HMB/Arg/GIn was more effective in replen-
ishing fat-free mass and reversing weight loss compared
to placebo in different populations with various clinical
disorders (3, 8, 9).

This non-interventional, prospective, observational
multi-center study was designed to evaluate the elder-
ly patients who were applied HMB/Arg/GlIn therapy to
determine the efficacy of 8-week HMB/Arg/GlIn thera-
py on anthropometrics, LBM, muscle strength, and gait
speed.

Patients and Study population

This was a non-interventional, prospective, observation-
al multi-center study. There were 20 centers participating
with sufficient experience on adult nutritional supplement
therapy across Turkey (already registered at ClinicalTrials.
gov; identifier NCT02146612). During the study period,
all the patients with HMB/Arg/GIn (2.6 g HMB, 14.8 g Arg,
and 14.8 g GIn per sachet) therapy were screened. The ex-
clusion criteria were age <65 years, no indications for the
usage of HMB/Arg/Gln, acute medical problem, trauma
or severe cognitive impairment (mini-mental state exam-
ination score <10), and a history of allergy or hypersensi-
tivity reaction to the HMB/Arg/GIn combination. Patients
gave their written informed consent prior to study-specific
procedures with the understanding that they had the right
to withdraw from the study at any time.
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The study was conducted at two consecutive visits, in-
cluding baseline (Week 0) and single follow-up (recom-
mended at Week 8) visits. A total of 131 patients aged
>65 years were enrolled into the study.

Data collection

Data on patient demographics (age, gender), primary di-
agnosis, Subjective Global Assessment (SGA) (10), taste
evaluation, and concomitant diseases were collected at
the baseline visit. Data on the HMB/Arg/GIn usage pat-
terns (duration [day], amount [package/day], patient
compliance [regular use], and persistence [continuation,
discontinuation, and reasons for discontinuation]) were
collected at the follow-up visit. Data on anthropometrics
(height [cm], weight [kg], triceps skin fold [TSF], mid-up-
per-arm-circumference [MUAC, cm] and calf circumfer-
ence [CC, cm]), LBM (kg) measured with bioelectrical im-
pedance analysis (BIA), muscle strength measured with
a hand dynamometer (kg), and gait speed (m/sec) were
collected at both visits.

Study parameters

The HMB/Arg/GlIn supplementation tolerance and its ef-
fects on anthropometrics, LBM, muscle strength, and gait
speed from baseline to follow-up were evaluated. Safe-
ty was also evaluated based on the reports of adverse
events (frequency, system-organ classification, severity,
relation to study medication, and outcome).

Anthropometric measurements

Body mass index (BMI) was calculated by dividing weight
by height squared (kg/m?). Measurements of MUAC were
made in accordance with the National Kidney Founda-
tion’s guideline on nutrition in patients with CKD. MUAC
was based on the circumference of the left upper arm,
measured at the mid-point between the tip of the shoul-
der and the tip of the elbow between the olecranon pro-
cess and the acromium. TSF was measured with a Harpen-
den skin fold caliper (ASSIST Creative Resources Ltd, LL13
9UG, UK). The calculation of MUAMC (cm) was done us-
ing the formula MUAC-(3.14 x TSF) (11). The CC (calf cir-
cumference) was measured from the largest diameter of
the left calf with a flexible tape.

Bioelectrical impedance analysis

LBM (kg) was determined via BIA using the Tanita MC-
980MA Multi-Frequency Segmental Body Composition
Monitor (Tanita, Tokyo, Japan). For the BIA measure-
ments, the subject stood in an upright position with the
bare feet on the analyzer footpads. The impedance be-
tween the two feet was measured while an alternating
current (50 kHz and ~200 pA) passed through the lower
body. Measurement was computed with this impedance
value.



Clin Sci Nutr 2019; 1(2): 67-74

Saka et al. HMB/Arg/Gln supplementation in the elderly

Muscle strength and gait speed

The dominant hand grip strength was determined using
a Jamar Plus Digital Hand Dynamometer, which is model
2A, hydraulic, analog dynamometer having the anatomi-
cal grip with five-position options. This instrument is the
recommended and preferred tool, considered to be the
gold standard for documenting the grip strength (12). A
4-meter gait speed with <0.8 m/sec was associated with
low physical activity (2).

Serum prealbumin measurement

Serum prealbumin (PAB) concentrations of the patients (g/
dL) were measured by the Cobas Integra 800 Autoanaly-
ser (Roche, Mannheim).

HMB/Arg/GlIn regimen

Consistent with manufacturer’s instructions, an oral nutri-
tional supplement with a combination of HMB, Arg, and
GIn (Abound), and the sachet containing 1.3 g HMB, 7.4
g Arg, and 7.4 g Gln, was recommended to be consumed
with 250 mL of water, two times a day.

Statistical analysis

Categorical variables are summarized as n (%), whereas
continuous ones are summarized as median (minimum-—
maximum). The change over time for continuous variable
was tested using the Wilcoxon test due to non-normal
distribution patterns of continuous variables. Type 1 error
was accepted as 0.05. Analyses were performed on the
IBM SPSS Statistics for Windows, Version 21.0 (Armonk,
NY: IBM Corp.).

Ethical approval

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. This study was
approved by the Ethical Committee of Istanbul University,
Istanbul School of Medicine (1038/2012). Informed con-
sent was obtained from all individual participants includ-
ed in the study.

Results

Patient characteristics

Baseline data of the patients were evaluated at Visit 1
(mean [standard deviation, SD] age, 74.7 [6.8] years; 57.3%
were males). All patients were diagnosed with malnutrition
according to SGA. In those with insufficient oral intake, an
energy-/protein-rich diet and/or enteral nutrition supple-
ment was given according to daily needs. Out of 131 pa-
tients, 122 (93.1%) attended Visit 2, which was performed

for a median 62.0 days after the enrollment (Nine patients
were died during the study). Diabetes mellitus (17.6%) and
chronic kidney disease (3.1%) were the two most common
concomitant diseases encountered in our cohort (Table 1).
The main indications for the HMB/Arg/Gln regimen were
sarcopenia in 60 (45.8%), cancer in 55 (42.0%) patients, and
wounds in 27 (20.6%) (Table 1).

HMB/Arg/GIn use

The HMB/Arg/GlIn supplement was used for a median
30.5 days (36 days in cancer patients) at an amount of me-
dian 2.0 package/day (58.2% of the cancer patients were
still using two packages/day at Visit 2). The taste of HMB/
Arg/GIn was identified as very good, good, or neutral by
91.5% of patients. Only two patients (1.5%, one cancer,
one sarcopenia) discontinued the supplement because of
they had a problem with taste. Overall, 79.4% of patients
used HMB/Arg/Gln on a regular basis.

Changes in anthropometrics, LBM, muscle strength,
gait speed, and laboratory findings

Although the weight, BMI, and LBM values improved or
were maintained in 60.9%, 63.9%, and 65.3% of patients
at the follow-up visit, respectively, they did not reach
statistical significance (weight, 64.6 to 65.0 kg, p=0.25;
BMI, 23.7 to 24.2 kg/m?, p=0.203; LBM, 35.3 to 37.7 kg,
p=0.09) (Table 2), which is similar in patients with cancer
(LBM, 38.7 to 39.0 kg, p=0.20, 65.5% of the patients with
cancer had improved or maintained LBM); sarcopenia
(LBM, 38.5 to 39.4 kg, p=0.09); and in the wound group
(LBM, 49.7 to 50.2 kg, p=0.40).

A significant increase was noted in the median MUAC
(25.3 to 27.0 cm, p=0.017); MUAMC (21.7 to 22.2 cm,
p=0.006); and CC (36.5 to 37.7 cm, p=0.001), which were
improved or maintained at the follow-up visit in 62.8%,
62.2%, and 73.3% of patients, respectively (Table 2).
When cancer patients were taken into consideration, al-
though MUAC (25.5 to 25.9 cm, p=0.124) and MUAMC
(21.9 to 21.8 cm, p=0.70) did not change significantly,
CC (40.2 to 42.1 cm, p=0.006) was increased in the fol-
low-up visit, which was improved in 69% and maintained
in 17.2% of the patients. In sarcopenic patients, MUAC
and MUAMC were significantly increased (MUAC, 25.8 to
26.6 cm, p=0.012; MUAMC, 20.2 to 22.1 cm, p<0.001).
CC increased from 32.3 to 32.8 cm, which was not signif-
icant (p=0.15). In the wound group, MUAMC increased
significantly (18.7 to 22.6 cm, p=0.039).

The medianhand grip strength (16.0to 19.0kg, p=0.0001)
and gait speed (0.5 to 0.7 m/sec, p=0.008) were signifi-
cantly increased, which were improved or maintained at
the follow-up visit in 80.0% and 89.4% of patients, re-
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Table 1. Patient characteristics and indications for

oral nutrition supplement regimen at visit 1 (n=131)

Age (year), mean (SD) 74.7 (6.8)
Gender (male), n (%) 75 (57.3)
ONS indication (primary diagnosis), n (%)*
Cancer 55 (42.0)
Sarcopenia 60 (45.8)
Wound 27 (20.6)
Pressure ulcer 19 (14.5)
Burn 3(2.3)
Surgery wound 3(2.3)
Diabetic foot ulcer 1(0.8)
Venous leg ulcer 1(0.8)
Other 3(2.3)
Other diagnosis 42 (32.1)
Concomitant diseases
None 79 (60.3)
Diabetes mellitus 23 (17.6)
Chronic kidney disease 4 (3.1)

supplement; SD: standard deviation

*Patients may have more than one disease. ONS: oral nutrition

spectively (Table 2). Although the hand grip strength did
not increase significantly in patients with cancer (25.5 to
27.1 kg, p=0.20), it was improved in 66.7% and main-
tained in 8.3% of patients. In patients with sarcopenia,
the median hand grip strength increased significantly
(14.8 to 18.6 kg, p<0.001). In wound group, it did not
change significantly.

At the follow-up visit, the amount of food consumption (with
diet list) was not changed in 59.6%, while it was decreased in
19% and increased in 21.4% of patients. The serum PAB level
increased from 20.48+14.59 g/L (Visit 1) to 24.33£12.90 g/L
(Visit 2) (p=0.022). In patients with cancer and sarcopenia,
the mean serum PAB level of the patients were increased
from 18.65+11.28 to 22.88+10.44 g/L and 26.38+29.11 to
29.40+26.78 g/L, but that much difference did not show any
statistical significance (p=0.11, p=19). In the wound group,
both the mean serum prealbumin and albumin levels in-
creased significantly (PAL, 20.47+20.98 to 25.11+18.37 g/L,
p=0.05; albumin, 28.6-31.23 g/L, p=0.03).

Adverse events

During the course of the study, 14 patients (10.7%) ex-
perienced 14 adverse events (10 serious adverse events)
(Table 3). In 9 of 10 serious adverse events, the outcome
was death of the patient, while none of the deaths and
serious adverse events was associated with the HMB/Arg/
Gln application (Table 4).

Table 2. Changes in anthropometrics, muscle strength, gait speed, and LBM (n=122)

Baseline Follow-up P
Anthropometrics
Weight (kg) 64.6 (34.8-100.0) 65.0 (35.4-95.0) 0.256
BMI (kg/m?) 23.7 (14.5-44.4) 24.2 (14.7-42.2) 0.203
MUAC (cm) 25.3 (11.5-38.0) 27.0 (18.5-39.0) 0.017
MUAMC (cm) 21.7 (7.4-28.2) 22.2 (14.7-34.3) 0.0068
CC (cm) 36.5 (25-62) 37.7 (21.5-65) 0.001
Functional tests
Hand grip strength (kg) 16.0 (1.0-54.0) 19.0 (6.0-60.0) 0.0001
Gait speed (m/sec) 0.5 (0.2-14.8) 0.7 (0.3-4.9) 0.008
Muscle mass (BIA)
Lean body mass (kg) 35.3 (10.9-67.7) 37.7 (11.5-65.1) 0.092
Data are shown as median (min—max) p-value of the Wilcoxon test. Comparison could only be done for patients with data at baseline and follow-
;Fli)llz body mass index; CC: calf circumferences; LBM: lean body mass; MUAC: mid-upper-arm circumference; MUAMC: mid-upper-arm muscle
circumference
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Discussion

According to the definition by the European Working
Group on Sarcopenia in Older People (EWGSOP), sarco-
penia is the loss of muscle strength and function with an
extensive and progressive reduction in the skeletal muscle
mass (2). Sarcopenia accelerates with age. In many studies,
the prevalence is 5-25% in people aged between 60 and
70 years, and 11-50% in those aged >80 years (13, 14).
Anthropometric measurements were used to predict the
muscle mass in the past (15-18). In a recent study, Akin et
al. (15) found the MUAMC cut-off values for muscle mass
in elderly as 23.8 cm for men and 23.3 c¢cm for women, and
the study was conducted in Turkish population. Halil et al.
(19) showed 68% of sarcopenia cases in a national nursing
home project including 711 elderly residents. They used
the handgrip strength for the diagnosis of sarcopenia ac-
cording to the Cardiovascular Health Study criteria. Sarco-
penia was associated with 1-year mortality independently
from malnutrition in nursing home residents (20). Sarco-
penia treatment included the supplementation of protein-
energy needs (1.2-1.5 g/kg/day protein), active exercise,

cle tetanic force, glycogen and ATP content, resistance to
acute muscle fatigue during intense exercise, and citrate
synthesis activity were all increased with HMB. Kuriyan et
al. (30) showed a negative correlation with age and plas-
ma HMB concentration, which is positively correlated with
appendicular lean mass and handgrip strength.

The fat-free mass (FFM) gain was shown in cancer cachex-
ia and AIDS patients with HMB/Arg/GIn supplementation
(8, 9). HMB was associated with an increased FFM, muscle
strength, and muscle quality in the elderly who participated
in a strength training program (31, 32). It was also asso-
ciated with a decreased muscle breakdown in bed-ridden
elderly in a nursing home (33). In a randomized, controlled,
double-blind study, Deutz et al. (34) gave HMB to healthy
elderly who were confined to complete bed rest for 10
days. The HMB supplementation prevented the decline
in LMB (measured with DEXA) when compared to control.
In chronic obstructive pulmonary disease, HMB combined
to pulmonary rehabilitation improved muscle mass, mus-

Table 4. Characteristics of adverse events (n=131)

and correction of vitamin D deficiency and functional ami- . o
) . Seriousness n %o
no acids such as leucine (21).
Non-serious 4 3.1
Betq-hydroxy—beta.—methylb'utyrate (HMB) is derived from O W 1
leucine. It has anti-catabolic effects on skeletal muscles
and can reduce muscle damage through the inhibition of Diarrhea 1
muscle protein degradation. It increases the protein syn- Nausea 1
thesis in skeletal muscles through the IGF-1 expression
and activation of the mTOR pathway (22-25). Portal et Rash 1
al. (26) showed an increased knee-flexion isokinetic force | Serious 10 7.6
with HMB. Thomson et al. (27) mentioned an increased ; .
muscle strength without any change in the muscle mass. T R Ie !
In animal models, the HMB supplementation was shown Death 9
to increase the muscle mass and functions (28-29). Mus- . .
Cardio-respiratory arrest 1
Table 3. Adverse events (n=131) Respiratory failure 1
Adverse event n % Other 7 10.7
Cardio-respiratory arrest 1 0.76 Total 14
Diarrhea 1 0.76 Causality
Nausea 1 0.76 Non-serious 4 3.1
Oropharyngeal pain 1 0.76 Not reported 2
Respiratory failure 1 0.76 Related 2
Aspiration pneumonia 1 0.76 Serious 10 7.6
Skin rash 1 0.76 Related 0 0
Death 7 5.30 No relation was reported 10 7.6
Total 14 10.70 Total 14 10.7
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cle strength, quality of life, and serum prealbumin levels of
the patients (35). Daily administration of HMB/Arg/GIn in
older adults aged 65-87 years for 6 months was shown to
be associated with an increased LBM and lower-extremity
strength as compared with isocaloric placebo (36). Recent-
ly, a meta-analysis including data of randomized controlled
trials was published about the effect of HMB on muscle loss
in the elderly, which indicated the preservation of muscle
mass with HMB (37). Limitations of the analysis were small
sample sizes, high rate of treatment withdrawal, and the
absence of muscle strength measurement.

Our findings revealed a high rate of patient compliance with
twice-daily dietary HMB/Arg/GlIn supplementation in elderly
patients. Withdrawal related to taste problems occurred only
in two patients. HMB/Arg/GlIn seems to be associated with
improvement in terms of MUAC, MUAMC, and CC, as well
as the hand grip strength and gait speed with lack of any se-
rious adverse events. Although no significant improvement
occurred in BMI and LBM, they were increased or main-
tained in two-thirds of the patients without any significant
change in food consumption. Serum prealbumin levels were
found increased at Visit 2, especially in the wound group.
An improvement in the upper arm anthropometrics as well
as the muscle strength and gait speed might precede the
changes in the muscle mass in our cohort. This might be
related with the treatment period that was only 8 weeks from
baseline to follow-up. Regarding the suggested correlation
between the muscle mass and strength in some studies,
significant changes in the muscle mass may occur in case
of a longerterm use of the HMB/Arg/GIn supplement (38,
39). Lauretani et al. (40) showed a more prominent decrease
in muscle strength compared to muscle mass in the elderly,
which was also mentioned in the EWGSOP |l report (2). On
the other hand, the ability to preserve the muscle mass is
important, as all of our patients were older and underwent
certain treatments for various diseases such as cancer.

In general, the HMB/Arg/GlIn supplementation has been
considered to be well tolerated by different patient pop-
ulations (8). Likewise, our findings indicated favorable
tolerability and safety profile of the HMB/Arg/GIn sup-
plementation in a cohort of elderly patients with different
therapeutic indications.

The first limitation to this study was insufficient data about
the serum CRP of the patients to evaluate its relationship
with the increase in serum prealbumin levels at Visit 2.
Second, we did not give any exercise plans to the patients
throughout the study. Various patient groups were includ-
ed in the study, and it was impossible to maintain a stan-
dard physical rehabilitation program in all patients. None
of our patients noted resistance exercise training during
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the study period. The third limitation was the absence of
a control population. All of the patients were diagnosed
with malnutrition. Although an energy/protein enriched
diet or oral nutritional supplement were given to those
without sufficient oral intake, most of the patients (78.6%)
could not increase their daily food consumption. It would
be better to evaluate the effects of HMB/Arg/Gln on the
muscle mass and strength, including changes on diet and
physical exercise in detail; however, this was an observa-
tional study, and it is not easy to maintain a standard diet
and physical rehabilitation program to all patients with dif-
ferent diseases and medical problems.

In conclusion, the HMB/Arg/GlIn supplementation applied
twice a day for 8 weeks seems to improve the MUAC,
MUAMC, muscle strength, and gait speed with a favor-
able tolerability and safety when used for different ther-
apeutic indications among elderly clinical populations.
Future larger-scale studies are needed to clarify these
promising results with longer-term use.
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ABSTRACT

Objective: Malnutrition is a condition that increases morbidity and mortality in patients, prolongs hospital stay, and increases
treatment costs. The incidence of malnutrition remains a major problem in hospitalized patients despite improvements in nu-
tritional support therapies. Previous studies have shown that treatment standardization can be achieved by using a multidisci-
plinary team that consists of doctors, pharmacists, nurses, and dieticians, which positively affects hospital costs and patients'’
health. In this study, we aimed to investigate the effect of nutritional support teams on treatment cost in our hospital.

Methods: A nutrition support team was established in April 2017 at our hospital and all patients who consulted the team
between April 2017 and December 2018 were investigated retrospectively. In this period, the patients were evaluated for in-
cidence of mortality, body mass index, changes in NRS-2002 score, enteral and parenteral nutrition rates, nutritional changes,
and annual enteral and parenteral product costs and the effect of multidisciplinary nutrition on these parameters was assessed.
Results of quantitative variables were defined as mean, median, and standard deviation. Qualitative variables were represented
by frequency and percentage.

Results: A total of 511 patients were enrolled in the study. The mean age of the patients was 68.6 years (18-99) and 49.5% of
them were female. Out of 511 subjects, 251 patients were hospitalized in intensive care units and 260 were in wards. Enteral
nutrition was recommended in 275 patients, oral nutrition in 71 patients, and parenteral nutrition in 70 patients. The mortality
rate was 61.6% in high-risk patients with an NRS2002 score >5 and 38.4% in moderate-risk patients with a score of 3-5. A total of
164 patients who received inappropriate parenteral nutrition were switched to oral or enteral nutrition. The NRS-2002 score was
maintained in 267 patients and was decreased in 202 patients. The number of patients receiving parenteral nutrition was 8783
in 2016, which decreased to 6104 in 2018 with a decreasing rate of 30.5%. The number of patients receiving enteral nutrition
were 4376 in 2016, which increased to 7582 in 2018 with an increasing rate of 42.2%. The total cost of enteral and parenteral
products was decreased.

Conclusion: Giving the nutritional support to malnourished patients or those at high risk of malnutrition could have positive ef-
fects on many parameters such as reduction the NRS-2002 scores and hospital costs and choosing the correct nutritional route.

Keywords: Cost effectiveness, malnutrition, nutrition therapy, nutritional, support

It has also been reported that the prevalence of malnu-
trition can reach up to 85% in long-term care centers (1).

Introduction

Although obesity is the main focus of health policy and

- . . In many sources, malnutrition has been defined as the
research, malnutrition continues to be an important and

inequality between consumed nutrients and differing
metabolism requirements, and the need to diagnose
and treat different populations with different screening

common health problem even in developed countries.
Malnutrition has been detected in about one-third of hos-

pitalized patients in developed countries. If untreated,
it has been shown to cause significant clinical outcomes
including prolonged hospital stay, increased newly devel-
oping infection, mortality, and a 30-day re-admission rate.
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tests has been proposed (2). Correct diagnosis and treat-
ment in patients with malnutrition is critical to minimize
the negative consequences associated with malnutrition.
The screening methods used today are Subjective Global
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Assessment, Nutritional Risk Index, Mini Nutritional As-
sessment, Malnutrition Universal Screening Tool, and Nu-
tritional Risk Screening-2002 (NRS-2002). In addition to
these screening methods, it has been reported that 10%
loss of body weight in the last 6 months should be consid-
ered as malnutrition (2).

The NRS-2002 screening test was developed by Kondrup
et al. (3) for screening of malnutrition. NRS-2002 is based
on the relationship between disease severity and nutri-
tional status and is calculated by variables such as body
mass index (BMI), weight loss, food intake, and general
status. A nutritional plan is recommended in patients with
an NRS-2002 score of >3, assuming the presence of risk
of malnutrition.

Studies have shown that the screening of nutrition in
hospitals is not done adequately and even in the centers
where it is applied, many patients with malnutrition or
malnutrition risk are not given adequate nutritional sup-
port treatment. The reasons for this situation are the inad-
equacies in screening, evaluation and treatment, deficien-
cies in the training of the relevant health personnel, and
lack of necessary awareness (4). In recent years, the term
“nutritional support” for patients with malnutrition has
become an indispensable part of treatment rather than a
method that supports treatment. Provision of nutritional
support by a coordinated and multidisciplinary team has
enabled standardization of treatment and a decrease in
the incidence of complications (5).

The nutritional support team (NST) requires a multidisci-
plinary constitution including doctors, dietitians, nurses,
and pharmacists. NST plays an active role in the assessment
of nutrition and determination of nutritional requirements,
making recommendations for correct nutritional therapy,
and choosing the nutritional support pathway (6). The aim
of this study was to determine the route of nutritional sup-
port treatment, changes in NRS-2002 scores according to
age, and the effect of the recommendations on enteral and
parenteral product usage and treatment costs.

Methods

Ethical approval was obtained from the ethics committee
of the Faculty of Medicine of Kiitahya University of Health
Sciences with the decision number 2019/03 dated 27
February-2019.

In this study, NST was performed in a tertiary educa-
tion research hospital with 443 beds, 79 of which were
intensive care beds. The change in the number of inpa-
tients remained constant over the years. In April 2017,
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a NST consisting of nurses, dietitians, pharmacists and
physicians was established as a requirement by the
Ministry of Health to increase the quality standards in
healthcare. The aim of the NST team was to screen pa-
tients for the risk of malnutrition during their stay in the
hospital and to regulate the treatment of patients at
risk of malnutrition according to nutritional guidelines.
Another aim of the team was to increase the nutritional
care quality by monitoring the patients receiving total
parenteral nutrition (TPN) and enteral nutrition (EN)
treatment. For this purpose, the nurses working in in-
tensive care and wards were introduced to the NRS-
2002 form, which is used in the screening of malnu-
trition, and training was provided to teach them how
to fill the forms correctly. In addition, the importance
of nutrition, EN, and TPN administration was explained
and protocols were established.

Patients over 18 years old who were hospitalized between
April 2017 and January 2019 were included in the study.
Pediatric patients, pregnant women, and patients hos-
pitalized for less than 48 hours were excluded from the
study. Malnutrition screening was performed on the first
day of hospitalization with NRS-2002. The patients who
were hospitalized for more than 48 hours, who had an
NRS-2002 score >3, and who were referred to NST were
followed-up and the patient-related data were recorded.
Follow-up patients were re-evaluated by the NST team
with NRS-2002 score at a maximum of one-week intervals.
Age, gender, BMI, mean NRS-2002 score, recommended
feeding route, NRS-2002 score, and mortality rates ac-
cording to age groups were analyzed. Patients with BMI
(kg/m?2) <18.5 kg/m2 were considered as undernourished;
between 18.5-24.9 kg/m? was considered as normal; be-
tween 25-29.9 kg/m? was overweight; and patients with
BMI =30 kg/m? were considered as obese. Age evaluation
was made in six groups as 18-24, 25-34, 35-44, 45-54,
55-64, and 65+ years. The data used in the study were
obtained from the team records.

Data on the types and costs of nutritional products used
in service and intensive care units were obtained from
hospital pharmacy unit records. The cost was calculated
separately for each product and obtained by multiplying
the number of products and unit price. Ready-to-use nu-
tritional products were included in the enteral product
cost and ready-to-use three-chamber bag systems con-
taining amino acid, glucose, and fat emulsions were in-
cluded in the TPN cost. The daily energy intake target
of the patients was 25-30 kcal/kg/day, the protein target
was 1.2-1.5 g/kg/day, and the protein target of the pa-
tients with renal failure who did not receive hemodialysis
treatment was 0.8 g/kg/day.
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Statistical analysis

IBM Statistical Package for the Social Sciences (IBM SPSS
Corp.; Armonk, NY, USA) 20.0 package program was used
for analysis. Results of quantitative variables were defined
as mean, median, and standard deviation. Frequency and
percentage (%) values were used for categorical variables.

Results

The rate of patients screened by NRS-2002 was 49.4% in
2017 and 91.3% in 2018. The rates of patients with malnu-
trition was calculated as 7.44% in 2017 and 7.48% in 2018
(Table 1). Although the number of patients screened in-
creased, the rate of malnourished patients did not change.
A total of 46.2% of patients with an NRS-2002 score of 3 or
higher were treated by the NST. The number of patients who
were followed-up was 511, with 251 (49.1%) being in inten-
sive care. The number of patients who consulted the NST
was 180 (35.2%) from internal services and 80 (15.7%) from
surgical services. The patients from the surgical services
were mostly admitted for cardiovascular surgery (n=24) and
orthopedic (n=22) surgery, and the internal patients were
mostly admitted for palliative (n=100) services. A total of
49.5% of the patients were female and the mean age was
68.5+19.2 years. The mean NRS-2002 score of all the pa-
tients consulted was 5.1+1.8, the mean NRS-2002 score of
the patients consulted in intensive care units was 5.7£1.2,
the mean NRS-2002 score of the patients consulted in sur-
gical services was 4.5+1.5, and the mean NRS-2002 score

of the patients consulted in internal services was found to
be 4.6+1.4 (Table 2). The nutritional risk scores of the in-
patients in the ICU was detected to be significantly higher
(p=0.043) as compared to the scores of inpatients in other
services. The number of patients recommended for enter-
al nutrition was 275 (53.8%) and the number of patients
recommended for parenteral nutrition was 70 (13.6%). The
recommendations of NST caused a 77% product change
and 51% nutrition change in the physician’s initial treatment
plan. In terms of the risk of malnutrition, an NRS-2002 score
of 3-5 was considered to be moderately risky, and patients
with NST greater than 5 were considered at high risk of
malnutrition. These high-risk patients were more likely to
be in internal medicine and in palliative wards (Table 3).
When the patients who were followed-up were classified
according to their ages, the groups with the highest NRS-
2002 score were between 18-24 and >65 years (Table 4).
When compared with the follow-up score, the number of
patients with NRS-2002 regression was 202 (39.5%). When
the patients were grouped according to their BMI and
NRS-2002 scores, it was found that the groups with the
highest mortality rate were the groups with BMI between
18.5-24.9 and the group with NRS-2002 score >5 (Table 5).

The number of patients using TPN decreased from 7872 in
2016 to 5968 in 2018, with a decrease of 24.1% between
the two years. The number of TPNs used decreased from
8783 in 2016 to 6104 in 2018, with a decrease of 30.5%.
The number of patients using enteral products increased

Table 1. Screening and malnutrition ratios of hospitalized patients

Number of patients Number of
Total number of undergoing NRS- patients at risk of
patients accepted Number of 2002 malnutrition malnutrition with
Year for hospitalization | inpatients >48 hours screening=n (%) NRS-2002 > 3=n (%)
2017 15125 9426 4663 (49.4) 347 (7.44)
2018 19255 16155 14756 (91.3) 1104 (7.48)

NRS-2002: Nutritional Risk Screening-2002

Table 2. Age, gender and NRS-2002 scores of the patients

Intensive Care Internal services Surgical services
Number of patients (n/%) 251/49 .1 180/35.2 80/15.7
Female gender=n (%) 144 (28.2) 89 (17.4) 27 (5.3)
Age (Mean+SD) 65.9+22.7 71£26.7 80+18.7
NRS-2002 (Mean=SD) 5.7£1.2 4.6+1.4 4.5+1.5
Mortality rate=n (%) 75 (29.8) 32 (17.7) 5(6.2)
NRS-2002: Nutritional Risk Screening-2002; SD: standard deviation
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from 4376 in 2016 to 7582 in 2018, showing an increase
of 42.2%. The number of enteral products used increased
from 16,838 in 2016 to 25,753 in 2018, with an increase
of 34.6%. The number of TPN use in the internal intensive
care unit, which had the highest rate of consultation with
the NST decreased from 1312 in 2016 to 192 in 2018. The
number of TPNs used in the palliative service decreased

Table 3. Grouping of inpatients according to the risk

of malnutrition

from 2218 in 2016 to 959 in 2018. The total cost of en-
teral products and TPNs were found to decrease from
470,537,45 Turkish lira (TL) in 2016 to 416,306,03 TL in
2018. The cost of only TPN products was calculated as
429.714.38 TLin 2016 and 314.500.64 TL in 2018. In this
calculation, the costs of the catheter operation and cath-

eter-related developing complications were not added
(Table 6).

Table 4. NRS-2002 score of patients according to
age groups

Moderate
risk (NRS 3-5)| High risk NRS Age Group Average The number of
Number of | >5 Number of | | (years) NRS-2002 patients=n (%)
patients=n patients=n
18-24 5.5 11(2.2)
Internal medicine 42 11
25-34 4.3 13 (2.7)
Palliative 84 16
35-44 4.2 22 (4.3)
Oncology 7 2
45-54 4.7 36 (7.1)
Infection 6 0
55-64 4.7 83 (16.4)
Gastroenterology 2 0
65+ 5.3 346 (67.3)
Hematology 0 2
NRS-2002: Nutritional Risk Screening-2002
Cardiology 6 2
CeltelievESal B SUeoy 21 3 Table 5. Mortality rate of patients according to body
orthopedics 20 2 mass index
General surgery 15 2 Body mass index (kg/m?) Mortality rate
Thoracic surgery 6 3 <18.5 20.5%
Brain and nerve surgery 3 4 18.5-24.9 41.1%
Ear nose throat 1 0 25-29.9 23.2%
NRS: Nutritional Risk Screening >30 15.2%

Table 6. Annual product use and change in cost

Year 2016 Year 2017 Year 2018
Number of patients using TPN in hospital 7872 7258 5968
Number of TPNs used in hospital 8783 7893 6104
Number of patients using enteral products in hospital 4376 5790 7582
Number of enteral products used in hospital 16.838 22.237 25.753
Enteral + parenteral product cost (Turkish Lira) 470.537,45 445.095,16 416.306,03
Nutritional cost per patient (Turkish Lira) 38.41 34.10 30.72
TPN cost (Turkish lira) 429.714,38 394.096,86 314.500,64
Number of TPNs used in internal medicine intensive care unit 1312 1275 192
Number of TPNs used in palliative service 2218 1715 959
TPN: total parenteral nutrition
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Discussion

The screening rate for determining the risk of malnutrition
in hospitalized patients increased from 49.4% in 2017 to
91.3% in 2018. After the establishment of NST, the team
explained the necessity of screening for malnutrition risk
and the importance of clinical nutritional support to the
health personnel, especially nurses, via an all-day training
process. In addition to this training, the number of patients
screened increased as a result of educating them about
the need for NRS-2002 screening. Although the number
of patients screened for malnutrition risk increased, there
was no change in the proportion of patients at risk of mal-
nutrition or malnutrition. The proportion of patients with
malnutrition risk in inpatients did not change compared to
the previous year (7.4%). In the literature, the malnutrition
rate of hospitalized patients was found to be 15-60% and
could be as high as 38-72% in ICU patients or elderly pa-
tients (7). The malnutrition rate in our hospital was found
to be lower than what has been reported in the literature.

Nutritional status tends to deteriorate in hospitalized pa-
tients. Malnutrition is a condition that can cause both dete-
rioration of the clinical outcome of the patient and increase
the health costs as a result of the disease (8, 9). Studies
have been shown that screening patients with malnutrition
and providing adequate nutritional support may decrease
the rate of complications and death due to nutrition and
shorten the length of hospital stay. Evidence suggests that
nutritional support should be initiated immediately to im-
prove the clinical outcome of patients who are malnour-
ished or at risk of malnutrition (10). The European Society
for Parenteral and Enteral Nutrition recommends that nutri-
tional risk screening (NRS-2002) should be performed in all
hospitalized patients to determine the risk of malnutrition.

Nutritional support is indicated in medical situations where
the disease-related risk of malnutrition increases, and even
in cases of surgery or trauma. Reducing or preventing mal-
nutrition is only possible with correct nutritional support
therapy. It has been shown in the studies that when nu-
tritional support is given by NST, the complications and
treatment costs decrease (5). It was recommended that nu-
tritional support should be managed under the supervision
of a team of doctors, dietitians, pharmacists, and nurses
(11). Enteral or parenteral nutrition was recommended for
the patients at risk of malnutrition in the form of protein
supplements in doses of 25-30 kcal/kg/day and 1.2-1.5 g/
kg/day while taking the stress factors related to the disease
into consideration.

In addition to providing the necessary nutrients, enteral
nutrition helps to maintain intestinal structure and func-

tion and prevents bacterial translocation and stress ulcers.
When determining the feeding route, enteral nutrition
should be the first choice in patients with a function-
al gastrointestinal system (GIS) (12). Parenteral nutrition
(PN) supplementation may need to be started or added in
patients whose GIS cannot be used or if the daily target
calories cannot be reached by enteral feeding (12, 13).
The guidelines recommend that enteral nutrition should
be the first choice because of its effectiveness in strength-
ening immune functions and lowering the cost of nutri-
tional therapy. Enteral nutrition was the most commonly
recommended feeding route in 53.8% of the patients that
we followed. The second recommendation is oral sup-
plementation to close the target calorie deficit needed
for daily energy. PN support was initiated in patients who
could not tolerate enteral nutrition. Enteral or PN therapy
was not recommended in 34 (6.6%) patients with unstable
hemodynamic status.

Because of the role of nutrition and enteral products in
the etiology and progression of the disease, we need to
consider the cost and value of nutritional interventions.
Improving health care by providing optimal nutrition
can contribute to the effectiveness and sustainability of
healthcare systems. Studies have shown that the annual
cost of medical nutrition employed in the treatment of
malnutrition resulting from non-implementation of op-
timal nutrition management, including the use of food,
chalks up to billions (14). The enteral feeding method has
been shown to be more cost-effective than the parenteral
feeding method (13). In our study, the number of patients
using parenteral products and total cost was decreased as
compared to the previous year. Under the guidance of the
NST recommendations, it was found that the number of
enteral products used and the number of patients using
enteral products eventually increased as compared to the
previous year.

When the mortality rates of the patients under follow-up
were compared with NRS-2002 scores, it was found that
the mortality rate was higher in patients with higher NRS-
2002 scores. Although the NRS-2002 malnutrition screen-
ing test is not used as a marker of mortality, the high mor-
tality rate of high scoring patients may be an important
parameter for the newly developed indexes used as prog-
nostic factors. In a study conducted by Gundogan et al.
(15) in 2011, it was reported that the mortality rate was
high in patients with high NRS-2002 score. They associ-
ated the high mortality rates with the inability to deter-
mine and treat malnutrition risk in inpatients. It is stated
that this problem is mainly caused by the inadequacy of
screening, evaluation, and application algorithms and nu-
tritional education of hospital staff (15). In another study
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evaluating the relationship between NRS-2002 score el-
evation and mortality, Maciel et al. (16) reported that the
mortality rate in patients with moderate malnutrition with
an NRS-2002 score of 3-5 was lower than the mortality
rate in malnourished patients with an NRS-2002 score >5.
In our study, the mortality rate was 38.4% in patients with
NRS-2002 score 3-5 and 61.6% in patients with >5 score.
Consistent with the results of other studies, a relationship
between NRS-2002 and mortality was detected, where
mortality increased as the NRS-2002 score increased.

van Schaik et al. (17), reported a decrease in the number
of patients receiving TPN by 29% and a 40% reduction
in TPN-related costs compared to the previous year as
a result of monitoring of patients receiving TPN by dieti-
tians. The findings of our study are in accordance with this
result, as it was found that the rate of TPN used in hospital
decreased by 30.5% compared to the previous year. Our
results support previous studies in terms of the reduction
of hospital costs by arranging proper nutrition for the pa-
tients under the guidance of NSTs (18). In addition, a de-
crease in TPN-related complications and associated costs
can be expected. As our hospital records were not suffi-
cient, this cost evaluation could not be performed. The
decrease in the use of TPN was more pronounced in the
palliative service and internal intensive care unit, where
consultation with the nutrition team was greater.

The first limitation of our study was the collection of
single-centered data. This resulted in a relatively small
number of patients being followed-up. Although a hos-
pital-wide NST was performed, the study did not include
all patients with an NRS score of 3 or higher, as the nutri-
tional support team was consulted according to the phy-
sician’s request. Therefore, it is not possible to generalize
the results.

In conclusion, conducting patient follow-ups according to
the NST recommendations can positively influence many
factors such as choosing the correct feeding route and
an overall decrease in treatment costs. Considering these
positive factors, it is recommended that NST should be
expanded and nutritional support should be offered with
a multidisciplinary approach to patients at risk of malnu-
trition.
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ABSTRACT

Objective: A multidisciplinary nutrition support team (NST) aims to improve a patient’s nutritional status. Nutritional support
should be initiated promptly in patients who need it. Parenteral nutrition (PN) solutions have a risk of being unstable until 24
hours after preparation. The aim of this study was to determine the time span of the PN process, which starts from a consulta-
tion with an NST until the end of the administration of the solution, to demonstrate the appropriateness of the practice.

Methods: In this study, the timing of each process including NST consultation, evaluation of the patient by NST, delivery of the
order label to the pharmacy, compounding process, delivery of the bags to the services/units, storage in the services/units,
and duration of administration were prospectively followed and recorded by three pharmacists in a university hospital for two
weeks in January 2017.

Results: A total of 12 patients’ PN processes were followed and the duration of each stage was recorded by pharmacists. The
mean duration of compounding PN*standard deviation (SD) was 5.18+0.87 minutes. The average (+SD) volume of PN was
1557+205.2 mL. The mean (+SD) duration of administration was recorded as 24 hours and 14 minutes+37.5 minutes. The mean
(£SD) volume of residual PN solution was 106.9+30.3 mL and 41.6% of the waste was discarded as household waste rather than
medical waste. The mean (+SD) room temperature during the administration of PN was 25.01+1.6°C.

Conclusion: With regard to stability problems of PN solutions, awareness among healthcare professionals should be raised
in order to reduce the waiting period till administration. Minimizing waste-cost and the residual volume of PN is important to
maintain the patients’ nutritional requirements.

Keywords: Compounding, nutritional support team, parenteral nutrition

(MCBs). MCBs require less workload as compared to
COBs. Special equipment, infrastructure, and trained
staff are needed to administer COBs. On the other hand,

Introduction

Parenteral nutrition (PN) is preferred when a patient cannot be

fed orally or enterally. The safe practices for PN therapy are
comprehensive due to its multicomponent nature (1).

In a Task Force survey, most participants declared that
they needed up to 20 adult PN bag per day in their insti-
tutions. Hospitals should have standard operating proce-
dures for the ordering, compounding, appropriate usage,
complication prevention, and management of PN to en-
sure patient safety and cost reduction (2).

There are two types of all-in-one systems: compound-
ed bags (COBs) and commercial multi-chamber bags
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for MCBs, the chamber seal is broken prior to the admin-
istration which allows mixing of the chambers and only
requires the addition of trace elements and vitamins.
Stability of non-activated MCBs varies with different
manufacturers but usually has 12 to 24 months shelf-life
at room temperature (3).

A nutrition support team (NST) consists of a clinician, di-
etitian, nurse, and pharmacist, however, the composition
is variable in different hospitals. While providing nutrition
assessment and determining nutritional needs, the NST
aims to ensure appropriate and safe nutritional support to
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a patient. An NST improves the quality of patient care with
improvements in patient nutrition status and clinical out-
comes as well as reductions in cost. After hospitalization,
routine screening of patients for malnutrition should be im-
plemented and those at risk must be advised to consult the
NST for further assessment of their malnourished status. In
institutions using COB for PN therapy, physicians or dieti-
tians under the supervision of physicians are responsible
for prescribing PN orders, pharmacists or technicians under
the supervision of pharmacists are responsible for receiving
the orders and compounding PN, and nurses are respon-
sible for the administration of PN and monitorization and
destruction of PN bags (4).

In the proper practices of PN, the compounding, hang
time, storage time, and maximal infusion rate of total
nutrient admixture (TNA) are important. According to
the literature, the maximum hang time for a TNA was
24 hours (3). Both for COBs and activated MCBs, the
new beyond-use date is important and it is specified
that infusion should not exceed 24 hours. Because of the
concern for microbial contamination, the United States
Pharmacopoeia (USP) recommends that intravenous fat
emulsion (IVFE) products must be used within 12 hours
of opening the original container if they are administered
as a separate infusion. If the IVFE is admixed directly to
the PN, the final PN formulation can be infused over a
24-hour period since it provides a safe vehicle with less
infectious risks (2).

According to the USP 797 for medium-risk preparation, in
the absence of passing a sterility test, the storage periods
cannot exceed the following time periods: before admin-
istration, in proper storage conditions PN bags cannot be
stored for more than 30 hours at controlled room tem-
perature and no more than 9 days at a cold temperature
(+4°C) (5).

Limited literature is available to demonstrate the PN
preparation time while comparing MCBs and COBs (6-
8). However, according to published literature, the timing
of each process (time periods between consultation and
evaluation of patient by NST, between evaluation of pa-
tient and label printing, between label printing and the
end of compounding, between the end of compound-
ing and delivery, and between delivery of bags and ad-
ministration) and storage conditions in the services/units
during administration has not been demonstrated togeth-
er in one study. The aim of this study was to determine the
time span of the PN process, which starts from a consul-
tation with an NST until the end of the administration of
the solution, to demonstrate the appropriateness of the
practice.

Methods

This cross-sectional and observational study was conduct-
ed in a university hospital between 2 January 2013 to 13
January 2017. The patients who received a consultation
with the NST for PN therapy for the first time were in-
cluded in the study, while those who were already under
nutritional therapy were excluded.

In this study, the timing of each process including NST
consultation, evaluation of the patient by NST, delivery of
the order label to the pharmacy, compounding process,
delivery of the bags to the services/units, storage in the
services/units, and duration of administration were pro-
spectively followed and recorded by three pharmacists.
Furthermore, the room temperature during PN storage
and the temperature of the patient’s room, sunlight expo-
sure, decomposition conditions of unused quantities, and
the number of wasted bags were also evaluated.

Statistical analysis

The values were given as a number (percentage) for cate-
gorical variables and as mean=standard deviation (SD) for
continuous variables.

Results

During the study, a total of 12 NST consultations for new
PN assessment were observed. Four of these consulta-
tions happened in surgical units, 6 in non-surgical units,
and 2 in oncological units. Although the PN varies ac-
cording to the bag volume (meanzstandard deviation
[SD] 1557+205.2 mL) the filling process takes place on
an average of (=SD) 5.18+0.87 minutes (min). The aver-
age (+SD) duration of administration of PN bags time was
24 hours 14 minutes=37.5 minutes. The timing of each
process from the consultation until the destruction of PN
bags is given in Table 1.

The mean (+SD) temperature of the patients’ room was
25.01%1.6°C (range: 21-26.5°C). It was determined that
there was sunlight exposure during the daytime adminis-
tration of 6 PN solutions. No medication was administered
from the same catheter as PN in 6 patients, medications
were given from the same catheter as PN in 2 patients,
and PN infusion was stopped while the medication was
administered in 3 patients.

An average of 106.9 mL of leftover PN solution was de-
tected at the end of the infusion period and 41.6% of this
waste was separated as household waste instead of med-
ical waste.
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Table 1. The time span of TPN processes

Median Minimum Maximum
Stages of process (minutes) (minutes) (minutes)
The time between consultation and evaluation of the patient by NST 57.5 1 342
The time between the evaluation of patient and label printing 44 7 256
The time between label printing and the end of compounding 87 25 309
The time between the end of compounding and delivery 32 10 207
The time between delivery of bags and administration 56.5 5 90
The time between receiving a consultation and the beginning of TPN infusion 428.5 187 651
NST: Nutrition Support Team; TPN: total parenteral nutrition

Discussion

The aim of this study was to determine the time span of
the PN process, which starts from a consultation with an
NST until the end of the administration of the solution, to
demonstrate the appropriateness of the practice.

A multidisciplinary NST aims to improve a patient’s nu-
tritional status. According to a survey conducted by the
American Society for Parenteral and Enteral Nutrition (AS-
PEN) in 2008 to evaluate the utility of NSTs in clinical prac-
tice, the average consult response time ranged from 10
minutes to 72 hours and a majority of participants (52.2%)
declared that consultations were generally responded to
within 24 hours. Only one-third of the respondents stated
that their consult was addressed in less than 8 hours (9).
Since the NST does not provide care for 24 hours in our
institution, one of the consultations was responded to in
342 minutes because of a late-night consultation. Howev-
er, in this study, it was determined that the consultations
were responded to and patients were evaluated mostly
within 1 hour (median 57.5 min) by NST. Compared to
the ASPEN survey results, the consult response time was
much faster in our institution.

Even though COBs are more time consuming than MCBs,
the compounding time of PN reported by Pichard et al.
(6) was 15 minutes. In a prospective, multi-center, ran-
domized, comparative, single-blind study conducted by
Yu et al. (7), the preparation times for 1886.5 mL COBs
were evaluated in 115 patients on day 1 and day 5 post-
operatively (12.13+£5.62 minutes and 11.77+4.79 min-
utes, respectively). A study by Berlana et al. (8) report-
ed that the mean time taken to prepare 82 PN solutions
(1500£250 ml) was 14.09 minutes. Unlike other studies,
COB preparation time was found to be shorter (5.18+0.87
minutes) in our study even though the PN volumes (mean
1557+205.2 ml) were similar. The usage of different com-
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pounder devices might be the explanation for this varia-
tion in preparation time, however, they could not be com-
pared because the manufacturers of the devices were not
mentioned in any of these studies.

According to the study by Didier et al. (10), bacterial
growth in PN solutions occurred at 25°C only after 24—
48 hours. In our study, the mean duration of administra-
tion was determined as 14%37.5 minutes and the mean
room temperature during the administration of TPN was
25.01+1.6°C. At this temperature, the time period be-
tween the end of compounding and delivery (32 minutes,
range: 10-207 minutes) and between delivery of bags and
administration (56.5 minutes, range: 5-90 minutes) com-
pared with the mean duration of administration (24 hours
14 minutes+=37.5 minutes) showed that some PN solu-
tions were at high risk for bacterial growth and instability.
In this study, the maximum time between the end of com-
pounding and delivery mostly depended on the lack or
workload of staff in charge of the delivery and maximum
time between delivery of bags and administration period
depended on the lack of available nurses. By providing
an adequate number of clinicians and staff, optimal time
periods between the transition points can be achieved.

An average of 106.9 mL of leftover PN solution out of
the mean PN volume of 1557+205.2 mL was detected at
the end of infusion period, which means that almost 7%
of the targeted volume and calorie intake could not be
provided. Further, none of the clinicians or NST members
were aware of that situation. Nurses should record waste
amounts of PN nutrition and inform the NST, or they
should readjust the PN infusion rate to minimize waste
amounts.

Another important finding of this study was to detect dif-
ferences in the practices of PN waste management since
41.6% of these wastes were separated as household
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waste instead of medical waste. Waste management of
these solutions should be standardized and all clinicians
should perform the same practice.

Parenteral nutrition solutions are not drug delivery sys-
tems and the risk of incompatibility is high while admin-
istering PN solutions and drugs through the same cathe-
ter (11). In this study, 2 patients’ medications were given
from the same catheter with PN and in 3 patients the PN
infusion was stopped while the medication was adminis-
tered. Due to the involvement of a clinical pharmacist in
our NST, all patients” medication was managed to ensure
the prevention of drug incompatibility.

As no previous study in the literature has reported all these
findings together, some findings could not be compared
and discussed. Also, due to the limited number of ob-
served PN bags, a statistical analysis was not performed
in this study. Further studies are needed with more PN
bag follow-ups to report statistical data and to compare
the practices in different units and the timing periods of
each process.

In conclusion, with regards to the stability problems of
TPN solutions, awareness among healthcare profession-
als should be raised in order to reduce the unnecessary
waiting period. Minimizing waste-cost and the residual
volume of TPN is important to maintain the patients’ nu-
tritional requirements.
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ABSTRACT

Objective: The aim of the study was to evaluate the nutritional status of patients aged >65 years admitted to the intensive
care unit (ICU), compare the compliance with the nutritional status screening tools, and determine the effect of malnutrition on
mortality.

Methods: Patients who were admitted to ICU and could receive nutrition orally were included into this study. The Nutritional
Risk Score 2002 (NRS-2002) and Mini Nutritional Assessment Short Form (MNA-SF) were administered, and the Nutritional Risk
Index and Geriatric Nutritional Risk Index (GNRI) scores were calculated. Patients were divided into two groups according to
their survival status. The nutritional status was evaluated and found to be in accordance with the screening tools.

Results: The rate of malnutrition/severe nutrition risk was found to be 28.4%-60%, and the normal nutritional status was 1.7%—
33.3%. In-hospital mortality was 41.7%. The duration of stay in ICU (8.0+9.8 days; 20.5%20.0 days, p=0.03), duration of stay in
hospital (16.9+14.4 days; 28.5+24.6 days; p=0.029) and mechanical ventilation duration (4.38+6.8 days; 15.56+17.2 days; p=0.01)
in patients who survived were shorter than in patients those who died. The male gender, patients with an NRS-2002 score >5
and NRI score >81.2 had higher mortality rates (respectively, p=0.013, p=0.019, p=0.036). The NRS-2002 was found to have the
highest sensitivity; NRI was the highest specificity screening tool.

Conclusion: The risk of malnutrition/severe nutrition risk was found to be 28.4%-60%. We found that the male gender, NRS-
2002 =5, and NRI >81.2 were associated with higher mortality. The NRS-2002 was found to have the highest sensitivity; NRI
was the highest specificity screening tool. We think that the usage of one screening tool for predicting malnutrition in elderly
patients is not sufficient in the diagnosis of malnutrition, and these methods should be evaluated together.

Keywords: GNRI, geriatric patient, intensive care, malnutrition, MNA-SF

(ICV), as well as an increase in morbidity and mortality.
Therefore, a planned and scheduled nutritional assess-
ment should be implemented in hospitals (2, 3). However,
no assessment alone has sufficient sensitivity and selectiv-

Introduction

Malnutrition is defined as “subacute or chronic malnutri-
tion that causes functional capacity, lean tissue mass and

cell decline as a result of malnutrition and inflammatory
activity” (1). Intensive care patients are highly suscepti-
ble to the development of malnutrition. Especially when
the elderly population is considered, malnutrition has
many negative consequences, such as impaired mus-
cle function, muscle weakness, bone fractures, decrease
in immune function, bone mass and cognitive function,
anemia, pressure sores, postoperative healing, delayed
wound healing, and edema. This clinical process leads to
an increase in the length of stay in the intensive care unit
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ity to determine the nutritional status (4).

The purpose of nutrition screening is to identify individ-
uals with malnutrition or those at risk for malnutrition to
achieve a more comprehensive nutritional assessment
and support (5). The assessment of nutritional status in the
elderly is important in defining nutritional deficiency and
related diseases (6, 7). A number of screening tools have
been developed to determine the risk of malnutrition in
elderly patients. Some of those are the Nutritional Risk
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Screening 2002 (NRS-2002) and Mini Nutritional Assess-
ment Short Form (MNA-SF) (8, 9).

The NRS-2002 is a nutritional assessment test used for in-
tensive care unit (ICU) patients to determine the risk of
malnutrition, to find malnourished patients, and to eval-
uate the adequacy of nutritional support in hospitalized
patients (10).

The Nutrition Risk Index (NRI) was developed in 1991 to
evaluate the effectiveness of perioperative total parenter-
al nutrition in patients undergoing thoracic or abdominal
surgery (11).

Geriatric Nutrition Risk Index (GNRI) is an evaluation meth-
od designed especially to predict morbidity and mortality
risk of elderly hospitalized patients. Since it is often dif-
ficult to evaluate the normal body weight of the elderly,
this method uses the term ideal body weight instead of
the usual body weight in NRI. GNRI is calculated using a
special formula that uses serum albumin and body weight
loss together (12).

The aim of this study was to evaluate the nutritional sta-
tus of patients aged 265 years admitted to ICU, using the
NRS 2002 and MNA-SF scales and NRI and GNRI scoring
systems, to determine their usefulness as a screening test,
to compare compliance, and to determine the effect of
malnutrition on mortality.

Methods

This prospective study was approved by the Baskent Uni-
versity Non-interventional Clinical Research Ethics Com-
mittee, dated 01/19/2018 and numbered KA17/365. It
was carried out in patients voluntarily admitted, aged
>65 years, with at least 24-hour hospitalization at the
Baskent University Ankara Hospital Internal and Surgical
Sciences Intensive Care Unit. The patients managed by
intensivists are admitted to our ICU from different de-
partments.

Patients aged 265 years in who oral intake was possible,
or who were receiving oral enteral nutritional support fol-
lowing the ICU admission, were included in the study. Pa-
tients who received the enteral nutrition support at home
via gastrostomy, jejunostomy, or nasogastric tube before
hospitalization were excluded from the study. However,
patients who needed any nutritional intervention during
their stay in the ICU were routinely evaluated by the Nu-
trition Support Team to provide nutritional support in ac-
cordance with the calculated energy and protein require-
ments of the patients. During this follow-up, oral intake

was applied to patients who could not receive oral nutri-
tion due to invasive or noninvasive mechanical ventilation
support. During the follow-up, enteral/parenteral feeding
was given to patients who had oral intake, but later could
not receive oral nutrition because of invasive or noninva-
sive mechanical ventilation support.

The age, gender, height, and body weight were recorded
at the ICU admission. The NRS-2002 was recommended
by the European Parenteral and Enteral Nutrition Associa-
tion (ESPEN), especially for nutritional assessments, were
used to determine the nutritional status within the first 24
hours; the MNA-SF, recommended by the International
Society for Gerontology and Geriatrics and the Interna-
tional Academy of Nutrition and Aging for the assessment
of the nutritional status of geriatric patients, was admin-
istered at the patient’s site by the study conductor (13).

NRI: [1.519xalbumin g/dL)]+[41.7x(final body weight/
customary body weight)x100]

GNRI: [1.489xalbumin (g/L)]+[41.7 x(body weight/ideal
body weight)]

The patients were divided into two groups, according to
their survival status and their nutritional status, and clini-
cal characteristics were evaluated. The nutritional status
of the patients was grouped according to the results of
the screening tools (Table 1).

The body mass index (BMI) of the patients (kg/m?) was
calculated using their body weight and height. BMI val-
ues were grouped according to the World Health Orga-
nization classification (BMI <18.50, underweight; 18.50-
24.99, normal weight; 25.00-29.99; mild overweight,
>30.00; overweight) (14). The Acute Physiology and
Chronic Health Score Il (APACHE 11) was calculated to de-
termine the mortality risk of patients and physical exam-
ination was performed to collect the vital data. Patients
included in the study were followed up during their stay
in ICU and other wards, and their clinical characteristics
were recorded. Patients’ ICU and hospital stay durations,
mechanical ventilation durations, need for renal replace-
ment therapy, vasoactive drug infusion, sepsis, and
septic shock were determined. Biochemical tests were
performed in the Baskent University Ankara Hospital Bio-
chemistry Laboratory. Serum albumin, hemoglobin, and
C-reactive protein (CRP) levels were recorded from the
laboratory findings.

Statistical analysis
In the study, the Number Cruncher Statistical System
(NCSS) 2007 Statistical Software (NCSS LLC, Kaysville,
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Table 1. Malnutrition ratings by screening tools

Scanning tools Nutritional status/risk

GNRI
>98 Normal nutritional status
92<GNRI<98 Mild nutrition risk
82<GNRI<92 Moderate nutrition risk
<82 Severe nutrition risk

NRI
>100 Normal nutritional status

97.5<NRI<100 Mild nutrition risk

83.5<NRI<97.5 Moderate nutrition risk

<83.5 Severe nutrition risk
MNA-SF
12-14 Normal nutritional status
8-11 Under risk for malnutrition
0-7 Malnutrition
NRS-2002
1-2 Normal nutritional status
3-4 Under risk for malnutrition
>5 Malnutrition

MNA-SF: Mini Nutritional Assessment Short Form; NRS-2002: Nutritional
Risk Screening Test 2002; NRI: Nutritional Risk Index; GNRI: Geriatric
Nutritional Risk Index

Utah, USA) was used for statistical analysis. In addition to
descriptive statistical methods (mean, standard deviation,
median, frequency, and ratio), the Kolmogorov-Smirnov
test and box plot graphs were used for the normal distri-
bution of quantitative data. Student's t-test was used for
the comparison of the groups with normal distribution,
and the Mann-Whitney U test was used for the non-nor-
mal distribution. Pearson’s chi-squared test and the Fish-
er-Freeman-Halton test were used for the comparison of
qualitative data, and diagnostic screening tests and ROC
analysis were used to determine the cut-off point. The re-
sults were evaluated with a 95% confidence interval and
p<0.05 significance level.

Results

A total of 60 patients, 28 females and 32 males aged >65
years, who were followed in the ICU, were included in
our study. The average age of all patients was 78.3+8.6
years. The average BMI of the patients was 25.3+5.4 kg/
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m? (slightly overweight). It was determined that 40% of the
patients were admitted to the Department of Chest Dis-
eases. When the patients’ admission reasons were evalu-
ated, the first listed were respiratory causes (50.0%), and
73.3% were hospitalized for medical treatment. COPD and
hypertension with 48.3% and diabetes mellitus with 41.7%
were the leading comorbidities. Of the 60 patients, only 2
had no concomitant disease, while 8 had only one. Other
patients had multiple comorbidities. The average APACHE
[l score at the ICU admission was 18.9+5.6 (Table 2).

Demographic and clinical characteristics of the patients
are shown in Table 3. When evaluated in terms of in-hos-
pital survival, 58.3% of the patients were alive (n=35), and
41.7% (n=25) were in the dying group. There was no dif-
ference between the groups in terms of gender, age, and
BMI. The serum albumin levels were significantly higher
in the surviving patients compared to those who died
(3.0+£0.6 g/dL and 2.7+0.6 g/dL, p=0.048, respectively).

The frequency of sepsis and septic shock was similar in
patients who died and survived. Inotropic use was found
to be higher in patients who died than those who survived
(96.0% versus 28.6%, p=0.00). Invasive/noninvasive me-
chanical ventilation was performed in 48 patients, consist-
ing all of dying patients (n=25) and 23 (65.7%) of surviving
patients. The duration of mechanical ventilation was sig-
nificantly higher in patients who died than in patients who
survived (15.6+17.2 days versus 4.4+6.8 days, p=0.01).

When the two groups were examined according to the
total length of hospitalization in the ICU and hospital, the
mean hospitalization time of the patients who died was
longer than of those who survived. According to these
results, the difference between the two groups was statis-
tically significant (p=0.03 vs. p=0.029, respectively).

Malnutrition and/or severe nutrition risk ratios of all pa-
tients included in the study were found to range between
28.4% and 60% when evaluated with GNRI, NRI, MNA-SF,
and NRS-2002, and the normal nutritional status was de-
tected to be 1.7%-33.3% (Table 4).

When evaluated according to GNRI, 28.4% of all patients,
25.7% of surviving patients, and 32% of those who died
were at risk of severe nutrition and 33.3% of all patients,
34.3% of surviving patients, and 32% of those who died
were found to be in normal nutritional status. The differ-
ence between the groups was not statistically significant
(p>0.05).

According to NRI, 53.4% of all patients, 64% of patients
who died, and 45.7% of surviving patients were at risk of
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Table 2. Inpatient clinics in the name of patients in the intensive care unit, the reasons for hospitalization in intensive care unit,

the treatments applied, and comorbidities

Features of patients n =60 Features of patients n=60
Hospitalization (%) Treatment (%)

Chest diseases 40.0 Medical 73.3
Nephrology 11.7 Surgical 26.7
General surgery 8.3 Comorbidities status (%)

Oncology 6.7 COPD 48.3
Obstetrics 5.0 Hypertension 48.3
Cardiology 3.3 Diabetes mellitus 41.7
Gastroenterology 3.3 Cardiovascular disease 38.3
Urology 1.7 Chronic renal failure 35.0
Other 20.0 Cancer 13.3
Reason for hospitalization (%) Chronic liver failure 3.3
Respiratory 50.0 APACHE Il Score (average) 18.9+5.6
Postoperative 16.7

Gastrointestinal 11.7

Renal 10.0

Hematologic 5.0

Cardiovascular 3.3

Trauma 3.3

APACHE II: Acute Physiology and Chronic Health Evaluation Il; COPD: chronic obstructive pulmonary disease

severe nutrition; and 3.3% of all patients and 5.7% of sur-
viving patients had normal nutritional status. According to
the NRI results, there were no patients in the normal nutri-
tional status class. The difference between the groups was
not statistically significant (p>0.05).

According to the MNA-SF results, 35% of all patients, 25.7%
of surviving patients, and 48% of patients who died were at
risk of malnutrition; and 25.0% of all patients, 37.1% of sur-
viving patients, and 8% of those who died were classified
as having normal nutritional status. The difference between
the groups was statistically significant (p=0.027).

The difference between NRS-2002 scores was statistically
significant (p=0.02). When NRS-2002 results were evalu-
ated, 60% of all patients, 45.7% of surviving patients, and
80% of patients who died were at risk of malnutrition, and
1.7% of all patients and 2.9% of surviving patients were
evaluated as having normal nutritional status. According
to the NRS-2002 results, there were no patients in the dy-
ing group with the normal nutritional status.

The cut-off point for NRI was 81.2 and below, according
to mortality. For the NRI cut-off value, sensitivity was 64%,
specificity was 74.29%, positive predictive value was 64%,
and negative predictive value was 74.3% (Table 5).

The cut-off point for MNA-SF was found to be 9 and be-
low, according to mortality. For the MNA-SF cut-off value,
sensitivity was 68%, specificity was 60%, positive predic-
tive value was 54.8%, and negative predictive value was
72.4% (Table 5).

The cut-off point for NRS-2002 was found to be 5 or high-
er according to mortality. For the cut-off value of NRS-
2002, sensitivity was 80%, specificity was 54.29%, positive
predictive value was 55.6%, and negative predictive value
was 79.2% (Table 5).

When NRI, MNA-SF, and NRS-2002 domains were com-
pared in binary, there was no statistically significant dif-
ference between NRI and MNA-SF in predicting mortality
(p=0.958; p>0.05). There was no statistically significant
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Table 3. Demographic and clinical characteristics of patients

Total (n=60) Surviving (n=35) Died (n=25) p
Female/Male % 46.7/53.3 67.9/50.0 32.1/50.0 0.162
Age (year, ave.) 78.3%£8.9 78.0+8.9 78.7+9.0 0.772
BMI (kg/m?) 25.3£54 24.9+4.7 25.9+6.3 0.469
Albumin, ave., g/dL 2.8+0.6 3.0£0.6 2.7+0.6 0.048*
Hemoglobin, ave., g/dL 10.6%1.9 10.4+1.9 10.8+2.0 0.367
CRP, ave., mg/L 83.1£68.0 77.8+75.7 90.5+56.3 0.482
Sepsis existence (%) 31.7 28.6 36.0 0.098
Presence of septic shock (%) 25.0 17.1 36.0 0.098
Inotropic drug use (%) 56.7 28.6 96.0 0.00**
The need for renal replacement therapy (%) 30.0 28.6 32.0 0.775
Mechanical ventilation (days, ave.) 8.9+13.2 4.4+6.8 15.6+17.2 0.01*
ICU stay (days) 13.3+16.1 8.0 £9.8 20.5+20.0 0.03*
Hospital stay (days) 21.9+20.1 16.9+14.4 28.5+24.6 0.029*
APACHE Il score, ave. 18.9£5.6 17.3+5.12 21.2+5.58 0.07
T-test, Pearson’s chi-squared; *p<0.05, **p<0.001. BMI: body mass index; CRP: C-reactive protein; ICU: intensive care unit; APACHE II: Acute Physiology
and Chronic Health Evaluation Il

difference between NRI and NRS-2002 in predicting mor-
tality (p=0.621; p>0.05). There was no statistically signif-
icant difference between MNA-SF and NRS-2002 in pre-
dicting mortality (p=0.593; p>0.05).

Among the factors that were shown to have univariate ef-
fects on mortality and a significance level <0.15, the ef-
fects of gender, albumin, inotropic drug use, sepsis, NRS-
2002, MNA, and NRI measurements were evaluated using
the logistic regression analysis (Table 6).

When the risk factors affecting mortality were evaluated
using the backward logistic regression analysis, the model
was found to be significant, and the model’s explanato-
ry coefficient (71.7%) was good. The ODDS ratio of male
gender on mortality was 6.679 (95% ClI, 1.50-29.68). The
ODDS value of NRS-2002 being >5 was 6.093 (95% Cl,
1.34-27.6) and the NRI of 81.2 and above had an ODDS of
4.281 (95% Cl, 1.10-16.65). The effects of the male gen-
der, NRS-2002, and NRI on mortality were determined as
independent risk factors (Table 6).

Discussion

Aging is a progressive and irreversible physiological pro-
cess that affects the structures and functions of all organs
and systems. Geriatric syndromes are more common with
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the increase in the elderly population. Malnutrition has
a high prevalence in the geriatric population and caus-
es serious morbidity and mortality. Intensive care patients
are also at risk of severe malnutrition. Therefore, although
early detection and treatment planning are very import-
ant, there may be delays in diagnosis and treatment (15).
The absence of a gold standard method or biochemical
marker used in the diagnosis of malnutrition also makes it
difficult to identify patients at risk.

In our study, we evaluated the nutritional status of patients
aged >65 years who were admitted to ICU with screen-
ing tools, compared the compatibility of these methods
with each other, and examined the relationship between
malnutrition and mortality. The rate of all patients in the
normal nutritional status range was 1.7%-33.3%, and the
rate of malnutrition and/or severe risk of nutrition was
determined as 28.4%-60%. When studies on this subject
are examined, it is known that the prevalence of malnu-
trition varies between 30% and 50% in ICU patients (8,
13, 16). In the study conducted by Giner et al. (17), the
malnutrition rate was found to be 42% in ICU patients. In
a study conducted by Kaiser et al. (18) with MNA in 2010,
malnutrition rates were found to be 5.8% in the elderly
population, 13.8% in the elderly in a nursing home, and
38.7% in the hospitalized elderly. In a study conducted by
MNA-SF in 2,327 elderly patients admitted to Hacette-
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Table 4. Assessment of nutritional status of patients according to screening tests

Features of Patients Total (n=60) Surviving (n=35) Died (n=25) p
GNRI, ave. (SD) 91.3+15.8 92.5+15.2 89.5+16.8 0.471
Normal nutritional status, % 333 34.3 32.0 0.921
Mild nutrition risk, % 15.0 17.1 12.0

Moderate nutrition risk, % 23.3 22.9 24.0

Severe nutrition risk, % 28.4 25.7 32.0

NRI, ave. (SD) 82.6+10.9 85.0+11.2 79.4+9.8 0.05
Normal nutritional status, % 3.3 5.7 0.0 0.411
Mild nutrition risk, % 5.0 5.7 4.0

Moderate nutrition risk, % 38.3 42.9 32.0

Severe nutrition risk, % 53.4 45.7 64.0

MNA-SF, ave. (SD) 8.8+3.4 9.5+3.5 7.8+3.1 0.061
12-14 points normal nutritional status 25.0 37.1 8.0 0.027*
8-11 points at risk of malnutrition 40.0 371 44.0

0-7 points malnutrition 35.0 25.7 48.0

NRS-2002, ave. (SD) 4.7+1.1 4.4+1.2 5.2+0.8 0.05
1-2 normal nutritional status 1.7 2.9 0.0 0.02*
3-4 at risk of malnutrition 38.3 51.4 20.0

>5 malnutrition 60.0 45.7 80.0

*p<0.05. Pearson'’s chi-squared, Fisher's exact test. MNA-SF: Mini Nutritional Assessment Short Form; NRS-2002: Nutritional Risk Screening Test 2002;
NRI: Nutritional Risk Index; GNRI: Geriatric Nutritional Risk Index

Table 5. Diagnostic screening tests and ROC curve results for NRI, MNA-SF, NRS-2002 by mortality

Diagnostic scan ROC curve
Positive Negative 95% Confidence
Cut off | Sensitivity | Specificity | predictive value | predictive value | Area interval P
NRI <81.2 64.00 74.29 64.0 74.3 0.663 0.522-0.804 0.033*
MNA-SF <9 68.00 60.00 54.8 72.4 0.667 0.529-0.804 0.029*
NRS-2002 >5 80.00 54.29 55.6 79.2 0.703 0.573-0.834 0.008**
*p<0.05, **p<0.01. MNA-SF: Mini Nutritional Assessment Short Form; NRS-2002: Nutritional Risk Screening Test 2002; NRI: Nutritional Risk Index

pe University Geriatrics Unit, the risk of malnutrition was
found to be 28% (19). In our study, the malnutrition rate
was found to be 35% for all patients, 48% for deceased
patients, and 25.7% for surviving patients with the MNA-
SF evaluation, and a significant difference was found be-
tween risk groups.

In another study, GNRI and NRI scores of 113 patients
aged >75 years were calculated, and their nutritional sta-

tus was evaluated. When patients were evaluated with
NRI, the risk of severe malnutrition was 67.3%, and the
risk of severe malnutrition was 27.4% with GNR (20). In our
study, the malnutrition rate was 53.4% in patients when
the NRI method was used. In another study, anthropomet-
ric and biochemical parameters of 241 elderly patients
were examined, and the nutritional status and nutritional
risk were evaluated using both GNRI and MNA. Although
there was no difference between malnutrition and high
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Table 6. Logistic regression analysis of risk factors affecting mortality

95% Cl
P ODDS Lower Upper
Gender (M) 0.013* 6.679 1.503 29.682
NRS-2002 (=5) 0.019* 6.093 1.342 27.662
NRI (<81.2) 0.036* 4.281 1.101 16.647

*p<0.05, Cl: confidence interval; NRS-2002: Nutritional Risk Screening Test 2002; NRI: Nutritional Risk Index

nutritional risk when death, infection, and pressure sores
were evaluated at the end of 6 months follow-up, it has
been found that GNRI had a stronger relationship with
mortality (21). Malnutrition rates may have differed from
other studies due to differences in patient population,
age group, concomitant chronic diseases, and screening
methods included in our study.

In our study, it was observed that there was a difference in
predicting malnutrition between GNRI, NRI, NRS-2002, and
MNA-SF methods. When the patients were evaluated with
the GNRI method, malnutrition and/or the severe nutrition
risk ratio was 28.4%; 53.4% with NRI, 60% with NRS-2002,
and 35% with MNA-SF. In another study, three screen-
ing tools-MNA-SF, NRS-2002, and Malnutrition Universal
Screening Tool-were used to evaluate malnutrition in elder-
ly patients, and it was found that the nutritional risk and/or
malnutrition rate varied greatly between 47.2% and 97.6%
(22). The inconsistencies of nutritional status screening tools
to predict malnutrition suggest that a single screening tool
may be inadequate to identify patients at risk.

Malnutrition causes increased morbidity and mortality in
ICU patients, as well as the need for mechanical ventila-
tion and the ICU and hospital stay duration (23). In the
study conducted on the inpatients of the Internal Medi-
cine Geriatrics Clinic of Istanbul Medical Faculty in 2010,
the rate of malnutrition at the time of hospitalization was
found to be 45.5%. In this study, it was found that the
duration of hospitalization was longer (18.9£19.1 and
11.3£11.3 days, respectively) when the malnutrition risk
group was compared with the nonrisk group (24). In a
study conducted in the United Kingdom, malnutrition was
found in 46% in internal diseases, 45% in chest diseases,
and 27% in surgical patients during hospitalization. It was
shown that the severity of malnutrition was increased in
78% of these patients during hospitalization (25).

In our study, the duration of hospital stay and mechanical
ventilation was found to be longer in patients who died in
ICU. As the severity of the disease increases, there is an
increase in respiratory and hemodynamic requirements,
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and therefore, the duration of both mechanical ventilation
and ICU stay are expected results. On the other hand, it
has been reported that a prolonged hospital stay increas-
es the risk of malnutrition (26). Patients are at risk of se-
vere psychological and catabolic stress during their stay in
hospital. Subsequently, a decrease in the body weight oc-
curs due to the energy deficit resulting from malnutrition.
The nutritional status of patients may worsen significantly
during their stay in the ICU, usually due to many factors.
Some of these are patient-related causes, and some are
iatrogenic causes (27). There are two problems that affect
each other negatively. We think that the duration of stay
in ICU may affect malnutrition, and malnutrition may neg-
atively affect the duration of ICU stay.

According to the nutritional status screening methods,
malnutrition category may be related to a low serum al-
bumin level, high CRP value, and active disease and in-
flammation. CRP levels are also increased in association
with increased cytokine production with aging (28). In-
flammatory cytokines in the liver (tumor necrosis factor,
interleukin 1, interleukin 2, interleukin é) promote the syn-
thesis of acute-phase proteins and suppress the albumin
synthesis. Therefore, a decrease in serum albumin con-
centrations may reflect inflammatory conditions in addi-
tion to nutritional status (29). Decrease in albumin levels
may also be associated with long-term impaired energy
balance and decreased protein stores. Therefore, it is
necessary to evaluate the serum albumin level together
with other nutritional status screening methods to identify
individuals at risk (30). Every 2.5 g/L decrease in serum
albumin increases the risk of mortality by 24%-56%. In el-
derly patients, the albumin level of 3.2 g/dL or lower is the
determinant of morbidity and mortality (31). In our study,
the serum albumin level was shown to be lower and the
CRP level was higher in patients who died compared to
patients who survived. Likewise, the average age of our
patient group was 78.3£8.6 years, which may be associat-
ed with an increased mortality risk.

The aim of the nutrition screening tools is to identify the
patient at risk of malnutrition at the right moment and ear-
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ly. Therefore, the screening tool should be specific and
sensitive (32). In our study, while the NRS-2002 had high-
er sensitivity than the MNA-SF and NRI, NRI was found
to have a higher specificity than NRS-2002 and MNA-SF.
In another study, the specificity of NRS-2002 was higher
than that of MNA-SF, whereas the sensitivity of MNA-SF
was higher than that of NRS-2002 (33). It is observed that
there is a difference between tests, especially in the de-
tection of patients at risk for malnutrition. This may make
it difficult to identify patients at risk of malnutrition when
we evaluate patients using a single method.

When we evaluated the risk factors affecting mortality, it
was found that the male gender increased mortality 6.6
times, the NRS-2002 >5 increased mortality 6 times, and
the NRI > 81.2 increased mortality 4.2 times. In their study
involving 358 patients aged 65 years and over who ap-
plied to a long-term care unit, Cereda et al. (21) found
that the male gender was 1.7 times riskier in their mortal-
ity analysis using GNRI and MNA.. In our study, we found
that the effect of male gender factor on mortality was
higher in elderly patients followed up in the ICU. We think
that this rate may be higher because our sample size was
limited to 60 patients, and our population consisted of
intensive care patients. We think that the high effect of
NRS-2002 and NRI screening method on mortality is due
to the higher value of the NRS-2002 components. The
APACHE Il score and albumin were some of the parame-
ters used in the calculation of the NRI score in the patient
group who died.

This provides an objective evaluation with the fact that
nutrition screening tools such as GNRI and NRI can be
performed quickly and easily, even in non-cooperating pa-
tients. The MNA-SF and NRS-2002 are advantageous in
that they do not require any biochemical tests and addi-
tional costs (24). However, considering the elderly patient
group included in our study, problems such as memory loss,
cooperation difficulties, and dementia make history taking
difficult for the NRS-2002 and MNA-SF screening tools.

Our study had a small sample size and was single cen-
tered, so the results do not represent a general popula-
tion. Another important disadvantage is that although the
assessment of malnutrition in the elderly is of great impor-
tance in the assessment of sarcopenia, we could not per-
form the relevant measurements in patients due to lack of
necessary equipment.

In conclusion, in our study, when elderly patients with oral
intake admitted to the intensive care unit were evaluat-
ed with GNRI and NRI scoring system and NRS-2002 and
MNA-SF screening tools, the risk of malnutrition and/or

severe nutrition risk was 28.4%-60%, and the incidence of
malnutrition and/or severe nutrition increased in patients
who died. It was found that the male gender increased
mortality 6.6 times, the NRS-2002 score >5 increased it
6 times, and the NRI score >81.2 increased it 4.2 times.
Since the determination of nutritional status was accepted
as the first step of malnutrition treatment, it is important
to have a reliable and easy-to-implement tool in the ad-
mission of patients to ICU. In our study, while the NRS-
2002 had a higher sensitivity than MNA-SF and NRI, the
NRI was found to have a higher specificity than NRS-2002
and MNA-SF. However, due to the lack of a gold standard
screening method and inconsistency between screening
tools to predict malnutrition, it may be difficult to deter-
mine the patient nutritional status. Therefore, we think
that the evaluation of the methods together and reviewing
them together with biochemical and anthropometric pa-
rameters may be more effective in predicting malnutrition.
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ABSTRACT

Objective: Cardiac cachexia (CC) is defined as a loss of at least 6% of total body weight in 6 months due to chronic heart failure
(CHF). The prevalence of CC in patients with NYHA class [I-1V is estimated to be approximately 12%-15%. There are only a few
studies that demonstrate the effects of malnutrition treatment on nutrition, physical activity, quality of life (QoL), and clinical
course of the disease. This study aimed to evaluate the effect of nutrition treatment on anthropometric measurements, fat free
mass (FFM), muscle strength, physical performance, and Qol together with cardiac functions and immunity in patients with CC.

Method: This was a prospective clinical intervention study. Patients with NYHA stage [I-IV CHF (n=725) followed-up in Inter-
nal Medicine and Cardiology Departments were screened for CC. Eighteen patients with CC were enrolled in the study. The
control group included 18 healthy adults. Nutritional status assessment, anthropometric measurements, gait speed, muscle
strength, bioelectrical impedance analysis (BIA Tanita, Japan), biochemical analyses, and cytokine measurements were per-
formed. Cardiac functions were assessed by echocardiography. Nutrition support treatment was given to patients with CC, and
they were followed-up for next 3 months. QoL was measured with “Ferrans and Powers” Quality of Life Index (cardiac version).
Similar studies were repeated after follow-up.

Results: After excluding all other reasons for cachexia, the prevalence of CC was 2.5% in our patients with CHF. The patients
with CC had higher serum C-Reactive Protein (CRP) and IL-6 levels than the healthy controls. After nutrition support treat-
ment, the QoL scores and visceral fat level significantly increased in patients with CC. Although mid-upper arm circumference
(MUAC), handgrip strength, FFM, fat mass, and serum albumin levels increased, they were not statistically significant.

Conclusion: When compared to previous studies, our CC prevalence rate was lower. Nutrition support therapy can reverse
weight loss in patients with CC, which can also improve QoL. An important limitation to the study is the low number of patients
that is related with the exclusion criteria regarding every type of inflammatory disease, acute medical problems, and cancer.
Therefore, further studies with more patients are needed.

Keywords: Cardiac cachexia, chronic cardiac failure, nutrition support treatment

Introduction

Cardiac cachexia (CC) is defined as secondary to chronic
heart failure (HF) and non-edema weight loss of 6% or
more in 6 months, regardless of any other underlying dis-
ease. Common muscle and fat loss occurs in the extremi-
ties (1). While muscle protein synthesis decreases, synthe-
sis of acute phase proteins increases (2). In addition to loss
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of muscle tissue, decrease in fat and bone mass is also
observed (3). It is considered that 12%-15% of patients
with NYHA class I-IV have CC; and 29% of patients with
CC are lost within 6 months (4).

Studies show that survival rates of patients with cachexia
with body mass index (BMI) above 29 kg/m? are 1-3 years

more (5). In another study, the increase in BMI was found
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to be protective in patients with HF followed for a year;
and the lowest risk of death was found in patients with
BMI of 30.0-34.9 kg/m?. This condition is known as the
paradox of obesity; and patients with BMI below 20 kg/
m? have a high risk of mortality (6).

Immunological cytokine activation is considered to play
an important role in the pathophysiology of CC. In 1990,
Levine et al. (7) demonstrated the association between
tumor necrosis factor-alpha (TNF-a) and HF. Increased lev-
els of plasma TNF-a are the most important predictors
of weight loss. Apart from TNF-q, intercaline-1 (IL-1) and
interleukin-6 (IL-6) also play a role in catabolism (8, 9).

In 50% of patients with HF, poor nutrition was detected.
The daily energy needs of the patients with CC were in-
creased, and the protein requirement was 1.5-2 g/kg/day
(10). The imbalance associated with the use of energizing
nutrients increases daily energy, protein, and fat require-
ments. However, it should be kept in mind that excess fat
and carbohydrate intake may also increase oxygen con-
sumption and therefore impair the clinical picture (11). It
is recommended that patients with critical illnesses should
be given 25 kcal/kg diet daily, 1.2-1.5 g/kg protein should
be given, carbohydrates do not exceed 6 g/kg/day, and
fats do not exceed 2.5 g/kg/day (12).

Heart failure is associated with immobilization, fatigue,
gastrointestinal symptoms and early satiety. (13). This can
lead to severe malnutrition. To increase muscle mass and
improve exercise capacity, energy reserves need to be
replaced; thus nutritional status should be improved. De-
spite the decrease in physical activity in patients with CC,
the daily energy demand increases as a result of increased
inflammation and catabolic process (14).

Only a few studies show the results of prevention of weight
loss with nutritional support therapy. This prospective lon-
gitudinal study aimed to investigate the effects of nutrition-
al therapy on anthropometric measurements, fat free mass
(FFM), and muscle strength as well as physical performance
and quality of life in patients with CC. Possible changes
in cardiac functions and immune system that may occur
during nutritional follow-up of patients were also examined.

Methods

Operation type and population

In this prospective longitudinal study, 725 patients who were
followed-up at an outpatient clinic between August 2014
and May 2015 in Istanbul Medical Faculty Internal Medicine
and Cardiology Departments or who were treated inpatient
during the study were screened. Eighteen patients with
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stage II-IV HF and CC were included in the study. Eighteen
healthy adults were included in the control group. The crite-
ria for inclusion and exclusion are given in Table 1.

Nutritional status assessment

Two same nutritional nurses in the Clinical Nutrition Unit
of Istanbul Faculty of Medicine performed nutritional
status assessment and anthropometric measurements
of the patients. Subjective global assessment test was
used for nutritional status assessment (15). BMI, mid-up-
per arm circumference (MUAC), and calf circumference
were measured during anthropometric analyses. MUAC is
measured from the midpoint of the distance between the
acromion of the scapula and the ulna olecranon projec-
tion in the upper arm. The calf circumference is measured
at the widest point of the calf.

Nutrition support plan (NDP)

The daily energy requirement of patients diagnosed with
CC was calculated by formula (Harris Benedict Formula,
stress factor and activity factor) (16). Daily protein require-
ments were planned to be 1.2-1.5 g/kg/day. The Europe-
an Journal of Clinical Nutrition and Metabolism (ESPEN)
was used to determine the daily energy and protein re-
quirements (17). The diet lists were prepared based on
these accounts. The dietary list compliance was done by
taking daily food consumption lists during polyclinic con-

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Those with chronic
inflammatory disease

Having consent

Being 18 years and older GFR <30 mL/min/1.73 m?

Identifying NYHA Grade II-IV
HF and CC by clinical and
laboratory methods

Chronic liver disease

Involuntary loss of 6% or more | Organ transplantation
weight without edema in the

last 6 months

Any acute medical problem
except HF

Cancer

Immunosuppressive therapy

ICU requirement

(11f occurs during the follow-
ups, they will be excluded
from the study)

GFR: glomerular filtration rate; CC: cardiac cachexia; HF: heart

failure; ICU: intensive care unit
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trols. The patients who could not adapt were provided
with supplemented meals with energy- and protein-en-
riched meals or their needs during the follow-up period.
After 3 months of nutritional support plan, the patients
were re-evaluated.

Determination of cytokines

Five milliliters of venous blood samples were taken from
the patients included in the study and the healthy individ-
uals in the control group. IL-1beta, IL-6, IL-10, and TNF-al-
pha levels in the serum samples were determined by ELISA
kit with sandwich enzyme immunoassay method. Blood
samples taken from the patients were incubated for 20-30
min at room temperature; and they were then centrifuged
at 2000-3000 RPM for 10 min. The supernatant was taken
to the microcentrifuge tube and stored at —80°C until the
day of the test. The standard mix in the lyophilized state
was diluted with diluent. Three hundred microliters of mix
diluent was added to seven microcentrifuge tubes: 300 pL
of the standard solution was added to the first tube and
mixed, and 300 plL was transferred to the second tube, and
the same procedure was done until the sixth tube. The mix
diluent in the last tube was used as the zero standard. Fif-
ty microliters of standards were added to the eight pre-
defined standard wells, respectively. Fifty microliters of the
samples were added to the sample wells. The plate was
closed and incubated for 2 h at room temperature. After
the incubation, the wells were washed six times with wash
buffer. Fifty microliters of prepared Biotin conjugate was
added to all wells. The plate was again closed and incu-
bated for 2 h at room temperature. After incubation, the
wells were again washed six times. Fifty microliters of pre-
pared streptavidin horseradish peroxidase was added to all
wells. The plate was closed and incubated for 30 min at
room temperature. The wells were washed six times with
the wash buffer. Fifty microliters of TMB substrate solution
was added to all wells. The plate was closed and incubated
for 10 min at IL1-B, 25 min at IL-6 and TNF-alpha, 15 min
atIL-10 at room temperature in the dark. Fifty microliters of
the stop solution was added, and the plate was read in an
ELISA reader at 450 nm in 10 min. The logarithmic regres-
sion equation of the standard curve was calculated accord-
ing to the OD values corresponding to the concentration of
the standards. According to the OD values of the samples,
the corresponding sample concentrations were calculated
according to this equation. Cytokine measurements were
performed before and after NDP.

Echocardiography

The echocardiography (ECO) measurements were made
according to the recommendations of the American So-
ciety of Echocardiography with the General Electronic
VIVID 7 device and 3.5 MHz probe (18). EF, PAP, left ven-

tricular end diastolic diameter, left ventricular end-systolic
diameter, interventricular septum diameter, and posterior
wall diameters were recorded. The same cardiologist per-
formed the ECO before and after the NDP.

Scoring of the quality of life

The “Ferrans and Powers” Quality of Life Index, which
was developed to measure general health, was applied
to all patients (n=18) by face-to-face interviews (19). The
scale consists of two parts, and it includes questions on
satisfaction and importance. The scale has four subsec-
tions: health and function, socioeconomic, psychological/
spiritual, and family. The scores for each subsection and
the total scale score ranged from 0 to 30. Higher scores
indicate better quality of life. Two researchers performed
life quality scoring before and after the NDP.

Bioelectrical impedance analysis (BIA)

Bioelectrical impedance analysis (TANITA, BC-532) was
used to evaluate the body composition. FFM, fat mass, and
visceral fat level were evaluated during the measurement.
The same two nurses performed the BIA examinations be-
fore and after the NDP. Before the BIA, the patients were
asked to refrain from activities requiring physical force and
not to eat until 2 h. All patients were evaluated before
noon and after urine/defecation so that the measurements
did not show an unbalanced distribution.

Hand strength measurement and walking speed
Muscle strength assessment was obtained by the stan-
dard hand dynamometer (Janmar, USA) three times from
the dominant hand. Existing hand measurement was
performed in patients with an upper extremity. Measure-
ment of handgrip strength was made in the sitting posi-
tion, shoulder adduction and neutral rotation, elbow at
90° flexion, forearm midrotation and support, and wrist
neutral. Muscle strength measurement results were evalu-
ated according to the standards determined in EWGSOP
Il data (20). Existing hand measurement was performed
in patients with an upper extremity. The walking speed
was assessed by conducting the 4-m distance at normal
speed. The walking speed was obtained by dividing 4 m
by the time (s) through which this distance was exceeded
(m/s). The same expert made the measurements before
and after NDP.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS Inc.;
Chicago, IL, USA) version 17 program was used for sta-
tistical analysis. The average, standard deviation, lowest,
highest, median, 25" and 75" percentile, ratio and fre-
quency values were used in descriptive statistics of the
data. The categorical variables were compared with the
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chi-square test. The results of the variables were com-
pared with Mann-Whitney U, Student T, and Wilcoxon
tests. The p value <0.05 was considered significant.

Consent

The consent was obtained from each patient according
to the Helsinki Declaration. The Istanbul University Istan-
bul Medical Faculty Ethics Committee approved the study
(File No: 2014/925). Istanbul University Scientific Research
Projects Unit with project no: 52928 supported the recruit-
ment of the cytokine ELISA kits used in the study.

Results

The study included 18 patients with CC (CC prevalence:
2.5%, 13 male, 5 female) and 18 healthy controls (13 male,
5 female). The mean age was 63.2+17.5 years (range 24-
83 years) in the patients with CC, and 59.7£16.2 years
in the control group (range 24-85 years). The mean
weight and BMI of the patients before the treatment was
63.3+14.1 kg and 22.4£4.5 kg/m?, and the control group
was 78.6x12.1 kg and 27.8+3.7 kg/m?, respectively. The
results of the initial ECO examination are given in Table 2.

Table 2. Comparison of measurements of the patients and healthy individuals

Healthy control group (n=18) Cardiac cachexia group (n=18) p

Weight (kg) 78.6x12.1 63.3£14.1 0.004
BMI (kg/m?) 27.8+3.7 22.4+4.5 0.001

Right MUAC (cm) 31.3+x2.8 25.6+4.0 <0.001
Right CC (cm) 37.5£3.0 34.6+3.9 0.019
EF% 66+7 31+12 <0.001
PAP (mmHg) 23.5£2.5 46.8+15.3 <0.001
LVESD (cm) 3.0+0.4 5.1%£1.2 <0.001
LVEDD (cm) 4.7+0.5 6.1+1.1 <0.001
Pro-BNP (pg/mL) 69 (30-148) 2131 (928-9170) <0.001
BIA-FFM (kg) 53.6+9.8 46.1+8.2 0.044
BIA-fat (%) 28.3+6.5 19.5£10.2 0.008
BIA- visceral fat (kg) 12+5 9+5 0.172
BIA-bone (kg) 2.8+£0.5 2.5+0.4 0.05

Right hand strength (kg) 35.2+9.6 26.9+6.7 0.007
Walking speed (m/s) 1.23+£0.23 0.92+0.37 0.018
Albumin (g/dL) 4.3+0.4 3.9+0.7 0.020
CRP (mg/L) 1.9 (1.2-3.9) 13.1(10.4-12.5) 0.014
TNF-alpha (pg/mL) 2.31 (2.10-3.04) 3.18 (2.13-4.81) 0.07

IL-1 (pg/mL) 1.31(1.18-1.57) 1.39 (1.26-1.60) 0.339
IL-6 (pg/mL) 2.39 (2.01-2.78) 6.11 (4.30-18.52) 0.001
IL-10 (pg/mL) 49.05 (45.7-57.0) 51.25 (49.1-61.6) 0.214
Health and functional score 24.4+3.4 14.9+4.7 <0.001
Psychological score 26.0 (22.1-29.6) 18.0 (17.1-21.3) 0.001
Total score 25.1+4.3 18.2+3.8 <0.001

analysis; FFM: fat free mass; CRP: c-reactive protein; TNF: tumor necrosis factor; IL: interleukin

BMI: body mass index; MUAC: mid-upper arm circumference; CC: calf circumference; EF: ejection fraction; PAP: pulmonary artery pressure;
LVESD: left ventricle end-systolic diameter; LVEDD: left ventricle end diastolic diameter; Pro-BNP: brain natriuretic peptide; BIA: bioimpedance
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Mid-upper arm circumference , calf circumference, FFM,
BIA-fat percentage, bone mass, muscle strength, and
walking velocities of patients and healthy individuals are
given in Table 2. The serum IL-6 level was found to be sig-
nificantly higher in patients with CC; although the serum
TNF-alpha level was higher in the patients, the difference
was not statistically significant (Table 2). The quality of life
scores of healthy individuals were significantly higher than
of patients with CC (Table 2).

One patient who underwent heart transplantation during
the study, one patient diagnosed with lung cancer, and six
patients hospitalized in the intensive care unit for various
reasons were excluded from the study. After 3 months of
NDP, weight, BMI, and visceral fat significantly increased
in ten patients who completed the study (Tables 3 and 4).
While MUAC, hand muscle strength, fat percentage, FFM,
and serum albumin levels were increased after NDP, this
increase was not statistically significant (Table 4). No sig-

Table 3. Dietary and nutritional support treatments of patients who completed the study

Patient no | Gender/age| BMI1 BMI2 DEN DPN Diet ONS
1 E, 63 24.8 26.7 2000 80 100% Absent
2 K, 24 16.3 18.5 1750 55 70% 1.5 kcal/mL product (600 kcal/day)
3 E, 67 29.7 30.6 1500 85 60% 0.9 kcal/mL diabetic product (600 kcal/day)
4 E, 54 23.9 25.9 1900 80 60% 2.0 kcal/mL product (800 kcal/day)
5 K, 83 24.6 29.1 1500 75 50% 1.5 kcal/mL product (750 kcal/day)
6 E, 71 18.4 19.6 1800 80 50% 1.5 kecal/mL product (900 kcal/day)
7 E, 80 16.3 17.4 1900 65 75% 2.0 kcal/mL product (400 kcal/day)
8 E, 58 19.3 20.1 2000 75 60% 1.0 kcal/mL diabetic product (800 kcal/day)
9 K, 76 19.6 21.0 1500 60 100% Absent
10 E, 61 27.6 27.9 2000 80 100% Absent
DEN: daily energy need; DPN: daily protein need; ONS: oral nutrition supplement; BMI: body mass index (kg/m?); BMI1: initial BMI; BMI2: Third
month control of BMI

Table 4. Comparison of mean and median values of the measurement parameters before and after the nutritional support plan

(n=10)

Before NSP After NSP P
Weight (kg) 63.6+14.7 66.0£15.1 0.05
BMI (kg/m?) 22.19+5.07 23.21+5.31 0.034
Right MUAC (cm) 26.0+4.4 26.6+3.6 0.48
Left MUAC (cm) 25.9+4.2 26.8+3.4 0.18
Right CC (cm) 34.2+3.9 33.1£4.7 0.26
Left CC (cm) 33.9+4.2 33.5+4.6 0.65
BIA-FFM (kg) 46.3+£8.7 49.7+7.5 0.168
BIA-fat (% median) 26.4 (19.6-30.3) 22.4 (14.6-27.7) 0.237
BIA-visceral fat level 9+4 11+5 0.042
Right hand strength (kg, median) 30 (26-37) 30.5 (29-31) 0.228
Left hand strength (kg) 28.9+6.7 29.4+4.5 0.596
Walking speed (m/s) 1.04+0.33 1.05+0.32 0.86
NSP: nutritional support plan; BMI: body mass index; MUAC: mid-upper arm circumference; CC: calf circumference; BIA: bioimpedance analysis;
FFM: fat free mass
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nificant difference was observed in the cardiac functions
of the patients under medical treatment after NDP (Table
5).

There was no significant difference in the serum albumin,
CRP, and cytokine levels before and after NDP (Table 6).
A significant increase was observed in the total quality of
life score (median: 21.1 [18.2-25.6] vs 22.3 [16.7-25.4],
p=0.005).

Discussion

Heart failure is observed in approximately 1%-2% of the
adult population in the developed countries. The preva-
lence of HF increases up to >10% in individuals aged 70
years and older. In these patients, the average five-year
survival was reported as 50% (21). HF establishes a con-
tinuous catabolic state with neurohumoral and immuno-

Table 5. The comparison of the ECO measurements before

and after the nutritional support plan (n=10)

Before NSP After NSP P

EF (%) 33%12 36%12 0.136
PAP (mmHg) 46+14 45+13 0.867
LVESD (cm) 4.9+0.8 4.8+0.9 0.221
LVEDD (cm) 6.0+0.7 5.9+0.9 0.445
IVST (cm) 1.1+0.2 1.1+0.2 0.411
NSP: nutritional support plan; EF: ejection fraction; PAP: pulmonary
artery pressure; LVESD: left ventricle end-systolic diameter; LVEDD:
left ventricle end diastolic diameter; IVST: interventricular septum
thickness

Table 6. Laboratory parameters before and after the
nutritional support plan (n=10)

Before NSP | After NSP P
GFR (mL/min) 61+21 68+32 0.308
Albumin (g/dL) 4.1+0.6 4.4+0.4 0.101
CRP (mg/L, median) | 3.8 (1.5-15.1) | 3.1 (1.7-5.8) 0.285
Hgb (g/dL) 12.2+2.1 12.1+2.4 0.783
TNF-alpha (pg/mL) 3.52+1.66 3.18+1.21 0.551
IL-1 (pg/mL) 1.58+0.67 1.42+0.52 0.144
IL-6 (pg/mL, 3.28 (2.15- 3.43 (2.88- 0.721
median) 9.97) 11.53)
IL-10 (pg/mL) 70.27+36.67 | 64.17+29.25 | 0.546
NSP: nutritional support plan; GFR: glomerular filtration rate; CRP:
c-reactive protein; TNF: tumor necrosis factor; IL: interleukin
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logical complex changes, and it affects nutritional status
through energy and substrate metabolism and increased
cytokine burden. CC is defined as 6% weight loss in the
past 6 months, unrelated to diuretic treatment and unin-
tentionally, without any other underlying disease (cancer,
hyperthyroidism, liver disease, etc.). Involuntary weight
loss and low BMI are associated with poor prognosis in
HF and are associated with a decreased survival of KK
(18% survival is 50%) (4).

In our study, the prevalence of CC was found to be 2.5%.
One of the reasons for lower prevalence rates in previ-
ous studies may be the exclusion of the individuals with
all other diseases who can perform cachexia from our
study. On the other hand, when talking about the current
prevalence data, possible values were mentioned (22). In-
creased inflammation and sarcopenia (decreased muscle
strength and muscle mass) can be seen in HF. CC causes
significant changes in muscle, fat, and bone tissue that
make up the body composition (22). Our study aimed to
evaluate the possible effects of NDP on anthropometric
measurements, muscle mass and muscle strength, physi-
cal performance, quality of life, cardiac functions, and im-
mune system in patients with advanced stage II-IV cardiac
arrest.

In a study conducted by Anker et al. (1, 2), when compared
with CC, non-cachectic HF and healthy individuals, BMI
was found to be lower in patients with HF than in those
with CC. The muscle, fat, and bone tissues decrease in
CC. In our study, compared to in healthy subjects, weight
and BMI were found to be lower in patients with CC. Sim-
ilarly, MUAC, calf circumference, and hand strength mea-
sured from both sides were lower in patients with CC than
those in healthy subjects. When measured by bioelectric
impedance analysis, fat percentage, FFM, and bone mass
were significantly lower in patients with CC. The serum
albumin levels were found to be low because of inflamma-
tion and increased catabolic rate; the serum CRP and IL-6
levels were found to be high in the CC group. This result
is similar to the results of the previous studies (23).

Rozentryt et al. (23) were able to increase weight and BMI
with high-calorie, protein-rich oral NDP in patients with
CC. They found that this increase was found in the fat tis-
sue when examined with DEXA. In our study, there were
also significant increases in weight and BMI values of our
patients when compared to before and after NDP. In BIA
analysis, visceral fat percentage (p=0.042) was found to be
significantly increased; total fat content, bone mass and
muscle mass were also found to be increased by 2.5%,
1.25%, and 3.4%, respectively, but these increases were
not statistically significant. The fact that patients with only
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CC were included in the study, thus the number of pa-
tients being low, and the presence of patients who were
excluded during the study were among the most import-
ant limiting factors of our study. Another limitation was
that during the study, no exercise program was applied
and patients’ daily activity levels could not be measured.

In a study conducted by Levine et al. (7), the serum albu-
min levels were not different between patients with CC,
patients with non-cachectic HF, and healthy individuals;
and the serum IL-6 levels were found to be high in pa-
tients with CC. In our study, serum albumin levels were
low and serum CRP levels were found to be high in pa-
tients with CC. The serum albumin level may be low be-
cause of malnutrition and increased catabolic process,
but also because of high acute phase response (negative
acute phase reactant). The serum IL-6 level was also found
to be high in our patients.

In their study, Levine et al. (7) showed that the role of cy-
tokines in patients with HF and CHD was shown by the
increased serum TNF-alpha levels. In another study con-
ducted by Anker et al. (1), the serum TNF-alpha levels were
found to be significantly higher in patients with CC. How-
ever, in our study, although the serum TNF-alpha level was
higher in the patient group compared to the healthy con-
trol group, this increase was not statistically significant. This
may be related to the small number of patients.

The quality of life reflects the multidimensional effect of
a clinical condition and treatment on the patient’s daily
life. Compared to healthy individuals, patients with HF
have significantly impaired qualities of life. In our study,
life scores of patients with CC were also lower than of
the healthy controls. In the study by Rozentryt et al. (23),
positive results were obtained in quality of life scales of
patients with high-calorie, protein-rich oral NDP. Similarly,
in our study, the total quality of life scores of the patients
with CC significantly increased after NDP.

In conclusion, the weight loss can be prevented with ef-
fective nutritional support plan in patients with CC, and
quality of life can be positively affected. The most import-
ant limiting factor of the study was the inability to take
enough cases in the study group because of inclusion
conditions. Although there was an increase in many an-
thropometric measurements after treatment in a limited
number of patient groups, this difference was not statisti-
cally significant. Hence, new studies are needed to exam-
ine a large number of cases.

Ethics Committee Approval: Ethics committee approval was re-
ceived for this study from the ethics committee of Istanbul Uni-
versity Istanbul School of Medicine (No: 2014/925).

Informed Consent: Written informed consent was obtained
from patient who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — B.S.; Design — B.S., M.L.C,;
Supervision — B.S., N.E., C.T,; Resources - M.L.C., B.OS., SB.,
T.S.A.; Materials - M.L.C, B.O.S., S.B.; Data Collection and/or
Processing — B.S., M.L.C.; Analysis and/or Interpretation — S.C.,
M.L.C., B.S.; Literature Search - M.L.C., B.S., S.C.; Writing Man-
uscript — B.S., M.L.C., S.C.; Critical Review - B.S., M.L.C.

Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

References

1. AnkerS, Ponikowski P, Clark A, Leyva F, Rauchhaus M, Kemp
M, et al. Cytokines and neurohormones relating to body
composition alterations in the wasting syndrome of chronic
heart failure. Eur Heart J 1999; 20: 683-93. [CrossRef]

2. Anker SD, Clark AL, Teixeira MM, Hellewell PG, Coats A.
Loss of bone mineral in patients with cachexia due to chron-
ic heart failure. Am J Cardiol 1999; 83: 612-5. [CrossRef]

3. Kotler DP. CAchexia. Ann Intern Med 2000; 133: 622-34.
[CrossRef]

4. Anker SD, Ponikowski P, Varney S, Chua TP, Clark AL,
Webb-Peploe KM, et al. Wasting as independent risk factor
for mortality in chronic heart failure. Lancet 1997; 349: 1050-
3. [CrossRef]

5. Cruz-Jentoft A. European Working Group on Sarcopenia in
Older People: Sarcopenia: European consensus on defini-
tion and diagnosis. Report of the European Workign Group
on Sarcopenia in Older People. Age Ageing 2010; 39: 412-
23. [CrossRef]

6. Selter JG, Curtis JP, Wang Y, Rathore SS, Jovin IS, Jad-
babaie F, et al. The obesity paradox: Body mass index and
outcomes in patients with heart failure. J Card Fail 2003; 9:
S80. [CrossRef]

7. Levine B, Kalman J, Mayer L, Fillit HM, Packer M. Elevated
circulating levels of tumor necrosis factor in severe chronic
heart failure. N Engl J Med 1990; 323: 236-41. [CrossRef]

8. Sharma R, Coats AJ, Anker SD. The role of inflammatory
mediators in chronic heart failure: cytokines, nitric oxide,
and endothelin-1. Int J Cardiol 2000; 72: 175-86. [CrossRef]

9. Anker SD, Chua TP, Ponikowski P, Harrington D, Swan JW,
Kox WJ, et al. Hormonal changes and catabolic/anabolic
imbalance in chronic heart failure and their importance for
cardiac cachexia. Circulation 1997; 96: 526-34. [CrossRef]

10. von Haehling S, Doehner W, Anker SD. Nutrition, metabo-
lism, and the complex pathophysiology of cachexia in chronic
heart failure. Cardiovasc Res 2007; 73: 298-309. [CrossRef]

11. Berger MM, Chiolero RL. Enteral nutrition and cardiovascu-
lar failure: from myths to clinical practice. JPEN J Parenter
Enteral Nutr 2009; 33: 702-9. [CrossRef]

101


https://doi.org/10.1053/euhj.1998.1446
https://doi.org/10.1016/S0002-9149(98)00927-8
https://doi.org/10.7326/0003-4819-133-8-200010170-00015
https://doi.org/10.1016/S0140-6736(96)07015-8
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/S1071-9164(03)00403-2
https://doi.org/10.1056/NEJM199007263230405
https://doi.org/10.1016/S0167-5273(99)00186-2
https://doi.org/10.1161/01.CIR.96.2.526
https://doi.org/10.1016/j.cardiores.2006.08.018
https://doi.org/10.1177/0148607109341769

Celik et al. Nutritional support in cardiac cachexia

Clin Sci Nutr 2019; 1(2): 95-102

12.

13.

14.

15.

16.

17.

Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ,
Morley JE, et al. Evidence-based recommendations for op-
timal dietary protein intake in older people: a position pa-
per from the PROT-AGE Study Group. J Am Med Dir Assoc
2013; 14: 542-59. [CrossRef]

Poehlman ET, Scheffers J, Gottlieb SS, Fisher ML, Vaite-
kevicius P. Increased resting metabolic rate in patients with
congestive heart failure. Ann Intern Med 1994; 121: 860-2.
[CrossRef]

Toth MJ, Gottlieb SS, Goran MI, Fisher ML, Poehlman ET.
Daily energy expenditure in free-living heart failure patients.
Am J Physiol 1997; 272: E469-E75. [CrossRef]

Detsky AS, Baker J, Johnston N, Whittaker S, Mendelson
R, Jeejeebhoy K. What is subjective global assessment of
nutritional status? JPEN J Parenter Enteral Nutr 1987; 11:
8-13. [CrossRef]

Harris JA, Benedict FG. A biometric study of basal metabo-
lism in man: Carnegie institution of Washington; 1919.
Kondrup J, Allison SP, Elia M, Vellas B, Plauth M. ESPEN
guidelines for nutrition screening 2002. Clin Nutr 2003; 22:
415-21. [CrossRef]

102

18.

19.

20.

21.

22.

23.

Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommenda-
tions regarding quantitation in M-mode echocardiography:
results of a survey of echocardiographic measurements. Cir-
culation 1978; 58: 1072-83. [CrossRef]

Durmaz T, Ozdemir O, Ozdemir BA, Keles T, Bayram NA,
Bozkurt E. Factors affecting quality of life in patients with
coronary heart disease. Turk J Med Sci 2009; 39: 343-51.
Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Ceder-
holm T, et al. Sarcopenia: revised European consensus on defi-
nition and diagnosis. Age Ageing 2018; 48: 16-31. [CrossRef]
Katz AM, Katz PB. Disease of the heart in the works of hip-
pocrates. Br Heart J 1962; 24: 257-64. [CrossRef]

Freeman LM. The pathophysiology of cardiac cachexia. Curr
Opin Support Palliat Care 2009; 3: 276-81. [CrossRef]
Rozentryt P, von Haehling S, Lainscak M, Nowak JU, Kalan-
tar-Zadeh K, Polonski L, et al. The effects of a high-calor-
ic protein-rich oral nutritional supplement in patients with
chronic heart failure and cachexia on quality of life, body
composition, and inflammation markers: a randomized,
double-blind pilot study. J Cachexia Sarcopenia Muscle
2010; 1: 35-42. [CrossRef]


https://doi.org/10.1016/j.jamda.2013.05.021
https://doi.org/10.7326/0003-4819-121-11-199412010-00006
https://doi.org/10.1152/ajpendo.1997.272.3.E469
https://doi.org/10.1177/014860718701100108
https://doi.org/10.1016/S0261-5614(03)00098-0
https://doi.org/10.1161/01.CIR.58.6.1072
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1136/hrt.24.3.257
https://doi.org/10.1097/SPC.0b013e32833237f1
https://doi.org/10.1007/s13539-010-0008-0

CLINICAL SCIENCE OF

___ NUTRITION Original Arficle

Clin Sci Nutr 2019; 1(2): 103-9 e DOI: 10.5152/ClinSciNutr.2019.70

Evaluation of feeding interruption for enteral nutrition in intensive
care unit patients

Seda Kiter ®, Habip Atalay ®, Deniz Ozates ®, Simay Serin ®, Hiilya Sungurtekin

Division of Intensive Care, Pamukkale University School of Medicine, Denizli, Turkey

ORCID ID of the author: S.K. 0000-0003-1472-4010; H.A. 0000-0001-5888-349X; D.O. 0000-0002-0365-8786; S.S. 0000-0001-9401-7812; H.S. 0000-0002-9453-5625

Cite this article as: Kiter S, Atalay H, Ozates D, Serin S, Sungurtekin H. Evaluation of feeding interruption for enteral nutrition in intensive care
unit patients. Clin Sci Nutr 2019; 1(2): 103-9.

ABSTRACT

Objective: Intensive care patients are at a high risk of malnutrition due to an oral intake failure. Enteral nutrition (EN) is consid-
ered to be the gold standard for such patients. However, even if everything is done properly, it is also known that there may be
inconsistency between the calculated calorie requirements and the amount of calories given to the patient. There is no gold
standard to minimize the EN interruption. The aim of this study was to determine the main factors involved in the EN cutting in
an intensive care unit (ICU).

Methods: This study was done prospectively after an ethical approval and patient relatives’ informed consent in 1489 study
day of 80 ICU patients between September 2013 and September 2014 were obtained. The causes of the EN interruption were
grouped under seven main categories (1. gastrointestinal dysfunction, 2. airway management, 3. tracheoesophageal fistula, 4.
diagnostic and surgical reasons, 5. mechanical problems, 6. metabolic and hemodynamic instability, and 7. maintenance and
position change). A total of 16 factors with subgroups were determined for analysis. Demographic data, the presence of dialy-
sis, state of consciousness, comorbidities, and calculated calories and calorie intake were recorded. The patient’s caloric needs
were calculated on a daily basis using the Harris—Benedict formula.

Results: In our study, it was determined that 17.1% of the calories calculated as the EN support could not be applied to patients
due to interruptions. The EN interruption factors were found to be the airway management (39.7%), mechanical problems
(15.4%), metabolic and hemodynamic instability (14.1%), maintenance and position change (12.8%), and gastrointestinal dys-
function (12.8%).

Conclusion: The airway management and enteral feeding tube mechanical problems were the most frequently observed EN
interruption factors. The awareness of EN interruption factors is important in preventing this problem.

Keywords: Enteral nutrition, intensive care, nutritional discontinuation

Introduction causes an increase in nasocomial infections, prolonged

hospitalization and intensive care hospitalization, and in-

A better understanding of the molecular and biological
effects of nutrition over the last 30 years has contribut-
ed positively to the nutritional treatment of intensive care
patients (1). In terms of nutrition, homeostasis refers to
metabolic regulatory mechanisms that work to maintain
the body’s physiological function, energy, and other nu-
trient stores in a stable state (2). Therefore, nutritional
support is considered as an important component of the
management strategy of intensive care patients. Howev-
er, although nutrition is very important, despite the cur-
rent formulations used, most intensive care patients do
not receive the targeted number of calories. Malnutrition
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creased complications and increased rates of re-hospital-
ization in ICU (3-5).

In a recent review evaluating malnutrition rates in patients
hospitalized in the ICU, they were ranging between 37.8%
and 78.1% in heterogeneous intensive care patients (6).
This ratio clearly shows that there are some uncontrolled
factors related to the nutrition of the patients followed up
in the ICU (7-9).

The difference between the calculated and given nutri-
tional values has been described in different studies (7).
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Although various measures have been proposed to sup-
port the nutritional status of these patients, currently, a
common guideline is not available. Updated guidelines
provide some recommendations. However, the exact rea-
sons for not reaching the desired calorie target cannot be
clearly determined.

The aim of this study was to determine the causes of EN
discontinuation in ICU patients, at what stage and with
which factors the interruption occurred, and the differ-
ence between the calculated and given calorie amount.

Methods

This study was conducted prospectively between Sep-
tember 2013 and September 2014 at the Department of
Anesthesiology and Reanimation, Pamukkale University,
Medical Faculty Hospital, with the approval of the institu-
tional ethics committee and consent of the patient’s rel-
atives. Eighty patients aged >18 years, with or without
the mechanical ventilator support, were included into the
study. Patients <18 years who were on the oral parenteral
treatment, who were treated with total parenteral nutri-
tion, and whose hospitalization was <3 days were exclud-
ed from the study.

To record the study data, a database form was created,
and the forms of the discontinuation were grouped as
the gastrointestinal dysfunction, airway management, tra-
cheoesophageal fistula, diagnostic and surgical reasons,
metabolic and hemodynamic disorders, and care and po-
sition changes (7, 10). Subgroups were added under these
seven main headings to detail the reasons (Table 1). The
patient ages, body mass index, gender, and diagnosis for
hospitalization at the intensive care unit were recorded.
The Acute Physiology and Chronic Health Assessment
(APACHE) Il score and Glasgow Coma Scale were used
for the general status assessment, and the Nutritional Risk
Assessment Scale (NRS) 2002 was used for the nutritional
status assessment.

Nutrition was provided by the enteral route via the naso-
gastric tube or gastrostomy tube using readymade com-
mercial products. During the study, products with immune
nutrition such as fish oil, glutamine, arginine, etc. were not
used. Caloric requirements of the patient were calculated
daily using the Harris-Benedict formula.

Calculated and dispensed volumes of the nutrition prod-
ucts used during the study were recorded by calculating
whether the nutrition was discontinued and the reason for
discontinuation, duration, and rates of the discontinua-
tion. The daily calories that could be applied were divid-
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Table 1. Factors leading to discontinuation of enteral nutrition

GIS dysfunction

Vomiting

Diarrhea

Abdominal distension

Excess residual amount

Airway Management

Intubation or extubation

Tracheal tube displacement

Opening of tracheostomy

TEF occurrence

Depending on Diagnostic and Surgical Procedures

Fiberoptic gastroscopy and gastrostomy opening

Transfer to the Radiology Department

Stopping pre-op feeding

Mechanical Problems

Feeding pump dysfunction/deficiency

Gastric tube occlusion and malposition

Catheter malposition/dysfunction

Metabolic and Hemodynamic Instability

MAP <40

Maintenance and change of position

GIS: gastrointestinal system; TEF: tracheoesophageal fistula; MAP:
mean arterial pressure

ed by the calculated calories, and the ratio was obtained.
The non-given percentage was used. In addition, con-
comitant diseases, hemodialysis requirements, and con-
sciousness status of the patients were also recorded. The
patients were divided into three groups according to their
discharge from the ICU, as those who were discharged,
who returned to the service, and those who died.

Statistical analysis

The Statistical Program for Social Science version 11
(SPSS Inc.; Chicago, IL, USA) was used in the analysis of
the data obtained. In the comparison of the averages,
if there was no homogeneous distribution in the groups
where the sample t-test was used, the Mann-Whitney U
test was used. Sample t-test was used to evaluate the ho-
mogeneity of the groups. The one-way analysis of vari-
ance and Kruskall-Wallis test were used to compare more
than two averages. The relation between two variables
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Table 2. Descriptive characteristics of the patient population

Number Percentage (%) Average SD Median

Age 64.71 17.82 69
Gender

Female 33 42.3

Male 45 57.7
Hospitalization diagnosis

Shortness of breath 55 70.5

Circulatory failure 12 15.4

Neurological pneumonia 5 6.4

Trauma 3 3.8

Malignity 2 2.6

1 1.3

Number of patient follow-up days 18.85 16.40 13
Body mass index 23.16 3.87 23
APACHE Il Score 31.30 5.23 32
NRS 2002 Score 3.50 0.50 3.50
Dialysis

Yes 16 20.5

No 62 79.5
Consciousness

Closed 25 32.1

Open 53 67.9
Exit status

Discharged 18 23.1

Transfer to another service 18 23.1

Exitus 42 53.8
SD: standard deviation; APACHE: Acute Physiology and Chronic Health Evaluation; NRS: Nutrition Risk Assessment Scale

was examined using Pearson’s and Spearman’s correlation
coefficients. Pearson’s chi-squared test and Fisher's exact
chi-squared test were used to analyze categorical data.
The significance level was accepted as p<0.05.

Results

When the records of the 80 patients included in the study
were examined, it was found that the calorie rates of 2
patients were very high. These 2 patients (a 77-year-old
male, the non-given ratio: 100%; a 43-year-old male, the
non-given ratio: 77%) were excluded from the study be-

cause of the possibility that the analyses would have af-
fected the power and could be due to an error during reg-
istration. The data of the remaining 78 patients for 1471
days were used in the analyses. The average follow-up
period was 18.85+16.40 days. There were 4 patients who
were hospitalized for 60 days or more, which affected the

distribution homogeneity. The median of the sequence
was 13 days (Table 2).

The average age of patients was 64.71+17.82 (19-93);
25% were older than 78, and 25% were younger than 54.
Of the patients followed, 33 were female, and 45 were
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male. Descriptive characteristics of the patient population
are presented in Table 2. It can be seen that the most
common reason for hospitalization is respiratory failure.
In our study, it was observed that only 82.9% of the calcu-
lated nutritional support could be given to patients. As a
result, it was found that 17.1% of the targeted nutritional
treatment could not be given to patients, and this rate
ranged from 3% to 61%, varying from one patient to an-
other.

One patient with tracheoesophageal fistula (TEF) and
three patients who underwent diagnostic/surgical proce-
dures were excluded from the study after being labeled
as missing data (missing value) due to a low number. Re-
ducing the number of groups in multiple group compari-
sons has a positive effect on statistical power. As a result,
relational analyzes were performed in four groups of 74
patients due to interruption.

According to these variables, the most common cause of
disruption in EN is airway management (39.7%) (Table 3).
According to the results of the analysis, the factors caus-
ing interruption (gastrointestinal dysfunction, airway man-
agement, mechanical problems, metabolic and hemody-
namic instability) differed in terms of inefficient calories
and inefficient percentage, and thus were evaluated using
the post-hoc Tukey and Mann-Whitney U tests. In conclu-
sion, although the most common cause of the EN inter-
ruption was the airway management, it was observed that
the highest amount of interruption was under the heading
of “Metabolic and Hemodynamic Instability” (Table 4). In
the subgroup of hemodynamic instability, the mean arte-
rial pressure change (MAP<40) was the only variable con-
stituting this subgroup (Tables 1 and 3).

Percentages of nutrition that could not be given were ana-
lyzed using the chi-squared test via the following percent-
age groups: <10%, 10%-19.9%, 20%-29.9%, and <30%.
There was no significant difference in terms of age, gen-
der, state of consciousness, and presence of hemodialy-
sis in the groups with high percentage of nutrition could
not be given. When the percentages that were not given
were compared in terms of the ICU exit status, APACHE
[, and NRS 2002 scores, there was no significant differ-
ence found between the groups (p<0.05). When the rea-
sons for interruption and the percentages that could be
given were compared, some significant differences were
observed (Table 5). The reason for the interruption due to
the maintenance and position change remained at 10% in
most patients. Interestingly, 1 of the patients in this group
was found to have a cut-off >30%. On the other hand,
45.5% of the patients in the metabolic and hemodynam-
ic instability group had an interruption >30%. Among
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Table 3. Distribution of the factors that cause interruption of

enteral nutrition in patients

Gastrointestinal dysfunction 12.8

Vomiting -

Diarrhea 1.3

Abdominal distension 2.6

Excess residual amount 9

Airline management 39.7

Intubation or extubation

Tracheal tube displacement -

Opening of tracheostomy

TEF occurance 1.3

Depending on diagnostic and surgical 3.8
procedures

Fiberoptic gastroscopy and -
gastrostomy opening

Transfer to the Radiology Department 1.3

Stopping preoperative feeding 2.6

Mechanical problems 15.4

Feeding pump dysfunction/deficiency -

Gastric tube occlusion and malposition 15.4

Catheter malposition/dysfunction 14.1

Metabolic and hemodynamic instability

Mean arterial pressure <40 14.1

Maintenance and position change 12.8

TEF: tracheoesophageal fistula

the reasons for the interruption were the gastrointestinal
system dysfunction and within the mechanical problems
groups, it was observed that the interruption was most-
ly <10%. The airway management was the most frequent
cause of interruption, but in 54.8% of the patients in this
group, the interruption was 10%-19.9%.

Discussion

Critical patients are exposed to many adverse conditions
in addition to their illness leading to intensive care. Mal-
nutrition may rapidly develop in these patients, and it may
adversely affect the healing of underlying diseases. Mal-
nutrition has been reported to develop in up to 78% of
ICU patients (6). Today, although various measures have
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Table 4. Causes of interruption, calories cut, and non-given percent

*Airway *M/hemodynamic
Patient Non-given Non-given management (p) instability (p)
(n) calories Mean=SD % non-given % non-given %

Gastrointestinal associated 10 3552+2436.45 16.8+12.38 0.560 0.051
Airwave management 31 3629.35%2777.51 17.29+8.19 0.013
Associated mechanical problems 12 3697.05+£2647.93 19.33£12.8 0.841 0.118
Metabolic hemodynamic instability 11 4852.72+4200.75 28.45+15.41 0.013
SD: standard deviation

Table 5. Correlation between interruption reasons and grouped interrupted amounts

Grouped non-given percentages
Reason for interruption <10 10-19.99 20-29.99 30-100 Total
Maintenance and position change 9 0 0 1 10
90.0% 0% 0% 10.0% 100.0%
Gastrointestinal dysfunction 4 3 1 2 10
40.0% 30.0% 10.0% 20.0% 100.0%
Airwave management 6 17 4 4 31
19.4% 54.8% 12.9% 12.9% 100.0%
Mechanical problems 5 3 1 3 12
41.7% 25.0% 8.3% 25.0% 100.0%
Metabolic/hemodynamic 1 3 2 5 11
9.1% 27.3% 18.2% 45.5% 100.0%
Total 25 26 8 15 74
33.8% 35.1% 10.8% 20.3% 100.0%

been proposed to support the nutritional support of these
patients, the reasons for not reaching the desired calorie
target cannot be determined clearly. The variability of the
difference between the calculated and given percentage
is likely to be very causal, and ICU facilities, treatment op-
tions, and disease-related factors are effective (7-10).

In a study conducted by Heyland et al. (11), which was one
of the first studies to determine the causes of the EN with-
drawal in 1995 and examined 99 patients, it was found
that 52% of patients could not tolerate enteral feeding,
and the most common cause of interruption were gastro-
intestinal residual problems (11). In a study by Adam and
Baston (12), 1929 daily data of 193 patients treated in five
ICUs were examined, and it was found that only 76% of
the targeted calorie amount could be given to patients.
In a study by McClave et al. (13) evaluating 339 days of

enteral nutrition in 44 patients, only 78.1% of the calories
prescribed by the physician could be given to patients.
In this study, the most common cause of interruption was
also found to be a high gastric residual volume. In a more
recent study from the Netherlands, the data of 55 hos-
pitalized patients were evaluated, and it was observed
that 87% (5-113) of the prescribed calories could be given
(7). This study, different from ours, examines the methods
of giving. While the amount that could be given by the
pump was 85%, the amount given by gravity was 88%.
In their study, Martin et al. shared the data of 152 pa-
tients and showed that 80% of the calorie value could be
given. In this study, the most important cause of EN dis-
continuation was an inadequate hospital-based logistics
(a delay between the EN prescribing and intake, including
the preparation of enteral diets and delivery to the ICU
ward) (14). As it can be seen, it is not possible to extract
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data from the studies on this subject for definite reasons
and their solutions. In addition to medical practices, many
factors (logistics, personnel, etc.) that can sometimes be
difficult to standardize, can also affect this process.

In our study, different from previous literature, we found
that the airway management was the most common factor
causing the discontinuation of EN in patients treated in
the ICU (39.7%). As a subgroup, the intubation/extubation
process was the factor that caused the highest amount of
disruption. However, when we look at quality, we see that
in 20% of our patients, the amount of interruption was less
than 10%, and in 55%, it was between 10% and 20%. As a
result, the airway management is a common cause of EN
interruption, but when the interrupted amounts are eval-
uated, its negative impact on reaching the target calories
is limited.

In our study, metabolic and hemodynamic causes led to
a 14.1% nutrition interruption. Although it is in the third
place, when we consider it as a quality, we see a different
picture. Approximately, 45% of the metabolic and hemo-
dynamic interruptions are in the group 230%. This ratio
indicates the severity of the reason for interruption. In EN,
non-obstructive mesenteric ischemia, which disrupts the
function of the intestines, is a troublesome condition af-
fecting the prognosis negatively, and its mortality is 80%
(15). Elderly patients with cardiovascular disease, arrhyth-
mia, and aortic insufficiency are at risk for mesenteric
ischemia without bowel obstruction. Diabetes, smoking,
and the presence of sepsis or a previous major infection
increase the risk. Vasoconstriction-enhancing agents such
as digoxin or alpha-adrenergic agonists applied in the ICU
constitute a risk for ischemia (16). In general, all vasopres-
sors may increase the risk of mesenteric ischemia without
bowel obstruction, whether hemodynamically stable or
unstable. Therefore, it is not easy to calculate the patient’s
risk for ischemia. Vasopressors applied to hypotensive
patients carry more risk than normotensives (16). While
some studies have stated that the presence of intestinal
content is a predisposing factor for the development of
mesenteric ischemia without intestinal obstruction (17,
18), there are studies that claim otherwise (19, 20). How-
ever, some authors recommend EN to be discontinued in
the presence of a low mean arterial pressure (16, 17). The
practical approach applied in our clinic is to stop EN when
the mean arterial pressure falls below 40 mmHg.

In our study, the rate of interruption due to mechanical
problems was 15.4%, and this was due to the occlusion
and malposition of the gastric tube. When we look at the
distribution within the group, the EN cut-off rate was 10%
and below in 40% of the patients. This rate varies between
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7.9% and 11% in the literature (12, 14). It is basically a
factor that can be corrected by education and carries a
moderate risk in terms of quality.

To mention some limitations regarding the method of
the study, the study was planned to include patients re-
ceiving total parenteral nutrition therapy. However, since
the number of patients fed with total parenteral nutrition
was quite low (seven patients), it was not thought that it
would be impossible to obtain a meaningful comparison,
thus only data of the patients fed with EN were included
into the study. In addition, the study was planned as a
single-center study, reflecting the experience and data of
our clinic. It is a small scale study. The small number of
patients was one of the study limitations.

In our study, we found that 17.1% (3%-61%) of the calories
calculated daily during the EN administration could not
be applied to patients. While the most common reason
for the EN interruption was the airway management, the
amount of interruption was not very high. The patient care
and position, which are relatively insignificant factors, be-
come important risk factors when combined with other
factors. In this regard, certain situations in which EN will
not be interrupted can be determined, and the percent-
age lost at this stage can be reduced by education. How-
ever, necessary precautions should be taken with regard
to the aspiration risk. The vasopressor use and mesenteric
ischemia are both difficult to detect and take precaution.
However, the most serious loss in our study is related to
the application in this regard.

In our study, the airway management and enteral feeding
tube mechanical problems were the most common EN ces-
sation factors. It is expected that the findings of this study
may contribute to the awareness of EN nutritional cessation
factors and to prevent this problem in our practice.
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ABSTRACT

Zinc is an essential trace element. Many important enzymatic activities are zinc dependent. Therefore, it is not surprising that zinc
deficiency is clinically expressed in rapidly growing tissues. The clinical features of zinc deficiency are not specific. The clinical
manifestations of zinc deficiency include inadequate growth, hypogonadism, anorexia, alopecia, diarrhea, taste, and smell alter-
ations, impaired wound healing, skin lesions, and diminished immune function. Acquired zinc deficiency is an uncommon entity.
Zinc deficiency is defined most frequently in patients who had burns, malabsorption, severe losses from the gastrointestinal tract,
and total parenteral nutrition (PN) with inadequate or no zinc in the nutrient mixture. In this case report, we present a 46-year-old
female patient with altered mental status due to zinc deficiency, who was operated for ulcerative colitis, and who was fed with PN

for a long time that did not contain zinc in the nutrient mixture.

Keywords: Deficiency, parenteral nutrition, zinc

Introduction

Zinc is an essential trace element that has a ubiquitous
subcellular presence and is involved in catalytic, structur-
al, and regulatory roles in the human body. It has been
identified as a part of 120 different enzymes, such as car-
bonic anhydrase, carboxypeptidase, alkaline phosphatase
(ALP), oxidoreductases, transferases, ligases, hydrolases,
lyases, and isomerases (1). Endogenous stores of zinc are
mobilized in the fasting state, but do not meet metabolic
needs during anabolism because the net movement of
zinc is into tissues, and circulating zinc is reduced. Al-
though the syndrome of zinc deficiency cannot be identi-
fied easily, zinc deficiency does have a pronounced effect
on nucleic acid metabolism, thus influencing protein and
amino acid metabolism (2).

In healthy individuals, dietary zinc deficiency does not oc-
cur, mainly because zinc is widely distributed in food. Zinc
deficiency has been described in a variety of patient pop-
ulations including patients with advanced age, alcohol
use disorder, postoperative status, burns, malabsorption
syndromes, wound drainage, or gastrointestinal (GI) loss-
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es (2). Since zinc is involved in many processes, the clin-
ical features of zinc deficiency are not specific. The clini-
cal manifestations of zinc deficiency include inadequate
growth, hypogonadism, anorexia, alopecia, diarrhea,
taste, and smell alterations, impaired wound healing, and
diminished immune function (1-5).

Trace element and vitamin supplements should be pro-
vided for long-term parenteral nutrition (PN). In 1976, pri-
or to the routine inclusion of trace elements in PN, Kay et
al. published one of the first case series of zinc deficiency
in patients receiving PN and also noted that symptoms
are responsive to the addition of zinc (3, 6). By 1979, the
Nutrition Advisory Group of the American Medical Asso-
ciation recommended the routine addition of trace ele-
ments, such as zinc, copper, chromium, and manganese,
to PN (1, 3). After the shortage of trace elements produc-
tion in the USA in 2014, many diseases have been report-
ed due to PN-dependent trace elements deficiency (3, 4).

We report a case of a woman with altered mental status
due to zinc deficiency who received long-term PN and
who was operated on for inflammatory bowel disease.
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Case Presentation

A 46-year-old female patient who had been treated for
ulcerative colitis for 13 years was admitted to our clinic for
abdominal pain, severe diarrhea, and depleted health sta-
tus. She had received high doses of steroids and 5-amin-
osalicylic acid medication. She had been hospitalized in a
gastroenterology clinic elsewhere for >3 months receiving
intravenous antibiotics, steroids, and PN.

On admission, she was offered three-stage colectomy. The
first step of surgery was emergent total colectomy with end
ileostomy that would be followed by proctectomy and ileal
pouch-anal anastomosis (IPAA) and diverting ileostomy af-
ter 6 months and eventually ileostomy takedown.

After emergent total colectomy, she was started on oral
intake and was discharged on postoperative day 12 with
oral loperamide to reduce ileostomy output. During her
hospital stay, she took oral and PN supplements. Her
nutrition risk screening score was 6, and weight loss was
>15% in the last 3 months.

After 6 days from discharge, she was admitted to the
emergency clinic with high stoma output. She had signs of
dehydration. Her laboratory results were as follows: blood
glucose level 81 mg/dL (70-99 mg/dL), white blood cell
18,300/mm? (3500-10,000/mm?), hemoglobin 9.6 g/dL
(11.5-15.1 g/dL), hematocrit 33.4% (34.4%-44.2%), blood
urea 96 mg/dL (17-43 mg/dL), creatinine 2.3 mg/dL (0.6-
1.2 mg/dL), serum sodium 136 mmol/L (135-148 mmol/L),
serum potassium 5.2 mmol/L (3.5-5.5 mmol/L), ionized
calcium 4.92 mg/dL (4.64-5.28 mg/dL), serum chloride
107 mmol/L (98-106 mmol/L), aspartate aminotrans-
ferase/alanine aminotransferase within normal limits, se-
rum albumin 2.1 g/dL (3.5-5.5 g/dl), total protein 6.8 g/
dL (6.7-8.6 g/dL), ALP 27 U/I (33-96 U/L), and C-reactive
protein (CRP) 17 mg/dL (0-10 mg/dL).

Rehydration and loperamide were started followed by PN
with high doses of proteins (2 g/kg), vitamins, and trace
elements. She experienced pneumonia that was treated
with intravenous piperacillin and tazobactam. Although
there was progression in clinical and nutritional status and
laboratory tests, the patient’s mental status was reduced.
She showed agitation, dyslexia, and unresponsiveness to
physical stimuli. Serum electrolyte levels were normal in
this period. A neurology consultant evaluated the patient,
and cranial magnetic resonance imaging was performed,
revealing no pathology. Then, trace element levels were
studied. Serum zinc level was below normal limits [40 pg/
dL (60-120 pg/dL)], and serum copper level was within
normal limits [75 pg/dL (70-140 pg/dL)].

A dose of 10 mg intravenous zinc was administered daily.
After 3 days, she showed progression in her mental status,
and after 8 days, she was completely normal. Serum zinc
level was within normal limits [82 pg/dL (60-120) pg/dL)]
after intravenous treatment. She was discharged after 12
days of intravenous zinc initiation.

Completion proctectomy with IPAA and further ileostomy
takedowns were later performed uneventfully.

Discussion

Zinc deficiency is rarely seen in healthy individuals because
zinc is widely distributed in food. However, prolonged use
of PN and abnormal loss from the Gl tract (diarrhea, fis-
tula, stoma, or bariatric surgery) also cause zinc deficien-
cy, such as other trace elements. Zinc deficiency may be
asymptomatic or lead to lethal clinical manifestations ex-
tending to coma. Zinc, which is the most commonly used
trace element after iron in the body, deficiency should not
be neglected.

Long-term use of PN and Gl losses, such as diarrhea, fistu-
la, or ileostomy, may cause zinc deficiency. Zinc deficiency
may be asymptomatic but may lead to mental problems
and coma as well. Zinc is the second most utilized trace
element after iron in the body; therefore, zinc deficiency
probability should always be kept in mind.

Major national shortages of vitamin and trace element
products for PN formulations have occurred in the late
1980s, the late 1990s, and finally between 2009 and 2014
(3). Several studies have been reported due to trace el-
ement deficiency during this shortage (3, 4). Although
our patient manifested mental problems due to zinc defi-
ciency, the clinical manifestations of zinc deficiency could
also include erosive eczema, alopecia, cheilitis, anorexia,
abdominal pain, hypogonadism, depression, and coma
(1-5). Altered mental status can occur in the setting of
severe deficiency and may be explained partially by hy-
perammonemia resulting from the impairment of the urea
cycle when zinc levels are decreased. However, we did not
measure blood ammonia levels.

The clinical features of zinc deficiency are non-specific be-
cause it is involved in so many processes. The diagnosis of
zinc deficiency is difficult. Zinc deficiency for this patient
was diagnosed primarily by laboratory measurement. It
cannot be easily ascertained whether the patient experi-
enced clinical sequelae of zinc deficiency (1, 4). Although
there were many clinical findings (prolonged use of PN,
excess loss of stoma, decrease in turgor, amenorrhea, low
ALP levels, and susceptibility to infection) in our patient,
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the diagnosis of zinc deficiency was delayed. Plasma zinc
levels are decreased during times of stress and infection.
Zinc levels can be decreased in hypoalbuminemia due to
sepsis as it is bound to albumin and alpha-macroglobulins
in the blood. Furthermore, zinc has been found to corre-
late negatively with CRP (1). In addition, the low level of
ALP may be significant for zinc deficiency (3), and it may
even be an alert situation for zinc deficiency.

The use of PN created a unique situation in which it was
possible to feed individuals with purified diets specifically
deficientin trace elements, such as zinc (2). In patients with
no oral intake or PN alone, approximately 3 mg/day zinc
maintained zinc balance in the absence of Gl losses (1).
The current American Society for Parenteral and Enteral
Nutrition clinical guidelines recommended that the sup-
plementation of PN for zinc is 2.5-5 mg/day. Excessive Gl
losses, sepsis, and hypercatabolic states require addition-
al supplementation. Patients with enterocutaneous fistula
and diarrhea, as well as similar to our patient with severe
loss of stoma, may require 12-17 mg/L fluid. Therefore, in
patients with fistula, diarrhea, and intestinal drainage, a
dose of 12 mg zinc should be added for each liter of loss
(1). Amino acid infusions also increase urinary zinc losses.
In the kidney, zinc infusions enhance distal reabsorption of
zinc, and amino acid infusion increases proximal secretion
(2). In our case, zinc treatment was delayed despite long-
term PN and high-volume loss from stoma, and addition-
al amino acid infusion was observed in addition to PN.
These two states further deepened zinc deficiency.

In cases of zinc deficiency, clinical improvement is quite
rapid, with results seen in 2 days and resolution in 2 weeks
(1). In our case, clinical improvement was started on day 3,
and resolution was seen on day 8.

In conclusion, zinc deficiency should be in the differen-
tial diagnosis of patients particularly with Gl losses and
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receiving long-term PN with unexplained mental or met-
abolic disorders.
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