
Edited by  

Barbara Troesch and Matthias Pirlich

Published in  

Frontiers in Nutrition

Nutritional therapy along 
the continuum of care

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/research-topics/49577/nutritional-therapy-along-the-continuum-of-care
https://www.frontiersin.org/research-topics/49577/nutritional-therapy-along-the-continuum-of-care


July 2024

Frontiers in Nutrition 1 frontiersin.org

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is 

a pioneering approach to the world of academia, radically improving the way 

scholarly research is managed. The grand vision of Frontiers is a world where 

all people have an equal opportunity to seek, share and generate knowledge. 

Frontiers provides immediate and permanent online open access to all its 

publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-

access, online journals, promising a paradigm shift from the current review, 

selection and dissemination processes in academic publishing. All Frontiers 

journals are driven by researchers for researchers; therefore, they constitute 

a service to the scholarly community. At the same time, the Frontiers journal 

series operates on a revolutionary invention, the tiered publishing system, 

initially addressing specific communities of scholars, and gradually climbing 

up to broader public understanding, thus serving the interests of the lay 

society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely 

collaborative interactions between authors and review editors, who include 

some of the world’s best academicians. Research must be certified by peers 

before entering a stream of knowledge that may eventually reach the public 

- and shape society; therefore, Frontiers only applies the most rigorous 

and unbiased reviews. Frontiers revolutionizes research publishing by freely 

delivering the most outstanding research, evaluated with no bias from both 

the academic and social point of view. By applying the most advanced 

information technologies, Frontiers is catapulting scholarly publishing into  

a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers 

journals series: they are collections of at least ten articles, all centered  

on a particular subject. With their unique mix of varied contributions from  

Original Research to Review Articles, Frontiers Research Topics unify the 

most influential researchers, the latest key findings and historical advances  

in a hot research area.

Find out more on how to host your own Frontiers Research Topic or 

contribute to one as an author by contacting the Frontiers editorial office: 

frontiersin.org/about/contact

FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual 
articles in this ebook is the property 
of their respective authors or their 
respective institutions or funders.
The copyright in graphics and images 
within each article may be subject 
to copyright of other parties. In both 
cases this is subject to a license 
granted to Frontiers. 

The compilation of articles constituting 
this ebook is the property of Frontiers. 

Each article within this ebook, and the 
ebook itself, are published under the 
most recent version of the Creative 
Commons CC-BY licence. The version 
current at the date of publication of 
this ebook is CC-BY 4.0. If the CC-BY 
licence is updated, the licence granted 
by Frontiers is automatically updated 
to the new version. 

When exercising any right under  
the CC-BY licence, Frontiers must be 
attributed as the original publisher  
of the article or ebook, as applicable. 

Authors have the responsibility of 
ensuring that any graphics or other 
materials which are the property of 
others may be included in the CC-BY 
licence, but this should be checked 
before relying on the CC-BY licence 
to reproduce those materials. Any 
copyright notices relating to those 
materials must be complied with. 

Copyright and source 
acknowledgement notices may not  
be removed and must be displayed 
in any copy, derivative work or partial 
copy which includes the elements  
in question. 

All copyright, and all rights therein,  
are protected by national and 
international copyright laws. The 
above represents a summary only. 
For further information please read 
Frontiers’ Conditions for Website Use 
and Copyright Statement, and the 
applicable CC-BY licence.

ISSN 1664-8714 
ISBN 978-2-8325-5170-7 
DOI 10.3389/978-2-8325-5170-7

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/about/contact
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


July 2024

Frontiers in Nutrition 2 frontiersin.org

Nutritional therapy along the 
continuum of care

Topic editors

Barbara Troesch — Barbara Troesch Scientific Writing, Switzerland

Matthias Pirlich — Imperial Oak Outpatient Clinic, Germany

Citation

Troesch, B., Pirlich, M., eds. (2024). Nutritional therapy along the continuum of care. 

Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-5170-7

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
http://doi.org/10.3389/978-2-8325-5170-7


July 2024

Frontiers in Nutrition 3 frontiersin.org

05 Editorial: Nutritional therapy along the continuum of care
Barbara Troesch and Matthias Pirlich

08 The syndromic triad of COVID-19, type 2 diabetes, and 
malnutrition
Jeffrey I. Mechanick, Elena A. Christofides, Albert E. Marchetti, 
Kristin K. Hoddy, Jim Joachim, Refaat Hegazi and Osama Hamdy

21 Impact of obesity on all-cause and cause-specific mortality 
among critically ill men and women: a cohort study on the 
eICU database
Shan Li, Wei Zhang, Zhiqing Fu and Hongbin Liu

34 Compliance with a high-protein and energy-dense oral 
nutritional supplement in patients with disease-related 
malnutrition: a randomized open-label crossover trial
Miguel Leon-Sanz, Francisca Linares, Montserrat Gonzalo, 
María José Tapia, María Maiz-Jimenez, Marta Ruiz Aguado, Luis Lizán 
and Gabriel Olveira

42 Analysis of predictors of malnutrition in adult hospitalized 
patients: social determinants and food security
Krystel Ouaijan, Nahla Hwalla, Ngianga-Bakwin Kandala, 
Joelle Abi Kharma and Emmanuel Kabengele Mpinga

50 Exploring the practice of nutritional support during 
hospitalization across physicians, dietitians, and pharmacists 
based in Saudi Arabia
Sarah M. Ajabnoor, Sara Zaher, Rania Malatani and Hani Jawa

64 Effectiveness of a starch thickened infant formula with 
reduced lactose content, probiotics and prebiotics on quality 
of life and clinical outcome in infants with regurgitation 
and/or colic
Jean-Pierre Chouraqui, Sandra Brancato, Berenice Delmas and 
Thierry Hanh

75 The efficacy of fat-free mass index and appendicular skeletal 
muscle mass index in cancer malnutrition: a propensity score 
match analysis
Wei Ji, XiangLiang Liu, Pengfei Liu, YuWei He, YiXin Zhao, 
Kaiwen Zheng, JiuWei Cui and Wei Li

83 The application of a medium-chain fatty diet and enteral 
nutrition in post-operative chylous leakage: analysis of 
63 patients
Ke Wang, Jiaming Xiao, Li Li, Xu Li, Yilun Yang, Zhiyu Liu and 
Jing Jiang

94 Geriatric nutritional risk index was associated with in-hospital 
mortality among cardiac intensive care unit patients
Yuefeng Li, Zhengdong Wang, Tienan Sun, Biyang Zhang and 
Xiangwen Liang

Table of
contents

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


July 2024

Frontiers in Nutrition 4 frontiersin.org

104 Is food insecurity contributing to malnutrition in older adults 
in Switzerland? – A cross-sectional study
Maurus Rigling, Philipp Schuetz and Nina Kaegi-Braun

113 Routine laboratory parameters to support decision on 
parenteral nutrition in palliative care
Lea Kum, Elisabeth L. Zeilinger, Dagmar Vohla, Anna Kitta, 
Nadine Brunevskaya, Feroniki Adamidis, Franziska Ecker, Eva K. Masel, 
Brigitte Mayr-Pirker, Alexa L. Meyer, Bärbel Sturtzel, Gudrun Kreye 
and Matthias Unseld

122 Evolution of the diagnosis of malnutrition in adults: a primer 
for clinicians
Refaat Hegazi, Anthony Miller and Abby Sauer

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


TYPE Editorial

PUBLISHED 02 July 2024

DOI 10.3389/fnut.2024.1398632

OPEN ACCESS

EDITED BY

Michele Barone,

University of Bari Aldo Moro, Italy

REVIEWED BY

Ximena Rosas-Flota,

National Autonomous University of

Mexico, Mexico

*CORRESPONDENCE

Barbara Troesch

barbaratroesch@gmail.com

Matthias Pirlich

matthias.pirlich@googlemail.com

RECEIVED 10 March 2024

ACCEPTED 10 June 2024

PUBLISHED 02 July 2024

CITATION

Troesch B and Pirlich M (2024) Editorial:

Nutritional therapy along the continuum of

care. Front. Nutr. 11:1398632.

doi: 10.3389/fnut.2024.1398632

COPYRIGHT

© 2024 Troesch and Pirlich. This is an

open-access article distributed under the

terms of the Creative Commons Attribution

License (CC BY). The use, distribution or

reproduction in other forums is permitted,

provided the original author(s) and the

copyright owner(s) are credited and that the

original publication in this journal is cited, in

accordance with accepted academic practice.

No use, distribution or reproduction is

permitted which does not comply with these

terms.

Editorial: Nutritional therapy
along the continuum of care

Barbara Troesch1* and Matthias Pirlich2*

1Barbara Troesch Scientific Writing, Zurich, Switzerland, 2Imperial Oak Outpatient Clinic,

Berlin, Germany

KEYWORDS

clinical nutrition, nutrition therapy, Human Right to Nutritional Care, GLIM criteria,

nutritional screening, nutritional assessment

Editorial on the Research Topic

Nutritional therapy along the continuum of care

At the 2022 ESPEN conference, the International Declaration on the Human Right to
Nutritional Care was presented, stating the ethical obligation to ensure optimal nutritional
care (1). Increasing evidence supports the beneficial impact that nutritional therapy has on
outcomes such as mortality and hospital readmission (2). Given this clear call to action,
the objective of this Research Topic on “Nutritional therapy along the continuum of care”
is to bring together relevant research that contribute to making it a reality. Nutritional
therapy can include a range of interventions such as dietary counseling or oral, enteral,
or parenteral clinical nutrition as well as a combination of these. In addition, nutritional
interventions need to be part of a holistic treatment plan in combination in-depth
anamneses, medical interventions, physical activity as well as other forms of therapy.

The International Declaration on the Human Right to Nutritional Care states that
“right to food is often overlooked in the clinical setting, resulting in an unacceptable number

of children and adults suffering from disease-related malnutrition in hospitals and in the

community, leading to an unacceptable disregard of the right to health” (1). To address this,
it is important to develop a common understanding of the definition and classification
of malnutrition. A further narrative review summarized the evolution of the diagnosis
of malnutrition during the last two decades (Hegazi et al.). A special emphasis is Global
Leadership Initiative on Malnutrition (GLIM) that aimed at creating a consensus on
criteria for the diagnosis of malnutrition (3). The authors in the current Research Topic
propose an approach that integrates the GLIM criteria into the WHO frameworks and
considers different forms of malnutrition in both adult and pediatric populations (Hegazi
et al.).

One of the two key pillars of the Human Right to Nutritional Care is the Human
Right to Food (1), relevant before a person even enters the healthcare system. In our
aging populations, patients often present with a range of chronic conditions that, in
combination with poor lifestyle choices and other factors such polypharmacy, affect
their nutritional status (4). Often hidden behind adipose tissue, their muscle mass is
decreased (5), and intakes of essential nutrients are low (6), while inflammatory levels are
chronically increased.

In addition, socio-economic factors affect their ability to maintain an adequate
nutritional status as seen in two cohort studies presented here: The analysis of a Swiss
sub cohort of the EFFORT trial with 433 elderly patients shows that even in a country with
a high level of affluence and a relatively efficient social security system, 6.9% were food
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insecure (Rigling et al.). Age, dependence on welfare, and loneliness
were significant factors associated with food insecurity, which in
turn was linked to a significantly lower quality of life. In the other
cohort study presented here, lower levels of food security (defined
through educational level and income) were significantly associated
with a higher risk of malnutrition (Ouaijan et al.). Among the
>340 patients from five hospitals in Lebanon, the malnutrition
prevalence was 35.6% based on the Global Leadership Initiative
for Malnutrition (GLIM) criteria [(3), Ouaijan et al.]. Addressing
nutritional care in the community is the topic of a recent ESPEN
publication (7) and goes beyond the scope of this editorial.

Consequently, patients often enter the hospital malnourished,
they continue to lose muscle mass during the stay, and they fail to
recover it after discharge. Decrease in food intake due to factors
such as lack of exercise, stress caused by the hospital stay and
metabolic changes because of their medical condition, surgery, or
drugs, further aggravates themacro- andmicronutrient deficiencies
(8). All of this affects their clinical prognosis and the increase in
frailty puts them at risk of further health problems, leading to a
vicious cycle of malnutrition, ill health, and frailty.

The significant prognostic impact of malnutrition regarding
increased in-hospital mortality and longer ICU stay was
demonstrated in a large cohort of elderly patients in a cardiac
intensive care unit in China (Li Y. et al.). Another study from
China showed the prognostic importance of body composition
analysis in a large cohort of cancer patients (Ji et al.). About a
quarter of all examined cancer patients had reduced muscle mass,
which was significantly associated with lower survival. In a cohort
study of over 160,000 intensive care patients in China, the obesity
paradox concerning cardiovascular mortality was confirmed (Li
S. et al.). The lowest mortality rate was observed in mild obesity,
but in severely obese and underweight individuals, the mortality
was pronounced.

The recent Corona virus 2019 (COVID-19) pandemic taught
us that the relationship between different risk and/or prognostic
factors can be complex, which also applies to malnutrition: A
narrative review in this Research Topic addresses the twomajor risk
factors for an unfavorable course of COVID-19: diabetes mellitus 2,
and malnutrition (Mechanick et al.). They postulate a syndromic
triad and suggest ways for early preventive care through nutritional
and lifestyle interventions.

Following screening and assessment of malnutrition, an
individual nutritional care needs to be established to ensure
adequate intake of energy and protein as well as other essential
nutrients. Oral Nutritional Supplements (ONS) have been shown
to be a useful means to improve nutritional status, particularly
if they were energy dense (9). This finding is supported by a
randomized controlled trial published in this Research Topic:
the intervention in an outpatient setting demonstrated that an
energy dense ONS (2.4 kcal/ml) was well-tolerated and was
non-inferior to high-energy ONS (2.0 kcal/ml) in malnourished
patients, allowing for more calories in a lower volume (Leon-Sanz
et al.).

Depending on the underlying disease or population group,
the nutritional therapy needs to be adjusted in factors other
than energy density: A retrospective study on 63 patients found
evidence that the application of a medium-chain fatty acid diet
might be effective in treating post-operative chylous leakage (Wang

et al.). The possible benefits of a starched thickened formula
with reduced lactose content and pre- and probiotic ingredient
were demonstrated in young infants with regurgitations and colic
(Chouraqui et al.).

According to the declaration, clinical nutrition education
is another essential factor for the implementation of optimal
nutritional care (1). Another study investigated the structures
and current practices of nutritional support in Saudi Arabian
hospitals (Ajabnoor et al.). Of the 114 participating physicians,
pharmacists, and dietitians, only 44.7% reported working with a
formal nutritional support team. The unsurprising finding that
confidence in using nutritional interventions such as enteral
nutrition was associated with nutritional qualification, highlights
the key role of dietitians in implementing optimal nutritional
care (Ajabnoor et al.). However, it also showed that nutritional
care improved if other key stakeholders, such as physicians, were
involved (Ajabnoor et al.).

The respect of patient dignity is an important aspect when
decisions on optimal nutrition are taken, particularly in a palliative
setting at the end of life. It was recommended that nutritional
therapy should become less invasive as life expectancy decreases
and focus increasingly on relieving eating-related distress and
thirst (10). Particularly the use of parenteral nutrition is seen as
controversial in these situations, but prognosis of life expectancy
is difficult. In this special edition, a Viennese working group
examined whether the clinical benefit of parenteral nutrition in
a palliative situation can be predicted by an algorithm based on
laboratory parameters, which needs further validation (Kum et al.).

In summary, this special edition provides new insights into
the effect of malnutrition on patient’s clinical prognosis and
quality of life as well as potential solutions to improve nutritional
interventions along the continuum of care. Moreover, it serves
as a call for action to close gaps in our understanding of the
problem and for implementation of further initiatives to optimize
nutritional therapies.
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The coronavirus disease 2019 (COVID-19) pandemic challenges our collective

understanding of transmission, prevention, complications, and clinical management

of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.

Risk factors for severe infection, morbidity, and mortality are associated with

age, environment, socioeconomic status, comorbidities, and interventional timing.

Clinical investigations report an intriguing association of COVID-19 with diabetes

mellitus and malnutrition but incompletely describe the triphasic relationship, its

mechanistic pathways, and potential therapeutic approaches to address each malady

and their underlying metabolic disorders. This narrative review highlights common

chronic disease states that interact epidemiologically and mechanistically with the

COVID-19 to create a syndromic phenotype—the COVID-Related Cardiometabolic

Syndrome—linking cardiometabolic-based chronic disease drivers with pre-, acute,

and chronic/post-COVID-19 disease stages. Since the association of nutritional

disorders with COVID-19 and cardiometabolic risk factors is well established, a

syndromic triad of COVID-19, type 2 diabetes, and malnutrition is hypothesized that

can direct, inform, and optimize care. In this review, each of the three edges of this

network is uniquely summarized, nutritional therapies discussed, and a structure for

early preventive care proposed. Concerted efforts to identify malnutrition in patients

with COVID-19 and elevated metabolic risks are needed and can be followed by

improved dietary management while simultaneously addressing dysglycemia-based

chronic disease and malnutrition-based chronic disease.

KEYWORDS

cardiometabolic, cardiometabolic-based chronic disease, coronavirus, COVID-19, COVID-
related cardiometabolic syndrome, malnutrition, SARS-CoV-2, type 2 diabetes

Introduction

The coronavirus disease 2019 (COVID-19) pandemic spread rapidly worldwide in less
than a year and activated an unprecedented acceleration of medical research, revealing a new
understanding of the relationships among viral infections and chronic metabolic diseases.
The juxtaposition of threat and swift knowledge acquisition observed during the COVID-19
pandemic contrasts starkly with the slower rise in prevalence of chronic cardiometabolic diseases
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and the growing clinical knowledge of residual health risks
determined over many decades (1). Of note, cardiometabolic drivers,
risk factors, and resulting chronic metabolic states interact with
COVID-19 to create a syndromic phenotype of hazards for disease
severity, morbidity, and mortality, as well as long-term insults
to quality of life, symptom burden, and socioeconomic impact.
In a recent narrative review, the COVID-Related Cardiometabolic
Syndrome (CIRCS) (2) was introduced based on consistent and
compelling evidence linking pre-, acute, and chronic/post-COVID-
19 disease stages with cardiometabolic-based chronic disease
(CMBCD) (3, 4).

The CMBCD framework is a novel vehicle to expose
opportunities for early and sustainable prevention and is comprised
of three dimensions: (1) staged progression over time (1- “risk,”
2- “predisease,” 3- “disease,” and 4- “complications”); (2) multiple
interacting primary (genetics, environment, and behavior/lifestyle)
and secondary/metabolic (abnormal adiposity, dysglycemia,
hypertension, dyslipidemia, and nutrition) drivers; and (3) social
determinants of health and transcultural factors (SDOH/TF)
(Figure 1) (3–5). Many of the conventional terms commonly used
to describe cardiometabolic risk factors are now subsumed in
driver-based chronic disease models. For instance, in adiposity-based
chronic disease (ABCD), overweight is stage 2, obesity is stage 3, and
obesity-related complications is stage 4 (3). In dysglycemia-based
chronic disease (DBCD), insulin resistance is stage 1, prediabetes is
stage 2, type 2 diabetes (T2D) is stage 3, and diabetes complications is
stage 4 (3, 6). In malnutrition-based chronic disease (MBCD), which
is under development, malnutrition is stage 3, and malnutrition
complications is 4. The purpose of incorporating the CMBCD model
into this discussion is to provide a template for understanding a
specific interaction between CIRCS and nutritional status.

In a recent scoping review, various nutritional disorders are
linked with pre-, acute, and chronic/post COVID-19 stages (7).
A distillation of the complex interactions of CIRCS and nutrition
prompts a hypothesized syndromic triad with COVID-19, T2D,
and malnutrition as key inter-related disease states (Figure 2).
The purpose of constructing this new triad model is to expose
early opportunities for better lifestyle, glycemic, and nutritional
management of patients with COVID-19. The present narrative
review will summarize key epidemiological and mechanistic aspects
of these networked relationships, discuss relevant nutritional
therapies, and propose testable hypotheses and structure for early
preventive care.

Abbreviations: ABCD, adiposity-based chronic disease; ARDS, acute
respiratory distress syndrome; ASPEN, American Society for Parenteral
and Enteral Nutrition; ALM, appendicular lean mass; CDC, centers for
disease control; CGM, continuous glucose monitor; CIRCS, COVID-related
cardiometabolic syndrome; CMBCD, cardiometabolic-based chronic disease;
CONUT, controlling nutritional status; COVID-19, coronavirus disease 2019;
DBCD, dysglycemia-base chronic disease; DSNF, diabetes-specific nutrition
formula; EN, enteral nutrition; ESPEN, European Society for Parenteral and
Enteral Nutrition; GNRI-geriatric nutrition risk index; HbA1c, hemoglobin A1C;
HBCD, hypertension-based chronic disease; ICU, intensive care unit; IL-6,
interleukin-6; LBCD, lipid-based chronic disease; MBCD, metabolic based
chronic disease; PNI, prognostic nutritional index; PPE, personal protective
equipment; RAAS, renin-angiotensin-aldosterone system; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2; SCCM, society of critical
care medicine; SDOH/TF, social determinants of health/transcultural factors;
T1D, type 1 diabetes; T2D, type 2 diabetes; TFN, tumor necrosis factor.

Methodology

To guide this initiative, a virtual meeting of coauthors was held
in December 2021 to establish investigative questions, objectives,
and methods to support the syndromic triad concept and to plan
reporting if findings were thought worthy of publication. Study
populations of interest include adults who contracted COVID-19
infections that were complicated by either pre-existing or newly
developed T2D and malnutrition to determine if this triad of
illnesses exists and has a noticeable impact on clinical outcomes.
World literature was searched for relevant articles involving
the stated population using several tradition engines (PubMed,
Google, Cochrane, Embase, and Science Direct) without language
or geographic restrictions. The following terms, alone and in
combinations, directed the searches: COVID-19, coronavirus; type
2 diabetes, malnutrition, epidemiology, mechanisms, adiposity-based
chronic disease, cardiometabolic-based chronic disease, dysglycemia-
base chronic disease, hypertension-based chronic disease, lipid-
based chronic disease, metabolic based chronic disease, therapy,
treatment, nutrition, and outcomes. Meaningful publications (181
references) among the hundreds that were identified in multiple
literature searches report data regarding epidemiologies and disease
mechanisms that link triad components as well as clinical
information related to outcomes for studied populations. Retrieved
information was assessed to confirm or deny the existence of the
triad and to propose clinical care to address each component and its
drivers, which was the aim of the initiative.

Edge 1: COVID-19 and type 2 diabetes

Epidemiology

Adults with COVID-19 are more likely to develop T2D than
those with other acute upper respiratory infections (8). In an analysis
of retrospective data from the US Veterans Administration (VA),
there are increased risks of incident T2D and additional disease
burden among patients with COVID-19 (n = 181,281) vs. both
contemporary control patients (n = 4,118,911) and also historical
controls (n = 4,286,911) without infection (9). In a study of
hospitalized adults, the prevalence of diabetes is higher among those
with a positive vs. negative COVID-19 test result 30 days after testing
(10). The Centers for Disease Control and Prevention (CDC) reports
an observed increased risk for T2D in patients <18 years of age
who had COVID-19, compared to those without COVID-19 and
those with pre-pandemic acute respiratory infection (11). Moreover,
incident cases of pediatric T2D and severity of illness as reflected by
the degree of diabetic ketoacidosis at presentation are greater during,
compared with before, the pandemic (12); but also worth noting,
some increase could have been associated with other issues such as
delayed healthcare or supply shortages rather than infection. Pooled
data from four observational studies show that SARS-CoV-2-infected
patients compared with healthy controls carried a 59% higher risk of
developing incident diabetes in the post-acute phase (13). However,
in this study, a high degree of heterogeneity and a short follow-up
period in the contributing studies (4 months) are limitations of the
meta-analysis expressed by investigators.

In a single large retrospective cohort study of VA in- and
outpatient men without preexisting diabetes, SARS-CoV-2 infection
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FIGURE 1

The CMBCD template. The CMBCD model comprises 3 dimensions: (1) Staged progression over time along the top row; (2) interactions among
metabolic drivers culminating in CVD in the far-left column; and (3) adapting each cell in the stage x driver matrix to SDOH/TF. Prevention modalities are
indicated as P0–P4. Primary drivers are genetics, environment, and behavior/lifestyle. The SARS-CoV-2 virus responsible for COVID-19 intersects with
CMBCD at the level of inflammation in stage 1. This CMBCD template provides context for the novel syndromic triad of COVID-19, T2D, and
malnutrition, which is depicted by the red cells and bright red triangle network. ABCD, adiposity-based chronic disease; CMBCD, cardiometabolic-based
chronic disease; COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; DBCD, dysglycemia-based chronic disease; HBCD,
hypertension-based chronic disease; LBCD, lipid-based chronic disease; MBCD, malnutrition-based chronic disease; P0, primordial prevention; P1,
primary prevention; P2, secondary prevention; P3, tertiary prevention; P4, quaternary prevention; SDOH, social determinants of health; TF, transcultural
factors; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. Adapted from (4).

is associated with a higher risk of incident (120 days, OR 2.56 [95%
CI 2.32–2.83]) and all time (237 days, OR 1.95 [1.80–2.12]) diabetes
(14). In contrast, among women, who comprised 14% of the total
VA study population, an association is not definitively established
(120 days, 1.21 [0.88–1.68]; all time, 1.04 [0.82–1.31]; p-values were
both <0.1) (14).

Many observational studies highlight compelling relationships
among cardiometabolic conditions, COVID-19 infection, and
severity of illness, with up to 94% of hospitalized patients presenting
with at least one significant comorbidity (15–18). In a large cohort
(n = 5,700) of hospitalized patients (17), diabetes, hypertension, and
obesity are among the top comorbidities associated with COVID-19
infection, with similar patterns replicated globally in other analyses
(19). Data also demonstrate a disproportionately high number of
COVID-19 deaths in people with diabetes (20, 21). Likewise, obesity,
with characteristic insulin resistance (22), also carries a higher risk for
COVID-19 death (21).

Hyperglycemia is indicated by elevated fasting plasma glucose,
post-challenge plasma glucose, and hemoglobin A1c (A1C) levels,
and arises from a pancreatic β-cell defect following chronic exposure
to insulin resistance. Hyperglycemia is associated with inflammation,
coagulation disorders, low oxygenation, and higher risk of mortality
in patients with COVID-19, compared to those without COVID-19
(6, 23). In the intensive care unit (ICU), poorly controlled diabetes
with moderate-severe obesity greatly increases the risk of COVID-
19-related mortality (24, 25).

Type 2 diabetes and obesity are two principal risk factors for
the development of severe COVID-19 symptoms, and individuals
with these comorbidities constitute a specific risk group (26). Of
related interest, patients with type 1 diabetes (T1D), among other
observed factors, require intensive care for COVID-19 twice as often
as controls and are more likely to die (HR 2.90, 95% CI 1.66–5.47) of
their COVID-19 infection (27).

Abnormal adiposity (i.e., elevated waist circumference and/or
body mass index [BMI]), dysglycemia (i.e., insulin resistance
or hyperglycemia [prediabetes or T2D]), elevated blood pressure
(i.e., hypertension), dyslipidemia (i.e., hypertriglyceridemia and
low concentration of high-density lipoprotein cholesterol), and
residual risks (e.g., microalbuminuria and other features of insulin
resistance) often cluster together as metabolic syndrome, which
exhibits a higher odds for intensive care unit (ICU) requirement,
invasive ventilation, ARDS (acute respiratory distress syndrome), and
mortality compared to individual cardiometabolic risk factors (28,
29). Metabolic syndrome differs from CMBCD by only considering
specific features for each metabolic driver at a particular timepoint,
not as a staged progression over time based on pathophysiology,
and not incorporating SDOH/TF. Aggregate cardiometabolic risk,
individual risk factors, and vulnerability to severe COVID-19 each
increase with age (30). Thus, cardiometabolic risk factors can be
considered discretely as modifiable COVID-19 risk factors, which
can be addressed with preventative approaches (i.e., “primordial” to
prevent risk; “primary” to prevent disease; “secondary” to prevent
disease progression; “tertiary” to prevent suffering and mortality in
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FIGURE 2

Syndromic triad of COVID-19, T2D, and malnutrition. The three edges
(1, 2, and 3) of this triangle network represent epidemiological
associations and pathophysiological mechanisms that connect each
of the nodes (COVID-19, T2D, and malnutrition) and are discussed in
the text. Recognition of this triad should prompt earlier consideration
of nutritional and glycemic interventions in patients with COVID-19.
COVID-19, coronavirus disease 2019; T2D, type 2 diabetes.

advanced disease; and “quaternary” to prevent overmedicalization at
each disease stage).

Mechanisms

Infection with SARS-CoV-2 appears to alter pancreatic β-cell
function and consequently reduce insulin secretion, while the
accompanying hypercytokinemia promotes insulin resistance (30,
31). This combination of decreased insulin secretion and sensitivity
induces and then aggravates hyperglycemia. Evidence from animal
models have demonstrated markers of diminished immune function
in hyperglycemic states (32). In human studies, phagocytosis function
is restored in subjects with T2D following an intensive glycemic
control intervention combining medication, insulin, and dietary
modifications provided in a clinical trial (33). In effect, a vicious cycle
is created by the bidirectional relationship wherein T2D worsens
COVID-19 severity and COVID-19 worsens dysglycemia.

Relative hyperglycemia for an individual at a certain time, as
opposed to absolute hyperglycemia, is defined as a blood glucose
concentration at a particular timepoint divided by the estimated
average glucose based on a current A1C level (34). This measure,
also referred to as “stress hyperglycemia ratio” (SHR) is typically
measured at hospital or ICU admission to predict clinical outcomes.
The SHR controls for background glycemia in patient evaluations
and is also a superior marker of critical illness compared to absolute
measurements. The SHR is associated with adverse outcomes for
patients with moderate-to-severe COVID-19 (35), including elevated
in-hospital morbidity and mortality (34).

An early investigation of patients with COVID-19 (n = 99;
67% men, 33% women) in Wuhan, China reports arterial and/or
endocrine comorbidities in 53%, and hyperglycemia in 52% of those
studied (36). Subsequently, diabetes, predominantly T2D, emerges
as one of the most common and consequential comorbidities to
worsen outcomes for those infected with the SARS-CoV-2 virus (37).
New-onset hyperglycemia, with and without T2D, is also commonly
observed with COVID-19 (38) and may result from inflammation,
metabolic stress, and/or steroid therapy.

Regardless of underlying diabetes, stress-induced hyperglycemia
is a well-documented occurrence during acute infections and has

been observed even in mild cases of COVID-19 (35). The purported
mechanisms causing hyperglycemia rely on the imbalance between
insulin action and insulin secretion, and are primarily instigated
by inflammation, cytokine action, neuroendocrine mechanisms, and
counter-regulatory hormones (3). For a patient with T1D, the degree
of hyperglycemia can be severe due to the presence of absolute
insulin deficiency. The acute rise of blood glucose levels and catabolic
processes can lead to diabetic ketoacidosis, a life-threatening event.
In a patient with T2D, the severity of the hyperglycemia may not
be a medical emergency, but the prolonged nature is associated
with increased risk of cardiovascular morbidity and mortality (39).
Hyperglycemia can also result in increased morbidity and mortality
due to decompensation of the immune system in the face of
glucotoxicity (40).

The mechanisms of increased morbidity and mortality associated
with acute or chronic hyperglycemia in diabetes are multifocal.
The increased cytokines of an acute inflammatory response are
known to globally blunt insulin receptor responsiveness (41). Poor
insulin receptor function disproportionally allows degradation of the
visceral fat compartment releasing a repertoire of proinflammatory
adipokines such as leptin and adiponectin (42). The blunting
of glucose uptake and insulin action by adipokines further
aggravates hyperglycemia. In addition, increased inflammatory
cytokines combined with proinflammatory adipokines promote
the glycation of proteins, rendering them pro-adherent and
prothrombotic (43). The net effect of an overabundance of
these reactive glycated proteins promotes endothelial dysfunction,
thrombosis, hypertension, compromised cellular function, and organ
dysfunction (44).

Of particular interest in patients with SARS-CoV-2 infection
is the exploitation of the angiotensin-converting enzyme (ACE)-
2 receptor as an entry point into cells and initiation of infection.
Patients with T2D have an overactive renin–angiotensin–aldosterone
system (RAAS), with ACE-2 as a principal factor (45, 46).
Upregulation of ACE-2 expression in cardiomyocytes increases
susceptibility to COVID-19 in patients with T2D by facilitating
SARS-CoV2 cellular entry (45, 46). Abnormal adiposity is a necessary
feature of ABCD and includes unusual quantity (eutopic [including
visceral fat] and ectopic [e.g., intrahepatic and peri/epicardial fat]),
distribution (primary related to visceral and ectopic fat), and function
(i.e., adipocyte secretome; adipokine secretion). Abnormal adiposity
not only leads to inflammation, insulin resistance, DBCD, and
CMBCD, but also contributes to increased RAAS activation (47).
These mechanisms involve cytokine activation of multiple elements
of the RAAS cascade, such as angiotensinogen and ACE, resulting in
inflammatory adipokine release from fatty tissue (48). This imbalance
of RAAS function can increase susceptibility to COVID-19 in patients
with T2D (49).

The immunopathogenesis of COVID-19 also involves an
excessive inflammatory response that can intensify into a cytokine
storm in extreme cases (50, 51). Numerous inflammatory pathways
are activated in this process, including facilitation of immune cell
(e.g., monocytes, macrophages, neutrophils, natural killer cells, and
T cells) as well as stimulation and secretion of proinflammatory
cytokines (e.g., interferons, interleukins, tumor necrosis factors, and
chemokines [e.g., C-base sequence chemokine ligands]) (51). In
turn, a proinflammatory response recruits and activates more innate
and adaptive immune cells that overstimulate the immune system,
leading to massive inflammation (51). This detrimental inflammatory
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process can incite and exacerbate acute respiratory distress syndrome
(ARDS), the leading cause of COVID-19 related mortality.

Edge 2: COVID-19 and malnutrition

Epidemiology

Malnutrition is the necessary and central driver of MBCD, which
in turn is one of the secondary/metabolic drivers in CMBCD. The
American Society for Parenteral and Enteral Nutrition (ASPEN)
defines malnutrition as insufficient energy intake leading to loss
of weight, muscle, and subcutaneous fat; regional or widespread
fluid accumulation; and decreased strength (52). Malnutrition
is typically interpreted along these somewhat narrow lines that
relate to undernutrition, particularly in COVID-19 discussions, but
technically the broader definition includes any abnormal interaction
between dietary factors and metabolism. For instance, abnormal
adiposity is a form of malnutrition (i.e., imbalance of too much
dietary energy for an individual’s metabolic needs—overnutrition)
and is briefly considered above in the discussions on inflammation,
insulin resistance, and T2D with COVID-19. However, for the
purposes of presenting the syndromic triad of COVID-19, T2D,
and malnutrition, the term “malnutrition” will be based on the
ASPEN definition (53). In the MBCD model, stage 1 arises through
complex interactions of primary drivers (genetics, environment, and
behavior/lifestyle) and defines a state of nutritional risk; MBCD
stage 2 arises from progression of nutritional risks to create a
phenotype characterized by abnormal metrics of nutritional status,
but not yet satisfying current diagnostic criteria for malnutrition
(i.e., in terms of undernutrition) (54–57) or other abnormal
nutritional states, and defines a state of “pre-malnutrition;” MBCD
stage 3 meets established definitions for the disease state referred
to as malnutrition (54–57); and stage 4 is malnutrition-related
complications (generally in terms of organ dysfunction, behaviors,
and other pathophysiological abnormalities).

Population-level malnutrition is associated with increased rates
of fatal COVID-19 in areas where undernutrition is commonplace
(58). Moreover, nutritional status is adversely affected by acute and
chronic infections, which serve as negative prognosticators, especially
in institutional settings (59–61). Patients with COVID-19 are
especially vulnerable to the metabolic derangements associated with
malnutrition, particularly in light of the significant inflammatory
response that accompanies both conditions (62–64). A high
prevalence of malnutrition in a general cohort of patients with
COVID-19 has been reported in prospective studies (65). For
example, among elderly patients with COVID-19, the prevalence
of malnutrition reaches 52.7% (66). Poor nutritional status is
associated with in-hospital death among 295 patients with COVID-
19, including 66 with severe illness and 41 with critical illness
(67). In this study, the mortality rate is 8.47% for the total
study population and 37.88% for the critically ill subgroup (67).
Furthermore, despite significantly different nutritional parameters
and inflammatory markers across all subgroups, patients with higher
Controlling Nutritional Status (CONUT) scores and lower Geriatric
Nutrition Risk and Prognostic Nutritional Indices (GNRI and PNI)
have a higher risk of in-hospital mortality (67).

Coronavirus disease 2019 symptoms (e.g., anorexia, nausea,
vomiting, dysphagia, bloating, abdominal pain, and diarrhea) can

disrupt eating and diminish adequate food consumption. In various
studies, approximately 50% of patients with COVID-19 report
olfactory and gustatory dysfunction, which may contribute to loss of
appetite and a subsequent reduction of nutrient intake (65, 68–70).
Although malnutrition associated with COVID-19 can be overlooked
during the management of critical medical issues, nutrition support
for patients with COVID-19 is an essential component of care,
though timing and other specifics require further empirical study.

Mechanisms

The intersection of nutritional and cardiometabolic risk in
patients with COVID-19 occurs at the level of inflammation and
insulin resistance (2, 6, 7). The CMBCD model represents a range
of patients who may be more susceptible to infections, including
COVID-19, and could benefit from nutritional interventions to
mitigate DBCD, MBCD, and CMBCD progression (53, 71–73).

Various micronutrients are known to affect host immunity and
the natural history of COVID-19. Some vitamins (e.g., A and D)
are direct regulators of immune-cell gene expression, while others
(e.g., C and E) promote a pro-oxidant milieu to improve immunity
(74). Trace elements, such as zinc, copper, and iron, can modulate
susceptibility to respiratory infections (74). Also, phytonutrients (e.g.,
berberine, curcumin, epigallocatechin gallate, genistein, resveratrol,
and sulforaphane) can activate nuclear factor (erythroid-derived 2)–
like 2 antioxidant transcription factor, thought to be an important
mechanism in COVID-19 pathogenesis (75). Dietary fiber, a critically
important component of healthy diets, is fermented into short-chain
fatty acids in the intestine and can also mount significant anti-
inflammatory effects (76). The net message is that all populations
require a healthy eating pattern to control weight and ABCD, prevent
DBCD/MBCD/CMBCD progression, and optimize immunity before,
during, and after COVID-19 (2, 6, 7, 77).

The co-existence of undernutrition with micronutrient
deficiencies is associated with COVID-19 and its sequelae. The
effects are compounded by a disrupted sense of smell and taste,
food insecurity, and social distancing that disrupts normal lifestyle
behavior and leads to unhealthy eating patterns, physical inactivity,
and routine change that can affect micronutrient intake (78–81).
In some patients, COVID-19 also involves the gastrointestinal tract
causing nausea, vomiting, and diarrhea, which further contributes
to MBCD staged progression (82). In general, patients with cough,
pneumonia, respiratory failure, and immune-neuroendocrine axis
activation via a stress response to acute or chronic illness have an
impaired ability to maintain adequate nourishment (83). Put another
way, MBCD and other CMBCD drivers (especially ABCD and
DBCD) can sufficiently alter the immune response so that prevention
and treatment are compromised, and the progression of COVID-19
results in more severe disease.

Patients hospitalized with COVID-19 are at higher nutrition risk
(84). Nutritional status becomes worse in patients with COVID-19
who are admitted to the ICU or require artificial ventilation (84).
Immobility in the hospital bed is also associated with sarcopenia,
which may affect whole-body functioning in patients with COVID-
19 (85). In the short-term, these body composition changes can
impact susceptibility and immunological responses to SARS-CoV-
2, subsequent inflammatory response, and resulting metabolic and
respiratory distress. In the long-term, these body composition
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changes can modulate the time required for recovery, risk of ICU-
acquired weakness and long-term disabilities, and mortality risk
(84). Importantly, malnutrition has been shown to persist 30 days
post-COVID-19 discharge (86). As such, patients with COVID-19,
especially those with diabetes, may require tailored medical nutrition
therapy to improve short- and long-term COVID-19 outcomes (71,
72, 87, 88).

Edge 3: Malnutrition and type 2
diabetes

Epidemiology

Although abnormal adiposity (overnutrition) is one of the most
common comorbidities of T2D, undernutrition is also commonplace,
with a frequency of one in seven patients with a high BMI, based
on an outpatient diabetes cohort (89). A 21.2% malnutrition rate
has been observed among elderly patients with diabetes, regardless
of BMI (90). Additionally, many other studies have been conducted
to determine the frequency of coexisting T2D and malnutrition.
Among hospitalized patients in Spain, the risk of malnutrition (52)
is higher with T2D (90). The risk of malnutrition and the actual
malnutrition rate were 31 and 13%, respectively, among patients
with diabetes assessed in a Turkish outpatient clinic; whereas, a
similar assessment among hospitalized patients revealed even higher
numbers: 39% risk vs. 25% prevalence (91, 92). Taken together, these
associations suggest that when T2D is complicated by malnutrition
(i.e., when diet is insufficient to meet age-related requirements),
clinical challenges worsen and warrant a diligent approach to
nutrition support and prudent supplementation with micro- and
macronutrients (93, 94).

Patients with T2D can also exhibit sarcopenia (95, 96), a
degenerative condition characterized by decreased skeletal muscle
mass and weakness, typically observed in elderly populations and
commonly associated with neurodegeneration, inflammation, and/or
malnutrition (97–102). The association between T2D and sarcopenia
had been shown in community-dwelling elderly adults (OR = 1.40,
95% CI: 1.18–1.66) (103). Older adults with either diagnosed or
undiagnosed T2D showed excessive loss of skeletal muscle mass
compared with those without T2D (103). While those without
T2D lose an average of 198 ± 10 g of their total lean mass
per year, patients with T2D lose about 222 ± 29 g/year and
patients with undiagnosed T2D lose around 340 ± 37 g/year (104).
Generalized loss of muscle mass is observed after age 40 and
estimated to be 8% per decade up to age 70 years, and 15–25%
every decade afterward (105). Additionally, in patients with T2D,
plus or minus sarcopenia, omega-3 fatty acid intake is reduced
(2.6 vs. 3.0 g/day, respectively) (106). Sarcopenia also compromises
glycemic control and contributes to lower energy expenditure
and generalized weakness as patients age, amplifying nutritional
imperatives (101).

While sarcopenia is commonly conceptualized as weight loss
and weakness related to diminished muscle mass, obesity may also
accompany the disorder (107, 108). Thus, patients with T2D may
present with both a low BMI, characteristic of sarcopenia, and
high body fat content, characteristic of adiposity, leading to the
descriptive terminology—“sarcopenic obesity.” Diagnostic criteria

often combine single or multiple assessments of sarcopenia with
the quantification of systemic and central adiposity. Depending
on definition and population, the prevalence of sarcopenic obesity
ranges from 0 to 20% (with average prevalence rates between
5 and 10%) in numerous international studies of older adults
(108, 109). Prevalence calculations are lower (3–8%) if the
height-adjusted appendicular lean mass (ALM) index is used
to define sarcopenia (110) rather than weight- or BMI-adjusted
ALM indices (6–10%) (111). Moreover, prevalence rates of
sarcopenic obesity are significantly higher (16–25%) among people
80 years of age and older or when lower quintiles of muscle
mass or higher quintiles of body fat are factored into the
assessments (112).

Among both inpatients and outpatients with diabetes,
malnutrition is associated with a dysregulated immune system,
higher risk for acute and chronic diseases, and protracted illness
(113, 114). Such patients, particularly those with low lean body mass
and high adiposity, consistently experience poorer outcomes in many
different diseases (115). Manifestations of compromised immunity
in patients with COVID-19 include lymphopenia upon admission
and thrombocytopenia with leukopenia as infections worsen (116).
Likewise, elevated levels of C-reactive protein and proinflammatory
cytokines have been associated with increasing severity of illness and
attendant nutritional risk (116, 117).

Mechanisms

In general, patients with T2D and sarcopenia exhibit specific
underlying pathophysiological mechanisms that have implications
for nutritional care and lifestyle modifications. Among them are
the consequences of aging, including altered physical activity
and dietary patterns, as well as hormonal deficiencies, low-grade
systemic inflammation, loss of protein homeostasis in muscle,
mitochondrial dysfunction, and reduced quantity and function of
small mononuclear satellite cells that abut muscle fibers (118–
121). Hormonal deficiencies related to sarcopenia include growth
hormone, testosterone, thyroid hormone, and insulin-like growth
factor, all of which contribute to loss of muscle mass and
subsequent physical weakness starting in midlife (122, 123). As
anabolic hormonal signals decrease, catabolic signals increase via
pro-inflammatory cytokines (tumor necrosis factor alpha [TNF-
α] and possibly interleukin-6 [IL-6]), homocysteine and high-
sensitive C-reactive protein levels rise, and muscle wasting accelerates
(96, 122). Muscle loss, in turn, exacerbates insulin resistance,
hyperglycemia and DBCD progression (102).

Changes in muscle metabolism and the diminished capability
to synthesize sufficient protein to maintain muscle mass contribute
to wasting syndromes (124). Over prolonged time, oxidized
proteins accumulate in skeletal muscle, and accrued lipofuscin and
cross-linked protein deposits are retained (119). Non-contractile
dysfunctional protein replaces normal tissue and leads to the loss
of muscle function and the diminished strength that characterize
sarcopenia (125). Moreover, motor nerve cells that carry impulses
from brain to muscle diminish with age, and movement is
compromised by insufficient neurotransmission. Supportive satellite
cells, normally responsive to injury or activity, fail to undergo
functional differentiation and fusion with myocytes, leading to
loss of contractile function (119, 122). These pathophysiological
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mechanisms can affect diaphragmatic muscles (126), which has
significant implications for patients suffering from the syndromic
triad of COVID-19, T2D, and malnutrition.

Nutritional therapy in patients with
acute COVID-19, T2D, and
malnutrition

Although no unified therapeutic regimen exists for the
comprehensive management of patients with the syndromic
triad, physical activity and therapeutic nutrition represent two
approaches that have proven merit across the triad spectrum.
Persistent daily activity and dedicated exercise programs can
improve glycemic regulation and decrease muscle degradation,
while diets rich in protein or amino acids are helpful for patients
with T2D and malnutrition (127). Diets that accentuate protein and
antioxidants may combat sarcopenia by increasing muscle mass
and strength via improved protein homeostasis and autophagy (the
orderly degradation and recycling of cellular components) as well
as reduced oxidative stress (120). Likewise, branched-chain amino
acids, polyunsaturated fatty acids, selenium, vitamin D, and zinc
can reduce oxidative stress, support mitochondrial homeostasis, and
mitigate low-grade inflammation, thus suggesting their potential
roles in the treatment of sarcopenia (128). To the contrary, however,
a Mendelian randomization analysis shows little effect from these
nutrients with the exception of a genetically high concentration of
serum iron, which increased sarcopenia risk (129).

At the onset of the pandemic, limited therapeutic options existed
to combat the specific problems eventually seen with COVID-
19, especially infection complicated by T2D and malnutrition.
Consequently, several expert groups in clinical nutrition adapted
standard critical care guidelines centered on nutrition for COVID-
19 (130). A comparison of approaches by ASPEN and the
European Society for Parenteral and Enteral Nutrition (ESPEN)
is given in Table 1 (131, 132). A brief summary of nutritional
recommendations for patients with COVID-19 and critical illness
includes: a blood glucose target of 6–8 mmol/L (106–145 mg/dL),
nutrition assessments with malnutrition considerations, high-protein
enteral and parenteral formulas, and up to a 50:50 ratio of fat-to-
carbohydrate in patients receiving ventilatory support (132).

Individualized medical nutrition therapy can include diabetes-
specific nutritional formulas (DSNFs) that are commercial products
designed to improve glycemic status. The DSNFs are supported
by extensive clinical research using oral enteral access routes for
better glycemic control in the ICU setting (131–133). Additionally,
specific benefits for DSNFs are observed in a randomized clinical
trial where 73% of patients are ventilated and 51% of these have
diabetes upon admission. Those who receive DSNF vs. a standard
enteral formula require significantly less insulin to maintain lower
glycemic variability through 48 h of care (134). Likewise, a study
of patients with critical illness and hyperglycemia on mechanical
ventilation reports lower insulin requirements and diminished
glycemic variability using a DSNF compared to a high-protein
control formula (135). Patients using a DSNF also experience a
lower incidence of ventilator complications (135). Interpretation and
application of these findings are important for patients with COVID-
19 and T2D, as hyperglycemia and glycemic variability are each
associated with worse clinical outcomes (136, 137).

Chronic/post-COVID-19

Recovery from COVID-19 also presents unique nutritional
challenges related to both hospital/ICU duration and disease severity.
Despite usual recommendations for increased protein intake for
patients with critical illness (>1.3–1.5 g/kg/day) (132, 138), muscle
loss and potential sarcopenia are still anticipated due, in part, to
inactivity coupled with an inflamed hypermetabolic state (139).
One Brazilian study reports a 30% decrease in rectus femoris
cross-sectional area in patients with COVID-19 after just 10 days
in the ICU (140). These patients may also experience post-ICU
syndrome and/or dysphagia, which may adversely affect nutritional
status (141–143). Special consideration for lingering COVID-19
symptoms is often necessary as 57% of COVID-19 survivors report
ongoing problems through 6 months of recovery (144). In such
circumstances, individualized rehabilitation efforts and conscientious
diets are required to address malnutrition, sarcopenia, and/or
dysphagia (145).

For patients with DBCD, particularly stage 3 T2D or stage 4 T2D
with complications during prolonged recovery and rehabilitation,
DSNF supplementation may be advisable as well. Research pre-
dating the COVID-19 pandemic demonstrate that lower A1C values
and increased body weight along with improvements in nutritional
status and quality of life at 6 and 12 weeks are attainable with 2
servings/day of a high-protein DSNF in compromised older subjects
(n = 402) with T2D and malnutrition (146). However, in a small
study of enterally fed patients with T2D and unintentional weight
loss, subsequent increases in weight are primarily attributed to body
fat (147). Therefore, to improve body composition, rehabilitation
efforts that include physical therapy or progressive resistance training
should be part of multimodality care to increase muscle protein
synthesis and enhance functional, metabolic, and psychological status
(148, 149).

A significant knowledge gap surrounding specific micronutrient
or anti-inflammatory supplementation still exists for patients

TABLE 1 Professional medical society approaches to nutrition in patients
with COVID-19*.

Topic ESPEN ASPEN/SCCM

Use of PPE  

Malnutrition screening  

Malnutrition assessment   

Nutrition intervention (in patients with
malnutrition + COVID-19)

 

Feeding route   

Indications/contraindications for EN   

Feeding initiation   

Feeding progression   

Formula selection  

Mention of specialty formulas  

Tolerance monitoring   

Post-mechanical ventilation
considerations

 

ICU-acquired weakness  

*ASPEN, American Society of Parenteral and Enteral Nutrition; COVID-19, coronavirus
disease 2019; EN, enteral nutrition; ESPEN, European Society of Parenteral and Enteral
Nutrition; ICU, intensive care unit; PPE, personal protective equipment; SCCM, society of
critical care medicine.
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with COVID-19 (7). Until more specific clinical evidence is
available, expert opinions should prevail for implementing standard
supplementation practices in patients with critical illness associated
with COVID-19 (131). Emerging evidence suggests using vitamins,
minerals, or other supportive micronutrients and standard nutrition
formulas as tolerated by select patient groups.

For example, clinical practice guidelines propose administration
of vitamins A, B complex, D, C, as well as selenium, zinc, and
iron (132). Due to their anti-inflammatory qualities, omega-3 fatty
acids are also studied in patients with critical illness and included in
evidence-based guidelines (132, 150). In one study of critical illness
and COVID-19, improved respiratory and renal function, along with
higher 1-month survival, is noted in patients who received omega-
3 fatty acid (400 mg EPA and 200 mg DHA) supplementation for
2 weeks, compared to patients receiving a standard enteral formula
(151). Moreover, vitamin D and zinc gained attention for prophylaxis
at the start of the pandemic (152).

In a cohort where over 50% of the sample have T2D, hospitalized
patients with mild-to-moderate COVID-19 experience a faster
recovery time for cough (∼3 days) and altered taste (∼5 days)
when supplemented daily with 5,000 IU compared to 1,000 IU of
vitamin D (153). Another study notes attenuated muscle catabolism
with post-COVID-19 vitamin D supplementation of 200 IU/day for
6 weeks (154). However, the muscle retention is not reflected by
improvements in physical function, which questions the adequacy of
vitamin D metabolism to active 1,25-dihydroxyvitamin D in patients
with critical illness and COVID-19, which could limit therapeutic
potential (154, 155).

Other immunonutrients, including the amino acids glycine,
arginine, and glutamine, may mitigate inflammation, protect lung
and intestinal integrity during acute illness, and support muscle
renewal during recovery (156). Unfortunately, the volatile status
of the pandemic continues to limit clinical trials on COVID-
19-specific nutrition recommendations, and some reports indicate
suboptimal institutional adherence to existing guidelines (157–159).
The completion of well-designed clinical trials and then creation
and adoption of subsequent evidence-based guidelines is critically
important for lowering mortality and shortening hospital stays (158).

Hypotheses and structure for early
preventive care: The critical role of
lifestyle medicine

Patient surveys conducted during the initial 2020 quarantines
and social-distancing mandates disclose disruptive changes in
lifestyle and personal routines with the COVID-19 pandemic
(81). In particular, routine change negatively affects diabetes
self-management, delays required healthcare, and accentuates
individual pandemic-associated stress (81, 160–162). The effects
of widespread systemic disruptions, such as lulls in screening
practices and routine medical oversight, are now more clear
and prompting greater attention by healthcare professionals (163–
167). Reports and qualitative assessments pointing to patient-
perceived practice gaps in usual diabetes support are collectively
underscoring the need for countermeasures to reverse these
disruptions and restore healthy lifestyles (168). This is particularly
true in contemporary multimorbidity care models that seek

to manage multiple chronic disease states (e.g., chronic/post-
COVID-19 + T2D + malnutrition) concurrently (168, 169). In
effect, the COVID-19 pandemic draws much needed attention to
comprehensive chronic disease management, creating opportunities
to advance diabetes and nutrition care.

Encouragement for lifestyle modification has the potential to
minimize infection risk during the COVID-19 era. For example, one
prospective cohort study observes higher risk (3.5%) for COVID-
19 infection and severe COVID-19 illness in participants in the
lowest vs. highest quartile of diet quality (170). Specifically, crude
incidence rates are 3.5% higher for COVID-19 infection in the
lowest diet quality quartile compared to the highest (170). Using
very low-calorie diets, which often utilize meal replacement products,
and incorporating DNSFs as part of lifestyle change, support
weight loss and adequate glycemic control (171, 172). Awareness
of the connection between COVID-19 risk and cardiometabolic
impairment presents a unique opportunity to emphasize preventive
and complementary initiatives to promote better health, reduce
CMBCD risk, and mitigate DBCD progression with comprehensive
interventions that incorporate lifestyle modifications.

Although access to health resources is challenged during the
pandemic, telehealth offers a solution with a 154% increase in
usage at the beginning of the pandemic (173). Telehealth may be
especially applicable to diabetes with one study reporting that 95%
of diabetes-related visits are virtual during the first year of the
pandemic (174), and its use in the diabetes space is associated with
improved patient outcomes (175–180). As an example, a recent meta-
analysis reports increased time in range by 70.74 min and a slight
decrease in A1C (−0.17%) among people using continuous glucose
monitors (CGMs) compared to usual care (175). This effect could
stem from healthful behavior modification associated with CGM
use (technological nudges and motivation) (176). The integration of
telehealth stands to diminish pre-pandemic barriers to healthcare, but
it is important to consider stakeholder acceptance and inclusion of
vulnerable populations (181).

The creation of a new construct—the syndromic triad of COVID-
19, T2D, and malnutrition—not only allows the derivation of
hypotheses relating early detection and management of malnutrition
with mitigation of ABCD, DBCD, MBCD, and even CMBCD
progression, but also prompts clinical decision-making now
centered on early implementation of healthy lifestyle change. The
pragmatic value of this new triad framework is supported by
the coalescing of multiple clinical imperatives (i.e., COVID-19,
dysglycemia, and nutrition) into a focused comprehensive approach.
Core recommendations, which will require clinical validation,
include:

1. Conduct aggressive case-finding protocols for malnutrition
in all patients with COVID-19 at any DBCD stage;

2. Implement current standards of care to optimize nutrition
in all patients with COVID-19 at any DBCD stage who have
malnutrition or are at-risk for malnutrition;

3. Clarify and manage specific DBCD stages in all patients with
COVID-19 at any MBCD stage; and

4. Assign a higher risk classification to patients newly
diagnosed with COVID-19 when any DBCD or MBCD stage
is also present.
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Conclusion and future directions

There is an inherent association of COVID-19, T2D, and
malnutrition supported by theoretical modeling, epidemiological
data, and mechanistic relationships. Metabolic changes incurred
by COVID-associated systemic inflammation increase the risk of
dysglycemia, muscle protein catabolism, and nutritional deficiencies.
Moreover, both T2D and malnutrition are risk factors of severe
COVID-19. Awareness of these associations should encourage
early diagnosis, prevention, and management of dysglycemia
and malnutrition especially in vulnerable populations. Nutritional
and lifestyle interventions aiming at optimizing glycemic control
and improving nutritional status, as well as muscle health,
could potentially decrease risk of COVID-19 complications. An
individualized T2D-specific lifestyle and nutritional approach, and a
close monitoring and management of glycemic status by experienced
healthcare professionals, are essential to improve clinical outcomes
for people with COVID-19.
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Background: The effect of obesity on intensive care unit outcomes among 
critically ill patients and whether there are sex differences have not been well 
investigated. We  sought to determine the association between obesity and  
30-day all-cause and cause-specific mortality among critically ill men and women.

Methods: Adult participants who had body mass index (BMI) measurements 
were included from the eICU database. Participants were divided into six groups 
according to BMI (kg/m2) categories (underweight, <18.5; normal weight, 18.5–
24.9; overweight, 25–29.9; class I obesity, 30–34.9; class II obesity, 35–39.9; class 
III obesity, ≥40). A multivariable adjusted logistic model was conducted with odds 
ratios (ORs) and 95% confidence intervals (CIs). A cubic spline curve based on 
the generalized additive model was used to represent the nonlinear association. 
Stratified analysis and sensitivity analysis were also performed.

Results: A total of 160,940 individuals were included in the analysis. Compared 
with the class I obesity category, the underweight and normal weight categories 
had higher all-cause mortality, and the multivariable adjusted ORs were 1.62 (95% 
CI: 1.48–1.77) and 1.20 (95% CI: 1.13–1.27) for the general population, 1.76 (95% 
CI: 1.54–2.01) and 1.22 (95% CI: 1.13–1.32) for men, and 1.51 (95% CI: 1.33–1.71) 
and 1.16 (95% CI: 1.06–1.27) for women, respectively. Accordingly, multivariable 
adjusted ORs for the class III obesity category were 1.14 (95% CI: 1.05–1.24) for the 
general population, 1.18 (95% CI: 1.05–1.33) for men, and 1.10 (95% CI: 0.98–1.23) 
for women. With cubic spline curves, the association between BMI and all-cause 
mortality was U-shaped or reverse J-shaped. Similar findings were observed for 
cause-specific mortality, with the underweight category associated with a higher 
risk of mortality. Class III obesity increased the risk of cardiovascular death among 
men (OR 1.51; 95% CI: 1.23–1.84) and increased the risk of other-cause death 
among women (OR 1.33; 95% CI: 1.10–1.61).

Conclusion: The obesity paradox appears to be  suitable for all-cause and 
cause-specific mortality among critically ill men and women. However, the 
protective effect of obesity cannot be  extended to severely obese individuals. 
The association between BMI and cardiovascular mortality was sex-specific and 
was more pronounced among men than among women.
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Introduction

The prevalence and disease burden of obesity is increasing 
worldwide, posing a substantial public health challenge and clinical 
concern. By 2025, the global prevalence of obesity is expected to 
reach 18% for men and 21% for women, and severe obesity will 
surpass 9% in women and 6% in men (1). Epidemiological studies 
have revealed that obesity is strongly correlated with a series of 
pathophysiological disturbances, including atherosclerosis, 
diabetes, hypertension, chronic obstructive pulmonary disease, 
renal insufficiency and cancer (2–4). In recent years, the evidence 
that obesity promotes valvular heart disease, cardiomyopathy and 
multimorbidity has been further consolidated (5–7). These 
problems are direct consequences of excessive fat mass or indirect 
consequences of obesity-related metabolic dysfunction. Due to the 
high metabolic activity of adipose tissue, abnormal and detrimental 
adipocyte secretion patterns promote chronic proinflammatory, 
prothrombotic and procoagulant states. Although obesity carries 
a range of disease risks, elevated BMI is paradoxically associated 
with better survival in various clinical settings, including heart 
failure, atrial fibrillation, nephropathy, sepsis, acute respiratory 
distress syndrome and critical illness (8–13). This so-called ‘obesity 
paradox’ phenomenon appears to be  more pronounced among 
men according to several studies (14, 15). However, recent studies 
on coronavirus disease 2019 (COVID-19) have consistently shown 
that obesity is independently correlated with severe outcomes and 
mortality from COVID-19 infection (16, 17). Its pathophysiological 
mechanisms involve obesity-induced weakened immune response, 
hypercoagulation and metabolic disorder (18). Therefore,  
the existence of the obesity paradox in different populations 
remains controversial.

Critically ill patients admitted to the intensive care unit (ICU) 
have a variety of systemic diseases, which are more dangerous and 
have a higher risk of death. Obesity brings greater diagnostic 
challenges (CT or ultrasound image quality reduction), increased 
operation difficulty (such as tracheal intubation), and pharmacokinetic 
and pharmacodynamic changes, which may complicate acute diseases 
and weaken the effectiveness of evidence-based interventions. 
Therefore, it is imperative to understand the impact of obesity on the 
clinical prognosis of these patients. However, reliable data on the 
relationship between obesity and mortality in critical settings are 
scarce and discrepant, showing positive, zero, or negative correlations 
(19, 20). Some studies reported positive results but involved only 
all-cause mortality and no cause-specific mortality. Moreover, it is 
now believed that fat mass and distribution vary by sex, and whether 
there is a sex difference in the association between obesity and 
mortality is also a matter of concern that has not been well assessed. 
To address this evidence gap, we  analysed data from a large 
contemporary multicentre ICU cohort to explore whether there is an 
obesity paradox in all-cause and cause-specific mortality among 
critically ill patients, and if the obesity paradox exists, the existence of 
a sex-related difference therein.

Methods

Study participants

Data were extracted from the publicly available eICU 
Collaborative Research Database (eICU-CRD). The eICU-CRD is a 
telemedicine system developed by Philips Healthcare in cooperation 
with the Laboratory for Computational Physiology (LCP) of the 
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Massachusetts Institute of Technology to optimize the management 
of critically ill patients (21). The LCP has previously successfully 
shared the Medical Information Mart for Intensive Care (MIMIC) 
database to support academic research and ICU quality improvement 
(22). The eICU-CRD is a complete and expanded dataset independent 
of MIMIC, which collects comprehensive clinical data of more than 
200,000 ICU encounters from 208 U.S. hospitals. This high-quality 
data integration system contains a large amount of information on 
demographic profiles, vital signs, disease severity scores, laboratory 
parameters, fluid balance, medications, diagnostic codes, treatments, 
survival status, and hospital-level data, including regional location, 
teaching status, bed capacity, etc. All data were deidentified, and the 
requirement for informed consent from patients was waived. Data are 
free to access after completing the required training course and 
signing a usage agreement. This study was conducted in accordance 
with the Declaration of Helsinki. The study is exempt from 
institutional review board approval due to the retrospective design, 
lack of direct patient intervention, and the security schema, for which 
the re-identification risk was certified as meeting safe harbor standards 
by an independent privacy expert (Privacert, Cambridge, MA) 
(Health Insurance Portability and Accountability Act Certification no. 
1031219-2). One author (Shan Li) obtained database access and was 
responsible for data extraction (certification number: 46622370). 
We included individuals admitted to the ICU from 2014 to 2015. The 
exclusion criteria were (1) age under 18 years, (2) no weight or height 
data available, and (3) BMI < 10 kg/m2 or > 60 kg/m2. Finally, 160,940 
individuals were included in the analysis.

Exposure

The primary exposure of interest was BMI, calculated by the 
formula BMI (kg/m2) = weight/height2. For this calculation, the weight 
and height documented at ICU admission were used. According to the 
international classification criteria, individuals were divided into six 
categories: underweight, <18.5 kg/m2; normal weight, 18.5–24.9 kg/m2; 
overweight, 25–29.9 kg/m2; class I or mild obesity, 30–34.9 kg/m2; class 
II or moderate obesity, 35–39.9 kg/m2; and class III or severe obesity, 
≥40 kg/m2.

Outcomes

The primary outcome was all-cause mortality within 30 days of 
ICU admission. The secondary outcomes were cardiovascular 
mortality, infectious mortality, and other-cause mortality. ICU death 
statistics were determined according to the International Classification 
of Diseases codes (9th revision). All-cause death was defined as death 
caused by any cause from the date of admission until the time of death. 
Cardiovascular death was defined as death from diseases with ICD-9 
codes 390–459. Infectious disease death was defined as death from 
diseases with ICD-9 codes 320–326, 460–488, 566–567, 590, 595, 597, 
614–616, 680–686, and 995. Noncardiovascular and noninfectious 
causes death were defined as other-cause death. Death from acute 
myocardial infarction was defined as death from disease with ICD-9 
code 410, death from heart failure was defined as death from disease 
with ICD-9 code 428, death from sepsis was defined as death from a 
condition with ICD-9 code 995, death from ischaemic stroke was 

defined as death from conditions with ICD-9 codes 430–432, and 
death from intracranial haemorrhage was defined as death from 
conditions with ICD-9 codes 433–434.

Covariates

The following factors were considered for covariate selection: (1) 
individual-level factors, including age, sex, ethnicity, heart rate, mean 
blood pressure, disease severity score (Acute Physiology, Age and 
Chronic Health Evaluation [APACHE] score and Glasgow Coma Scale 
[GCS] score); (2) clinical risk factors, including primary disease at 
admission (cardiovascular disease, respiratory disease, digestive 
disease, genitourinary disease, neurological disease, endocrine 
disease, trauma, other infectious disease [nonrespiratory, nonurinary, 
nondigestive tract infections disease]) and prehospital comorbidities 
(coronary artery disease, stroke/transient ischaemic attack, diabetes 
mellitus, hypertension, congestive heart failure, peripheral artery 
disease, chronic obstructive pulmonary disease, renal dysfunction); 
(3) important treatments, including mechanical ventilation, dialysis 
and vasoactive drugs; and (4) hospital-level factors, including 
admission source, geographic location and discharge year.

Statistical analysis

Statistical analyses were performed using R software (version 
3.6.1)1 and EmpowerStats (X&Y Solutions, Inc., Boston, MA).2 
Statistical significance was defined as a 2-sided p value <0.05. 
Continuous variables are presented as the means with standard 
deviations (SDs) or medians with interquartile ranges (IQRs) and 
analysed using unpaired t tests or Mann–Whitney U tests depending 
on their distribution. Categorical variables are presented as numbers 
with percentages and were compared using the chi-square or Fisher’s 
exact test. The R package multiple imputation by chained equation 
(Nimputation = 5) was used to account for missing data (13.3% for 
APACHE score, 2.5% for GCS score).

A multivariable logistic regression model was used to examine 
adjusted ORs for the association between BMI on a categorical scale and 
all-cause and cause-specific mortality, with the BMI category related to 
the lowest mortality as a reference. Three models were constructed: 
Model I unadjusted, Model II adjusted by age, sex and ethnicity, and 
Model III adjusted by all covariates without selection. The cubic spline 
curves based on the generalized additive model that adjusted for all 
covariates were used to visually display the nonlinear relationship 
between BMI on a continuous scale and all-cause and cause-specific 
mortality. Stratified analysis was conducted to examine the interaction 
between BMI and stratified covariates on all-cause mortality by including 
two or multiple interaction terms with adjustment for predefined 
covariates. Several sensitivity analyses were conducted to evaluate the 
robustness of the primary analysis. First, we  excluded deaths that 
occurred within the first 48 h of ICU entry to determine whether the 
association between BMI and mortality could be explained by a reverse 

1 http://www.r-project.org

2 http://www.empowerstats.com
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causality of severe disease. Second, we  performed a complete case 
analysis using only the complete data of all covariates to test whether the 
missing data distorted the current findings. Third, we plotted Kaplan–
Meier survival curves by taking the length of ICU stay time as an 
underlying time scale and censoring at discharge or death to assess 
whether different statistical methods might change the results.

Results

Baseline characteristics

A total of 160,940 individuals were included in this study (mean 
[SD] age, 63.2 [17.1] years; 87,226 men [54.2%] and 123,959 
Caucasians [77.0%]), 14,568 (9.1%) all-cause deaths, 5,565 (3.5%) 
cardiovascular deaths, 4,308 (2.7%) infectious disease deaths and 
4,695 (2.9%) other-cause deaths were recorded within 30 days of ICU 
admission. The average BMI was 28.7 (SD 7.6) kg/m2, and 58,518 
(36.4%) individuals had class I to class III obesity. Figure 1 shows the 
distribution of BMI categories in the overall population and among 
men and women. Individuals with a higher BMI were younger and 
had a higher prevalence of diabetes mellitus, hypertension, chronic 
heart failure and renal dysfunction. Individuals with a lower BMI were 
older, had higher APACHE scores, and had a higher prevalence of 
respiratory disease and digestive disease. More dependence on 
mechanical ventilation was observed among individuals with class III 
obesity. Both underweight and class III obese patients had longer ICU 
stays. Underweight individuals accounted for 4.4% of the total 
population, resulting in 14.4% of all-cause deaths, which was 
approximately twice that of class I  obese individuals. Baseline 
characteristics classified by BMI category are shown in Table 1.

Obesity and all-cause mortality

With a multivariable logistic regression model, the association 
between BMI on a categorical scale and all-cause mortality was 
U-shaped in the general population and in men, with both a low and 
high BMI correlated with a greater risk of mortality. However, a 
reverse J-shaped association was noted in women, with only a low 
BMI increasing the risk of mortality. Underweight individuals had the 
highest mortality in the overall population (OR 1.62; 95% CI: 1.48–
1.77), followed by those with normal weight (OR 1.20; 1.13–1.27), and 
the lowest mortality was observed among class I obese individuals. 
Underweight and normal weight men had corresponding odds ratios 
of 1.76 (95% CI: 1.54–2.01) and 1.22 (95% CI: 1.13–1.32) compared 
with class I  obese men, respectively Similarly, underweight and 
normal weight among women were also independently associated 
with all-cause mortality, with odds ratios of 1.51 (95% CI: 1.33–1.71) 
and 1.16 (95% CI: 1.06–1.27), respectively, after adjustment for 
potential confounders. In the class III obese category, the multivariable 
adjusted odds ratios for all-cause mortality were 1.14 (95% CI: 1.05–
1.24) for the overall population, 1.18 (95% CI: 1.05–1.33) for men and 
1.10 (95% CI: 0.98–1.23) for women (Figure 2; Supplementary Table 1).

Based on the cubic spline curve, the association between BMI on 
a continuous scale and all-cause mortality was also U-shaped in the 
general population and in men, whereas it was reverse J-shaped in 
women. The risk inflection point correlated with the lowest all-cause 

mortality was 28.3 kg/m2 in the general population, 28.2 kg/m2 in men 
and 28.3 kg/m2 in women (Figure 3). Among the overall population, 
men and women with a BMI below the risk inflection point accounted 
for 54.6% (87906), 54.9% (47922) and 53.5% (39401), respectively. 
Before the corresponding risk inflection points, for every 5 kg/m2 
decrease in BMI, the risk of all-cause mortality increased by 18% in 
the whole population, 21% in men and 15% in women. After the 
inflection points, the risk of death plateaued. For every 5 kg/m2 
increase in BMI, the risk of all-cause mortality in the whole 
population, men and women increased by only 1% 
(Supplementary Table 2).

In stratified analysis, no clear evidence of a statistical interaction 
between BMI category and stratified variables on all-cause mortality 
was found. Compared with the class I  obesity category, both the 
underweight category and normal weight category were independently 
associated with higher all-cause mortality, although the CI risk 
estimates were slightly wider in certain groups due to the relatively 
small number of individuals and events (Supplementary Table 3).

Obesity and cause-specific mortality

A U-shaped association between BMI and cardiovascular 
mortality was observed in the general population and in men, while 
a reverse J-shaped association was noted in women. Low BMI was 
consistently associated with increased cardiovascular mortality in 
the overall population and both sexes. However, the association 
between class III obesity and cardiovascular mortality was more 
pronounced among men (OR 1.51; 95% CI: 1.23–1.84) than among 
women (OR 1.03; 95% CI: 0.85–1.24) (P for interaction 0.0046) 
(Supplementary Figure 1). Regarding infectious disease mortality, 
there was a consistent monotonic decreased risk with increasing 
BMI in the general population and both sexes. Low BMI was 
strongly associated with an increased risk of infectious disease 
mortality, while high BMI was not related to it. The association 
between BMI and other-cause mortality exhibited U-shaped in the 
general population and in women but reverse J-shaped in men. 
Contrary to cardiovascular death, the relationship between class III 
obesity and other-cause mortality was significant among women 
(OR 1.33; 95% CI: 1.10–1.61) but not significant among men (OR 
1.16; 95% CI: 0.95–1.42). Moreover, class II obese women also had 
an increased risk of other-cause mortality (OR 1.25; 95% CI: 

FIGURE 1

Distribution of BMI categories among men and women.

24

https://doi.org/10.3389/fnut.2023.1143404
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Li et al. 
10

.3
3

8
9

/fn
u

t.2
0

2
3.114

3
4

0
4

Fro
n

tie
rs in

 N
u

tritio
n

fro
n

tie
rsin

.o
rg

TABLE 1 Baseline characteristics of individuals by BMI categories.

BMI, kg/m2 <18.5 18.5–24.9 25.0–29.9 30.0–34.9 35.0–39.9 ≥40 p value

N (%) 7,067 (4.4) 47,768 (29.7) 47,587 (29.6) 29,818 (18.5) 15,042 (9.3) 13,658 (8.5)

Age, years 64.2 ± 19.1 64.1 ± 19.0 64.3 ± 16.7 62.8 ± 15.5 61.1 ± 14.9 58.6 ± 14.2 <0.001

Male, n (%) 4,056 (57.4) 22,112 (46.3) 19,170 (40.3) 12,874 (43.2) 7,440 (49.5) 8,062 (59.0) <0.001

Ethnicity <0.001

Caucasian, n (%) 5,327 (75.4) 36,638 (76.7) 36,710 (77.1) 23,243 (77.9) 11,622 (77.3) 10,419 (76.3)

African American, n (%) 952 (13.5) 4,962 (10.4) 4,724 (9.9) 3,207 (10.8) 1,876 (12.5) 2,058 (15.1)

Hispanic, n (%) 206 (2.9) 1,846 (3.9) 2,001 (4.2) 1,065 (3.6) 492 (3.3) 393 (2.9)

Asian, n (%) 212 (3.0) 1,219 (2.6) 802 (1.7) 299 (1.0) 101 (0.7) 53 (0.4)

Other/unknown, n (%) 370 (5.2) 3,103 (6.5) 3,350 (7.0) 2,004 (6.7) 951 (6.3) 735 (5.4)

BMI, kg/m2 16.7 ± 1.5 22.2 ± 1.8 27.3 ± 1.4 32.2 ± 1.4 37.1 ± 1.4 45.9 ± 5.0 <0.001

Heart rate, bpm 106 ± 32 101 ± 33 98 ± 33 98 ± 32 99 ± 32 100 ± 32 <0.001

Mean blood pressure, mmHg 81 ± 41 83 ± 41 86 ± 42 88 ± 43 89 ± 44 89 ± 45 <0.001

Severity score

APACHE score 52 (34–71) 49 (31–67) 47(30–64) 45(30–64) 45(29–64) 46(29–64) <0.001

GCS 14 (11–15) 15 (12–15) 15 (12–15) 15 (12–15) 15 (12–15) 15 (12–15) <0.001

Primary reason of ICU admission

Cardiovascular disease, n (%) 1,744 (24.7) 15,694 (32.9) 19,504 (41.0) 12,877 (43.2) 6,173 (41.0) 4,850 (35.5) <0.001

Respiratory disease, n (%) 2,053 (29.1) 8,772 (18.4) 7,125 (15.0) 4,524 (15.2) 2,581 (17.2) 2,942 (21.5) <0.001

Digestive disease, n (%) 834 (11.8) 5,553 (11.6) 5,096 (10.7) 2,841 (9.5) 1,435 (9.5) 1,157 (8.5) <0.001

Genitourinary disease, n (%) 365 (5.2) 2,438 (5.1) 2,239 (4.7) 1,547 (5.2) 868 (5.8) 965 (7.1) <0.001

Neurological disease, n (%) 474 (6.7) 3,181 (6.7) 2,964 (6.2) 1,784 (6.0) 878 (5.8) 764 (5.6) <0.001

Endocrine disease, n (%) 363 (5.1) 2,266 (4.7) 1,519 (3.2) 768 (2.6) 365 (2.4) 341 (2.5) <0.001

Trauma, n (%) 221 (3.1) 2,323 (4.9) 1,984 (4.2) 1,085 (3.6) 379 (2.5) 277 (2.0) <0.001

Other infectious disease, n (%) 296 (4.2) 1,793 (3.8) 1,667 (3.5) 1,155 (3.9) 662 (4.4) 778 (5.7) <0.001

Other disease, n (%) 717 (11.1) 5,748 (12.0) 5,489 (11.5) 3,237 (10.8) 1,701 (11.3) 1,584 (11.6) <0.001

Pre-admission comorbidities

Coronary artery disease, n (%) 966 (13.7) 8,272 (17.3) 9,524 (20.0) 6,078 (20.4) 3,009 (20.0) 2,316 (17.0) <0.001

Stroke/TIA, n (%) 687 (9.7) 4,709 (9.9) 4,710 (9.9) 2,704 (9.1) 1,235 (8.2) 1,031 (7.5) <0.001

Diabetes mellitus, n (%) 572 (8.1) 4,674 (9.8) 5,291 (11.1) 4,221 (14.2) 2,711 (18.0) 3,007 (22.0) <0.001

Hypertension, n (%) 2,522 (35.7) 19,372 (40.6) 21,825 (45.9) 14,641 (49.1) 7,685 (51.1) 7,117 (52.1) <0.001

Congestive heart failure, n (%) 724 (10.2) 5,769 (12.1) 6,058 (12.7) 4,267 (14.3) 2,468 (16.4) 2,806 (20.5) <0.001

(Continued)
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TABLE 1 (Continued)

BMI, kg/m2 <18.5 18.5–24.9 25.0–29.9 30.0–34.9 35.0–39.9 ≥40 p value

Peripheral arterial disease, n (%) 306 (4.3) 2087 (4.4) 2,150 (4.5) 1,266 (4.2) 632 (4.2) 526 (3.9) 0.024

Chronic obstructive pulmonary disease, n (%) 1,527 (21.6) 6,474 (13.6) 5,533 (11.6) 3,646 (12.2) 2,132 (14.2) 2,399 (17.6) <0.001

Renal dysfunction, n (%) 662 (9.4) 5,177 (10.8) 5,308 (11.2) 3,467 (11.6) 1866 (12.4) 1860 (13.6) <0.001

Therapeutics

Mechanical ventilation, n (%) 1,800 (25.5) 10,748 (22.5) 10,844 (22.8) 7,301 (24.5) 4,050 (26.9) 4,395 (32.2) <0.001

Dialysis, n (%) 280 (4.0) 1927 (4.0) 1715 (3.6) 1,056 (3.5) 541 (3.6) 467 (3.4) <0.001

Vasoactive drugs, n (%) 259 (3.7) 1,686 (3.5) 1760 (3.7) 1,042 (3.5) 526 (3.5) 481 (3.5) 0.624

Admission source <0.001

Emergency department, n (%) 3,926 (55.6) 25,341 (53.1) 23,582 (49.6) 13,979 (46.9) 7,028 (46.7) 6,592 (48.3)

Acute care/floor, n (%) 1,381 (19.5) 8,013 (16.8) 7,598 (16.0) 4,838 (16.2) 2,609 (17.3) 2,584 (18.9)

Other, n (%) 1760 (24.9) 14,414 (30.2) 16,407 (34.5) 11,001 (36.9) 5,405 (35.9) 4,482 (32.8)

Geographic location <0.001

Midwest, n (%) 2,110 (29.9) 15,092 (31.6) 15,825 (33.3) 10,475 (35.1) 5,551 (36.9) 5,237 (38.3)

South, n (%) 2,280 (32.3) 14,262 (29.9) 14,127 (29.7) 8,822 (29.6) 4,345 (28.9) 4,076 (29.8)

West, n (%) 1,400 (19.8) 9,802 (20.5) 9,694 (20.4) 5,700 (19.1) 2,706 (18.0) 2,250 (16.5)

Northeast, n (%) 451 (6.4) 3,122 (6.5) 3,156 (6.6) 2,130 (7.1) 1,132 (7.5) 1,025 (7.5)

Other, n (%) 826 (11.7) 5,490 (11.5) 4,785 (10.1) 2,691 (9.0) 1,308 (8.7) 1,070 (7.8)

Hospital discharge year 0.703

2014, n (%) 3,348 (47.4) 22,416 (46.9) 22,364 (47.0) 14,136 (47.4) 7,023 (46.7) 6,417 (47.0)

2015, n (%) 3,719 (52.6) 25,352 (53.1) 25,223 (53.0) 15,682 (52.6) 8,019 (53.3) 7,241 (53.0)

Length of stay, days 5.1 (2.8–8.9) 4.8 (2.5–8.3) 4.7 (2.5–8.1) 4.8 (2.6–8.2) 4.9 (2.6–8.7) 5.1 (2.8–9.2) <0.001

All-cause death, n (%) 1,016 (14.4) 4,830 (10.1) 4,007 (8.4) 2,329 (7.8) 1,248 (8.3) 1,138 (8.3) <0.001

Cardiovascular death, n (%) 289 (4.1) 1,641 (3.4) 1,654 (3.5) 1,008 (3.4) 523 (3.5) 450 (3.3) 0.040

Infectious-cause death, n (%) 385 (5.4) 1,560 (3.3) 1,112 (2.3) 627 (2.1) 311 (2.1) 313 (2.3) <0.001

Other-cause death, n (%) 342 (4.8) 1,629 (3.4) 1,241 (2.6) 694 (2.3) 414 (2.8) 375 (2.7) <0.001

Values are mean (standard deviation), median (inter-quartile range) or number (percentage). APACHE, acute physiology, age and chronic health evaluation. GCS, glasgow coma score.
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1.03–1.52) (Figure 2; Supplementary Table 4). These findings were 
reconfirmed by a cubic spline model with BMI as a continuous 
variable (Figure 4).

Obesity and specific disease-related 
mortality

Regarding fatal myocardial infarction and fatal ischaemic stroke, 
no significant association was found between BMI and disease-related 

death. A J-shaped association between BMI and fatal heart failure-
related death was observed, with a plateau at approximately a BMI of 
25 to 30 kg/m2. When BMI exceeded this plateau, the risk of heart 
failure-related death increased significantly. There was a reverse 
J-shaped relationship for sepsis-related death, with a low BMI 
associated with high mortality, whereas a high BMI was not. A strongly 
monotonic decreased risk for intracranial haemorrhage-related death 
with increasing BMI was detected, and this significant negative 
correlation dominated the association between BMI and all stroke 
deaths, including ischaemic and haemorrhagic stroke (Figure 5).

FIGURE 2

Multivariable adjusted odds ratios for all-cause and cause-specific mortality according to BMI on a categorical scale among (A) Overall population, 
(B) Men and (C) Women. Odds ratios and 95% confidence intervals were from multivariable adjusted logistic regression model.
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Sensitivity analysis

To evaluate the possible impact of reverse causality from severe 
illness, we  examined the association between BMI and risk of 
mortality by excluding deaths that occurred within the first 48 h of 
ICU entry. The overall odds ratio was similar, only slightly 

attenuated (Supplementary Figure 2; Supplementary Table 5). The 
results from complete case analyses that included only individuals 
with complete data on all covariates were consistent with those of 
the main analysis, and the findings were greatly similar for men and 
women separately (Supplementary Figure 3; Supplementary Table 6). 
Finally, the result from Kaplan–Meier survival analysis considering 

FIGURE 3

Multivariable adjusted odds ratios for all-cause mortality according to BMI on a continuous scale among (A) Overall population, (B) Men and 
(C) Women. Odds ratios (solid line) and 95% confidence intervals (dashed lines) were from cubic spline curves based on the generalized additive 
model. Arrows indicate BMI associated with the lowest mortality.

FIGURE 4

Multivariable adjusted odds ratios for cause-specific mortality according to BMI on a continuous scale among (A) Overall population, (B) Men and 
(C) Women. Odds ratios (solid line) and 95% confidence intervals (dashed lines) were from cubic spline curves based on the generalized additive 
model.
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mortality as a time-to-event variable with length of ICU stay as the 
timescale was also consistent with that of the primary analysis 
(Supplementary Figure 4).

Discussion

In a large multicentre ICU cohort, we found a striking U-shaped 
or reverse J-shaped association between BMI and all-cause and cause-
specific mortality among critically ill men and women, independent 
of obesity-related comorbidities and other potential confounding 
factors. Both underweight and normal weight individuals had a 
greater risk of death than their obese counterparts. These findings 
suggest that obesity exerts a protective effect on all-cause and cause-
specific mortality among men and women, consistent with the obesity 
paradox. However, this protective effect appears not to extend to 
individuals with severe obesity (class III obesity). The relationship 
between severe obesity and cardiovascular mortality diverged between 
men and women. The current results confirm that the obesity paradox 
remains apparent among critically ill patients, but it is not applicable 
to severely obese patients. There is a sex difference in the impact of 
severe obesity on cause-specific mortality. These findings provide 
more information for predicting disease prognosis and improving the 
quality of ICU management.

In the past 30 years, the prevalence of obesity and the burdens of 
obesity-related diseases have gradually increased globally. It is 
predicted that as the prevalence of obesity in the general population 
increases, the incidence of obesity among critically ill patients will also 
increase. A meta-analysis reported that approximately one-third of 
ICU patients were obese, and nearly 7% were morbidly obese (20). The 
high incidence of obesity in this study was consistent with previous 
results, with 36.3% of obese patients and 8.5% of severely obese 

patients. The association pattern of obesity and adverse outcomes has 
been investigated in some relatively small studies in the critical care 
field, with the obesity paradox existing in short-term and long-term 
all-cause mortality (23, 24). Akinnusi et  al. reported a U-shaped 
correlation between BMI and mortality, with worse survival among 
underweight (BMI <18.5 kg/m2) and morbidly obese (>40 kg/m2) 
patients (20). Oliveros et al. found a lower mortality among obese 
patients (BMI 30.0–39.9 kg/m2) but not among morbidly obese 
patients (BMI > 40 kg/m2) when using normal weight patients as a 
reference (25). In alignment with previous studies, this analysis 
showed that obese individuals had a better 30-day survival rate, 
although they had a higher incidence of clinical comorbidities, 
including hypertension, diabetes mellitus, heart failure and renal 
insufficiency, and the differences in these comorbidity patterns may 
be  the major confounding factors affecting the clinical prognosis. 
Underweight individuals had an approximately 1.7-fold increased 
risk, and normal weight individuals had a 1.2-fold increased risk of 
all-cause mortality compared to their class I  obese counterparts, 
which was noted among the overall population, among men and 
women. Among class III obese individuals, increased all-cause 
mortality was observed among men but not among women, resulting 
in a U-shaped association among the overall population and among 
men and a reverse J-shaped association among women. These findings 
support the existence of the obesity paradox, but the survival benefit 
does not extend to class III obese individuals, especially men. 
Furthermore, extremely close BMI inflection points for all-cause 
mortality were generated by the cubic spline curves, with 28.3 kg/m2 
for the whole population, 28.2 kg/m2 for males and 28.3 kg/m2 for 
females. There are several potential explanations for the obesity 
paradox. First, adipocytes positively regulate worsening inflammatory 
processes by secreting immunomodulatory substances such as leptin 
and interleukin-10, thereby improving survival during severe illness 

FIGURE 5

Multivariable adjusted odds ratios for specific disease related mortality according to BMI on a continuous scale. (A) Myocardial infarction, (B) Heart 
failure, (C) Sepsis, (D) Ischaemic stroke, (E) Intracranial hemorrhage and (F) Ischaemic and hemorrhagic stroke related mortality among the overall 
population. Odds ratios (solid line) and 95% confidence intervals (dashed lines) were from cubic spline curves based on the generalized additive model.
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(26). Second, high cholesterol and lipoprotein levels in obese 
individuals may provide the precursors for adrenal steroid hormone 
synthesis to combat lethal stress (27). Third, adipose tissue also affords 
important nutritional reserves for critically ill patients with highly 
catabolic status and negative energy balance (28). Fourth, underweight 
individuals are usually more vulnerable and have less positive 
responses to supportive therapy (29). Finally, disparities in medical 
care may also lead to survival differences. Due to subconsciously 
entrenched concerns about obesity, obese patients often receive earlier 
and more aggressive management and are assigned closer monitoring, 
higher care standards and a lower threshold for transfer to the 
ICU. Indeed, this analysis showed that obese patients had higher  
rates of mechanical ventilation usage, partly reflecting more 
aggressive interventions.

The association pattern between BMI and cardiovascular 
death was largely consistent with that of all-cause death, 
supporting the obesity paradox. Notably, an obviously increased 
cardiovascular mortality was found among class III obese men but 
not women. Sex hormones may play an important role in 
determining fat mass and distribution. Oestrogen increases fat 
deposition, while testosterone inhibits fat deposition, so men tend 
to have less fat mass than women (30). In addition, because 
oestrogen blocks the androgen effect by downregulating the 
androgen receptor, women tend to accumulate more subcutaneous 
fat but less visceral fat than men (31). Visceral fat appears to 
be the major pathogenic fat depot associated with cardiovascular 
and metabolic alterations. Its proinflammatory, prothrombotic 
and low-fibrinogen milieus have a negative impact on 
cardiovascular protection and metabolic regulation, while 
subcutaneous fat acts more as a metabolic reserve, helping other 
tissues defend against lipotoxicity (32). These mechanisms could 
partly explain our findings that extremely obese men still face an 
increased risk of cardiovascular death, while women may 
be  exempt due to the heterogeneity in adipose distribution. A 
recent study of a large cohort of women with coronary artery 
disease treated with drug-eluting stents also showed that the 
adjusted risk estimates for cardiovascular mortality among 
severely obese women were not statistically significant (33), which 
was in line with our findings. In addition, a cardiovascular 
magnetic resonance study explained this issue from an imaging 
perspective, that is, there was a sex-specific difference in left 
ventricular remodelling among obese subjects (34). Men 
predominantly exhibited concentric hypertrophy, while women 
presented a combination of eccentric and concentric hypertrophy. 
Concentric hypertrophy is proven to be more closely associated 
with cardiovascular mortality than eccentric hypertrophy.

The obesity paradox among patients with pneumonia and sepsis 
has been observed, despite evidence supporting that obesity impairs 
the immune response and increases susceptibility to infection (35). In 
this study, there was a consistent reverse J-shaped association between 
BMI and infectious disease mortality across the whole population, 
men and women. Only underweight and normal weight individuals 
had an increased risk, and when BMI exceeded 25 kg/m2, the risk of 
infectious disease death no longer increased but tended to decrease. 
The potential link between obesity and lower infectious disease 
mortality may be related to adipocytes positively regulating worsening 
inflammatory processes, high lipid levels neutralizing circulating 

endotoxin, and adipocytes providing adrenal steroid synthesis 
precursors and energy storage (26–28).

Other-cause deaths in this study included trauma, cancer, and 
uncommon disease-related deaths. Due to the relatively small number 
of events, separate analysis of a single disease could not be performed. 
Obesity had a protective effect on risk-adjusted mortality among 
individuals who died of noncardiovascular and noninfectious causes. 
However, this protective effect did not extend to severely obese 
individuals. Severely obese women remained at significantly increased 
risk of death compared with their mildly obese counterparts.

Previous studies have shown that obesity has a contradictory 
protective effect on heart failure (14, 15). However, it has also been 
suggested that the obesity paradox disappears after adjusting for 
B-type natriuretic peptide levels (36). We found that obesity was 
positively correlated with 30-day mortality among patients with 
acute heart failure. One possible explanation is that high BMI in the 
acute phase may be  due to fluid retention rather than fat 
accumulation, affecting short-term prognosis, while cardiac cachexia 
and tissue hypoperfusion may contribute to worse long-term 
prognosis. These findings indicate that obesity may have different 
impacts on short-term and long-term prognoses among patients 
with heart failure. A prior heart failure study also showed that high 
BMI had a protective effect on 1-year mortality but not on 30-day 
mortality (37). The monotonous negative correlation between BMI 
and intracranial haemorrhage-related death was in line with 
expectations. A prospective study among 1.3 million British women 
revealed a robust relationship between low BMI and haemorrhagic 
stroke-related death (38). The trend in sepsis-related death was 
consistent with that of infectious disease death, with sepsis-related 
deaths accounting for 79.3% (3,414 of 4,308) of infectious 
disease deaths.

The unequal presentation of the obesity paradox between sexes 
has been reported. Studies among patients with heart failure and 
cardiogenic shock showed that the obesity paradox occurred only 
among men and not among women (14, 39). Clark et al. found that 
both women and men with systolic heart failure were affected by 
the obesity paradox (15). Our study showed that the obesity 
paradox apparently existed among both men and women, which 
was identified by BMI as a categorical variable and a continuous 
variable. However, the impact of the obesity paradox did not extend 
to severely obese individuals, and there was a sex difference between 
extremely high BMI and cause-specific mortality. Severe obesity 
increased cardiovascular deaths among men and increased other-
cause deaths among women, leading to increased cardiovascular 
deaths and other-cause deaths among severely obese individuals in 
the overall population. According to these findings, we have several 
considerations. First, BMI may not be a perfect anthropometric 
indicator for characterizing obesity due to its inherent limitations 
in assessing body composition and fat distribution. Obese 
individuals may have increased lean mass or more favourable 
subcutaneous fat distribution than visceral fat distribution, and 
these clinical phenotypes may confuse the findings of the obesity 
paradox. However, there is no corresponding suspicion when BMI 
is considered a risk predictor for pathophysiological disorders. 
Therefore, the defects of evaluation indicators cannot completely 
deny the obesity paradox. The obesity paradox may indicate a lack 
of comprehension of the complex pathophysiological link between 

30

https://doi.org/10.3389/fnut.2023.1143404
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Li et al. 10.3389/fnut.2023.1143404

Frontiers in Nutrition 11 frontiersin.org

obesity and clinical outcomes, requiring further study. Second, 
reports on the obesity paradox have brought a confusing message 
to clinicians and policy-makers, leading to misguided healthy 
lifestyle management. However, given that obesity is a significant 
contributor to various pathophysiological dysfunctions and causes 
a substantial multimorbidity burden, the debate of the obesity 
paradox should not reduce efforts to control obesity while awaiting 
further evidence. Moreover, our study also showed that severe 
obesity led to worse survival. Third, the current results are generally 
consistent with and further extend previous reports on the obesity 
paradox in various clinical milieus. Although this paradox exists 
among both men and women, it cannot be extended to severely 
obese individuals. The increased cardiovascular death among 
severely obese men drove the increased all-cause mortality risk, 
while the increased other-cause death among severely obese women 
led to an upward trend of all-cause mortality risk. However, 
infectious deaths did not appear to be  involved. Therefore, in 
addition to focusing on the greater risk among underweight and 
normal weight patients, clinicians should pay special attention to 
the risk of cardiovascular death among severely obese men and 
other-cause death among severely obese women and manage 
potential complications and risk factors that may compromise 
survival. Finally, the association between BMI and disease-specific 
mortality underscores that the impact of obesity on mortality may 
be subdivided and cannot be simply summarized in terms of the 
obesity paradox. Developing more accurate and targeted predictors 
to provide precise and personalized assessments is needed for 
future research.

Strengths and limitations

This study included more than 160,000 ICU patients from a 
contemporary multicentre database. It was heterogeneous in terms 
of disease composition, ICU type and admission source, yielding a 
certain extrapolation validity for the study results. The model was 
extensively adjusted for confounding factors and had significant 
statistical power. Moreover, we extended the existing view of the 
obesity paradox and posited that it cannot be extended to severely 
obese individuals and that there was a sex difference in the impact 
of obesity on cause-specific mortality. Several limitations need to 
be considered. First, given that the retrospective design is inherently 
limited, we could not prove a causal relationship between obesity 
and mortality. Second, we broadly adjusted for confounding factors 
in multivariate analysis, including not only disease type and clinical 
comorbidities but also mechanical ventilation, dialysis, and 
vasoactive drug usage. Obesity leads to increased use and duration 
of mechanical ventilation, requires more frequent dialysis to achieve 
sufficient clearance, and affects the titration of vasoactive drugs, 
which may have an impact on mortality. However, obesity may be a 
net result of complex interactions between genetic, behavioural and 
environmental factors. Residual confounding factors, including 
dietary habits, smoking history, alcohol consumption, physical 
activity, income and socioeconomic status, may be involved, which 
were not extracted from the database. Third, we did not have any 
information about abdominal obesity or adipose distribution, such 
as waist circumference and waist-hip ratio, which may have an 

additional impact on the outcomes. Fourth, the subset of severely 
obese individuals was relatively small in number, which may have 
limited the statistical power of this group. Fifth, this study has a 
large heterogeneity in ethnic composition, and the majority of the 
cohort is Caucasians, accounting for 77% of the total population, 
which limits the extrapolation of the current results to other ethnic 
populations. Finally, given the regional differences in the definition 
of obesity based on BMI, a large proportion of individuals from the 
United States and European countries may restrict the extrapolation 
of these findings.

Conclusion

With the rapid development of the global economy and the 
general improvement of living standards, obesity is likely to become 
an increasingly prominent concern in the ICU. Our study provides 
new evidence on the obesity paradox, which is a well-known 
phenomenon in a variety of disease entities and is still evident among 
critically ill patients. Although the protective effect of obesity on 
all-cause and cause-specific mortality is largely consistent among men 
and women, this effect cannot be  extended to severely obese 
individuals. Special attention needs to be paid to cardiovascular death 
risk among severely obese men and other-cause death risk among 
severely obese women.
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Compliance with a high-protein 
and energy-dense oral nutritional 
supplement in patients with 
disease-related malnutrition: a 
randomized open-label crossover 
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Introduction: Patient compliance with oral nutritional supplements (ONS) is not 
optimal for meeting energy and nutritional requirements in a high proportion of 
patients with disease-related malnutrition (DRM). Energy density or prescribed 
volume of ONS may impact compliance.

Methods: A randomized, open-label crossover trial was conducted in outpatients 
with DRM to compare compliance with a high energy-dense ONS (edONS, 
2.4 kcal/mL) and a reference ONS (heONS, 2.0 kcal/mL; NCT05609006). Patients 
were randomly assigned to two 8-week treatment sequences of four-weeks 
periods: edONS + heONS (sequence A) or heONS + edONS (sequence B). 
Patients daily reported the amount of product left over gastrointestinal tolerance 
and satisfaction with ONS. A non-inferiority analysis was performed to compare 
the compliance rate (percentage of consumed energy over the prescribed) for 
each period and sequence.

Results: Fifty-three patients were assigned to sequence A and 50 to sequence 
B (55.7 ± 13.9 years, 37.0% female, 67.1% oncology patients). In sequence A, the 
compliance rates were 88.6% ± 14.3% vs. 84.1 ± 21.8% (p = 0.183), while in sequence 
B, they were 78.9% ± 23.8% vs. 84.4% ± 21.4% (p < 0.01). In both sequences, the 
lower range of the confidence interval for compliance with edONS was greater 
than the non-inferiority threshold (for sequence A ΔComp

A was 4.5% [95% CI, −2.0% 
to 10.0%], and for sequence, B ΔComp

B was 5.6% [95% CI, −3.0% to 14.0%]). The 
total discarded cost for each ONS was higher for heONS than edONS, being 
the difference statistically significant in sequence B. BMI increased slightly and 
not significantly in both sequences, and the percentage of patients with severe 
malnutrition was reduced. The frequency of gastrointestinal symptoms was low 
for both sequences, and satisfaction with ONS was slightly higher for edONS.
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Conclusion: Our findings highlight that edONS was non-inferior to heONS in 
terms of consumed energy over the prescribed, with a lower amount of edONS 
discarded, which suggests a higher efficiency of edONS.

KEYWORDS

oral nutritional supplement, energy density, compliance, cost, nutritional status, 
gastrointestinal tolerance

1. Introduction

The primary cause of malnutrition in developed countries is 
disease (1). Disease-related malnutrition (DRM) is a prevalent 
condition, ranging between 20 and 50% in the hospital setting (2–4), 
and a major health public problem with high costs associated (4, 5). 
DRM can be triggered by a disease-specific inflammatory response as 
in cancer or major surgical procedures or linked to non-inflammatory 
etiologic mechanisms such as intestinal disorders (6, 7).

Increased daily nutritional needs (8), decreased intake and 
inadequate absorption of nutrients can result in a loss of weight and 
muscle mass. Malnutrition leads to a poor prognosis and treatment 
outcome (longer hospital stay, readmissions, infections, increased risk 
of chemotherapy-induced toxicity, postoperative complications and 
mortality), reduced functional status and health-related quality of life 
(2, 3, 9).

Clinical guidelines recommend performing nutritional assessment 
in all patients identified as at risk of malnutrition. For them, a 
personalized nutritional care plan should be established (6, 10). In 
order to meet the energy and protein requirements, this plan can 
include dietary advice, the treatment of symptoms impairing food 
intake, and offering oral nutritional supplements (ONS) (10). ONS 
have been shown to be effective in the treatment of DRM. However, 
compliance with intake is an important aspect to consider in order to 
achieve nutritional treatment goals and reduce the amount of product 
waste (11).

Although evidence has shown that, in general, adherence to ONS 
is adequate, there is a high proportion of patients in whom compliance 
is not optimal for meeting energy and nutritional requirements (11). 
Product-related factors such as energy density or prescribed volume 
should be taken into account in nutritional management as they may 
have an impact on compliance. Although a previous study suggests 
that consumption of energy-dense ONS (2.4 kcal/mL) results in a 
higher total energy and protein intake than the use of standard 
hypercaloric ONS (1.5–2.0 kcal/mL) (12), this study included a small 
sample of patients with a short follow-up of compliance, therefore 
more evidence is needed.

Currently, different hypercaloric ONS are available in Spain as 
nutritional support in DRM; however, only those with an energy 
density of no more than 2.1 kcal/ml are funded by the Spanish 
Health System (13). Evidence on the use of supplements with a 
higher energy density than currently funded is needed, so this 
pragmatic trial was carried out to compare compliance with two 
ONS, one with a high energy density (2.4 kcal/mL) and another 
hypercaloric one used as a reference (2.0 kcal/mL), in patients with 
DRM in different clinical situations. We  hypothesized that 
compliance with high energy density ONS would be  at least 

non-inferior to compliance with lower energy density ONS, with 
less product waste in the former.

2. Materials and methods

2.1. Study design and participants

This is a randomized, open-label crossover trial conducted in two 
Spanish tertiary hospitals in outpatients with DRM who required 
ONS. The protocol was approved by the Provincial Ethics Committee 
of Málaga (protocol code: NUT-ADHR-2.4; date of approval: 
03/05/2019), and written informed consent was obtained from the 
patients. The protocol for this study was registered in ClinicalTrials.
gov (NCT05609006).

The study included two 8-week sequences during which 
compliance with an energy-dense ONS (edONS; Fortimel Compact 
Protein®; Nutricia, Danone, Madrid, Spain; 2.4 kcal/mL) was 
compared with a high-energy ONS as a control/reference (heONS, 
Fortimel Extra®; Nutricia, Danone, Madrid, Spain; 2.0 kcal/mL), each 
for a period of 4 weeks in random order. The nutritional composition 
of both products is shown in Supplementary Table 1. Patients were 
randomly assigned to study sequences: edONS + heONS (sequence 
A) or heONS + edONS (sequence B). Since the nutritional status of 
the patient could be affected in case of temporary interruption, and 
because the carryover effect was not considered to have an impact on 
the measure of compliance, a washout period was not programmed 
between study periods.

Patients were eligible for inclusion in the trial if they were 18 years 
of age or older, presented with malnutrition or suspected malnutrition 
according to the Subjective Global Assessment (SGA categories B and 
C), had a high energy requirement and therefore needed the intake of 
two bottles/day of an ONS (≥2 kcal/mL) for a minimum period of 
8 weeks. They were included if they were in any of the following 
situations: oncological patients who did not undergo surgery during 
the month prior to inclusion, including head and neck, esophagus, 
stomach, pancreas, or colon cancer; surgical patients who underwent 
surgery less than 1 month, including all types of surgical processes; 
and other non-surgical patients diagnosed with benign esophageal 
stricture, chronic radiation enteritis, and non-oncological 
maxillofacial lesions, cystic fibrosis, human immunodeficiency virus 
(HIV), malabsorption syndrome, ulcerative colitis, Crohn’s disease, 
fistula, intestinal pseudo-obstruction, chronic obstructive pulmonary 
disease (COPD), congestive heart failure (CHF), or who were 
scheduled to major surgery or transplantation within a period of no 
less than 2 months until inclusion. Except for surgical patients, and 
according to the site’s standard procedures, patients with other 
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conditions should not have received a supplement during the month 
prior to inclusion. All included patients voluntarily agreed to 
participate in the study and give their signed consent for participation.

Patients were excluded if they suffered from chronic kidney 
disease or diabetes mellitus, required enteral tube feeding or parenteral 
nutrition, had any allergy or intolerance to the components of the 
study products, or had a scheduled surgery during the study period. 
Based on the physician’s opinion, patients were also excluded if they 
were unable to adhere to the protocol instructions, including lack of 
ability of the patient/caregiver to make use of the patient-directed 
study electronic case report form, and unable to complete the 8 weeks 
of study follow-up.

2.2. Procedures

Eligible patients were allocated in a 1:1 ratio to sequence A or 
B. Randomization was performed by a centralized computer-
generated randomization service (sealed envelope™). To balance 
factors that could affect study outcomes, patients were stratified with 
a permuted block randomization method of blocks of size four 
according to their age (≤65 or >65 years) and their clinical condition 
(oncological, surgical or others).

After the allocation, patients were instructed to consume 2 bottles/
day (morning and afternoon) of edONS (sequence A) or heONS 
(sequence B) for 4 weeks at home. In order to reduce taste fatigue, 
patients received ONS with two different flavors (strawberry and 
vanilla). In week 4, patients came to the hospital for nutritional 
assessment and were prescribed 2 bottles/day of the other product for 
a further 4 weeks. After 8 weeks, they came to the hospital for 
nutritional assessment. They could continue medical nutrition therapy 
as per standard practice if needed. Whenever possible the visits were 
face-to-face for the collection of the patient’s weight. However, due to 
pandemic restrictions, some patients were unable to come to the 
center and reported the weight obtained on home or community 
pharmacy scales.

2.3. Data collection

Sociodemographic (age and gender) and clinical data (main 
diagnosis, body mass index [BMI], nutritional status according to 
Subjective Global Assessment [SGA], and functional status according 
to Barthel Index for Activities of Daily Living) were collected by the 
investigators at the time of the inclusion (baseline visit) using an 
electronic case report form (eCRF). Two follow-up visits were 
established in weeks 4 (visit 1) and 8 (visit 2) to collect nutritional and 
functional status.

Patients daily collected the amount of product left over from the 
two intakes (morning and afternoon), through a patient’s electronic 
form sent to their smartphones (Supplementary Figure 1). To indicate 
the correct amount, patients were provided with a measuring cup to 
pour the leftover product to facilitate the completion of the form. In 
addition, to verify the amount indicated, patients were asked to 
photograph the measuring cup whenever possible and to record the 
picture together with the form.

Moreover, patients weekly collected information regarding 
gastrointestinal tolerance using the patient’s electronic form. To 

minimize a possible carryover effect between periods, gastrointestinal 
tolerance was registered by the patient on weeks 2, 3, and 4 of 
each period.

Lastly, patients’ satisfaction with the ONS was collected by the 
same method at the end of each period.

2.4. Outcomes

The primary outcome was the compliance rate (%) for each period 
defined as the percentage of consumed energy over the prescribed. 
From the daily amount left over and the amount consumed, the 
number of kcal consumed vs. prescribed kcals were estimated to 
obtain the compliance rate.

Secondary outcomes included changes in nutritional and 
functional status according SGA categories and Barthel Index, 
respectively. Other outcomes were gastrointestinal tolerance and 
satisfaction with ONS. Tolerance was measured using a numeric rate 
scale (NRS) of the frequency of symptoms (0, not at all; 10, very 
frequently) for the last 7 days such as nausea, vomiting, diarrhea, 
constipation, acid reflux, abdominal pain, bloated belly, stomach pain, 
flatulence, and satiety.

Satisfaction with the ONS taste, satiety, ease of completing the 
intake, and overall satisfaction were measured using an NRS of the 
level of satisfaction (0, very dissatisfied; 10, very satisfied). The mean 
score given by patients in both sequences to each ONS was estimated, 
regardless of the period.

2.5. Sample size predetermination

The primary analysis was designed to test whether compliance 
with edONS was non-inferior to heONS. Non-inferiority would 
be shown if the lower limit of the 95% confidence interval (CI) for the 
between-periods difference in the primary outcome was more than 
−5% (i.e., the difference between compliance with edONS and heONS 
for each sequence). This estimation is equivalent to one-sided 
noninferiority testing with an alpha of 0.05. Our original intention was 
to enroll 40 patients per sequence, which given a standard deviation 
of 15, would have provided 80% of power at an alpha level of 0.05, 
assuming 20% for possible dropouts.

However, enrollment proved much slower than expected due to 
the pandemic, and although the estimated sample was reached, drop-
outs from the study were more frequent than expected. Thus, 
recruiting was stopped after at least 31 patients had been included into 
each sequence to be analyzed. This smaller sample reduced the power 
to test non-inferiority to 78%.

2.6. Statistical analysis

Using an intention-to-treat approach, we performed the primary 
analysis including all the patients who had undergone randomization 
and received ONS for at least 1 week in each period. For each 
sequence, the mean compliance with ONS was determined in both 
periods and the difference was calculated (Figure 1).

First, continuous variables were tested for normality using the 
Shapiro–Wilk test evidencing non-normality. As they are paired 
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samples, compliance between periods was compared using Wilcoxon 
signed-rank test. Compliance between arms for first and second 
period was compared using Kruskal-Wallis test. Non-inferiority of 
edONS was calculated based on the mean difference of compliance 
and its CI for each sequence (ΔComp

A and ΔComp
B), to test the lower limit 

of the 95% CI was greater than the non-inferiority limit established 
(−δ = −5%).

Additionally, a cost analysis was performed to estimate the cost of 
product discarded in each period per sequence by multiplying the average 
energy (kcal) of ONS not consumed by the cost per kcal (€, Spain; see 
Table 1). Wilcoxon signed-rank test was used to determine whether there 
were significant differences between periods in each arm.

All statistical analyses were performed using the software STATA 
v.14 (Stata Corp, College Station, TX, United States).

3. Results

3.1. Study participants and baseline 
characteristics

From July 2019 to December 2021, a total 234 patients were 
screened across the two hospitals, and 103 were randomized (Figure 2) 
being 53 patients assigned to sequence A and 50 to sequence B.

The baseline characteristics of the patients are summarized in 
Table 2. The mean age was 55.7 ± 13.9 years, 37.0% were female, most 
of them being oncology patients (67.1%).

3.2. Compliance with ONS

Patients in sequence A recorded compliance with edONS and 
heONS a mean of 27.5 ± 1.6 and 25.1 ± 5.5 days, respectively. In this 
sequence, no significant differences in the compliance rate between 
periods were found (88.6% ± 14.3% vs. 84.1% ± 21.8%; p = 0.183; 
Figure 3).

Mean energy intake with edONS and heONS in sequence A was 
532 and 634 kcal/day, respectively.

On the other hand, in sequence B, patients recorded compliance 
with heONS and edONS a mean of 27.3 ± 2.1 and 27.4 ± 2.5 days, 
respectively, showing significant differences in the compliance rate 
between periods (78.9% ± 23.8% vs. 84.4% ± 21.4%; p < 0.01; Figure 3). 
Mean energy intake with heONS and edONS in sequence B was 676 
and 507 kcal/day, respectively.

Comparing the compliance with the first ONS received in each 
sequence, i.e., up to week 4 of treatment (period 1), the mean 
compliance with edONS was significantly higher than with heONS 
(88.6% ± 14.3% vs. 78.9% ± 23.8%; p = 0.0687).

According with the non-inferiority analysis, in both sequences A 
and B, the lower range of the CI for compliance with the edONS was 
greater than the non-inferiority threshold, so it can be established that 
the edONS was non-inferior to the heONS (Figure 4). For sequence 
A, the ΔComp

A was 4.5% (95% CI, −2.0% to 10.0%), and for sequence 
B, the ΔComp

B was 5.6% (95% CI, −3.0% to 14.0%).

3.3. Nutritional and functional evolution

BMI remained stable throughout follow-up within each sequence, 
increasing slightly from baseline to the final visit (Figure 5), although 
not significantly.

At 4 and 8 weeks, the percentage of patients with severe malnutrition 
according to SGA was reduced (Figure 6). However, there was little 
change in functional dependency status, with a slight increase in the 
moderate-highly dependent patients in sequence A at 8 weeks, from 6 
patients (14.3%) at the baseline to 8 patients (19.2%) at visit 2.

3.4. Gastrointestinal tolerance and 
satisfaction

Overall, patients in both sequences perceived the frequency of 
occurrence of gastrointestinal symptoms to be  low, being slightly 
higher in sequence B, mainly in symptoms such as abdominal pain 
and flatulence, but similar between the two periods within each 
sequence (Supplementary Table 2). Patients were more satiated with 
heONS in both sequences, with a greater numerical difference in the 

FIGURE 1

Study outcomes.

TABLE 1 Cost of each product per bottle, volume, and kcal.

edONS heONS

Volume per bottle (mL) 125 mL 200 mL

Energy per bottle (kcal) 300 kcal 402 kcal

Cost per bottle 1.75 € 1.99 €

Cost per ml 0.014 € 0.010 €

Cost per Kcal 0.0058 € 0.0050 €

Unit costs as provided by Nutricia, Danone, Madrid, Spain.
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first period between sequences (Supplementary Figure 2). The mean 
scores on the satisfaction questions show a no statistically significant 
but slightly higher satisfaction obtained for the edONS in terms of 
taste, satiety, ease of finishing the supplement and overall satisfaction 
(Supplementary Figure 3).

3.5. Cost analysis

The mean ± SD total discarded cost for each sequence was: for 
sequence A, €10.78 ± 13.49  in the first period (edONS) and 
€15.20 ± 22.72  in the second period (heONS), with no statistically 
significant difference in discarded cost between periods of 
-€4.43 ± 19.20 (p = 0.1768); for sequence B, the discarded cost was 
€23.28 ± 26.48 in the first period (heONS) and €14.60 ± 20.56 in the 
second period (edONS), with a statistically significant difference in 
discarded cost between periods of -€8.68 ± 24.05 (p = 0.0431).

4. Discussion

This is the first randomized trial comparing the compliance with 
a low-volume energy-dense ONS of 2.4 kcal/mL and other standard-
volume high-energy ONS of 2.0 kcal/mL conducted in malnourished 
or at risk of malnutrition patients in Spain.

Unlike in other countries, there is no funding by the Spanish 
Health System for ONS with a higher density of 2.1 kcal/mL, so the 
results of our study could be of particular interest both to the scientific 
community in general and to our health system in particular.

This study shows a high compliance with both ONS in the 
community setting, although slightly lower than that observed with 
energy-dense ONS as reported in previous studies (11).

Our findings highlighted that compliance with edONS was 
non-inferior to heONS, which confirms our research hypothesis. As this 
was a crossover trial, the patient was his or her own control, and 
although there were no statistically significant differences in compliance 
between ONS in sequence A, they were found in sequence B. These 
differences could be a consequence of intake fatigue. Even though intake 
fatigue may be  associated with taste fatigue (14), our population 
received ONS with two different flavors to combine as preferred by the 
patient. Therefore, in our study it could be  due to the prolonged 
consumption of the highest volume ONS during the first period of 
sequence B. It suggests that starting nutritional treatment with a 
low-volume ONS could reduce intake fatigue throughout the treatment 
period. Future studies should be carried out to test this hypothesis.

A previous study comparing low-volume high-energy ONS 
(2.4 kcal/mL) and a standard ONS (between 1.5–2.0 kcal/mL) in older 
people at risk of malnutrition showed a significantly higher 
compliance with the first one (12). Firstly, patients received the 
standard ONS in addition to their diet for 3 days, achieving an overall 
mean percentage of compliance of 77%, and then they received the 
low-volume high-energy ONS for 4 days, with a compliance of 91%. 
Although this study involved a short period of time, the results are in 
line with those found in the sequence B of our research (79% vs. 84%). 
Another study investigating the effects of energy-dense ONS vs. 
standard ONS of 1.5 kcal/mL in pediatric population, showed similar 
results with a greater proportion of patients with high compliance in 
the group receiving the energy-dense ONS (15). The authors attribute 

FIGURE 2

Flow diagram of the participants’ allocation.
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this to the good acceptability, and higher energy and nutrient density 
of the formula in a smaller volume.

Other studies have shown that volume and energy density could 
affect to nutritional intake, suggesting that small volume and energy-
dense ONS may be an effective treatment for optimizing nutritional 
outcomes (11, 16). Our findings indicate that both ONS provide an 
acceptable daily caloric intake of more than 500 kcal/day. In fact, the 
nutritional outcomes in both sequences were similar, with a reduction 
in the proportion of patients with severe malnutrition at the end of the 
two follow-up periods. Although no significant differences in weight 
were found between baseline and final visit, it is important to note that 
many of the patients included in the study were oncology patients, and 
in this population, weight maintenance could be already a goal of 
nutritional treatment. Nevertheless, in the periods when patients took 
the more energy-dense ONS (2.4 kcal/mL), there was a tendency for 
BMI to increase, which was not the case with the ONS 2.0 kcal/mL.

As the amount of product discarded vs. prescribed was higher with 
heONS, this had a direct impact on cost, with the cost of discarded 
product being higher in this case, suggesting that edONS is more 
efficient, providing adequate caloric intake with a lower amount of 
product discarded because of higher compliance. This becomes even 
more important considering that many of the nutritional treatments are 
chronic, and therefore the funding and reimbursement of these ONS 
would represent a considerable saving for the national health system.

Additionally, both ONS showed adequate gastrointestinal tolerance 
in our study population. Within each sequence, the frequency of 
symptoms was similar between periods being low in all of them. It may 
indicate that in those patients with a higher frequency of symptoms, it 
may be associated with the main diagnosis. Moreover, satisfaction with 

FIGURE 3

Compliance with the ONS in each study sequence.

Patient 
characteristics

Sequence 
A (N = 42)

Sequence B 
(N = 31)

p

Independency (score 100) 35 (83.3) 26 (83.9)

0.809

Low dependency (score 91–99) 1 (2.4) 2 (6.5)

Moderate dependency (score 

61–90)
6 (14.3) 3 (9.7)

Severe dependency (score 

21–60)
- -

Total dependency (score ≤ 20) - -

BMI, body mass index; COPD, chronic obstructive pulmonary disease; HIV, human 
immunodeficiency virus; SGA, subjective global assessment.

TABLE 2 (Continued)TABLE 2 Key demographic and clinical characteristics of the study 
population.

Patient 
characteristics

Sequence 
A (N = 42)

Sequence B 
(N = 31)

p

Age—year, mean ± SD 56.2 ± 13.1 55.1 ± 15.1 0.7208

Sex, n (%)

Male 25 (59.5) 21 (67.7)
0.472

Female 17 (40.5) 10 (32.3)

Clinical condition, n (%)

Oncological patient 27 (64.3) 22 (71.0)

0.569
6 (14.3) 2 (6.5)

Surgical patient
9 (21.4) 7 (22.6)

Other patients

Main diagnoses, n (%)

Head and neck cancer 9 (21.4) 6 (19.4)

--

Colorectal cancer 8 (19.0) 1 (3.2)

Crohn Disease 5 (11.9) 2 (6.5)

Stomach cancer 3 (7.1) 3 (9.7)

Pancreatic cancer 3 (7.1) 1 (3.2)

Lung cancer 1 (2.4) 3 (9.7)

Breast cancer 2 (4.8) 1 (3.2)

Skin cancer 1 (2.4) 2 (6.5)

COPD 1 (2.4) 2 (6.5)

Cervical cancer 1 (2.4) 1 (3.2)

Malabsorption syndrome 1 (2.4) 1 (3.2)

Cystic fibrosis 1 (2.4) 1 (3.2)

Germ cancer 1 (2.4) 1 (3.2)

HIV 1 (2.4) 1 (3.2)

Liver cancer 2 (4.8) -

Brain tumor - 2 (6.5)

Esophageal cancer 1 (2.4) -

Chronic lymphocytic leukemia 1 (2.4) -

Pancreatic insufficiency - 1 (3.2)

Bile duct cancer - 1 (3.2)

Rectal cancer - 1 (3.2)

BMI, mean ± SD 22.1 (3.5) 21.9 (4.1) 0.444

Classification according to BMI, n (%)

Low weight (BMI < 18,5) 8 (19.0) 7 (22.6)

--

Normal weight 

(18.5 < BMI < 25)
27 (64.3) 18 (58.1)

Overweight (25 < BMI < 30) 6 (14.3) 4 (12.9)

Obesity (BMI ≥ 30) 1 (2.4) 2 (6.5)

Nutritional status according to SGA, n (%)

Suspected malnutrition/

moderate malnutrition (cat. B)
20 (47.6) 16 (51.6)

0.78

Severe malnutrition (Cat. C) 22 (52.4) 15 (48.4)

Functional status according Barthel index, n (%)

(Continued)
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both ONS was similar. Satiety with edONS was slightly lower than 
heONS, and the former was more ease to finish than the latter.

The study has several strengths. One of the main strengths is the 
multicentre and pragmatic character of the study, including patients 
from two centers belonging to different geographical areas in Spain, 
who required ONS as established in the usual clinical practice. On the 
other hand, the study was not restricted to patients with a single clinical 
situation (oncological, surgical and other non-surgical patients), which 
allows for the extension of the results to different pathologies.

Some study limitations need to be acknowledged. Firstly, the 
study was conducted throughout 2020, when the COVID-19 
pandemic occurred, which influenced patient enrollment and 
resulted in not reaching the preliminary expected sample, but 
fortunately the results could be confirmed with significant statistical 
power. Secondly, both products not only differed on energy density 
but in volume too, which could make an influence on the comparison 
of them. On the one hand, due to the difference in volume of the two 
study ONS bottles, blinding to the interventions was not possible. 
On the other hand, each provided a different caloric intake, so it 
would be expected that their nutritional effects would be different, 
with a greater contribution from heONS. However, an intake of at 
least 500 kcal per day from each was considered adequate. Lastly, for 
the analysis of nutritional status, only BMI and nutritional 
assessment by SGA were taken into account. BMI may not reflect 
early changes in body composition with sufficient sensitivity, 
whereas results of SGA could be  difficult to interpret in case of 

normal weight and obese patients (17). In addition, due to pandemic 
restrictions, at some visits several patients were weighed on different 
weighing scales which could lead to variations, albeit minimal, 
inpatient weight unrelated to nutritional intake. Future studies 
should include other nutritional measures or parameters to detect 
both changes in body composition and functionality.

5. Conclusion

Our findings highlight that the edONS was non-inferior to the 
heONS in terms of compliance defined as consumed energy over the 
prescribed, but with a lower amount of edONS discarded, which 
suggests a higher efficiency with the use of energy-dense ONS. EdONS 
may be a good alternative to other higher volume hyperprotein and 
hypercaloric formulas, which can help improve patient compliance 
while maintaining the nutritional status of patients malnourished or 
at risk of malnutrition.

Data availability statement

The data presented in this study are available on reasonable 
request from the corresponding authors.

FIGURE 4

Difference in the compliance rate between periods for study sequences.

FIGURE 5

Evolution of the mean BMI from baseline visit over the course of the 
study.

FIGURE 6

Evolution of the nutritional status according to SGA from baseline 
visit over the course of the study.
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Background:Malnutrition in hospitalized patients is becoming a priority during the

patient care process due to its implications for worsening health outcomes. It can

be the result of numerous social factors beyond clinical ones. This study aimed to

evaluate the link between these various risk factors considered social determinants

of health, food security levels, andmalnutrition and to identify potential predictors.

Methods: A cross-sectional observational study was conducted on a random

sample of adult patients in five di�erent hospitals in Lebanon. Malnutrition was

assessed using the Global Leadership Initiative on Malnutrition (GLIM) criteria.

Patients were interviewed to collect social and economic characteristics and were

categorized into four criteria: (1) area of residence (urbanization level), (2) level of

education, (3) employment status, and (4) source of health coverage. The food

security level was screened by a validated two-question tool, adapted from the

US Department of Agriculture Household Food Security Survey, targeting both

quantity and quality.

Results: In a random sample of 343 patients, the prevalence of malnutrition

according to the GLIM criteria was 35.6%. Patients with low levels of food

security, mainly low quality of food, had higher odds of being malnourished (OR

= 2.93). Unemployed or retired patients and those who have only completed

only elementary school had higher odds of being diagnosed with malnutrition as

compared to those who were employed or had university degrees, respectively

(OR = 4.11 and OR = 2.33, respectively). Employment status, education level,

and type of health coverage were identified as predictors of malnutrition in the

multiple regressionmodel. Household location (urban vs. rural) was not associated

with malnutrition.

Conclusion: The social determinants of health identified in our study, mainly the

level of education and income level, in addition to food security, were identified

as predictors of malnutrition in hospitalized patients. These findings should guide

healthcare professionals and national policies to adopt a broader perspective in

targeting malnutrition by including social determinants in their nutrition care.

KEYWORDS

social determinants, food security, hospital malnutrition, Global Leadership Initiative on

Malnutrition GLIM, prevalence, health coverage, Right to Health
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1. Introduction

Malnutrition in hospitalized patients has been associated with
an increasing rate of complications and worsening outcomes (1).
Malnutrition impairs many physiologic functions of the body,
impairing the immune system, delaying wound healing, and
leading to loss ofmusclemass and strength (2).Major consequences
resulting from these implications include increased morbidity,
increased length of stay, nosocomial infections, and hospital
readmission (1, 3). Patients diagnosed with malnutrition have in
addition 5-fold higher mortality rate than patients with normal
nutrition status (4). Malnutrition among hospitalized patients
is typically categorized as disease-related malnutrition, as it is
assumed to be mainly caused by the patient’s clinical condition and
the inflammatory process associated with their current illness (5–7).

However, malnutrition in hospitals may also arise from a
combination of factors that extend beyond clinical factors, as
observed in community settings (8, 9). An analysis of data
from the Healthcare Cost and Utilization Project (HCUP) in the
United States revealed a correlation between patients’ income
levels and their nutritional status upon admission to the hospital,
with a higher incidence of malnutrition diagnosed in patients
below the 50th percentile of income (10). These results highlight
that a person’s socioeconomic status can significantly affect their
health, including their nutritional wellbeing (11). The World
Health Organization (WHO) has long established that various
factors, such as education level, employment, and urbanization,
in addition to income, play a role in shaping population health
via different mechanisms and have been categorized as social
determinants of health (12, 13). However, studies on the impact
of these determinants on nutritional status have been scarce and
focused only on the growth of children (14, 15). More specifically,
the influence of these determinants on the nutritional status
of adult hospitalized patients has not been accounted for in
previous studies.

Food security, another significant social determinant, has also
an impact on both the quantity and quality of food intake affecting,
as a result, the nutritional status of the hospitalized patient
(16). Decreased food intake caused by insufficient food quantity
is a primary contributor to weight loss, while inadequate food
quality leads to reduced intake of essential nutrients and impacts
nutritional status in patients (2). Although studies on food security
have mainly examined the association between poor nutrient-
dense foods and obesity, there is still limited evidence linking
food security with malnutrition in healthcare settings, particularly
among adults (17). Data mainly focus on growth decline in
children, and research on adults in healthcare settings is scarce (16).

The social determinants of health along with food security are
taken into consideration as part of the Right to Health, which
dictates their availability and equitable accessibility (18). The Right
to Health is recognized as a fundamental part of Human Rights in
all international treaties (11). The essential elements of the Right
to Health under the Human Rights approach ensure that all people
have equal access to the underlying determinants of good health
(18). Understanding the relationship between social and economic
factors with the risk of malnutrition in hospitalized patients adds
an important perspective of strategies targeting the patient’s Right
to Health (19).

Lebanon is a small country in the Middle East Region that
is divided into five main districts with an estimated population
of 6,847,712 and 144 hospitals comprising 11,742 beds (20, 21).
Studies on the prevalence of malnutrition in hospitalized patients
have been modest with a small study reporting a rate of 37.4%
in one hospital (22). The country has recently witnessed a severe
financial crisis. According to the World Bank, a drop of 36.5%
in gross domestic product per capita has reclassified the country
as a lower-middle-income country instead of an upper-middle-
income country (21). These drastic changes have directly affected
employment status impacting household incomes and therefore
food security and the extent of healthcare coverage. The aim of
this study was to assess the association between indicators of social
determinants of health and food security with malnutrition in adult
hospitalized patients. We also aimed to determine whether any
of these factors are potential predictors of nutritional status. The
results of this study would suggest taking a social perspective when
identifying malnutrition in hospitalized patients and providing
guidance for national policies on including malnutrition in
hospitalized patients under the Right to Health framework.

2. Materials and methods

2.1. Study population

Patients were enrolled as a part of a cross-sectional,
observational, andmulticenter study intended to assess the national
prevalence of malnutrition fromMay to October 2021. They signed
an informed consent form after being introduced to the aim and
process of the study. A total of five hospitals, one hospital from
each of the five districts of Lebanon, were selected by convenience
sampling. All adult patients, men and women aged 18 years and
above, admitted to the different wards of the hospitals during the
period of data collection were recruited within 48 h of admission.
Patients with dementia or other cognitive impairment were also
included, and the caregivers were approached to sign the consent
form and fill the part of the questionnaire. Exclusion criteria
included the following wards: gynecology, intensive care unit,
psychiatry, and short stay of <48 h because of the inability of
conducting questionnaires.

2.2. Data collection and social determinants

The patient’s basic characteristics, including age, gender,
marital status, and admission diagnosis, were recorded. The
World Health Organization and Office of Disease Prevention
and Health Promotion identify various indicators as integral to
social determinants of health impacting directly health outcomes
in their Healthy Report 2030 (13, 23). Four of these indicators
were considered, and patients were interviewed accordingly: (1)
area of residence (urbanization level), (2) level of education,
(3) employment status, and (4) source of health coverage
(11, 12). The source of health coverage that applies to the
country context includes National Social Security Fund (NSSF),
private insurance, and financial aid from governmental and non-
governmental organizations.
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2.3. Food security

The level of food insecurity was screened using a simplified
tool based on two questions adapted from the 2000 United States
Department of Agriculture Report on Food Security Measurement
Project (24). It was demonstrated that a two-item screening tool
has high sensitivity and specificity and is a practical tool for
use in surveys conducted in healthcare settings (25–27). The two
questions (Q1 and Q4) from the Food Security Scale were selected
to focus on the patient’s perception of food availability in the
household. The first question was “Which of these statements best
describes the food eaten in the household in the last 12 months?”
The response categories were as follows:

(1) enough of the kinds of food we want to eat
(2) enough but not always the kinds of food we want
(3) sometimes not enough to eat
(4) often not enough to eat.

The second question was “Which of these statements best
describes the quality of food eaten in the household in the last 12
months?” The response categories were determined based on the
patient’s description of the number of food groups they consume as
follows (24):

(1) very good
(2) good
(3) average
(4) poor.

2.4. Nutritional status

The Global Leadership Initiative on Malnutrition (GLIM) was
used to diagnose malnutrition and its severity in hospitalized
patients (5). It is a two-step process by first identifying at least
one phenotypic criterion and one etiologic criterion and second
assessing the severity of malnutrition as “moderate” and “severe”
based on the phenotypic criterion. Anthropometrics, including
height, weight, body mass index (BMI), and mid-upper armmuscle
circumference (MUAC), were used to evaluate the phenotypic
criteria. Patients were interviewed for the history of weight loss,
appetite, and record of food intake. Food intake was assessed using
the dietary recall of meals consumed before hospital admission
and categorized as <50% of estimated needs in >1 week or any
reduction for >2 weeks. C-reactive protein levels (CRPs) were
retrieved from the available blood tests from the patient’s records.
Reduced food intake retrieved from the patient’s interviews and
inflammatory condition assessed by their CRP levels retrieved from
the patient’s files was the etiologic criteria. Cutoff points of the
different etiologic and phenotypic criteria are described in Table 1.

2.5. Statistical analysis

Statistical analysis was performed using STATA v17.1.
Descriptive analysis was used to summarize the study variables

TABLE 1 Global Leadership Initiative on Malnutrition GLIM criteria for the

diagnosis of malnutrition (43).

Phenotypic criteria Etiologic criteria

Severity
level

Moderate Severe

Weight
loss

>5–10%
within past 6
months or
10-20%
beyond 6
months

>10%
within
past 6
months,
or >20%
beyond 6
months

Reduced food
intake

<50% of
Estimated
Needs in > 1
week or any
reduction for
>2 weeks

Low BMI <20 if <70
years, >22 if
>70 years

<18.5 if
<70
years,
<20 if
<70 years

any chronic GI
condition that
adversely
impacts food
assimilation or
absorption

Reduced
muscle
mass

MUACa
< 23 MUAC <

20
Inflammation Elevated

C-Reactive
Protein (CRP)
levels

aMid-Upper ArmMuscle Circumference.

and to check for out-of-range values. Continuous variables were
described using mean and standard deviations, while frequencies
and percentages were used to represent categorical variables.
Shapiro–Wilk was used to assess data normality. The median and
interquartile range (IQR) were used to describe the non-parametric
variables. A series of simple logistic regressions were conducted at
the bivariate level to identify potential predictors of malnutrition.
A multiple logistic regression model was run thereafter to assess
the independent associations between malnutrition status and
patients’ social determinants and food security level. Variables
were selected for inclusion in the model based on a p-value of <

0.2 at the bivariate level. All reported p-values were evaluated at a
significance level of 5%.

3. Results

3.1. Sociodemographic characteristics

A total of 343 participants were enrolled in this study from
May to October 2021. Demographics and social characteristics are
presented in Table 2. The mean age was 60 years (SD: 17 years),
and the majority of the patients were <70 years old (65.89%).
Almost half of the patients were male (54.81%), and the majority
were married (70.55%). The majority of households (62.10%)
were located in urban areas. In total, 27.99% of participants had
university degrees, but more than half were not working (58.6%).

3.2. Nutritional status of patients

Using the GLIM diagnostic criteria, a total of 35.57% of
patients (n = 122) were identified as malnourished, 21.28%
(n= 73) had a moderate level of malnutrition, and 14.29%
(n= 49) were classified as being severely malnourished. An equal
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TABLE 2 Sociodemographic characteristics of patients (N = 343).

N (%)

Age

<70 years old 226 (65.89%)

≥70 years old 117 (34.11%)

Gender

Male 188 (54.81%)

Female 155 (45.19%)

Marital status

Single 45 (13.12%)

Married 242 (70.55%)

Divorced 17 (4.96%)

Widowed 39 (11.37%)

Level of education

No schooling 32 (9.33%)

Primary school 59 (17.20%)

Intermediate school 66 (19.24%)

High school 64 (18.66%)

Technical diploma 26 (7.58%)

University degree 96 (27.99%)

Work status

Not working 157 (45.77%)

Employee full time 91 (26.53%)

Employee part time 11 (3.21%)

Self-employed 29 (8.45%)

Retired 55 (16.03%)

Household location

Urban 213 (62.10%)

Countryside 130 (37.90%)

Health coverage

None 30 (8.75%)

NSSFa 86 (25.07%)

Private insurance 84 (24.49%)

Combination of NSSF1 and insurance 40 (11.66%)

Army or other governmental institution 82 (23.91%)

Non-governmental organization 21 (6.12%)

aNational social security fund.

proportion (50%) of malnourished patients were distributed in
male and female populations. Among the 122 patients identified
as malnourished, the most dominant phenotypic criterion was
“weight loss” accounting for 76.7% followed by low muscle mass
(57.5%) and low BMI (31.2%). Decreased food intake was the
most common etiologic criterion identified (88%) followed by
inflammatory status (60.7%).

TABLE 3 Distribution of level of food security among patients (N = 343).

N (%)

Food security (quantity)

Enough of the kinds of food we want to eat 87 (25.36%)

Enough but not always the kinds of food 200 (58.31%)

Sometimes not enough to eat 50 (14.58%)

Often not enough to eat 6 (1.75%)

Food security (quality)

Very good 80 (23.32%)

Good 111 (32.36%)

Average 131 (38.19%)

Poor 21 (6.12%)

3.3. Level of food security

Referring to the quantity of food consumed in the first question,
the majority of the patients (58.31%) described their household
food to be “enough but not always the kinds of food we want”
as shown in Table 3. Only six patients (1.75%) responded as not
having enough food to eat. When referring to the quality of
food in the household in the second question, responses were
mainly distributed between two categories: good (32.36%) and
average (38.19%).

3.4. Association of malnutrition with social
determinants

Table 4 describes the bivariate associations between
malnutrition and different sociodemographic characteristics.
The odds of being malnourished according to the GLIM criteria
were higher among patients of older age (≥70 years old, p <

0.001) compared to those of younger age. Gender and marital
status were not significantly associated. As for the four indicators
identified as social determinants, unemployed or retired patients
(p <.001) and those who had completed basic schooling (p =

0.004) or no schooling at all (p = 0.047) had higher odds of being
malnourished as compared to those employed or had university
degrees, respectively. Household location (urban vs. rural) and
type of health coverage were not significantly associated with being
malnourished.

3.5. Association of malnutrition with the
level of food security

Patients who described in the first question the quality of the
food eaten to be “poor” compared to “very good” have higher
odds of being malnourished (p = 0.032). There was no association
betweenmalnutrition and the reported description of food quantity
in the second question (p= 0.4234) as shown in Table 4.
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3.6. Multiple logistic regression and
potential predictors of malnutrition

Age, work status, district, and type of health coverage were
found to be independent predictors of malnutrition diagnosis as
shown in Table 5. Specifically, patients of older age (≥70 years old,
p < 0.001) and unemployed/retired (p < 0.001) had higher odds of
being diagnosed with malnutrition compared to their counterparts.
As for food security, patients who described the quality of the food
eaten to be “poor” compared to “very good” in the first question had
higher odds of being malnourished (p= 0.066), but the results were
borderline significant. However, patients who had private insurance
as medical coverage means had lower odds of being diagnosed with
malnutrition (p = 0.033). The Hosmer and Lemeshow goodness-
of-fit test indicates that our model fits the data well with p-values
of 0.7247.

4. Discussion

The nutritional status of hospitalized patients in this study
was assessed and diagnosed using the GLIM criteria. It is a newly
proposed diagnostic tool based on a global set of criteria that
take into consideration different characteristics of malnutrition,
including weight loss, muscle mass, and food intake (28). It is
considered an evolving concept that was designed to provide a
more specific diagnosis of malnutrition and has been validated
in numerous studies (28–31). The prevalence rate of malnutrition
among hospitalized patients in this study was found to be 36.7%
using the GLIM criteria. In an international multicenter study
that included two hospitals in Lebanon and was conducted in
2008, nutrition screening was done using Nutrition Risk Screening
(NRS) and reported a lower rate of 22% of patients being at risk
of malnutrition (32). Although both studies were done on adult
hospitalized patients without excluding any medical conditions,
they differ in two major criteria. First, the study used a screening
tool as compared to the use of a diagnostic tool in our study.
In addition, it was carried out in only one district of Lebanon
including 273 patients as compared to our study that was carried
out in all five districts including 343 patients. However, a notable
increase in the prevalence from 22% of patients at risk to 36.7%
of patients diagnosed with malnutrition is observed. A possible
explanation for this increase is the drop in GDP that the country
has experienced leading to a drastic financial crisis (21).

This proposed explanation further supports our hypothesis
that malnutrition in hospitalized patients is influenced not only
by well-known medical and clinical conditions but also by social
and economic factors. As a matter of fact, a financial crisis will
affect the ability to purchase enough food of good quality affecting
in return the nutritional status of the patients (33). In our study,
the risk of food insecurity was screened using a valid adapted tool
focusing on both the quantity and quality of food (34). Nearly 60%
of patients reported that their food intake was sufficient in quantity
but inadequate in variety, as they lacked access to different types
of food groups. This lack of adequacy described by the patients
in our study was significantly associated with malnutrition despite
the food quantity. Other numerous studies have always focused on
exploring food insecurity either starvation in the community as a

TABLE 4 Bivariate associations between diagnosis of malnutrition and

social determinants and level of food security.

Odds
ratio (OR)

CI P-value

Agea

≥70 years old 4.16 2.58; 6.70 <0.001∗∗

Genderb

Female 1.35 0.86; 2.10 0.184

Employment statusc

Not working 4.11 2.43; 6.95 < 0.001∗∗

Level of educationd

No schooling 2.33 1.01; 5.39 0.047∗

Primary
school/intermediate
school

2.36 1.32; 4.21 0.004∗

High school/technical
diploma

1.43 0.75; 2.70 0.276

Marital statuse

Married 1.19 0.73; 1.96 0.470

Household locationf

Countryside 0.88 0.56; 1.39 0.603

Health coverageg

NSSF 1.03 0.44; 2.40 0.947

Private insurance 0.5 0.21; 1.20 0.123

Combination of NSSF
and insurance

0.57 0.21; 1.55 0.273

Army or other
governmental institution

1.17 0.50; 2.74 0.712

Non-governmental
organization

0.75 0.23; 2.40 0.628

Food Security (Quantity)h

Enough of the kinds of
food we want to eat

0.88 0.52; 1.49 0.650

Enough but not always
the kinds of food
sometimes/often not
enough to eat

1.11 0.56; 2.21 0.763

Food security (quality)i

Good 1.24 0.67; 2.28 0.491

Average 1.15 0.64; 2.08 0.643

Poor 2.93 1.09; 7.85 0.032∗

areference group “<70 years old”, breference group “males”, creference group “working”,
dreference group “university degree”, ereference group “not married”, freference group

“urban”, greference group “none”, hreference group “Enough of the kinds of food we want

to eat”, ireference group “very good” ∗p < 0.05.

consequence of unavailability of food or obesity as a consequence of
unhealthy food choices (16, 35). In our study, we used a regression
model and identified the level of food security as a predictor of
malnutrition in hospitalized adults. Patients who had a poor level of
food security identified by the adapted tool we used had higher odds
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TABLE 5 Adjusted multiple logistics regression model of diagnosis of

malnutrition and social determinants and level of food security.

Odds
ratio (OR)

95% CI for
OR

P-value

Agea

≥70 years old 3.03 1.55; 5.90 0.001∗∗

Genderb

Female 0.88 0.49; 1.57 0.684

Employment statusc

Not working 2.50 1.23; 5.09 0.011∗∗

Level of educationd

No schooling 1.53 0.46; 5.09 0.481

Primary
school/intermediate
school

1.10 0.51; 2.42 0.799

High school/technical
diploma

0.75 0.35; 1.64 0.473

Health coveragee

NSSF 0.85 0.31; 2.36 0.759

Private insurance 0.30 0.10; 0.90 0.033∗

Combination of NSSF
and insurance

0.32 0.09; 1.13 0.079

Army or other
governmental institution

0.84 0.29; 2.42 0.750

Non-governmental
organization

0.69 0.15; 3.19 0.645

Food security (quality)f

Good 1.75 0.82; 3.73 0.151

Average 1.48 0.66; 3.35 0.343

Poor 3.54 0.92; 13.61 0.066

areference group “<70 years old”, breference group “males”, creference group “working”,
dreference group “university degree”, ereference group “none”, freference group “very good”
∗p < 0.05.

of 3.56 to being malnourished as compared to patients categorized
with a good level.

Food security is recognized as a component of the social
determinants of health that include education, economic
stability, and access to healthcare (36). These fundamental
determinants have been linked to adverse health outcomes and are
considered key drivers of health equity. Research has primarily
concentrated on the pediatric population in the community
and has established a correlation between low income and
education levels with child stunting as an indicator of poor
nutritional status (37, 38). In our study population in the hospital
setting, employment status and education level were highly
associated with malnutrition. Patients who were not working
or had completed only elementary school had higher odds of
being diagnosed with malnutrition. In addition, employment
status was considered a predictor of malnutrition in hospitalized
patients in our regression model (OR = 4.1). Malnutrition in
older people living in the community was also associated with

low educational levels in a recent systematic review (39). On the
other hand, marital status was not associated with the level of
malnutrition in our population and cannot be determined as a
risk factor.

Another predictor of malnutrition in our study was the type of
health coverage. Patients who had been insured in private insurance
had significantly lower odds of being malnourished as compared
with patients with no health coverage or relying on social security
funds and non-governmental aid. Private insurance in Lebanon is
prohibitively expensive and typically only obtained by individuals
from higher socioeconomic groups reflecting a correlation between
income level and risk of malnutrition. This correlation has also
been demonstrated when studying the nutritional status of children
and older adults in the community (33, 39). The type of residence
area, being urban or rural, was not associated with malnutrition
in our model. The small surface area of Lebanon (10,452 km2)
has decreased the differences in the level of urbanization between
the cities and rural areas, and therefore, a discrepancy could not
be identified.

The association that we have demonstrated between social
determinants and food security should alarm healthcare
professionals to broaden their perspective when identifying
malnutrition in hospitalized patients. When conducting nutritional
assessments, including the GLIM criteria or any validated tool, it is
advisable to incorporate a social dimension and identify any factors
that increase the risk of malnutrition, such as food insecurity,
low income, or low literacy levels (29, 40). When developing a
management plan for malnutrition in hospitalized patients, it is
crucial to address social determinants and food security as essential
components. Healthcare professionals are used to focusing
primarily on biomedical and clinical care that has been recently
described as a downstream approach aiming to treat symptoms
of malnutrition without targeting root causes (41, 42). Healthy
People 2030 initiative has recently proposed a more proactive
approach that targets the causes of diseases at a macro-level.
This initiative acknowledges the economic and social factors
that are typically beyond the patient’s control (36). In order to
provide effective nutritional care, healthcare professionals should
review the patient’s living and working conditions and address the
social determinants of health directly (33). Through this tailored
approach, healthcare professionals can prioritize enhancing food
security, education, and income levels, even for hospitalized
patients, as a means of achieving the Right to Health at a broader
national level (18).

This study has several strengths. First, it has a heterogeneous
population because it included patients from five hospitals across
different areas and admitted to various wards. Second, the
identification of malnutrition was not done by a screening process
but was determined through a systematic nutritional assessment
using the new GLIM criteria. Third, it was the first study to our
knowledge to investigate the association of social determinants
with malnutrition measured in hospitalized patients and to identify
potential predictors. This study also has some limitations. First,
social and economic indicators were collected from the patients
and their caregivers through a questionnaire and they had some
reservations while answering the questions. Second, a direct
question on income level could not be collected due to the severe
devaluation of the national currency and the inadequacy of any
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relevant categorization. Third, food security was only addressed
at a screening level using a two-item questionnaire as hospitalized
patients were less responsive to surveys of longer duration.

5. Conclusion

To conclude, our study found a malnutrition prevalence
rate of 35.57% in hospitalized patients in Lebanon. We also
identified social determinants of health, including education level,
income level, employment status, and health coverage, as factors
associated with malnutrition, along with food security. These
determinants were also recognized as predictors of malnutrition
in hospitalized patients. Our findings suggest that healthcare
professionals should consider adopting a broader perspective in
targeting malnutrition in their patients. Their approach should
aim to address the underlying causes of malnutrition beyond
clinical factors by incorporating social determinants into their
nutritional care assessments. National authorities should also
prioritize addressing the social determinants of health in their
policy agenda to improve malnutrition at the clinical level.
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Background: Nutritional support has a pivotal role in preventing and treating

malnutrition. Recognizing the gaps in nutritional support practice can aid the

development of tailored nutritional protocols. Therefore, this study aimed to

assess the current practices, attitudes, and perceptions related to nutritional

support for hospitalized patients in one of the largest Middle Eastern countries.

Methods: A cross-sectional study was conducted among different healthcare

professionals currently working in hospitals in Saudi Arabia and involved in

nutritional support practice. Data were collected using convenient sample via a

self-administered web-based questionnaire.

Results: A total of 114 participants were included in this study. The majority

were dietitians (54%), followed by physicians (33%) and pharmacists (12%), and

were from the western region (71.9%). Various attitudes in many practices were

observed among the participants. Only 44.7% of the participants had a formal

nutritional support team. The mean confidence level of all respondents was

significantly higher for enteral nutrition practice (7.7 ± 2.3) than for parenteral

nutrition practice (6.1 ± 2.5) (p < 0.01). The confidence level for enteral nutrition

practice was significantly influenced by nutritional qualification (β = 0.202,

p < 0.05), type of healthcare facility (β = 0.210, p < 0.05), profession (β = -0.308,

p < 0.01), and years of experience (β = 0.220, p < 0.05).

Conclusion: This study comprehensively assessed various aspects of nutritional

support practice in Saudi Arabia. Healthcare practice of nutritional support should

be guided by evidence-based guidelines. Professional qualification and training in

nutritional support are essential for promoting practice in hospitals.

KEYWORDS

nutritional support, enteral nutrition, parenteral nutrition, nutritional support team,
practice
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Introduction

More than 40% of hospitalized patients are considered
malnourished (1). In Saudi Arabia, robust national data on the
malnutrition rate in hospitalized patients are lacking. An earlier
single-center study that utilized anthropometric data reported
malnutrition in up to 34% of hospitalized patients (2). Other
studies used the Mini Nutritional Assessment (MNA) tool for
reporting malnutrition in hospitalized elderly patients; up to 36.5%
of patients were malnourished, while up to 57.8% were at risk
for malnutrition (3–5). The malnutrition rate in hospitalized
elderly patients was associated with a higher mortality rate
and prolonged hospital stay (5). Nevertheless, the prevalence of
malnutrition on admission is consistently high (between 40 and
60%) (6). Malnutrition should be identified early during hospital
admission, and nutritional care plans should be appropriately
initiated. Recently, the American Society for Parenteral and Enteral
Nutrition (ASPEN) issued updated evidence-based standards for
various nutritional support practices in hospitalized adult patients,
which help clinicians deliver safe and efficient nutritional care
plans (7). The availability of such guidelines should prevent
inappropriate practices of nutritional support, such as late feed
initiation, inappropriate parenteral nutrition (PN) prescription
for patients who can tolerate enteral nutrition (EN), unmet
patient caloric requirements, or poor monitoring of EN/PN-
related complications. However, inappropriate practices resulting
from insufficient knowledge and nutritional training and poor
compliance with available guidelines are still being reported
among healthcare professionals (8, 9). In Saudi Arabia, there is
a lack of consensus and national guidelines for clinical nutrition
practice. Thus, nutritional support protocols for hospitalized
patients are warranted.

The efficiency and safety of nutritional support delivery can be
optimized with multidisciplinary approaches. Nutritional support
teams (NSTs) have been established since 1980 by many hospitals
to provide optimal nutrition care for patients receiving EN or PN
(10). NSTs usually comprise dietitians, pharmacists, nurses, and
physicians. Most assigned leaders for NSTs are either physicians or
dietitians (11). All clinicians included in NSTs should gain expertise
and undergo training in nutritional support. The recent ASPEN
consensus for appropriate PN practices supports the utilization
of NSTs comprising healthcare professionals with the expertise
to provide proper PN management (12). NST implementation in
hospitals is associated with many positive outcomes, including
fewer EN/PN-related complications, improved patient safety, and
reduced hospital costs (12). NST implementation is also associated
with reduced electrolyte abnormalities (i.e., refeeding syndrome)
and mortalities in patients receiving PN (13). However, there
is a lack of data on NST implementation in hospitals and
its outcomes in Saudi Arabia. Another important function of
NST implementation is monitoring of patients receiving long-
term home nutritional support, which can be complex and
challenging (11).

The current nutritional support practices across hospitals in
Saudi Arabia are not fully described. There are no national
guidelines supporting appropriate nutritional support practice in
hospitalized patients. Therefore, this study primarily aimed to
assess the current practices, attitudes, and perceptions related to

nutritional support for hospitalized patients among physicians,
dietitians, and pharmacists in Saudi Arabia.

Materials and methods

Study design

This cross-sectional study used an online survey conducted
from August 2020 to February 2021 among healthcare professionals
working in hospitals in Saudi Arabia.

Registered dietitians and clinical pharmacists currently
practicing and physicians routinely involved in nutritional support
(i.e., gastroenterologists, surgeons, and critical care intensivists)
were included. Other healthcare professionals were excluded.

Data collection was done using convenience sampling
technique. The questionnaire was primarily distributed via several
platforms, such as the Saudi Gastroenterology Association, the
Saudi General Surgery Society, the Saudi Critical Care Society, the
Saudi Society for Clinical Nutrition, the Saudi Society of Clinical
Pharmacy, and social media. Members of national associations
were invited to participate in the study via email with a link for
the questionnaire. Because recruitment was online and open, the
response rate was not calculated.

Survey development

The questionnaire comprised six main sections covering 45
items. Included questions were developed by the research team
after reviewing previous surveys that investigated different areas
of nutritional support practice among physicians and other
healthcare professionals working in Canada, the United States,
and Europe (14–19). The main sections of the questionnaire were
designed to assess the respondent demographic data, structure
and performance of the NST, nutritional screening and assessment
practices, use of established nutritional support guidelines, attitudes
related to initiation and monitoring of nutritional support, and
perceptions related to the current knowledge of nutritional support.
The questionnaire was electronically created using Google Forms.

For questionnaire validation, pilot testing of the survey
was initially conducted among an expert panel, which included
one dietitian, two Ph.D holders in clinical nutrition, and two
pharmacists. The panel assessed the appropriateness of the
questionnaire and the time spent for completing the survey.
All feedback was considered by the research investigators. The
clinicians who participated in the pilot testing were excluded from
the main study survey.

Ethical approval

The study was approved by the Unit of the Biomedical
Ethics Research Committee at King Abdulaziz University in
Jeddah, Saudi Arabia (HA-02-J-008). All participants provided an
electronic informed consent prior to answering the questionnaire.
Statements regarding confidentiality and anonymity were included
on the first page of the questionnaire.
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Statistical analysis

Data were downloaded and analyzed using the Statistical
Package for the Social Sciences version 23 (SPSS Inc.). The Shapiro–
Wilk test was used to assess the normality of continuous variables.
Data were presented as either means ± standard deviations or
frequencies and percentages.

The Mann–Whitney U-test was used to compare the confidence
score between two variables while the Kruskal–Wallis test was used
to compare the confidence score between more than two variables.

A stepwise linear regression analysis was performed to identify
the factors influencing the healthcare providers’ confidence in
practicing nutritional support. The confidence level was used as the
outcome variable in the regression models. The dependent variables
used in the models were nutritional qualification (yes coded as
1 and no as 0), type of healthcare facility (Ministry of Health
hospital coded as 1, military hospital as 2, university teaching
hospital as 3, specialized hospital as 4, national guard hospital as
5, medical city as 6, Security Forces Hospital as 7, and private
hospital as 8), profession (dietitians coded as 1, pharmacists as 2,
and physicians as 3), years of experience (0 years [newly graduated]
coded as 1, 2–5 years as 2, 6–10 years as 3, and > 10 years as 4),
region (western coded as 1, eastern as 2, central as 3, southern as
4, and northern as 5), and capacity of healthcare facility (<100
beds coded as 1, 100–250 beds as 2, 251–500 beds as 3, and
>500 beds as 4).

All performed tests were two-tailed, with a
significance level of 95%.

Results

Participant characteristics

A total of 140 respondents agreed to participate in the
study; of them, only 117 answered yes when asked whether they
were involved in nutritional support for hospitalized patients.
Nutritional support was defined in the survey as a part of medical
therapy that helps in treating and preventing malnutrition and
includes EN and PN. Three responses were excluded owing to
duplication and incompletion. The final analysis included 114
participants. Of them, 38 (33%) were physicians; 62 (54%),
dietitians; and 14 (12%), pharmacists. The majority (71.9%)
were from the western region of Saudi Arabia. The participant
demographics are described in Table 1.

Roles in nutritional support

The participants were asked to report which nutritional
support-related tasks they were involved in. All clinicians were
relatively involved in determining patient needs for nutritional
support and selecting the appropriate feeding route. All dietitians
(100%), 85.7% (n = 12) of the pharmacists, and only 39.5% (n = 15)
of the physicians indicated that they participated in estimating the
patients’ nutritional requirements.

Approximately 80.6% (n = 50) of the dietitians, 60.5% (n = 23)
of the physicians, and 14.2% (n = 2) of the pharmacists reported
that they were involved in writing EN orders; 22.5% (n = 14), 39.5%

(n = 15), and 85.7% (n = 12) reported that they were involved in
writing PN orders, respectively.

The majority of the physicians (65.7%, n = 22) and only 12.9%
(n = 8) of the dietitians indicated that they were involved in the
insertion and administration of EN feeding tubes. Only 13.1%
(n = 5) of the physicians indicated that they participated in placing
PN access devices.

Most dietitians (91.9%, n = 62) and pharmacists (100%)
indicated their involvement in monitoring EN and PN,
respectively. However, a smaller proportion of physicians reported
their involvement in monitoring. Figure 1 and Supplementary
Table 1 show the main current roles of the respondents in
nutritional support.

Perceptions related to the use of
established nutritional support guidelines

Around 78.1% (n = 89) of the respondents indicated that
they were familiar with the published international guidelines by
the ASPEN and/or European Society for Clinical Nutrition and
Metabolism (ESPEN). The dietitians and pharmacists expressed
greater familiarity with these guidelines.

Approximately 62.3% (n = 71) of the participants indicated that
written policies for nutritional support provision were available in
their institutions. Of them, 45 (63.4%) were involved in writing
and updating these policies. The dietitians were highly involved
(73%) in updating such policies, while the pharmacists (54.5%) and
physicians (33.3%) were relatively less involved. The participants
involved in writing policies and protocols for nutritional support
reported that the most frequently used guidelines as reference were
the ASPEN (47.4%) and ESPEN (38.6%) guidelines. Table 2 shows
the physicians’, dietitians’, and pharmacists’ perceptions toward the
use of established guidelines.

Nutritional screening practices

Approximately 35.96% of the participants were not aware of
the screening tool that was routinely used in their hospitals. The
Nutrition Risk Screening (NRS 2002) and Malnutrition Universal
Screening Tool (MUST) were used routinely by 28.07 and 22.8%
of the respondents. Other screening tools, including the MNA,
Short Nutritional Assessment Questionnaire (SNAQ), Malnutrition
Screening Tool (MST), and Subjective Global Assessment (SGA),
were used routinely by fewer respondents.

Only 55 (48.2%) participants reported that screening for
malnutrition was routinely conducted in their institutions. Of
them, 45.4% selected dietitians as the key persons primarily
responsible for the initial screening; 38.2%, nurses; and 16.4%,
physicians. The majority (76.4%) reported that screening was
routinely initiated on admission with periodic re-screening.
Supplementary Table 2 illustrates all participants’ nutritional
screening and assessment practices.

Nutritional assessment practices

The nutritional assessment practices varied among the
respondents. Regarding referral to dietitians, 42.1% answered that
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TABLE 1 Demographics of the study participants.

Demographic characteristics Physicians
(n = 38)

Dietitians
(n = 62)

Pharmacists
(n = 14)

Total
(n = 114)

n (%)

Region Western region 22
(57.9%)

48
(77.4%)

12
(85.7%)

82
(71.9%)

Eastern region 3
(7.9%)

5
(8.1%)

2
(14.3%)

10
(8.8%)

Central region 13
(34.2%)

6
(9.7%)

0
(0.0%)

19
(16.6%)

Southern region 0
(0.0%)

3
(4.8%)

0
(0.0%)

3
(2.6%)

Northern region 0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

Years of experience Newly graduated 1
(2.6%)

3
(4.8%)

0
(50.0%)

4
(3.5%)

2–5 years 8
(21.1%)

28
(45.2%)

7
(50.0%)

43
(37.7%)

6–10 years 4
(10.5%)

20
(32.3%)

5
(35.7%)

29
(25.4%)

More than 10 years 25
(65.8%)

11
(17.7%)

2
(14.3%)

38
(33.3%)

Type of health care facility Medical cities (e.g., Prince Sultan Medical City) 1
(2.6%)

5
(8.1%)

0
(0.0%)

6
(5.3%)

Military hospitals 0
(0.0%)

8
(12.9%)

4
(28.6%)

12
(10.5%)

Ministry of Health (MOH) hospitals 7
(18.4%)

24
(38.7%)

0
(0.0%)

31
(27.2%)

National guard hospitals 3
(7.9%)

3
(4.8%)

1
(7.1%)

7
(6.1%)

Private hospitals 10
(26.3%)

8
(12.9%)

0
(0.0%)

18
(15.8%)

Security Forces Hospital 2
(5.3%)

0
(0.0%)

0
(0.0%)

2
(1.8%)

Specialized hospitals (King Faisal Specialist Hospital and Research
Centre)

6
(15.8%)

6
(9.7%)

3
(21.4%)

15
(13.2%)

University teaching hospitals 9
(23.7%)

8
(12.9%)

6
(42.9%)

23
(20.2%)

Capacity of health care facility <100 beds 4
(10.5%)

5
(8.1%)

2
(14.3%)

11
(9.6%)

100–250 beds 8
(21.1%)

8
(12.9%)

1
(7.1%)

17
(14.9%)

251–500 beds 8
(21.1%)

29
(46.8%)

4
(28.6%)

41
(36.0%)

>500 beds 16
(42.1%)

13
(21.0%)

7
(50.0%)

36
(31.6%)

Don’t know 2
(5.3%)

7
(11.3%)

0
(0.0%)

9
(7.9%)

Nutritional support qualification ASPEN nutrition support certification 0
(0.0%)

5
(8.1%)

0
(0.0%)

5
(4.4%)

ESPEN diploma in clinical nutrition and metabolism 0
(0.0%)

3
(4.8%)

0
(0.0%)

3
(2.6%)

Fellowship in clinical nutrition 2
(5.3%)

6
(9.7%)

1
(7.1%)

9
(7.9%)

Master of clinical nutrition with focus on nutrition support 0
(0.0%)

10
(16.1%)

0
(0.0%)

10
(8.8%)

More than one certificate 1
(2.6%)

0
(0.0%)

0
(0.0%)

1
(0.9%)

Nutrition support training in their local hospital 1
(2.6%)

0
(0.0%)

3
(21.4%)

4
(3.5%)

Others 1
(2.6%)

3
(4.8%)

0
(0.0%)

4
(3.5%)

None 33
(86.8%)

35
(56.5%)

10
(71.4%)

78
(68.4%)

Data are presented as numbers and percentages.
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it was ordered by physicians and 17.5% by nurses after the initial
screening. However, 30.7% reported that dietitians assessed all
newly admitted patients.

The majority of the respondents (58.8%) relied on
anthropometric data (i.e., weight and height) as clinical indicators
of nutritional status, while only 28.9% used albumin levels. Few
(7.9%) used pre-albumin levels. A small proportion (16.7%)
reported that they were not involved in calculating caloric
needs. Conversely, 62.3% reported their use of simple weight-
based equations, and 18.4% used predictive equations. Only
2.6% indicated that they had access to indirect calorimetry.
Supplementary Table 3 shows the nutritional assessment practices
by each profession.

Initiation, monitoring, and
documentation of nutritional support
plans

Initiation practices
Approximately 28.9 and 12.3% of the participants waited 1

and 2 days, respectively, before starting nutritional support for
critically ill and hemodynamically stable patients with nil per oral
status. Meanwhile, 39.5% waited 3 days. Nearly half (43.9%) of the
participants waited 3–5 days before starting PN for well-nourished
and stable patients with minimal oral intake or EN (<50% of
requirements). Few waited 7–14 days.

Monitoring practices
The most common practices for patients on gastric

feeding who were complaining of nausea and vomiting

were slowing tube feeding (70.2%) and checking the gastric
residual volume (GRV) (63.2%). Stopping tube feeding was
indicated by 21.9% of the participants. Other practices were
also reported by the participants. Nevertheless, about half
(51.8%) reported that they routinely measured the GRV to
assess EN intolerance.

Documentation practices
Only 15.8% indicated that nutritional data were documented

manually in their institutions. Meanwhile, data related to
nutritional assessment and care plan were documented
electronically by 64% of the respondents. Prescription orders
for EN and PN were electronically documented by 59.6% and
53.5%, respectively. Table 3 illustrates the main nutritional support
practices in Saudi hospitals by each profession.

Availability of NSTs

The majority of the participants (93.9%) agreed that
NSTs were important to the accuracy and efficacy of EN/PN
prescription. The next question in the survey aimed to identify the
proportion of participants working in hospitals with established
NSTs. Approximately 44.7% (n = 51) of the clinicians had a
formal NST, while 31.5% had none-formal NST (nutritional
management was aided by regular communication between
disciplines). Fewer participants either had no NST (13.2%) or were
not aware (10.5%).

The 51 clinicians who had a formal NST indicated the
following as members of the team: dietitians (100%), physicians
(96.1%), pharmacists (84.3%), and nurses (74.5%). Conversely, the

FIGURE 1

Nutrition support related activities performed by health care providers. This figure shows the frequencies of the nutrition support tasks performed by
each profession. Numbers represents the number of participants.
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TABLE 2 Perception of health care providers regarding the use of established nutrition support guidelines.

Questions Answers Physicians
(n = 38)

Dietitians
(n = 62)

Pharmacists
(n = 14)

Total
(n = 114)

n (%)

(1) Familiar with ASPEN and/or ESPEN guidelines Familiar 18
(47.3%)

59
(95.1%)

12
(85.7%)

89
(78.1%)

Not familiar 20
(52.6%)

3
(4.8%)

2
(14.2%)

25
(21.9%)

(2) Availability of written policies and procedures
for the provision of nutrition support in my facility
(i.e., timing and route of feed initiation, formula
selection, assessing patient’s nutrient requirements,
and assessing feeding intolerance)*

Available 12
(31.5%)

48
(77.4%)

11
(78.5)

71
(62.3%)

Not available 10
(26.3%)

8
(12.90%)

0
(0.0%)

18
(15.8%)

Don’t know 16
(42.1%)

6
(9.67%)

3
(21.4%)

25
(21.9%)

Physicians
(n = 12)

Dietitians
(n = 48)

Pharmacists
(n = 11)

Total
(n = 71)

n (%)

(3) Involvement in writing and updating the
hospital’s nutrition support policies

Involved 4
(33.3%)

35
(73%)

6
(54.5%)

45
(63.4%)

Not involved 8
(66.7%)

13
(27%)

5
(45.5%)

26
(36.6%)

(4) Type of guidelines used as a reference in my
institution**

ASPEN 2
(5.3%)

43
(68.3%)

9
(64.3%)

54
(47.4%)

ESPEN 2
(5.3%)

40
(63.5%)

2
(14.3%)

44
(38.6%)

Other 8
(21.1%)

3
(4.8%)

2
(14.3%)

13
(11.4%)

Don’t know 0
(0.0%)

2
(3.2%)

0
(0.0%)

2
(1.8%)

Data are presented as numbers and percentages.
*Only participants who answered Yes (n = 71) to this question were allowed to proceed to the following questions: participants who answered No or I don’t know were exempted from
questions 3 and 4.
**Percentages for each column don’t add to 100 because participants were allowed to choose more than one option. ASPEN, American Society for Parenteral and Enteral Nutrition; ESPEN,
European Society of Clinical Nutrition and Metabolism.

frequency of NST meetings greatly varied. Approximately 72.5%
indicated that NSTs reviewed and reported service performance
data. The most common barriers for developing a dedicated
NST were a lack of physicians with interest (100%), qualified
pharmacist (92.2%), and incentives by hospital administrations
(96.1%). Meanwhile, over half (66.7%) indicated no barriers.
Table 4 provides an overview of the current practices for NSTs in
Saudi hospitals.

Confidence level in practicing nutritional
support

When the participants were asked to rate their confidence
level in practicing EN, the dietitians had the highest score
(8.66 ± 1.63). The confidence level for practicing EN significantly
differed (p < 0.01) between the professions (Table 5). Meanwhile,
the pharmacists had the highest confidence score (7.36 ± 1.27) in
practicing PN; however, no significant difference in the confidence
score was observed across the professions (p > 0.05). The mean
confidence level of all respondents was significantly higher for

EN practice (7.7 ± 2.3) than for PN practice (6.1 ± 2.5)
(p < 0.01).

Factors influencing the confidence level

In the univariate analysis (Table 5), the confidence level
for practicing EN and PN significantly differed between the
participants with and without nutritional qualification (p < 0.01).
To evaluate the association between the demographics and
confidence level, we conducted a multiple linear regression analysis
(Table 6). The regression analysis indicated that the confidence
level for practicing EN was significantly influenced by nutritional
qualification (β = 0.202, p < 0.05), type of healthcare facility
(β = 0.210, p < 0.05), profession (β = -0.308, p < 0.01), and years of
experience (β = 0.220, p < 0.05). The participants with nutritional
qualifications and more years of experience had a higher confidence
level for practicing EN than the other participants. Conversely,
the confidence level for practicing PN was significantly associated
with nutritional qualification (β = 0.398, p < 0.01) and region
(β = -0.197, p < 0.05).
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TABLE 3 Nutrition support initiation, monitoring and hospital documentation practices in Saudi hospitals as reported by health care providers.

Questions
Answers

Physicians
(n = 38)

Dietitians
(n = 62)

Pharmacists
(n = 14)

Total
(n = 114)

n (%)

(1) In your practice, in a critically ill and hemodynamically stable
patient, after how many days of nil per oral (NPO) status, would you
wait before the use of artificial nutrition support?

1 Day 8
(21.1%)

22
(35.5%)

3
(21.4%)

33
(28.9%)

2 Days 5
(13.2%)

8
(12.9%)

1
(7.1%)

14
(12.3%)

3 Days 22
(57.9%)

17
(27.4%)

6
(42.9%)

45
(39.5%)

Not applicable in
my practice

1
(2.6%)

11
(17.7%)

4
(28.6%)

16
(14.0%)

Other 2
(5.3%)

4
(6.5%)

0
(0%)

6
(5.3%)

(2) In your practice, after how many days of minimal oral intake or
enteral nutrition (less than 50% of estimated caloric requirements)
by a well-nourished, stable patient, would you initiate parenteral
nutrition?

3-5 Days 12
(31.5%)

23
(37.0%)

2
(14.2%)

37
(32.4%)

7 Days 20
(52.6%)

22
(35.4%)

7
(50.0%)

49
(42.9%)

14 Days 1
(2.6%)

9
(14.5%)

0
(0.0%)

10
(8.7%)

I don’t know 1
(2.6%)

3
(4.83%)

3
(21.4%)

7
(6.1%)

Not applicable in
my practice

4
(10.5%)

5
(8.1%)

2
(14.3%)

11
(9.6%)

(3) In your practice, what would you do if a patient experiences a few
nauseas or vomiting with gastric tube feeding?*

Stop tube feeding 6
(15.8%)

18
(29.0%)

1
(7.1%)

25
(21.9%)

Slow tube
feeding

30
(78.9%)

46
(74.2%)

4
(7.1%)

80
(70.2%)

Give promotility
agent

21
(55.3%)

31
(50.0%)

4
(7.1%)

56
(49.1%)

Check gastric
residual volume

24
(63.2%)

44
(71.0%)

4
(7.1%)

72
(63.2%)

Check tube
placement

28
(73.7%)

28
(45.2%)

2
(7.1%)

58
(50.9%)

Place tube to
suction

3
(7.9%)

10
(16.1%)

0
(7.1%)

13
(11.4%)

Advance tube 4
(10.5%)

2
(3.2%)

0
(7.1%)

6
(5.3%)

Switch to
parenteral

feeding

2
(5.3%)

3
(4.8%)

1
(7.1%)

6
(5.3%)

Consult a
specialist

6
(15.8%)

21
(33.9%)

1
(7.1%)

28
(24.6%)

Perform a
physical

examination

19
(50.0%)

1
(1.6%)

1
(7.1%)

21
(18.4%)

Elevate the head
of the bed

18
(47.4%)

48
(77.4%)

0
(7.1%)

66
(57.9%)

Check gastric
emptying study

8
(21.1%)

21
(33.9%)

1
(7.1%)

30
(26.3%)

Give IV fluids 12
(31.6%)

5
(8.1%)

4
(7.1%)

21
(18.4%)

(Continued)
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TABLE 3 (Continued)

Questions
Answers

Physicians
(n = 38)

Dietitians
(n = 62)

Pharmacists
(n = 14)

Total
(n = 114)

n (%)

Other 2
(5.3%)

5
(8.1%)

0
(7.1%)

7
(6.1%)

I Don’t know 0
(0.0%)

1
(1.6%)

9
(7.1%)

10
(8.8%)

(4) In your practice, do you routinely measure gastric residual
volume (GRV) in patients receiving enteral nutrition as a measure of
enteral feeding intolerance?

Yes 19
(50.0%)

34
(54.8%)

6
(42.9%)

59
(51.8%)

No 10
(26.3%)

26
(41.9%)

0
(0.00%)

36
(31.6%)

I Don’t know 9
(23.7%)

2
(3.2%)

8
(57.1%)

19
(16.7%)

(5) At your institution, which of the following nutritional data is
documented or carried out using the hospital’s electronic health
record system?*

Nutrition
screening data

14
(36.8%)

40
(64.5%)

6
(42.9%)

60
(52.6%)

Nutrition
assessment data

23
(60.5%)

45
(72.6%)

5
(35.7%)

73
(64.0%)

Nutrition care
plan

19
(50.0%)

49
(79.0%)

5
(35.7%)

73
(64.0%)

Enteral nutrition
order entry

19
(50.0%)

45
(72.6%)

4
(28.6%)

68
(59.6%)

Parenteral
nutrition order

entry

21
(55.3%)

30
(48.4%)

10
(71.4%)

61
(53.5%)

Nutrition
monitoring and
evaluation data

15
(39.5%)

39
(62.9%)

7
50.0%)

61
(53.5%)

None of the
above (all are

done manually)

8
(21.1%)

8
(12.9%)

2
(14.3%)

18
(15.8%)

Data are presented as numbers and percentages.
*Participants were allowed to choose more than one option.

Discussion

The present study aimed to explore various aspects of
nutritional support practice in Saudi Arabia. The majority of
the participants were dietitians, followed by physicians and
pharmacists. Various attitudes in practices across the clinicians
were observed. A main finding herein shows that professional
qualification and training in nutritional support are essential for
promoting practice in hospitals.

Roles and responsibilities of healthcare
professionals in providing nutritional
support for hospitalized patients

All participants were relatively involved in determining patient
need for nutritional support and selecting the appropriate feeding
route. With the application of appropriate nutritional screening,
nutritional support clinicians are able to select the correct route of

nutritional support without delay. However, the study participants
contributed differently to other tasks. Implementing a good
nutritional care plan for hospitalized patients greatly depends
on the clinician’s ability to determine an adequate caloric and
nutritional requirement. The limited involvement of physicians
in many tasks found herein could be explained by the lack of
knowledge in nutritional support practices. Insufficient nutritional
knowledge among Saudi physicians has been previously reported
by Alkhaldy (20). Moreover, the pharmacists in this study mainly
wrote and monitored PN orders with a minimal role in other
tasks. In a previous investigation in Kuwait, pharmacists working
at hospitals primarily contributed to technical tasks, such as
PN compounding, with limited contribution in direct patient
care (21). The role of pharmacists in PN is well recognized.
However, pharmacists play different roles in the provision of PN.
Their inclusion to NSTs has been reported to reduce metabolic
and catheter-related issues compared with PN management by
physicians only (22, 23).

Regarding insertion of nutritional support access devices, we
found that a large proportion of physicians were involved in
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TABLE 4 Nutrition support team in Saudi hospitals.

Questions Answers Total
(n = 114)

(1) In your opinion, how important is having
nutrition support team to the accuracy and
efficacy of nutritional prescription for
hospitalized patients?

Very important 107
(93.9%)

Somewhat important 7
(6.1%)

Not important 0
(0.0%)

(2) Does your hospital have an established
multidisciplinary nutrition support team that is
currently active?*

Yes 51
(44.7%)

No 15
(13.2%)

No formal team exists
but nutritional

management is aided
by regular

communication
between disciplines

36
(31.5%)

I Don’t know 12
(10.5%)

Questions Answers Total
(n = 51)

(3) Which of the following members included
in the nutrition support team in your
hospital?**

Physician 49
(96.1%)

Dietitian 51
(100.0%)

Pharmacist 43
(84.3%)

Nurses 38
(74.5%)

(4) How frequent does the nutrition support
team meet to discuss patient management?

Daily 17
(33.3%)

Once a week 13
(25.5%)

Once every other week 3
(5.9%)

Once monthly 5
(9.8%)

Only as needed and
case by case

7
(13.7%)

I Don’t know 6
(11.8%)

(5) Does your hospital’s nutrition support team
review and report on service performance,
quality indicators, patient’s outcome data, and
adverse events related to nutrition support
therapies?

Yes 37
(72.5%)

No 4
(7.8%)

I don’t Know 10
(19.6%)

(Continued)

TABLE 4 (Continued)

Questions Answers Total
(n = 114)

(6) In your opinion, what are the important
barriers in forming a dedicated nutrition
support team at your institution?**

Lack of physicians
with interest and

qualifications to direct
such team

51
(100.0%)

Lack of qualified and
dedicated nutrition
support pharmacists

47
(92.2%)

Lack of qualified and
dedicated nutrition
support dietitians

27
(52.9%)

No or little incentives
and appreciation of

the value of such team
by the hospital
administration

49
(96.1%)

None 34
(66.7%)

Data are presented as numbers and percentages. *Only participants who answered Yes
(n = 51) to this question were allowed to proceed to the following questions related to
nutrition support team. **Percentages don’t add to 100 because participants were allowed
to choose more than one option.

inserting EN feeding tubes. Practically, the limited number of
personnel privileged to secure nutritional access in hospitals can
delay nutritional support initiation as soon as it is needed, which
can have detrimental effects especially for patients at a high
nutritional risk. Guidelines recommend that enteral feeding tubes
or PN vascular accesses should be inserted only by privileged
healthcare professionals with appropriate training and qualification
(24, 25). Dietitian-led bedside small bowel feeding tube placement
and nurse-led PICC line insertion have been described and may
improve efficiency and prevent delays in achieving appropriate
access especially in hospitals with large volumes of cases and
limited resources (24–26). Implementing such concepts requires
advanced training, competency, and hospital-specific credentialling
to ensure patient safety.

Awareness and utilization of nutritional
support guidelines and protocols

Herein, both ASPEN and ESPEN guidelines were frequently
recognized and used in writing nutritional support policies
and protocols. Feeding protocols especially in critical illness
have been shown to enhance nutritional delivery that meets
requirements, resulting in improved outcomes (27). For
hospitalized medical inpatients with malnutrition, individualized
nutritional support therapy has led to better clinical outcomes
and survival compared with standard protocols (28). Among
our participants, more dietitians and fewer physicians and
pharmacists were involved in writing and updating hospital
nutritional support policies and procedures. For such policies
to achieve optimal care delivery, involvement of all members
of an NST/committee (physicians, nurses, dietitians, and
pharmacists) is recommended as a hospital standard by
professional societies.
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TABLE 5 Comparison of the perception of health care providers related to their confidence level in practicing nutrition support based on their profession, nutritional qualifications, region, years of experience type
and capacity of health care facility they work in.

Profession Physicians(n = 38) Dietitians(n = 62) Pharmacist(n = 14) p-value

Mean (± SD)

(1) Confidence score in practicing EN 7.74 (± 1.82) 8.66 (± 1.63) 3.86 (± 2.24) 0.001*

(2) Confidence score in practicing PN 6.10 (± 2.57) 5.85 (± 2.85) 7.36 (± 1.27) 0.140

Nutritional Qualification* Yes(n = 36) No(n = 78) 0-Value

Mean (± SD)

(1) Confidence score in practicing EN 8.8 (± 1.8) 7.2 (± 2.4) 0.001*

(2) Confidence score in practicing PN 7.5 (± 1.9) 5.4 (± 2.5) 0.001*

Region Western
(n = 82)

Eastern(n = 10) Central
(n = 18)

Southern(n = 3) Northern(n = 0) p-Value

Mean (± SD)

(1) Confidence score in practicing EN 7.7 (± 2.4) 8.2 (± 1.7) 7 (± 2.8) 9.0 (± 0.0) - 0.638

(2) Confidence score in practicing PN 6.1 (± 2.6) 6.0 (± 2.8) 5.4 (± 2.1) 7 (0.0) - 0.743

Years of experience Newly graduate(n = 11) 2–5 years(n = 43) 6–10 years(n = 29) More than 10 years(n = 38) p-Value

Mean (± SD)

(1) Confidence score in practicing EN 7.7 (± 1.7) 7.1 (± 2.5) 7.9 (± 2.2) 8.2 (± 2.1) 0.155

(2) Confidence score in practicing PN 5.7 (± 3.0) 5.3 (± 2.5) 6.8 (± 2.4) 6.3 (± 2.5) 0.086

Type of health care facility MOH
(n = 31)

Military hospitals
(n = 12)

University teaching
hospitals
(n = 23)

Specialized hospitals
(n = 15)

National guard
hospitals
(n = 7)

Medical cities
(n = 6)

Security Forces
Hospital
(n = 2)

Private hospitals
(n = 18)

p-Value

Mean (± SD)

(1) Confidence score in practicing EN 7.7 (± 1.9) 7.4 (± 2.6) 6.8(± 2.7) 7.6
(± 2.7)

7.5 (± 2.9) 8.6 (± 1.6) 9(0.0) 8.9 (± 1.4) 0.202

(2) Confidence score in practicing PN 5.1 (± 3.0) 7.5 (± 2.5) 6.8(± 1.5) 5.8
(± 2.1)

6.4 (± 2.0) 6.0 (± 1.5) 2(0.0) 5.8 (± 3.1) 0.128

Capacity of health care facility <100 beds(n = 11) 100–250 beds
(n = 17)

251–500 beds(n = 41) >500 bed(n = 36) Don’t know(n = 9) p-Value

Mean (± SD)

(1) Confidence score in practicing EN 6.7 (± 2.6) 8.1 (± 1.8) 8.2 (± 2.2) 7.2 (± 2.5) 8.3 (± 1.8) 0.127

(2) Confidence score in practicing PN 6.5 (± 1.6) 5.2 (± 3.6) 5.5 (± 2.2) 6.9 (± 2.2) 6.1(± 3.2) 0.131

Participants were asked to rate their confidence in practicing nutrition support and discussing the patient suitability for it with other clinicians on a scale of 1–10. Kruskal–Wallis test was conducted to compare the mean confidence score between the categories.
Mann–Whitney U-test was conducted to compare the mean confidence score between the two categories. *p-value is statistically significant at <0.05 level.
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Nutritional screening and assessment
practices for hospitalized patients

All hospitalized patients with poor nutritional intake should
have their nutritional risk evaluated before the start of specialized
nutritional therapy using a validated screening tool (29). Herein,
the awareness and practice of a specific screening tool were low, and
most dietitians identified themselves as being involved in screening
and assessment. A large cross-sectional survey in the United States
found that although hospitals were compliant to malnutrition
screening within 24 h of admission, there was variation in the
screening tools used (19). Nurses were mostly responsible for
screening and dietitians for assessments (19). Although screening
is a critical step in the nutritional care algorithm for hospitalized
patients, it is the simplest step that can be performed by any
trained healthcare professionals. The lack of trained personnel or
delay in screening is problematic because it could negatively impact
patient outcomes. Additionally, referral for dietetic assessment
after screening should be well recognized by most healthcare
professionals (i.e., physicians and nurses). The present findings
suggest that nurses need to be empowered to refer patients for
nutritional assessment.

For nutritional assessment, many respondents used
anthropometric measurements, while small proportion, mainly
including physicians, reported their use of albumin levels as a
nutritional indicator. Regarding the estimation of nutritional
requirements, the physicians had minimal involvement in
this important step. This could be explained by expectations
that clinical dietitians calculate nutritional requirements

because of their skillset; however, physicians should play
an important role in complementing this step by assessing
and communicating patient-related factors that might affect
nutritional requirements.

Nutritional support initiation and
monitoring practices

We detected variations in the practitioners’ practices regarding
the initiation and monitoring of nutritional support, including the
timing and use of the GRV, which can affect optimal provision
of nutrition. According to the ASPEN guidelines, early EN must
be started within 24–48 h among hemodynamically stable patients
in the ICU but who are unable to maintain oral intake (30).
However, 39.5% of the respondents waited 3 days. Evidence has
shown that early nutritional support in critically ill patients is
associated with reduced mortality and infection (30). In terms of
PN initiation for well-nourished and stable patients with minimal
oral or EN intake, we found that many practitioners waited 3–
5 days. Clinical recommendations often advise starting PN (total
or supplemental) after 7 days in patients with unmet nutritional
requirements (12).

Gastric feeding intolerance is common in critically ill patients.
Therefore, monitoring of EN tolerance is essential. Although the
GRV is commonly used by many practitioners, it is a poor indicator
of EN intolerance (31). The use of multiple parameters, including
the GRV and presence of diarrhea, vomiting, and abdominal

TABLE 6 Regression analysis to identify the factors influencing the health care providers confidence when dealing with nutrition support.

Model 1
Outcome variable: Confidence score in practicing
enteral nutrition

R R2 Adjusted R2

0.465 0.216 0.187

Dependent variable (n = 114) Beta p-Value Partial correlation

Nutritional qualification (Yes/No)a 0.202 0.027* 0.304

Type of health care facilitya 0.210 0.022* 0.203

Profession (dietitians, pharmacists, physicians)a
−0.308 0.002* −0.234

Years of experiencea 0.220 0.023* 0.181

Regionb 0.77e 0.372 −0.086

Model 2
Outcome variable: Confidence score in practicing
parenteral nutrition

R R2 Adjusted R2

0.427 0.182 0.167

Dependent variable (n = 114) Beta p-Value Partial correlation

Nutritional qualification (Yes/No)a 0.398 0.001* 0.402

Regiona
−0.197 0.024* −0.212

Profession (dietitians, pharmacists, physicians)a 0.171c 0.057 0.18

Years of experienceb 0.155c 0.071 0.171

Type of health care facilityb 0.054c 0.531 0.06

aPredictors: (constant).
bExcluded variables.
*p-Value is statistically significant at <0.05 level. All models were adjusted for hospital capacity.
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distention, has been recommended by the ASPEN for evaluating
EN intolerance (32).

Nutritional support plan documentation
practices

Data related to nutritional assessment and care plan were
the most commonly documented data by the participants.
Documentation of nutritional assessment, including nutritional
requirements, is a key step and directly affects patient outcomes.
Nutritional support process is complex and has many steps that
need proper documentation. Improving the documentation quality
can help prevent EN/PN-related errors.

NSTs in Saudi hospitals

The delivery of optimal nutritional support needs a
multidisciplinary care team. In this study, the majority of the
participants reported that NSTs were very important to the
accuracy and efficacy of EN and PN prescription. The existence of
NSTs helps improve the quality of care among patients receiving
nutritional support. A recent systematic review found that NSTs
relatively reduced the rate of catheter-related infections and were
significantly correlated with decreased metabolic complications,
mortality, and inappropriate utilization of PN (33). Nonetheless,
the prevalence of NST implementation in hospitals is decreasing
as a result of cutting or saving budgets by healthcare organizations
(10). In the United Kingdom, only 60% of hospitals provide
nutritional support through a multidisciplinary NST (34). Nearly
half of the respondents in the current study had a formal NST
comprising physicians, dietitians, pharmacists, and nurses.
Typically, NSTs might hold weekly meetings to talk about their
operations, specific patients, reported data, and journals (34).
The current study reported a great variability in the frequency
of NST meetings.

Although NSTs are cost effective (35), their implementation is
challenging. The main barriers for implementing NSTs in this study
included the lack of physicians with interest, qualified pharmacists,
and incentives by hospital administrations. DeLegge et al. reported
similar barriers associated with the initiation of NSTs (36). Such
barriers must be addressed by future hospitals’ strategies for NST
implementation in Saudi Arabia.

Confidence level among nutritional
support practitioners

The confidence level of all study participants was significantly
higher for EN practice than for PN practice. It also varied
between the healthcare professions. Moreover, the present study
identified nutritional qualification and more years of experience
as factors enhancing the confidence level in practice. Promoting
nutritional support education among healthcare practitioners is
important. According to the ASPEN standards of practice, certain
minimum qualifications are required for all nutritional support
physicians to demonstrate competence to practice in the field of

nutrition (37). These qualifications include board certification in a
primary specialty, training/experience or certification in nutritional
support, participation in institutional nutritional support activities,
current clinical responsibility for patients requiring nutritional
support therapy, and active membership in a nutritional support
professional society. For pharmacists, nutritional support practices
vary with the position, education, and practice environment.
Certain minimum qualifications are required for all pharmacists
involved in nutritional support.

Strengths and limitations

To our knowledge, this study is the first to describe
nutritional support practices in different regions in Saudi Arabia
and to identify the factors influencing the confidence of
healthcare professionals in practicing EN and PN. In addition,
the questionnaire used captured various aspects related to
practice. However, a possible limitation of this study is that
participation was mostly by dietitians followed by physicians
and pharmacists. This could indicate a relatively small number
of physicians and pharmacists involved in hospital nutritional
support. Therefore, it might be difficult to generalize the results to
other healthcare professionals.

Conclusion

This study explored the current nutritional support practices in
Saudi Arabia and identified the factors influencing the confidence
of clinicians in practicing EN and PN. It also identified areas
where the current hospital standards in Saudi Arabia might be
improved and evaluated them against international nutritional
support standards. Further, the study provided insights into
what Saudi hospitals as a stakeholders can do to improve
nutritional support practices. These included using evidence-based
hospital-specific protocols, increasing physicians’ awareness about
nutritional support guidelines and policies, enhancing nutritional
support education and certification among physicians, funding
nutritional support committees and national nutritional support
training programs, and implementing NSTs in accordance with
evidence-based practice guidelines. Clearly, dietitians play a key
role in nutritional support; however, the safety and efficacy of
care are improved when pharmacists, doctors, and nurses are all
involved in the process.
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Effectiveness of a starch thickened 
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Background: Regurgitation and colic are quite common in young infants, leading 
to a reduced quality of life (QoL) and to parental distress. Their management is 
challenging and aims to effectively reassure and relieve symptoms. This study 
aimed to assess the effectiveness over 30 days of a starch thickened formula with 
a reduced lactose content, Limosilactobacillus reuteri (Lactobacillus reuteri) DSM 
17938 and FOS/GOS.

Methods: A real-world prospective multicenter experimental study was 
conducted in a before-after design within subject. Full term infants 0−5 months 
with regurgitation or colic or both symptoms and without intercurrent illness 
were included after parental informed consent and received the studied formula. 
The primary endpoint was the improvement in QoL using the QUALIN infant’s 
questionnaire. Secondary endpoints were the symptoms outcome and the 
formula tolerance.

Results: Of the 101 infants included (age: 6.2 ± 4.3  weeks), 33 had regurgitation, 
34 colic and 34 had both. At D30, the QoL score was improved in 75% of infants 
in per protocol analysis (n = 68; +8.2 ± 13.7; p < 0.001), more in those with colic or 
both symptoms. Meanwhile, in intention to treat analysis (all p < 0.001), the daily 
number of regurgitations decreased by 61% and the weekly number of days with 
colic by 63% while the daily cumulative duration of crying decreased by 82 ± 106 
mn. These improvements were observed within the first week by 89 and 76% of 
parents, respectively.

Conclusion: The study formula associated with reassurance is shown to 
be quickly effective in the management of infant’s regurgitation or/and colic in 
routine clinical practice.

Clinical trial registration: https://clinicaltrials.gov/, identifier NCT04462640.
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functional gastro-intestinal disorders, infants, regurgitation, colic, comfort formula, 
thickened formula, Limosilactobacillus reuteri
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Introduction

Functional gastrointestinal disorders (FGIDs) are frequent in 
otherwise healthy infants and include a variable combination of 
recurrent or chronic symptoms (1). The global prevalence of at least 
one FGID in infants has been estimated between 25% and 30% in 
European studies (2, 3) and above 50% in Italian infants under 
6 months (4). Regurgitation, and colic are the most frequent FGIDs in 
infants and often coexist (2, 3, 5–7). The pathophysiology of these 
symptoms is far from being able to be explained whereas they should 
naturally resolve over time (1). Their respective prevalence varies 
among the different studies due to differences in diagnostic criteria, 
study design, data collection methods, cultural habits, availability of 
health centers, and diet (7). The formal consensus diagnosis of these 
disorders relies on the symptom-based Rome criteria that have 
evolved over time until the latest ones established in 2016 as the Rome 
IV criteria (1). In infants 0–6 months, a recent review reported a 
prevalence of colic of 10%–15%, of regurgitation of 34% and 
constipation of 1.5% according either to Rome III or Rome IV criteria 
(7). In France, according to two studies using Rome III and Rome IV 
criteria, the respective prevalence of regurgitation, colic, and 
constipation in infants have been estimated 17%−41%, 18%−19%, 
and 6%−9% (2, 8). Frequently infants may have multiple FGIDs, 
notably both colic and regurgitation (3, 9, 10). Formula-fed infants are 
more likely to suffer from FGIDs, mainly functional constipation, than 
breastfed infants (3, 9, 10).

Frequent regurgitation and unexplained and inconsolable crying 
display distressing and anxiety-provoking for parents, driving them to 
seek frequent medical advice (5, 11–14). Parents are all the more 
worried, desperate and demanding when the infant display a reduced 
quality of life (QoL) (5, 9, 13, 15, 16). The Rome IV consensus 
statement stipulate that physicians should be aware of the impact of 
the FGIDs symptoms on the infant’s QoL in addition to their clinical 
assessment (1).

Parents are understandably eager for a quick and easy fix and will 
often opt for medication in hopes of quick symptom relief (17). 
Clinicians depend on the reports and interpretation of the parents 
regarding the symptoms and must meet their expectations. Together, 
this leads to numerous changes in infant formula, the use of over-the-
counter medications, an over-prescription of drugs despite 
recommendations regarding their uselessness, and therefore an 
increase in healthcare costs (13, 15, 18). In particular, despite their lack 
of efficacy in this indication, proton pump inhibitors are increasingly 
used in infants presenting with unexplained regurgitation or crying, 
restlessness and irritability that define colic (19–22).

The natural history of infant colic and regurgitation is a 
spontaneous gradual improvement from the age of 4 and 6 months, 
respectively (3, 9, 10). In the meantime, the management goals are to 
provide effective reassurance and symptom relief without requiring 
medication (1). Therefore, conservative measures such as a dietary 
approach and/or the use of probiotics are attractive as a first-line 
management of these common FGIDs (12). Both measures are the 
most frequently prescribed by French practitioners (8, 9, 15). 

According to the report of the parents of the 8,865 French infants aged 
2 months included in the ELFE study, either a thickened formula, or a 
thickened formula plus pre- and/or probiotics or a regular formula 
enriched with pre- and/or probiotics were, respectively, used in 9, 44, 
and 17% of infants with regurgitation (n = 1,098; 12.4%) and 6, 37, and 
26% of infants with colic (n = 1,921; 21.7%) (23). The use of a thickened 
formula is the optimal initial management of uncomplicated 
regurgitation recommended by the joint committee of the North 
American and the European Societies for Pediatric Gastroenterology, 
Hepatology, and Nutrition (NASPGHAN/ESPGHAN) and in the 
National Institute for Health and Care Excellence (NICE) guideline 
(24, 25). The management of infants with colic may be  more 
challenging insofar as the level of evidence of the different approach 
proposed is low (26–30). The strongest evidence for the treatment of 
infantile colic is with probiotics, i.e., live microorganisms that, when 
administered in adequate amounts, confer a health benefit on the host 
(31), primarily probiotic strains of Limosilactobacillus reuteri 
previously named Lactobacillus reuteri (26, 30, 32, 33). Several 
randomized controlled trials found that, Limosilactobacillus reuteri 
DSM 17938 (LrD), can reduce crying and/or fussing time in breastfed 
infants with colic whereas the results of the scarce studies in 
formula-fed infants are contradictory as reported in systematic 
reviews and meta-analysis (16, 30, 32, 34–37). The Rome IV 
recommendations already concluded on the “need for prospective 
studies to show the efficacy of different diets in infants with FGIDs” 
leading to new studies considering the specific composition of the 
formula (1).

The current study aimed at assessing the effectiveness in routine 
clinical practice of a thickened formula with reduced lactose content 
and supplemented with LrD and a prebiotic mixture of fructo-
oligosaccharides (FOS) and galacto-oligosaccharides (GOS) on QoL 
and on the symptom relief in infants with regurgitation and/or colic. 
As the probiotics, the prebiotic mixture was thus considered according 
to the definition set by the International Scientific Association for 
Probiotics and Prebiotics (ISAPP) (31).

Methods

Study design

This open real-world prospective multicenter experimental 
study was conducted to assess the effectiveness of the study formula 
over 30 days in exclusively formula-fed infants 0–5 months with 
regurgitation or colic or both. The composition of the formula used 
is detailed in Table 1 in accordance with EFSA recommendations 
and the European Commission Delegated Regulation 2016/127 (38, 
39). The study formula contained L. reuteri DSM 17938 at 
concentration that guarantee a daily intake of approximately 108 
colony-forming unit (CFU). The method used a pretest-posttest 
within-subjects design.

The study protocol, the parents’ information sheet and the 
informed consent form were reviewed and approved by the Subject 
Protection Review Board “Sud Mediterrannée III” (Nimes 2020/03/18, 
no. 2020.01.07 bis_19.12.26.60314). The study was registered in the 
Clinical Trials Protocol Registration System at ClinicalTrials.gov with 
the identifier NCT04462640. It was conducted in full agreement with 

Abbreviations: FGIDs, Functional gastrointestinal disorders; FOS, Fructo-

oligosaccharides; GOS, Galacto-oligosaccharides; ITT, Intention to treat; LrD, 

Limosilactobacillus reuteri DSM 17938; PP, Per protocol; QoL, Quality of life.
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the guidelines laid down in the Declaration of Helsinki and the French 
data protection act (Loi “Informatique et Libertés”), ensuring that 
respondents’ personal identity is withheld. The study was carried out 
in collaboration with a group of family paediatricians.

Participants

The parents consulting for regurgitation and/or colic in their 
exclusively formula-fed infant were invited to participate in the 
study by their pediatrician, provided that they had a sufficient 
French language competency and that they were able to use 
a computer.

Otherwise, healthy infants under six months whose parents were 
worried about frequent regurgitations or/and crying, irritability, and 
fussing that start and stop without obvious cause, which are considered 
as colic in routine practice, were eligible for inclusion. They did not 
have to fulfill Rome IV criteria (1) since this was a real-world 
experimental study. They must also have been born at term (≥37 weeks 
of gestation) with a birth weight ≥2,500 g. The exclusion criteria were: 
intercurrent acute or chronic illness including suspected or confirmed 
food allergy; current drug treatment or food supplement other than 
vitamins; feeding with a partially or extensively hydrolyzed protein 
formula; failure to thrive. All this information was known to the 
pediatrician who the infant’s usual doctor was. Each paediatrician had 
to include all consecutive infants fulfilling inclusion and exclusion 
criteria and was asked to include, as much as possible, the same 
number of children with regurgitation or colic. After offering a fully 
informed description of the survey, parents gave their consent to 
participate, without any financial incentive.

Course of the study

The initial consultation (D0) consisted of verifying that the infant 
met the above inclusion criteria, examining the infant and obtaining 
the parental informed consent. The paediatricians had to collect 
anamnestic data and to assess the health status of the infant. Baseline 
data included date of birth and of the visit, gestational age, gender, 
birth and current weight and length, number of children in the family, 
current and previous type of feeding, number and volume of daily 
feeding in the previous 3 days, previous treatment, and the detailed 
description of the FGIDs symptoms. These data were reported by the 
practitioners in an online specific clinical chart derived from the one 
developed by the Rome Foundation (40). Parents were asked to 
complete the QoL questionnaire, that was the validated QUALIN 
questionnaire specifically designed for infants (41). At the end of the 
visit, parents were asked to move their infant feeding to the study 
formula for one month.

One month (±3 days) after inclusion (D30), the same charts were 
completed by the paediatricians and the parents, respectively. Data 
concerning the course of FGIDs, as well as the efficacy and tolerance 
of the prescribed infant formula, including the possible adverse effects, 
were recorded. Parents also had to testify to the doctor about their 
degree of satisfaction.

All data (D0 and D30) were reported by the physician on an 
electronic patient reported outcomes software (DACIMA ePRO, 
Montreal, Quebec, Canada). Data were collected and analyzed by a 
Clinical Research Organization (CRO, Keyrus Life Science, Levallois 
Perret, France).

Data and statistical analysis

The primary endpoint was the outcome of the infants QoL as 
assessed by parents. Secondary endpoints were the outcome of the 
symptoms and anthropometric data as well as the tolerance of the 
study formula and the parents’ satisfaction assessment.

Sample size was calculated with respect to the primary outcome 
and according to the results of a previous study leading to expect an 
improvement of 13.5 points in the QoL score with a standard deviation 
(SD) of 20 (15). Also considering a correlation coefficient of 0.5 
between QoL scores at D0 and D30 with an α level of 0.05 and a power 
(1 − β) of 0.95 and assuming a dropout rate up to 40%, we calculated 
that 90 infants equally divided between regurgitation and colic should 
be included.

The QUALIN questionnaire (Supplementary File) includes 34 
items with 6 possible answers, which were definitely false, mostly false, 
both true and false, mostly true, definitely true and do not know (41). 
The answers were scored from −2 (definitely false) to +2 (definitely 
true) when it is a positive question, whereas negative items are reverse-
scored, from −2 “definitely true” to +2 “definitely false.” As a result, the 
overall score might range from −68 (worst QoL) and + 68 (best QoL). 
Following the results of the principal component analysis performed 
during the validation study, some answers have been grouped in four 
topics, namely behavior and communication (items no. 3, 5, 8, 13, 16, 
18, 21, 22, 24, 32, 33), ability to remain alone (items no. 7, 10, 15, 17, 
23), family environment (items no. 11, 26, 29, 31), and psychological 
and somatic well-being (items no. 4, 6, 14, 19, 27, 30), leaving 8 items 
out (items no. 1, 2, 9, 12, 20, 25, 28, 34) (41).

TABLE 1 Composition of the study infant formula per 100 mL and 100 kJ.

Study formula EFSA 
recommendations 

(38)/100 mL /100 kJ

Energy 67 kcal 

(280.3 kJ)

100 kJ 250–293 kJ/100 mL

Protein 1.2 g 0.43 g 0.43–0.60 g /100 kJ

 Casein 0.36 (30%) 0.13 g

 Whey protein 0.84 (70%) 0.30 g

Total fat 3.6 g 1.3 g 1.1–1.4 g/100 kJ

 DHAa 16.8 mg 6 mg 4.8–12 mg/100 kJ

 ARAb 16.8 mg 6 mg

Carbohydrates 7.2 g 2.53 g 2.2–3.3 g/100 kJ

 Lactose 5.2 g 1.84 g ≥1.1 g/100 kJ

 Starch (95% 

potato, 5% rice)

2 g ≤2/100 mL

FOSc/GOSd 0.04/0.36 g

Magnesium 6.2 mg 2.2 mg ≥1.2 mg/100 kJ

Osmolarity 21.1 m0sm

aDHA, docosahexaenoic acid.
bARA, arachidonic acid.
cFOS, fructo-oligosaccharides.
dGOS, galacto-oligosaccharides.
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All reasons for dropping out including lost to follow-up, stopping 
or not taking the formula and/or adding a drug treatment, and all 
adverse effects had to be collected. The analysis of primary outcome 
was performed on the per protocol population (PP), i.e., the infants 
who completed the study without violation of the protocol and for 
which the QoL questionnaire was completed at D0 and D30. The 
analyses of secondary outcomes were performed first on the intention 
to treat population (ITT), i.e., all infants included at D0 who were not 
lost to follow-up and therefore have consulted again at D30, and 
second on per protocol population.

At each visit the symptoms were assessed according to their 
frequency and characteristics during the week prior to the visit as 
reported by parents. Dichotomous variables were described as 
numbers and percentages, and continuous variables by the mean ± SD 
and by median, interquartile range (Q1–Q3) and range (minimum-
maximum) listed in brackets. The assessment of stool consistency was 
adapted from the Bristol stool form scale (42).

Statistical analyses were done using SAS software version 9.4 (SAS 
Institute Inc., Cary, NC, United States). Means of quantitative variables 
were compared using the Student’s t-test for paired normally 
distributed data, otherwise the paired non-parametric Wilcoxon 
signed-rank test was used. Linear regression was used to test 
independence between the total QoL score and the evolution of 
symptoms (number of regurgitations/day and number of days with 
crying) and the Pearson correlation coefficient was calculated. The 
two-sided alpha level of significance was set at 5%.

Results

Participant flow and baseline 
characteristics

Of the 68 paediatricians contacted, 53 were initially interested in 
the study and 28, who were distributed throughout the national 
territory, finally voluntarily actively participated in the study. Between 
end of august 2020 and end of October 2021, they included 101 infants 
presenting regurgitation or excessive crying or both [number of 
inclusions/pediatrician: mean: 3.6 ± 2.4 (4.0; 2.0–5.0; 1.0–10.0)]. 
Figure 1 shows the subjects’ flow during the study. Of the included 
infants, 7 were lost to follow up before D30 (ITT, n = 94). For the per 
protocol analysis (n = 68), 16 infants were dropped out because of 
violation of protocol (3 formula change, 7 drug added, 6 both) and 10 
infants because of an uncompleted QUALIN questionnaire.

Baseline characteristics of the population

They are showed in Table 2, with no difference between the ITT 
and PP populations or between gender. All infants were born at term, 
with a normal birth weight. Their median age at inclusion was 5 weeks. 
Only 13% of infants were older than 3 months, with the oldest one 
aged 18 weeks. Among included infants, 33 presented with 
regurgitation only, 34 with colic only and 34 with both regurgitation 
and colic leading to a sum of prevalence of the two FGIDs over 100%. 
All the 67 infants with regurgitation had fulfilled the Rome IV criteria 
(n ≥ 2/ day), whereas among the 68 colic infants 95.6% had excessively 
cried or fussed for more than 3 days a week, but only 22% had 

presented it during more than 3 h per day and had thus met the full 
Rome IV criteria (1). According to the Rome IV criteria, five infants 
could be considered as constipated (≤2 bowel movements/day), and 
none had a functional diarrhea (≥4 large, unformed stools).

All infants included were fully formula-fed except for one who 
had started few complementary foods. From birth to D0, 89% of 
infants were always fed the same formula, 6% had changed formula 
once, 3% twice, and 2% four times. No infant was fed a formula with 
all the same characteristics as the study formula. The formula used 
prior to inclusion were: standard formula (n = 1); standard formula 
with probiotics (n = 45), or prebiotics (n = 32), or both (n = 1); formula 
with reduced content of lactose only (n = 2) or with additionally 
probiotics and prebiotics (n = 13); thickened formula with probiotics 
(n = 5) or with prebiotics (n = 2). Moreover 11 infants had received 
treatment with probiotics, which was LrD in 10. Thus, in total, 55 
infants had received LrD before D0, including 45 for whom it was 
administered as a component of a formula.

On average the final visit (D30) occurred 30.1 ± 2.2 days (30; 
29–32; 21–36) after D0.

Primary outcome

The QoL of 75% of infants in the PP analysis improved at D30 
without difference between gender or age, although colicky infants 
tended to be slightly younger. The mean improvement in the global 
score was +8.2 ± 13.7 (8; 1–18; −23 to 40; p < 0.001) (Table 3). The 
prevalence of infants with an improved score tended to be higher in 
the group with only colic (77%) and in the group with colic and 
regurgitation (89%) than in the group with only regurgitation (62.5%). 
The QUALIN score significantly increased in infants with colic alone 
(+9.7 ± 13.8; 10; 1–18; −18 to 40; p = 0.001) or in association with 
regurgitation (+13.3 ± 13.9; 16; 6–24; −15 to 33; p < 0.001) and not in 
infants with only regurgitation (+2.7 ± 11.9; 4; −4 to 10; −23 to 24). 
This improvement was mainly due to items related to behavior and 
communication and well-being (66.2% of infants) among which the 
question related to crying (no. 30) most often got an improved 
response (54.4% of infants), followed by items no. 5, 13, 21 for about 
40% of infants. This group of items accounted, in median value (Q1–
Q3), for 36.4% (28.1–42.5) of the global result at D0 and 37.1% (33.3–
42.6) at D30. Worsening of the score was noted in 19% of infants, 
mainly in the items related to the ability to remain alone (39% of 
infants), which accounted for less than 5% of the total score. In linear 
regression, no relationship between the global QoL score and the 
improvement in the daily number of regurgitations or the weekly 
number of days with colic was found.

Secondary outcomes (regurgitation and 
colic)

Table 4 shows the different outcomes.
Overall, the daily number of regurgitations decreased from 

4.8 ± 2.0 at D0 to 1.7 ± 1.2 at D3O (ITT, n = 61; p < 0.001), and from 
4.7 ± 1.9 to 1.7 ± 1.2 (PP, n = 42; p < 0.001) in ITT, the decrease was– 
3.1 ± 2 (−3; −4; −2; −8 to 2) regurgitations per day, i.e., minus 
60.7 ± 26.3% (66.7; 50–80; 20–88). The number of infants in ITT 
analysis meeting the Rome IV criteria for regurgitation decreased 
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from 100 to 38% at D30. In ITT analysis, 91.8% of parents have 
noticed a decrease in regurgitation in less than 4 days for 59% of them 
and within one week for 89%. In PP analysis the decrease in the daily 
number of regurgitations was of 63.4 ± 17.8% (66.7; 50–80; 20–88); of 
parents, 98% noticed such an improvement, within one week for 95% 
of them.

In infants with colic, the weekly number of days with crying 
or fussing decreased from 5.8 ± 1.5 to 2.0 ± 2.0  in ITT analysis 
(n = 65; p < 0.001) and from 6.3 ± 1.1 to 1.5 ± 1.6  in PP analysis 
(n = 44; p < 0.001). This corresponded to a decrease of 63.4 ± 37.5% 
(71; 50–100; 75–100) and 73.6 ± 27.8% (82; 59–100; 0–100) 
respectively. Of parents 89% (ITT) and 95% (PP) noticed a 
decrease in number of crying/fussing; it was within 3 days for 36 
and 45% and within one week for 76 and 83% of parents, 
respectively. In PP analysis, parents reported 100% of infants with 
colic had 3 or more days with crying per week at D0 and 22% at 
D30. On the other hand, they reported 27% of infants who cried 
for ≥3 h /day at D0 and 2% at D30. Overall, the cumulative daily 
crying duration decreased from 120.0 ± 100.5 mn to 38.1 ± 46.3 
mn in ITT analysis (n = 65; p < 0.001), i.e., a decrease of 82 ± 106 
mn, and from 124.5 ± 108.5 mn to 28.7 ± 38.3 mn in PP analysis 
(n = 44; p < 0.001). Specifically, 90% of the 32 infants with colic 
who previously to inclusion received LrD, either as drops or in a 
formula, had improved. In these 32 infants, the number of days 
per week with colic decreased from 6.1 ± 1.4 to 2.1 ± 2.4 (p < 0.001); 
the median value decreased from 7 (5–7; 2–7) to 1 (0–3; 0–7). In 
these infants the crying duration per day decreased from 
131.4 ± 121.2 mn (90; 60–180; 4–600) to 42.3 ± 51.7 (30; 0–60; 
0–240) (p < 0.001).

Evolution of stool frequency and 
consistency

Little change in the number of bowel movements per week was 
shown from 9.3 ± 5.3 (7; 6–14; 1–21) at D0 to 8.2 ± 4.0 (7; 6–10; 1–21) 
at D30. At D30 there was a trend for fewer infants with hard or liquid/
curdy stool and for more infants with normal stools, and no more 
infants who could be considered constipated (Figure 2). These changes 
in stool consistency were noticed by 45.7% of parents, of whom 41.9% 
noticed it within 3 days after introduction of the study formula and 
80.5% within one week.

TABLE 2 Baseline characteristics of the population.

Included PP

n 101 68

Male n (%) 50/101 (49.5) 34/68 (50.0)

Rank in siblings (n = 99) (n = 67)

% as no. 1; 2; 3; 4; 5 56.6; 26.3; 15.2; 1.0; 1.0 56.7; 25.4; 17.9; 0.0; 0.0

Gestational age (n = 100) (n =68)

Mean week (SD) 39.3 (1.1) 39.3 (1.1)

Median (Q1−Q3; range) 39.0 (39.0−40.0; 

37.0−41.0)

39.0 (38.0−40.0; 

37.0−41.0)

Birth weight (n = 100) (n = 68)

Mean kg (SD) 3.30 (0.40) 3.31 (0.42)

Median (Q1−Q3; range) 3.33 (3.00−3.50; 

2.50−4.34)

3.35 (3.04−3.56; 

2.50−4.34)

Birth length (n = 100) (n = 68)

Mean cm (SD) 49.3 (2.1) 49.2 (2.2)

Median (Q1−Q3; range) 50.0 (48.0−51.0; 

44.0−54.0)

50.0 (48.0−51.0; 

44.0−54.0)

Age at inclusion (n = 100) (n = 68)

Mean weeks (SD) 6.2 (4.3) 6.3 (4.3)

Median (Q1−Q3; range) 5.0 (3.0−9.0; 0.3−18.0) 5.0 (3.0−8.0; 0.3−18.0)

Weight (n = 100) (n = 68)

Mean kg (SD) 4.74 (1.11) 4.69 (1.11)

Median (Q1−Q3; range) 4.45 (3.97−5.30; 

2.70−7.80)

4.45 (3.90−5.28; 

2.70−7.80)

Length (n = 100) (n = 68)

Mean cm (SD) 55.2 (4.4) 55.0 (4.2)

Median (Q1−Q3; range) 54.0 (52.0−58.0; 

48.0−67.0)

54.0 (52.0−58.0; 

48.0−65.0)

Head circumference, cm (n = 100) (n = 68)

Mean cm (SD) 37.8 (2.1) 37.8 (2.1)

Median (Q1−Q3; range) 37.0 (37.0−39.0; 

34.0−44.0)

37.0 (37.0−39.0; 

34.0−43.0)

Number (%) of infants with 

regurgitations

67 (66.4) 42 (61.8)

Number (%) of infants with 

colic

68 (67.3) 44 (64.7)

Number (%) of infants with 

both FGIDs

34 (33.7) 18 (26.5)

Number (%) of infants with 

mostly regurgitationa

50 (49.5) 33 (48.5)

Number (%) of infants with 

mostly colica

46 (45.5) 35 (51.5)

Number (%) of infants with 

as much regurgitation as 

colica

5 (5) 0 (0)

Number of bowel 

movements/weekb

Mean (SD) 9.3 (5.3) 9.7 (5.3)

(Continued)

Median (Q1−Q3; range) 7 (6–14; 1–21) 7 (6–14; 2–21)

Number (%) of infants with 

hard stoolb

12 (11.9) 7 (10.3)

Number (%) of infants with 

normal stoolb

31 (30.7) 21 (30.9)

Number (%) of infants with 

smooth or lumpy stoolb

45 (44.6) 31 (45.6)

Number (%) of infants with 

curdy or liquid stoolb

13 (12.9) 9 (13.2)

aAccording to pediatrician’s assessment.
bAs reported by parents during the previous week.

TABLE 2 (Continued)
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Satisfaction, tolerance and adverse events

Of parents in ITT analysis (n = 94) and PP analysis (n = 68), 84 and 
85% considered that the comfort of the infant had been improved 
during the study period and 78.7% and 83% asked to continue with 
the study formula, respectively. Of the 20 and 11 parents who in each 
analysis did not ask to continue, 13 and 8 considered the formula  
to be  ineffective, and 7 and 3 that the problems were resolved, 
respectively.

The quantity of formula consumed at D30 was 798.4 ± 99.4 mL/
day (750; 720–900; 540–1,080), without difference between infant with 
regurgitations and infants with colic. Solid foods were introduced in 
4 more infants than at D0. The weight gain during the study period in 
the PP population was 28.8 ± 8.2 g/day (27.1; 23.8–33.4; 11.3–49.7). 
The length gain was 3.3 ± 1.3 cm (3; 2–4; 1–8) and that of head 
circumference 1.8 ± 0.8 cm (2; 1–2; 1–5).

Seven adverse events were reported including two constipations 
(as assessed by parents but not in accordance with Rome IV criteria), 

two increases in regurgitation, one worsening of colic, one urine tract 
infection and one gastroenteritis.

Discussion

This multicenter prospective experimental study was conducted 
in routine circumstances leading to include infants who did not all 
meet the Rome IV criteria. Such infants precisely represent the target 
population concerned by such a dietary approach in current pediatric 
practice. Such a real-life study is better able to inform on the 
effectiveness of a management (43). The completion of recruitment 
has required an unusually relatively long time of over 14 months due 
to three waves of COVID epidemic (44). The physician’s goal as well 
as the parents’ expectations in the management of infant’s 
regurgitations and colic are to improve the comfort of the infant as 
evidenced by the QoL score by ensuring an alleviation of the 
symptoms, what were the criteria adopted to judge the effectiveness.

FIGURE 1

Flow chart.
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Effectiveness of the study formula on 
infants’quality of life and clinical outcome

At inclusion the QoL score in our population of infants with colic 
or regurgitation was much lower than the one originally reported in 
healthy 1–3 years children (~53) but higher than that reported in 
chronic diseases (~23) (41). It is comparable to that already reported 
in infants with FGIDs (27.2 ± 15.1) (15). In studied infants, the QoL 
score was lower in those with colic or with both symptoms than in 
those with regurgitations only, confirming how stressing and 
depressing the crying/fussing problems could be for parents and for 
the perception of their infant’s QoL (45). Just over a third of the 
included infants presented with both FGIDs. Infants presenting 
multiple FGIDs have already been reported as having a lower QoL 
score and a slower recovery than those with a single symptom (9).

The results of our study suggest that a starch thickened “comfort 
formula” containing the probiotic Limosilactobacillus reuteri DSM 
17938, a mixture of prebiotics FOS/GOS and a reduced content of 
lactose is effective in the management of infant’s regurgitation and/or 

colic. The findings were an improvement of the quality of life in three 
quarters of infants and a decrease in the daily number of regurgitations 
and in the number of days with colic as well as of daily cumulative 
duration of crying. The improvement in QoL was more frequently 
observed in infants with colic, even if they were associated with 
regurgitations. A greater improvement in QoL score in case of 
combined FGIDs was previously shown (9). As shown by others, no 
relationship between the improvement in QoL and that of symptoms 
could be  demonstrated by linear regression (16). The rapid 
improvement of the symptoms certainly contributes greatly to 
reassuring parents, what is the cornerstone in the management of 
these two FGIDs, especially in case of colic (1, 46). It certainly 
increased “free time” and improved “sleep time” of parents what 
participated in the perception of better QoL.

Both FGIDs are time-limited conditions. However, age at 
inclusion (75% of infants were younger than 9 weeks and the oldest 
included infant was 18 weeks old) and duration of the trial (4 weeks) 
make the possibility of a natural temporal evolution unlikely to 
explain the improvements observed (47, 48). The natural evolution of 

TABLE 3 Evolution of the QUALIN scores from baseline to day 30 according to the symptoms presented in per protocol analysis.

Infants with 
regurgitations

Infants with colic Infants with 
regurgitations and colic

All infants

n 24 26 18 68 n 24 26 18

D0 D30 D0 D30 D0 D30 D0

Total score

 Mean (SD) 37.7 (9.9) 40.3 (12.2) 29.0 (14.1) 38.7 (10.4)*** 30.9 (12.6) 44.3 (8.4)*** 32.6 (12.7) 40.8 (10.7)***

 Median (Q1–

Q3)

39 (30–47) 43 (34–50) 30 (18–41) 39 (33–47) 28 (20–40) 47 (42–49) 35 (23–42) 44 (35–49)

 [Range] [20–55] [8–60] [5–55] [16–60] [14–54] [24–56] [5–55] [8–60]

Behavior and communication

 Mean (SD) 13.4 (6.0) 14.6 (5.5) 10.0 (7.4) 14.7 (5.4) 10.9 (7.0) 16.8 (4.6) 11.5 (6.9) 15.2 (5.2)

 Median (Q1–

Q3)

14 (9–19) 15 (12–19) 11 (6–16) 16 (12–19)** 11 (5–18) 18 (15–21)** 12 (7–18) 16 (12–20)***

 [Range] [0–22] [1–22] [−9 to 22] [0–22] [−2 to 21] [6–22] [−9 to 22] [0–22]

Ability to remain alone

 Mean (SD) 1.6 (1.6) 1.7 (1.7) 1.5 (2.0) 1.7 (1.7) 2.1 (1.5) 2.2 (1.4) 1.7 (1.7) 1.8 (1.6)

 Median (Q1–

Q3)

2 (1–3) 2 (0–3) 2 (0–3) 2 (0–3) 2 (1–3) 2 (1–3) 2 (1–3) 2 (0–3)

 [Range] [−2 to 4] [−2 to 5] [−2 to 5] [−2 to 5] [0–5] [0–4] [−2 to 5] [−2 to 5]

Family environment

 Mean (SD) 6.6 (1.4) 6.6 (1.6) 6.1 (1.5) 6.6 (1.4) 6.1 (2.1) 7.0 (1.3) 6.3 (1.6) 6.7 (1.4)

 Median (Q1–

Q3)

7 (6–8) 7 (6–8) 6 (5–7) 7 (6–8) 7 (5–8) 8 (6–8) 7 (5–8) 7 (6–8)

 [Range] [4–8] [4–8] [2–8] [4–8] [2–8] [4–8] [2–8] [4–8]

Psychological and somatic well-being

 Mean (SD) 4.6 (2.5) 6.0 (3.1) 1.2 (4.8) 3.8 (4.0)** 1.5 (4.2) 5.4 (3.0)*** 2.5 (4.2) 5.0 (3.5)***

 Median (Q1–

Q3)

4 (3–6) 6 (3–9) 0 (−3 to 4) 4 (1–7) 1 (−2 to 4) 7 (2–8) 3 (−1 to 6) 5 (2–8)

 [Range] [−1 to 9] [0–11] [−5 to 11] [−5 to 10] [−6 to 10] [2–10] [−6 to 11] [−5 to 11]

**p < 0.01, ***p ≤ 0.001.
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regurgitation shows indeed a peak around 4 months of age and a 
tapering from 6 months onwards (1, 49, 50). On the other hand, the 
literature displays substantial variation in the reported age at which 
the excessive crying stopped, ranging from 9 to 104 weeks (median 
19 weeks) with a consensus to consider it after 6 months (1, 9, 46, 51). 
At the end of our study the oldest infant was 22 weeks old. Therefore, 
the hypothesis of a formula-specific effect on symptoms outcome 

seems more than likely in most infants, whereas a spontaneous 
evolution during the study period seems less likely but cannot 
be completely excluded in the infants older than 4 months.

The tested formula was well-tolerated and supported adequate 
infant growth. It has satisfied the vast majority of parents.

Contribution of the different ingredients to 
the explanation of the results

Given the diversity of modifications made in the composition of 
the study formula compared to a standard formula, it is difficult to 
assess the contribution of each to the observed improvement. 
Obviously, the thickening of the formula with starch contributed 
largely to the alleviating of regurgitation as generally admitted (24, 25, 
52–55). On the other hand, LrD has been shown to accelerate gastric 
emptying and improve regurgitation in infants (56). Regarding the 
improvement in colic, whose etiology remains elusive, our results are 
consistent with those from studies using formulas also containing LrD 
but with partially hydrolyzed protein (16, 35, 36). In exclusively 
breastfed colic infants, the use of LrD is supported by RCTs and meta-
analysis, whereas studies in formula fed colic infants are rare and 
inconsistent and often performed with LrD given as drops and not as 
an ingredient of the formula (30, 32, 34, 37). In their recent position 

FIGURE 2

Evolution in stool consistency from inclusion (D0) to endpoint (D30) 
(n = 94). Prevalence of infants with each type of stool.

TABLE 4 Outcome of regurgitation or colic from day 0 to day 30 in intention to treat (ITT) and per protocol (PP) analyses.

Infants with regurgitations Infants with colic Infants with regurgitations 
and colic

Analysis ITT PP ITT PP ITT PP

n 29 24 33 26 32 18

Number of regurgitations/day

D0  Mean (SD) 5.4 (2.2) 5.0 (2.0) – – 4.3 (1.8) 4.4 (1.8)

 Median (Q1–Q3) 5 (4–6) 5 (3–6) – – 4 (3–6) 5 (3–5)

 [Range] [2–9] [2–9] – – [2–8] [2–8]

D30  Mean (SD) 1.8 (1.3)*** 1.9 (1.4)*** – – 1.7 (1.0)*** 1.3 (0.6)***

 Median (Q1–Q3) 1 (1–2) 1 (1–3) – – 1 (1–2) 1 (1–2)

 [Range] [1–5] [1–5] – – [1–5] [1–5]

Number of days per week with crying or fussing

D0  Mean (SD) – – 6.0 (1.2) 6.2 (1.0) 5.7 (1.9) 6.3 (1.2)

 Median (Q1–Q3) – – 6 (5–7) 7 (6–7) 7 (4–7) 7 (6–7)

[Range] – – [3–7] [3–7] [1–7] [4–7]

D30  Mean (SD) – – 2.1 (2.0)*** 1.7 (1.8)*** 2.0 (2.0)*** 1.5 (1.6)***

 Median (Q1–Q3) – – 2 (0–3) 2 (0–2) 2 (0–3) 1 (0–2)

 [Range] – – [0–7] [0–7] [0–7] [0–4]

Daily crying duration (mn)

D0  Mean (SD) – – 152.3 (116.2) 150.3 (121.2) 86.7 (68.1) 87.1 (75.4)

 Median (Q1–Q3) – – 120 (90–180) 120 (90–180) 60 (48–120) 60 (50–120)

[Range] – – [4–600] [4–600] [3–300] [3–600]

D30  Mean (SD) – – 39.2 (44.1)*** 35.1 (45.8)*** 37.0 (49.1)*** 19.4 (21.8)***

 Median (Q1–Q3) – – 30 (0–60) 25 (0–55) 20 (5–60) 15 (0–30)

 [Range] – – [0–180] [0–180] [0—240] [0–60]

*p < 0.05, **p < 0.01, ***p < 0.001.
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paper, the ESPGHAN Special Interest Group on Gut Microbiota and 
Modifications considered that no recommendation could be made so 
far for or against its use in colic formula fed infants due to insufficient 
evidence (32). However, the group stated that LrD as well as B. lactis 
BB-12 may be recommended for the management of colic in breastfed 
infant. The rationality of using LrD is based on the demonstrated 
notion of an imbalanced microbiota colonization in infants with colic 
(11, 57, 58). A low intestinal concentration of lactobacilli genera 
would have an important role in the pathophysiology of infantile colic 
and, on the other hand, LrD would reduce inflammation, gas 
production, and pain perception (37). Besides this probiotic, the study 
formula, like the one used by Vandenplas et  al. with partially 
hydrolyzed protein, contained FOS/GOS leading to consider the 
possibility of a synbiotic effect (16), as defined by the ISAPP consensus 
statement (31). This might participate in explaining the improvement 
of infants having previously received LrD but then without 
effectiveness. In addition, a fermented formula for which the bacterial 
fermentation process is followed by mild heat treatment and that 
contained FOS/GOS has been shown to be  more effective in 
preventing infant’s colic than the same formula without FOS/GOS or 
an unfermented formula containing FOS/GOS (59). The role of excess 
lactose in the onset of colic has been questioned and related to a 
transient low lactase activity in young infants (27). The undigested 
lactose then reaches the colon where its bacterial fermentation 
produces gas including hydrogen, and intestinal distension that 
possibly triggers crying (11). Greater baseline breath hydrogen 
excretion at baseline as well as after a lactose meal have been reported 
in some infants with colic compared with healthy infants, but this may 
have been contradicted by others (27, 60). Randomized clinical trials 
of oral lactase administration as well as trials with reduced lactose 
content have shown conflicting results in the management of infantile 
colic (27, 60–62). A reduced lactose content (5.0 g/100 mL) in the 
study formula may thus have contributed to alleviation of crying. In 
total, the combination of all the changes made to the formula studied 
is presumably at the origin of the results observed, without it being 
possible to formally conclude on the interest of each of them. This 
would require randomized studies comparing formulas with an 
isolated modification and then combining them in different ways. 
Such studies are almost impossible.

Strengths and limitations

The strength of our study is that effectiveness assessment was 
based on both clinical outcome and QoL as recommended by Rome 
IV consensus (1). Of included infants only 7% were lost to follow-up 
and full adherence to protocol was observed in more than 67% of 
parents. The main advantage of such a pragmatic real-life study is its 
natural practice setting, mimicking every day clinical practice which 
provides high external validity (43). The possibility of having an 
overestimation of the number of regurgitations or of the amounts of 
crying by the parents is counterbalanced by the fact that the evaluation 
of their evolution was carried out within the subject in a 
pre- post-test.

Some limitations must be acknowledged. The report of data by 
parents lead to a few rare outliers that sometimes constitute the 
extreme data of the ranges. Some questions of the QUALIN 
questionnaire might not be well suited to very young infants or may 

have embarrassed some parents, which could explain the number of 
uncompleted questionnaires. Finally, the absence of randomization 
with a control group leads to consider the possibility of a placebo 
effect. Colic was shown to be highly responsive to placebo in different 
studies (63, 64). The parents’ awareness of the potential effect of the 
formula as well as the reassurance measures provided by the 
pediatrician probably interacted in the improvements observed (13, 
37, 46). However, the placebo and reassurance effects are components 
of the response to treatment normally present in clinical practice and 
were certainly acting before inclusion, especially since 11% of infants 
had previously changed from formula, 68% had already received a 
probiotic, and 45% prebiotics, but without effectiveness. This leads to 
the conclusion that the study formula is effective as a whole.

Conclusion

This study shows that, in routine clinical practice, a starched 
thickened formula with reduced lactose content and supplemented 
with Limosilactobacillus reuteri DSM 17938 and a mixture of fructo-
oligosaccharides and galacto-oligosaccharides has more than likely 
helped improve quality of life of young infants with regurgitation or 
colic or both and alleviate the underlying symptoms. As a 
consequence, such a formula deserves to be prescribed, in association 
with reassurance to parents, in the management of these infants 
without waiting for a possible spontaneous improvement which can 
be much later. On the other hand, the study confirms the absolute 
non-necessity of drugs in the management of these FGIDs. However, 
none of the specific ingredients of the test formula can be directly 
associated with the observed improvement, but the formula as a 
whole, unless separate RCTs are carried out in the future with each 
of them.
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The e�cacy of fat-free mass
index and appendicular skeletal
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malnutrition: a propensity score
match analysis
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Department, Longyan First Hospital, Fujian, Longyan, China

Background: Reduced muscle mass (RMM) is a phenotypic criterion for

malnutrition; the appendicular skeletal muscle mass index (ASMI) and fat-free

mass index (FFMI) are both applicable indicators in the global leadership initiative

on malnutrition (GLIM) guideline. However, their sensitivity and prognostic e�ect

remain unclear.

Methods: Clinical data of 2,477 patients with malignant tumors were collected.

Multi-frequency bioelectrical impedance analysis was used to obtain ASMI and

FFMI. RMM was confirmed by ASMI (<7.0 kg/m2 for men and <5.7 kg/m2 for

women) or FFMI (<17 kg/m2 for men and <15 kg/m2 for women). Propensity

score match analysis and logistic regression analysis were used to evaluate the

e�cacy of FFMI and ASMI in diagnosing severe malnutrition and multivariate Cox

regression analysis to determine the e�cacy of RMM in predicting survival.

Results: In total, 546 (22.0%) and 659 (26.6%) participants were diagnosed

with RMM by ASMI (RMM.ASMI group) and FFMI (RMM.FFMI group); 375 cases

overlapped. Body mass index (BMI), midarm circumference, triceps skinfold

thickness, and maximum calf circumference were all significantly larger in the

RMM.FFMI group for both sexes (P < 0.05). A 1:1 matched dataset constructed by

propensity score match contained 810 cases. RMM.FFMI was an influential factor

of severe malnutrition with HR = 3.033 (95% CI 2.068–4.449, P < 0.001), and

RMM.ASMI was a predictive factor of overall survival (HR = 1.318, 95% CI 1.060–

1.639, P = 0.013 in the RMM.ASMI subgroup, HR = 1.315, 95% CI 1.077–1.607, P

= 0.007 in the RMM.FFMI subgroup).

Conclusion: In general, RMM indicates negative clinical outcomes; when defined

by FFMI, it predicts nutritional status, and when defined by ASMI, it is related to

poor survival in cancer patients.

KEYWORDS

cancer, nutrition, malnutrition, skeletal muscle, prognosis

1. Introduction

In 2018, the number of cancer patients and cancer-related deaths increased by 18.1
million and 9.6 million globally, respectively (1). According to previous research, the
incidence of malnutrition in patients with malignant cancers is 15–40% at initial diagnosis
and up to 40–80% during treatment (2). Malnutrition leads to functional decline, reduces
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the quality of life, increases hospital costs, and even causes
mortality, which explains why it has become the focus of recent
research interest (3).

Cancer-related malnutrition results in changes in body
composition, mainly muscle depletion, and deteriorating
biological function. A decreasing food intake or absorption and
inflammation are the main reasons (4–7). In fact, 55% of patients
reported reduced dietary intake after suffering from cancer (8).
Inflammation, a hallmark of cancer, is involved in malnutrition
through multiple mechanisms (9, 10). Interleukin-1 (IL-1),
IL-6, tumor necrosis factor-alpha (TNF-α), and interferon-γ are
demonstrated to contribute to anorexia (11, 12). For instance,
Han et al. (13) reported that IL-6 and TNF-α could regulate white
adipose tissue lipolysis browning, resulting in the development of
malnutrition. Negative nitrogen balance and muscle wasting are
significant characteristics of cancer-related malnutrition (14). In
addition, IL-6 overexpression increases muscle proteolysis through
both ubiquitin-dependent and autophagy-related pathways (15)
and can affect mitochondrial dynamics, increasing the oxidative
metabolism of skeletal muscle (16).

Cancer-related malnutrition is related to frequent use of
antibiotics and long hospitalization, resulting in decreased
quality of life and increased cost and psychological pressure
(17). Accordingly, screening and assessment of malnutrition are
important. The patient-generated subjective global assessment
(PG-SGA) is the gold standard in evaluating the nutritional status
of cancer patients (18). However, in 2018, the Global Clinical
Nutrition Community released a consensus proposing a global
screening and diagnostic guideline on malnutrition called the
global leadership initiative onmalnutrition (GLIM), which includes
phenotypic and etiologic criteria (19). Muscle reduction is one
of the phenotypic criteria. Both the appendicular skeletal muscle
mass index (ASMI) and fat-free mass index (FFMI) are parameters
used to evaluate muscle mass, and their cutoff values depend on
ethnicities and evaluation tools. However, the diagnostic sensitivity
and prognostic effectiveness of the two parameters have not been
fully compared. Hence, the study was designed to clarify this
point. In this study, we included 2,477 cancer cases. Taking PG-
SGA as a gold standard, the diagnostic values of ASMI and FFMI
were compared by propensity score match analysis. In addition,
the prognostic effectiveness of the two parameters was compared
considering overall survival (OS) as an endpoint.

2. Patients and methods

The study protocol adhered to the Declaration of Helsinki and
was approved by the Ethics Committee of the First Hospital of Jilin
University (2017-362).

2.1. Patients

The clinical data of patients with malignant tumors admitted to
the First Affiliated Hospital of Jilin University fromNovember 2011
to December 2018 were collected. Inclusion criteria were as follows:
(1) age > 18 years old and (2) pathological diagnosis of malignant
tumors. Exclusion criteria were as follows: (1) ≥2 coexisting

types of tumors; (2) suffering from server pleural effusion and/or
ascites; (3) under regular hemodialysis; or (4) death within 3 days
after admission.

Clinical data for each participant were collected by
trained personnel. Laboratory examinations, anthropometric
measurements, and bioelectric impedance analysis (BIA) were
completed within 3 days of admission. Operating details are
displayed in Supplementary material 1. Data included the
following: (1) General characteristics: age, sex, smoking history,
alcohol drinking, comorbidities (diabetes and hypertension), tumor
site (the lung, digestive tract, liver, breast, and gynecological),
and metastasis. (2) Laboratory examinations: serum albumin
concentration, serum C-reaction protein (CRP), leukocyte,
neutrophils, lymphocytes, platelets, neutrophils to lymphocytes
ratio (NLR), platelets to lymphocytes ratio (PLR), and systematic
inflammation index (SII). (3) Evaluation scales: PG-SGA. (4)
Anthropometric measurements: body mass index (BMI), mid-arm
circumference (MAC), triceps skinfold thickness (TSF), maximum
calf circumference (CC), and hand-grip strength (HGS). (5) BIA
indices: measured by a multi-frequency bioelectrical impedance
body composition analyzer (InbodyS10; Biospace Co.

R©
). Both

ASM and FFM were recorded. (6) Survival data: OS was recorded
from diagnosis to mortality due to any cause. The corresponding
formulas used are as follows:

BMI = weight(kg)/height2 (m2)

FFMI = FFM/height (m2)

ASMI(kg/m2) = ASM/height2 (m2)

SII = (platelets× neutrophils/lymphocytes)/1, 000

2.2. Reduced muscle mass

GLIM recommends measurement by dual-energy
absorptiometry or other validated body composition measures
including BIA for detecting reduced muscle mass (RMM). In this
study, RMM was confirmed based on ASMI (<7.0 kg/m2 for men
and <5.7 kg/m2 for women) or FFMI (<17 kg/m2 for men and
<15 kg/m2 for women) as measured by BIA.

2.3. Statistical analysis

Data were analyzed using SPSS for Windows version 26.0 (IBM
SPSS Statistics, IBM Corp., Armonk, NY) and R version 4.0 (R
Foundation for Statistical Computing, Vienna, Austria).

A Venn plot was drawn to depict the overlap and division of
RMM diagnosed by FFMI and ASMI. The Kolmogorov–Smirnov
test was used to confirm normal distributions of continuous
data. An independent t-test was used for normally distributed
data. Counting data were analyzed using the chi-square test, and
the z-test with Bonferroni adjustment was adopted for multiple
comparisons. Next, propensity score match (PSM) analysis was
performed. Multicollinearity was tested by linear regression
analysis; a variance inflation factor (VIF) >10 was considered to
indicate collinearity. Conditional logistic regression analysis was
adopted to evaluate the efficacy of FFMI and ASMI in diagnosing
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FIGURE 1

RMM diagnosed with ASMI and FFMI. RMM, reduced muscle mass;

ASMI, appendicular skeletal muscle mass index; FFMI, fat-free mass

index.

severe malnutrition (PG-SGA ≥ 9). The shared frailty model for
survival analysis was then performed to determine the efficacy
of RMM in predicting survival benefit. A P-value of < 0.05 was
considered to indicate statistical significance.

3. Results

3.1. RMM detected by ASMI and FFMI

Among the 2,477 participants involved, 546 (22.0%) and
659 (26.6%) participants were diagnosed with RMM by ASMI
(RMM.ASMI group) or FFMI (RMM.FFMI group), respectively.
There was an overlap of 375 cases, comprising 68.7% of the
RMM.ASMI group and 56.9% of the RMM.FFMI group (Figure 1).
In total, 33.3% of patients in the RMM.ASMI group were men,
significantly less than in the RMM.FFMI group (46.9%, P < 0.001).
Age, smoking history, drinking history, comorbidities, tumor sites,
and metastasis did not differ between the groups (P > 0.05)
(Supplementary material 2).

3.2. Characteristics of RMM as defined by
AMSI and FFMI

No significant difference was detected in albumin, CRP,
leukocytes, neutrophils, lymphocytes, platelets, NLR, PLR, and
SII between the groups (P > 0.05). Then, the anthropometric
measurements were compared after stratifying by sex. BMI, MAC,
TSF, and CC were all significantly larger in the RMM.FFMI group

TABLE 1 Serum nutrition, inflammation indices, and anthropometric

measurements of RMM defined by ASMI and FFMI (mean ± SD)/[n (%)].

Variables RMM t P

ASMI FFMI

Albumin (g/L) 37.84± 5.27 38.24± 5.26 −1.325 0.186

CRP (mg/L) 19.93± 35.75 19.25± 32.62 0.276 0.782

Leukocyte
(∗109/L)

6.94± 3.97 6.76± 3.08 0.829 0.407

Neutrophils
(∗109/L)

4.89± 3.81 4.70± 3.22 0.953 0.341

Lymphocytes
(∗109/L)

1.53± 0.69 1.96± 0.80 −1.017 0.309

Platelets
(∗109/L)

243.03± 97.28 240.82± 93.35 0.401 0.689

NLR 4.11± 4.40 3.89± 4.33 0.886 0.376

PLR 188.51±
110.87

184.25±
151.30

0.546 0.585

SII# 1,020.45±
466.66

939.08±
181.74

1.064 0.288

Female

BMI (kg/m2) 19.60± 1.89 20.53± 2.76 −5.210 < 0.001

MAC (cm) 23.92± 2.59 24.62± 3.10 −3.282 0.001

TSF (mm) 15.14± 5.52 16.79± 6.21 −3.740 < 0.001

CC (cm) 30.54± 3.14 31.19± 3.38 −2.684 0.007

HGS (kg) 17.52± 6.12 17.50± 6.01 0.033 0.974

Male

BMI (kg/m2) 18.63± 1.14 20.11± 2.07 −10.222 < 0.001

MAC (cm) 23.64± 2.14 24.66± 2.58 −4.718 < 0.001

TSF (mm) 11.33± 4.54 13.44± 5.31 −4.662 < 0.001

CC (cm) 30.82± 3.14 32.07± 3.87 −3.653 < 0.001

HGS (kg) 26.03± 7.75 26.89± 7.73 −1.199 0.231

#SII = platelets∗neutrophils/lymphocytes. RMM, reduced muscle mass; ASMI, appendicular

skeletal muscle mass index; FFMI, fat-free mass index; CRP, C-reaction protein; NLR,

neutrophils to lymphocytes ratio; PLR, platelets to lymphocytes ratio; SII, systematic

inflammation index; MAC, mid-arm circumference; TSF, triceps skinfold thickness; CC,

maximum calf circumference; HGS, hand-grip strength.

for both sexes (P < 0.05) (Table 1). HGS did not differ between the
groups in both sexes (P > 0.05).

3.3. Malnutrition in the RMM.ASMI and
RMM.FFMI groups

A 1:1 matched dataset was constructed by PSM for further
analysis. Baseline information (age, smoking history, drinking
history, comorbidities, tumor sites, and metastasis) was
matched considering severe malnutrition (PG-SGA ≥ 9) as a
dependent variable. The matched dataset contained 810 cases;
all basic characteristics were comparable (P > 0.05) (Table 2;
Supplementary material 3). Leukocyte data were excluded due
to collinearity (Supplementary material 4). A conditional logistic
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TABLE 2 Characteristics of the involved population before and after propensity score matching.

Variables Before After

PG-SGA 0–8 PG-SGA ≥9 P PG-SGA 0–8n = 405 PG-SGA ≥ 9n = 405 P

Age (year) <0.001 0.880

<65 1,661 (81.0) 286 (67.1) 276 (68.1) 274 (67.7)

≥65 390 (19.0) 140 (32.9) 129 (31.9) 131 (32.3)

Sex <0.001 0.779

Male 805 (39.1) 214 (50.2) 206 (50.9) 202 (49.9)

Female 1,246 (60.8) 212 (49.8) 199 (49.1) 203 (50.1)

Smoking 0.001 0.888

Yes 782 (38.1) 200 (46.9) 221 (54.6) 219 (54.1)

No 1,269 (61.9) 226 (53.1) 184 (45.4) 186 (45.9)

Drinking 0.050 0.933

Yes 369 (18.0) 94 (22.1) 91 (22.5) 90 (22.2)

No 1,682 (82.0) 332 (77.9) 314 (77.5) 315 (77.8)

Comorbidity 0.887 0.270

No 1,939 (79.9) 336 (78.9) 316 (78.0) 321 (79.3)

Hypertension 308 (15.0) 67 (15.7) 57 (14.1) 63 (15.6)

Diabetes 104 (5.1) 23 (5.4) 32 (7.9) 21 (5.2)

Tumor site <0.001 0.464

Lung 740 (36.1)a 128 (30.0)b 126 (31.1) 120 (29.6)

Digestive tract 398 (19.4)a 178 (41.8)b 180 (44.4) 172 (42.5)

Liver 111 (5.4)a 55 (12.9)b 35 (8.6) 51 (12.6)

Breast 660 (32.2)a 39 (9.2)b 41 (10.1) 37 (9.1)

Gynecology 142 (6.9)a 26 (6.1)a 23 (5.7) 25 (6.2)

Metastasis <0.001 0.533

M0 1,529 (78.7) 286 (70.6) 294 (72.6) 286 (70.6)

M1 415 (21.3) 119 (29.4) 111 (27.4) 119 (29.4)

PG-SGA, Patient-Generated Subjective Global Assessment.

regression showed that RMM.ASMI was not an influential factor
in the univariate model (P = 0.122). However, RMM.FFMI was an
influential factor of severe malnutrition even in the multivariate
model, with HR = 4.070 (95% CI 2.753–6.019, P < 0.001) after
adjusting all involved characteristics (Table 3).

3.4. E�cacy of RMM in survival prediction

To determine the efficacy of RMM as detected by ASMI
and FFMI, survival analysis was performed in the whole 2,477
cases, followed by sensitivity analysis in subgroups. In the general
population, RMM.ASMI was a predictive factor (HR = 1.301, 95%
CI 1.034–1.635, P= 0.025) in the univariate Cox regression analysis
but not in the multivariate analysis (Forward: Wald). Apart from
the baseline factors, albumin (HR = 0.953, 95% CI 0.924–0.982,
P = 0.001), neutrophils (HR = 1.071, 95% CI 1.020–1.126, P =

0.006), and TSF (HR= 0.959, 95% CI 0.936–0.982, P= 0.001) were
considered as influential factors of OS (Table 4).

Next, two 1:1 matched subgroups were constructed, which
were adjusted by all baseline factors (age, smoking history,
drinking history, comorbidities, tumor sites, and metastasis) and
took RMM.FFMI and RMM.ASMI as the dependent variables,
respectively. The RMM.ASMI subgroup contained 1,034 cases
and the RMM.FFMI subgroup contained 1,232 cases. Since
the baseline characteristics were already matched, shared frailty
survival analysis was performed in each subgroup. As shown in
Figure 2, RMM.ASMI behaved as a predictive factor of OS in both
subgroups (HR = 1.318, 95% CI 1.060–1.639, P = 0.013 in the
RMM.ASMI subgroup, HR = 1.315, 95% CI 1.077–1.607, P =

0.007 in the RMM.FFMI subgroup) but RMM.FFMI did not in any
subgroup (P > 0.05). Thus, Cox regression was performed in the
subgroups to further clarify the role of RMM.ASMI in predicting
OS (Table 5). In both subgroups, only albumin (HR = 0.961, 95%
CI 0.931–0.992, P = 0.015; HR = 0.941, 95% CI 0.912–0.970, P <
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TABLE 3 Conditional logistic regression analysis for malnutrition.

Variables Univariable Multivariable

OR
(95%CI)

P OR
(95%CI)

P

Albumin (g/L) 0.923
(0.868–0.982)

<0.001 0.937
(0.906–0.968

<0.001

CRP (mg/L) 1.004
(0.994–1.014)

0.452

Neutrophils
(∗109/L)

1.391
(1.024–1.889)

0.035

Lymphocytes
(∗109/L)

0.763
(0.418–1.393)

0.379

Platelets
(∗1010/L)

1.002
(0.995–1.009)

0.595

NLR 0.877
(0.656–1.174)

0.378

PLR 1.007
(0.998–1.016)

0.109

SII.Model# 0.905
(0.819–1.000)

0.049

BMI (kg/m2) 1.003
(0.850–1.183)

0974

MAC (cm) 0.963
(0.840–1.103)

0.586

TSF (mm) 1.024
(0.985–1.066)

0.231

CC (cm) 0.954
(0.855–1.065)

0.404

HGS (kg) 0.972
(0.935–1.011)

0.158

RMM.ASMI 2.094
(0.821–5.343)

0.122

RMM.FFMI 3.675
(1.627–8.302)

0.002 4.070
(2.753–6.019)

<0.001

#SII.Model=SII/100, which is calculated merely for model input given practical clinical

practice. CRP, C-reaction protein; NLR, neutrophils to lymphocytes ratio; PLR, platelets to

lymphocytes ratio; SII, systematic inflammation index; BMI, body mass index; MAC, mid-

arm circumference; TSF, triceps skinfold thickness; CC, maximum calf circumference; HGS,

hand-grip strength; RMM, reduced muscle mass; ASMI, appendicular skeletal muscle mass

index; FFMI, fat-free mass index. ∗means multiplication.

0.001) and platelets (HR = 1.004, 95% CI 1.002–1.006, P = 0.026;
HR = 1.003, 95% CI 1.002–1.004, P = 0.002) were maintained
in the Cox regression model. RMM.ASMI was not retained in
both models.

4. Discussion

RMM, measured by FFMI and ASMI, was considered a
phenotypic criterion for malnutrition in the GLIM guideline. The
prevalence of RMM diagnosed by FFMI and ASMI was 22.0 and
26.2%, respectively, with approximately three-fifths overlapping. As
shown by sensitive analysis, FFMI was significant in diagnosing
severe malnutrition. However, in survival analysis, although the
effect of ASMI was always significant in univariate regression,

TABLE 4 Cox regression analysis for overall survival in the general

population.

Variables Univariable Multivariable

OR (95%CI) P OR
(95%CI)

P

Age (year) 1.176 (0.926–1.494) 0.184

Sex 0.763 (0.606–0.962) 0.022

Smoking 1.453 (1.155–1.827) 0.001

Drinking 1.050 (0.801–1.377) 0.724

Comorbidity

Hypertension 1.092 (0.798–1.496) 0.582

Diabetes 1.156 (0.732–1.826) 0.535

Tumor site

Digestive
tract

0.421 (0.324–0.547) <0.001 0.524
(0.367–0.748)

<0.001

Liver 1.050 (0.750–1.470) 0.777 1.149
(0.728–1.813)

0.552

Breast 0.156 (0.079–0.306) <0.001 0.450
(0.193–1.051)

0.065

Gynecology 0.233 (0.114–0.476) <0.001 0.414
(0.166–1.031)

0.058

Metastasis 3.745 (2.967–4.728) <0.001 3.349
(2.443–4.592)

<0.001

Albumin
(g/L)

0.951 (0.931–0.973) <0.001 0.953
(0.924–0.982)

0.001

CRP (mg/L) 1.005 (1.002–1.009) 0.003

Neutrophils
(∗109/L)

1.058 (1.023–1.094) 0.001 1.071
(1.020–1.126)

0.006

Lymphocytes
(∗109/L)

0.833 (0.704–0.986) 0.033

Platelets
(∗1010/L)

1.016 (1.004–1.027) 0.008

NLR 1.001 (0.993–1.009) 0.815

PLR 1.000 (1.000–1.001) 0.058

SII.Model# 1.002 (0.999–1.006) 0.226

BMI (kg/m2) 0.928 (0.894–0.962) <0.001

MAC (cm) 0.939 (0.905–0.973) 0.001

TSF (mm) 0.960 (0.941–0.979) <0.001 0.959
(0.936–0.982)

0.001

CC (cm) 0.962 (0.933–0.992) 0.012

HGS (kg) 0.995 (0.983–1.007) 0.420

RMM.ASMI 1.301 (1.034–1.635) 0.025

RMM.FFMI 1.141 (0.905–1.440) 0.265

#SII.Model=SII/100, which is calculated merely for model input given practical clinical

practice. CRP, C-reaction protein; NLR, neutrophils to lymphocytes ratio; PLR, platelets to

lymphocytes ratio; SII, systematic inflammation index; BMI, body mass index; MAC, mid-

arm circumference; TSF, triceps skinfold thickness; CC, maximum calf circumference; HGS,

hand-grip strength; RMM, reduced muscle mass; ASMI, appendicular skeletal muscle mass

index; FFMI, fat-free mass index.
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FIGURE 2

Kaplan–Meier survival analysis of RMM.ASMI in OS. (A). the RMM.ASMI subgroup, (B). the RMM.FFMI subgroup. RMM, reduced muscle mass; ASMI,

appendicular skeletal muscle mass index; FFMI, fat-free mass index; OS, overall survival.

neither FFMI nor ASMI was retained in multivariate regressions.
These results are due to intrinsic differences between FFMI and
ASMI and implied their discrimination in clinical utility, which
should be paid attention.

Chronic inflammation and depletion accompany cancer over
the whole process (20). Infection and non-infectious inflammation
are the initial stages of malignant lesions (21), with persistent
crosstalk between inflammation and cancer, mainly converging at
the level of the transcription factors such as signal transducer and
activator of transcription 3 (STAT3) and nuclear factor-κB (NF-
κB). Downstream cytokines including IL-6, TNF-α, and TGF-beta
also deteriorate energy and protein metabolism (22). The increased
metabolism and deteriorated catabolism induce changes in body
composition, especially to the muscle tissue, and induce even the
occurrence of sarcopenia and cachexia. In addition, treatment-
related adverse events, especially nausea, vomiting, and other
gastrointestinal symptoms, aggravate the situation.

The FFMI is calculated based on the FFM, which represents
the body composition except fat including muscle and bone mass,
and organs such as the liver. The ASMI, calculated based on
the ASM, merely refers to the skeletal muscle mass in the limbs.
Thus, the FFM is more consistent with the weight and BMI, as
supported by the present results. PG-SGA is the gold standard
of malnutrition assessment for cancer patients, based on weight
loss, symptoms, activities and function, metabolic demand (largely
refers to inflammation), and physical examinations. As a part of
the latter, the muscle assessment includes parts of the torso such as
the temples (temporalis muscle), clavicle (pectoralis and deltoids),
shoulders (deltoids), interosseous muscles, scapula (latissimus
dorsi, trapezius, and deltoids), and a small part of the muscles in
the thigh (quadriceps) and calf (gastrocnemius). Therefore, RMM
as measured by FFMI closely relates to the severe malnutrition
detected by PG-SGA ≥ 9. ASM can be persevered by physical
activity, especially resistance exercises, as recommended by the
guidelines in sarcopenia (23). A detectable ASM loss implies more
severe exhaustion. In the updated guidelines, HGS, the functional
parameter of ASM, has a higher priority than absolute ASM

in diagnosing sarcopenia. HGS was significantly, and similarly,
reduced in both RMM groups diagnosed by FFMI and ASMI.
However, BMI, MAC, TSF, and CC were all significantly lower in
the RMM.ASMI group for both sexes, which suggested that ASM
loss indicates a worse situation of depletion. That is why the RMM
diagnosed by ASMI and not the RMM diagnosed by FFMI is an
influential factor in survival.

However, the decreased ASMI was not included in the
multivariate regression model. Parameters such as platelets,
neutrophils, TSF, and BMI were unstable in a sensitivity analysis.
In contrast, albumin always contributed to nutritional status
and survival. Gupta et al. (24) performed a systematic review
and found that albumin was of predictive value in survival in
various cancer types. Albumin, accounting for approximately
50% of the total protein content, is the most common clinical
indicator of nutritional status and is involved in the inflammatory
response, acting as an acute-phase protein (25, 26). In addition,
serum albumin allows a simple estimation of visceral protein
function. Suppressed albumin synthesis is partly due to the
activation of cytokines such as IL-1, IL-6, and TNF-α (27), a
common observation in cancer, resulting in hypoalbuminemia.
This increases the demand for certain amino acids, which, in case of
inadequate dietary intake, may mobilize the breakdown of skeletal
muscle (28). Alternatively, the oxidative stress induced by cytokines
may increase the permeability of the microvascular barriers, thus
allowing an increased albumin leakage through capillaries (29, 30).
Furthermore, the presence of metastatic tumor cells in the liver
may induce the Kupffer cells to produce inflammatory cytokines
and chemokines, which foster monocyte infiltration into the liver.
These maymodulate albumin synthesis by hepatocytes and support
tumor development by angiogenesis and T-cell suppression (31).
Thus, albumin levels can serve as good indicators of nutritional
status and cancer prognosis.

There are some limitations to this study. First, selection bias
might exist because this was a retrospective study and the demand
for complete clinical data. Second, despite adopting PSM and
sensitive analyses, the value of unstable parameters such as platelets,
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TABLE 5 Cox regression analysis for overall survival in subgroups#.

Variables RMM.ASMI RMM.FFMI

OR (95%CI) P OR (95%CI) P

Albumin (g/L) 0.961 (0.931–0.992) 0.015 0.941 (0.912–0.970) <0.001

Platelets (∗1010/L) 1.004 (1.002–1.006) 0.026 1.003 (1.002–1.004) 0.002

#CRP, Neutrophils, Lymphocytes, NLR, PLR, SII, BMI, MAC, TSF, CC, HGS, RMM.ASMI, and RMM.FFMI were also involved as covariates but not displayed in the table since they were not

retained in themultivariable Cox regressionmodels (P> 0.05). CRP, C-reaction protein; NLR, neutrophils to lymphocytes ratio; PLR, platelets to lymphocytes ratio; SII, systematic inflammation

index; BMI, body mass index; MAC, mid-arm circumference; TSF, triceps skinfold thickness; CC, maximum calf circumference; HGS, hand-grip strength; RMM, reduced muscle mass; ASMI,

appendicular skeletal muscle mass index; FFMI, fat-free mass index.

neutrophils, TSF, and BMI requires further analysis to provide a
confidential reference.

In conclusion, this study revealed that RMM indicates negative
clinical outcomes and highlighted the intrinsic differences between
FFM and ASM, suggesting the need for rational choice in clinical
practices to support future decision-making in cancer patients.
More importantly, RMM as defined by FFMI predicts nutritional
status, whereas when defined by ASMI, it is related to poor survival
in cancer patients. In addition, serum albumin appeared to be an
influential factor for both malnutrition and survival. The instability
of other parameters revealed by sensitive analysis reminds clinical
practitioners of precious opinions on these parameters.
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Background: Post-operative chylous leakage (CL) is the pathologic leakage of

chylomicron fluid after surgery. This retrospective studywas performed to evaluate

a uniform oral nutrition management strategy on the post-operative CL.

Methods: We retrospectively reviewed patients who developed post-operative

CL and received consultation from a clinical nutritionist in seven departments

of the Second A�liated Hospital of Dalian Medical University from May

2020 to April 2022. We designed the oral nutrition intervention program

which mainly standardized the type and amount of foods contained in the

medium-chain triglyceride (MCT) diet. The influencing factors of curative e�cacy

were analyzed. Finally, binary logistic regression analysis was conducted to

observe the relationship between curative e�cacy and potentially predictive

variables, including post-operative albumin, post-operative hemoglobin, surgical

procedure, and drainage volume at consultation.

Results: Sixty-three patients with post-operative CL were included in this analysis.

Of this number, 58 patients were cured successfully without other treatments.

Three patients had a significantly prolonged recovery period, and the remaining

two cases were treated by reoperation therapy. The leakage volume at the

initiation of enteral intervention had no statistically significant di�erence in seven

surgical departments and surgical sites (left, right, median, and bilateral). The

length of stay (LOS) of patients with CL after the intervention was not significantly

increased in cardiac, hepatobiliary, gastrointestinal, and urological surgeries.

Patients with CL had longer LOS than those without CL in gynecology (P=0.044)

and thyroid surgery departments (P=0.008). Each unit increase in post-operative

hemoglobin would increase the probability of an e�ective outcome by 8%, which

was statistically significant (P = 0.037).

Conclusion: In treating patients with post-operative CL, we recommend the

MCT diet and EN as the first option, rather than fasting, parenteral nutrition (PN),

or octreotide.
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1. Introduction

Chylous leakage (CL) is a pathological status in which
chylomicron fluid leaks from the lymphatic vessels (1). CL
is commonly associated with surgical trauma, abdominal
malignancies, cirrhosis, and infection (2–4). In clinical settings, CL
occurs mostly in patients after surgical trauma, and the incidence
of CL is higher in tumor resection with lymphadenectomy (5). The
incidence of CL after thyroid surgery is approximately 0.5–1.4%
(6, 7). The incidence of CL after general thoracic surgery ranges
from 0.4% to 3.9% (8, 9). CL may occur in 1–16% of patients
after pancreatectomy (10, 11). CL occurs in ∼3.8%−5.1% of
nephrectomy (12, 13) and approximately 0.3–7.4% in gynecology
(14, 15). Patients with post-operative CL are often in a state of high
energy expenditure and protein requirements due to traumatic
stress. CL may lead to decreased blood volume, malnutrition,
and a compromised immune system (16), severely affecting
post-operative recovery, prolonging the length of stay (LOS), and
even increasing mortality (17, 18). Four main clinical treatments
are available: medium-chain triglyceride diet (MCT diet) [with
or without enteral nutrition (EN)] or low-fat diet, parenteral
nutrition (PN), drug therapy (somatostatin such as octreotide),
and surgery (4, 19–21). However, there is no consensus on the
optimal management of CL (22).

CL also lacks uniformity for a definitive diagnosis (17, 23–
25). Generally, drainage fluid triglyceride levels >110 mg/dl may
indicate the possibility of CL (26). Long-chain triglycerides (LCTs)
are broken down in the intestine into chylomicrons, which enter the
circulation through the lymphatics. Lymphatic vessels transporting
chylomicrons form an elongated lymphatic structure with saccular
dilatation called the cisterna chyli (CC) anterior to the l1–l2
vertebrae (24, 27). All lymphatic vessels together form the thoracic
duct (TD), except for the lymphatic vessels in the right upper trunk
and right upper extremity (15). Triglycerides from the lymphatic
vessels leak into the abdominal cavity to form chylous ascites
(CA) (28). Collection in the pleural cavity results in chylothorax
(24). Chyluria disease (CD) can be considered when a fistulous
communication between the lymphatic trunk or lymphatic vessels
and the urinary tract contributes to intermittent or continuous
milky white urine (29, 30) because of various causes. CL can
occur when the TD, CC, and lymphatic trunk or lymphatic vessels
around the intestine are blocked or ruptured (31, 32). CL is
distinguished from lymphatic leakage by the pathological leakage of
chylomicron rather than pure lymphocytes from broken lymphatic
vessels after digestion and absorption through the gastrointestinal
tract. Therefore, drainage fluid appears usually milky white or
even pink (2, 33). Whereas, short- and medium-chain triglycerides
(MCTs) enter the liver directly through the hepatic portal vein (34).
A more direct basis for confirmation is that the fluid becomes clear
after the cessation of the LCT diet (35).

The intervention of an MCT diet could not only meet patients’
nutritional needs and reduce their discomfort but also reduce
chylomicron and promote lymphatic vessel healing (36, 37).
By observing the outcomes of previous dietary interventions in
patients with CL, we found that by severely restricting the intake
of LCT, the drainage fluid would immediately become clear.
Conversely, it would quickly become a turbid liquid. In the present
study, 63 patients who underwent thyroid surgery, cardiac surgery,

thoracic surgery, hepatobiliary surgery, gastrointestinal surgery,
and surgeries from urology and gynecology and had post-operative
CL were evaluated retrospectively. We screened patients who
underwent the same surgery during the same period as these CL
patients did not develop CL. LOS between CL and non-CL patients
was compared to discuss the effect of this nutritional management
strategy. We also explore the factors that influence the effectiveness
of this management strategy.

2. Methods

2.1. Patient selection and data collection

This study was approved by the ethics committee of our
hospital. Certainly, all patients were given informed consent
to the oral nutritional intervention they received. After the
approval, we retrospectively collected and analyzed the data
of patients with CL after surgery between March 2020 and
April 2022.

The study retrospectively reviewed patients who were provided
nutritional intervention because of the post-operative presence
of milky, murky, pinky, whitish, or yellowish drained fluid
from March 2020 to April 2022 at the Second Affiliated
Hospital of Dalian Medical University, People’s Republic of
China. Sixty-three CL patients who had undergone cardiac,
thyroid, thoracic, hepatobiliary, gastrointestinal, urological, and
gynecological surgeries were included (Figure 1). Clinical data
were collected retrospectively from a review of electronic
medical records. We collected patient data on demography,
preoperative BMI, surgical procedure and site, post-operative
nutrition-related laboratory results (albumin and hemoglobin),
daily volume of CL, LOS, and days of CL. These patients
were classified according to the surgical site (medial, left,
right, and bilateral sites of the body) and compared statistical
differences in the amount of drainage among the four sites of
surgery. A logistical regression analysis was used to assess the
association between potential risk factors (surgical procedure,

FIGURE 1

Flow diagram.
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volume at consultation, post-operative hemoglobin, and post-
operative albumin) and efficacy.

2.2. Identification and management of CL

CL was clinically diagnosed after the observation of a milky,
murky, pinky, whitish, or yellowish drainage fluid. In cases
of suspected CL but unclear clinical features, drainage fluid
triglyceride concentration was determined to differentiate between
CL and lymphatic leak. A concentration of>1.2 mmol/L confirmed
a diagnosis of CL. Not all such cases underwent fluid triglyceride
concentration determination, but nutritional interventions were
nonetheless performed.

2.3. Oral nutritional intervention program

The nutritional intervention program was provided by
nutritionists from the Clinical Nutrition Department in our
institution. Patients’ energy requirements were calculated using
the H–B equation, and protein requirements were set to 1.0–
1.5 g/kg body weight according to patients’ individual situations.
The diet and enteral formula in our nutrition strategy were
standardized. Briefly, we provided the MCT diet consisting of
rice or steamed bread (containing 200 g of rice or flour), 500 g
of vegetables, 6 egg whites, 6 g of salt, 250ml of skim milk, and
25 g of coconut oil. The diet provides ∼1,200 kcal of energy
and ∼45 g of protein. Fruits of the patient’s choice (except
those with high-fat content, such as durian and avocado) were
usually allowed. All other foods were excluded. The taste and
texture of this diet are similar to those of a normal Chinese
diet. The diet was supplemented with low-fat EN (Yi di su,
Hangzhou Nutrition Biotechnology Co., Ltd) and whey protein
powder (Nutrasumma, Qingdao Nutrasumma Health Technology
Co., Ltd) between meals when the dietary intake of protein
and energy was inadequate. The MCT diet was given when the
patient was able to eat a regular diet. A low-fat EN (Yi di su)
and whey protein powder (Nutrasumma) were provided to meet
the patient’s energy and protein demands when only a liquid
diet was available (Table 1). The drainage tubes were removed
at the discretion of the surgeon, and ordinarily, a volume of
<30–50 ml/24 h of liquid from the tube was an indication for
tube removal. Patients continued the MCT diet for 1–2 weeks
after the removal of the drainage tube before transitioning to
normal meals. When fluid drained from the drainage tube does
not reduce in volume after the oral diet for 3 consecutive days,
patients were fasted off water and diet and administered PN
or growth inhibitor drugs (octreotide). At the discretion of the
surgeons or nutritionists, a second surgery procedure should be
performed. If the tube is not removed by the time the patient is
discharged, discharge instructions are given by the nutritionists
from the Clinical Nutrition Department. Such patients would
continue taking the MCT diet, whey protein powder, and fat-
soluble vitamin supplements at home. Patients were provided with
full diet recommendations on types and quantities of food allowed
and foods to be excluded (Table 2).

TABLE 1 Carbohydrates, proteins (amino acids), and fats in the MCT diet

and low-fat EN.

MCT diet Low-fat
formula

Whey
Protein

Provided by
dietitian

Yi di su® Nutrasumma®

Carbohydrates 12.8 18.6 0

Proteins 3.75 4.3 25

Fats 2.08 0.43 0

Each value was expressed in g/100 kcal.

TABLE 2 Dietary instructions for patients with CL.

Types of food Our suggestion

Staple foods Use steaming and boiling cooking methods;
avoid frying, deep-frying, and foods made
with oil

Animal and
seafoods

Egg whites are allowed; animal foods, such as
egg yolks, fish, shrimp, and meat are not
allowed

Dairy products Skimmed milk and skimmed yogurt can be
consumed; avoid whole milk and its products

Bean products Not allowed to consume

Vegetable category Allowed to consume

Fruit category Aside from fruits with high-fat content, such
as durian and avocado, all others can be
consumed

Oils Food should be cooked with coconut oil but
not with animal or vegetable oils

Whey protein
powder

Based on the patient’s daily requirement
minus the protein content of the MCT diet

Multivitamin
tablets

One tablet a day

2.4. Statistical analysis

A normality test was performed for all continuous variables.
Albumin levels before and after intervention were normal
distribution, presented as mean ± SD. Other data were skewed
distribution, presented as median (ranges). Categorical variables
were compared using the χ

2 test or Fisher’s exact test. In
comparing categorical data using Pearson’s χ

2 test, Fisher’s exact
test was used when the number of cells was <5. The Mann–
Whitney U-test or variance analysis was used to compare multiple
continuous independent samples. The Wilcoxon or Student’s t-
test was used to compare two independent samples. Additionally,
binary regression analysis was used to evaluate the potential impact
of interested predictors on the efficiency of intervention, and
factors with a p-value of < 0.05 (including surgery procedure,
leakage volume at the consultation, post-operative albumin, and
post-operative hemoglobin) were included in logistic regression
analysis. Statistical significance was defined as a p-value of
<0.05. All statistical analyses were performed using the Statistical
Package for Social Sciences version 25.0 (IBM Corp., Armonk,
NY, USA).
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3. Results

3.1. Demographic and baseline
characteristics of patients

We collected data on all patients with CL who underwent
oral nutritional intervention from March 2020 to April 2022. Of
the 63 patients, 26 were men and 37 were women. Their age
ranged from 31 to 83 years (median, 61), and their BMI ranged
from 15 to 34 kg/m2 (median, 23.9). Surgical sites were divided
into middle, left, right, and bilateral according to the location of
the surgical site in the body. Location on the middle side was
performed in 11 patients (17.5%), on the left side in 18 patients
(28.6%), on the right side in 17 patients (27.0%), and on the
bilateral sides in 17 patients (27.0%). Types of surgeries were
thyroid surgery in 12 patients (19.0%), cardiovascular surgery in 6
patients (9.5%), thoracic surgery in 2 patients (3.2%), hepatobiliary
surgery in 4 patients (6.3%), gastrointestinal surgery in 24 patients
(38.1%), urological surgery in 5 patients (7.9%), and gynecological
surgery in 10 patients (15.9%). These patients were classified
according to surgical sites (medial, left, right, and bilateral sites)
and compared with the leakage volume of onset of intervention
among the four sites of surgery. The volume of fluid was 110
(67–1,660) (ml) for patients with a middle surgical site, 120 (20–
500) (ml) for patients with a left-sided surgical site, 220 (44–510)
(ml) for patients with a right-sided surgical site, and 95 (30–535)
(ml) for patients with a bilateral site. No statistically significant
difference in drainage volume among the four groups was recorded
(P = 0.422). The leakage volume of onset of intervention was
195 (80–598) (ml) for patients with thyroid surgery, 525 (185–
1,020) (ml) for patients with cardiovascular surgery, 1,070 (1,020–
1,120) (ml) for patients with thoracic surgery, 625 (250–910)
(ml) for patients with hepatobiliary surgery, 137 (34–630) (ml)
for patients with gastrointestinal surgery, 610 (360–1,440) (ml)
for patients with urological surgery, and 485 (160–1,000) (ml)
for patients with gynecological surgery. In this study, among the
surgery departments, there was a statistically significant difference
in drainage volume among different types of surgeries (P < 0.05)
(Table 3).

3.2. Incidence and management of CL

Among all patients, 12 patients were from thyroid patients
(CL incidence 3.72%), 6 patients were from cardiovascular
surgical patients (CL incidence 5.22%), 4 patients were from
hepatobiliary patients (CL incidence 2.25%), 24 patients were
from gastrointestinal surgical patients (CL incidence 2.15%), 5
patients were from urological patients (CL incidence 1.28%),
and 10 patients were from gynecologic surgical patients (CL
incidence 2.77%).

All patients had an initial oral nutritional intervention, 11
patients had an MCT diet, 44 patients had an EN plus MCT diet,
and 8 patients had an EN. The chylous leakage volume began to
decrease 1 day after starting the MCT and/or EN treatments in
most of the seven types of surgeries cases. For most successful cases,
the first 3 days of leakage volume tend to reduce rapidly (Figure 2).

TABLE 3 Patients’ demographics.

Parameter Median/n Range/%

Age (yr) 61 31–83

Sex Men 26 41.3

Women 37 58.7

BMI (kg/m2) 23.9 15–34

Location of
surgery∗ (n)

Middle 11 17.5

Left 18 28.6

Right 17 27.0

Bilateral 17 27.0

Types of
surgeries (n)

Thyroid surgery 12 19.0

Cardiac surgery 6 9.5

Thoracic surgery 2 3.2

Hepatobiliary
surgery

4 6.3

Gastrointestinal
surgery

24 38.1

Urological surgery 5 7.9

Gynecological
surgery

10 15.9

Leakage
volume of
onset of
intervention
(ml)

Location of
surgery∗

Middle 110 67–1,660

Left 120 20–500

Right 220 44–510

Bilateral 95 30–535

Types of
surgeries#

Thyroid surgery 195 80–598

Cardiac surgery 525 185–1,020

Thoracic surgery 1,070 1,020–1,120

Hepatobiliary
surgery

625 250–910

Gastrointestinal
surgery

137 34–630

Urological surgery 610 360–1,440

Gynecological
surgery

485 160–1,000

#The leakage volume of onset of intervention was P< 0.05 between different departments.
∗It is divided into middle, left, right, and bilateral according to the location of the surgical site

in the body.

One case from thyroid surgery had leakage volume changed from
345ml to 500ml after 3 days with the MCT diet plus EN, so a
secondary surgery was performed. One case from thoracic surgery
had no significant change in leakage volume after 2 days with
EN, but had leakage volume changed from 1,125ml to 1,610ml
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FIGURE 2

Daily changes in the volume of chylous leakage in successful cases in seven types of surgeries.

after fasting 5 days, so a secondary surgery was performed. Two
cases from gastrointestinal surgery were discharged with a tube
and at the first outpatient return visit still failed to be extubated.
One case from gynecological surgery was readmitted for CL within
30 days.

3.3. E�ectiveness of nutritional intervention

In this study, an effective oral nutritional intervention was
defined as (1) tube removal before discharge; (2) tube was not
extubated before discharge but extubated at the first outpatient
return visit as scheduled; and (3) no readmission for CL within
30 days. An ineffective oral nutritional intervention was defined as
(1) secondary surgery was implemented; (2) PN >50% energy; (3)
use of octreotide; (4) discharged without extubation and the tube at
the first outpatient return visit still failed to be extubated; and (5)
readmission for CL within 30 days.

The number of effective cases after intervention was 11 (91.7%)
for thyroid surgery, 6 (100%) for cardiovascular surgery, 1 (50%)
for thoracic surgery, 4 (100%) for hepatobiliary surgery, 22 (91.7%)
for gastrointestinal surgery, 5 (100%) for urological surgery, and
9 (90%) for gynecological surgery, amounting to 58 (92.1%) cases
in total. No statistical differences in effective rates were observed
among departments (X2

= 4.7, P = 0.533) (Table 4).
We recorded the days of drainage for all patients when they

were in the hospital, but those who were discharged with a
drainage tube and were extubated at the first outpatient return
visit as scheduled would usually be considered a better recovery at
discharge and after discharge. Both the days and volume of drainage
after discharge could not be followed up. For the other five patients
on whom oral nutritional therapy failed to work, they continued
to receive other medical treatments due to high drainage volume.
Therefore, the drainage volume and days of these patients were
recorded in the inpatient medical records. Days of drainage in
effective patients were as follows: 6 (4–8) days in thyroid surgery,

4 (3–7) days in cardiac surgery, 17 days in thoracic surgery, 8 (4–
11) days in hepatobiliary surgery, 3 (1–7) days in gastrointestinal
surgery, 7 (1–18) days in urological surgery, and 3 (1–21) days in
gynecological surgery. Days of drainage in non-effective patients
were as follows: 6 days in thyroid surgery, 6 days in thoracic surgery,
30 days in gastrointestinal surgery, and 48 days in gynecological
surgery (Table 4).

The LOS was 14 (10–21) days in patients with CL from the
thyroid surgery department and 11 (7–31) days among patients
without CL, with a statistically significant difference in LOS
between the two groups (Z = 2.6, P = 0.008). Patients with
CL stayed longer than those without CL in the thyroid surgery
department after the nutritional intervention. The LOS was 15
(9–36) days in patients with CL from the gynecology department
and 11 (8–27) days in patients without CL, with a statistically
significant difference in LOS between both groups (Z = 2.0, P =

0.044). Patients with CL stayed longer than those without CL in
the gynecology department after the nutritional intervention. The
LOS of patients with CL after the nutritional intervention in the
other departments did not differ from those of patients without
CL (Table 4). Five of the included patients had an ineffective
intervention; one patient resorted to octreotide use, two patients
were not extubated as scheduled, and two patients underwent
secondary surgery.

3.4. Factors associated with recovery after
intervention in post-operative CL

A logistic regression model was established by including post-
operative albumin, post-operative hemoglobin, surgical procedure,
and drainage volume at consultation (Table 5). The relationship
between post-operative albumin and intervention outcome was
not statistically significant (P = 0.191). The relationship between
surgical procedures and intervention outcomes was not statistically
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significant (P= 0.837). Additionally, the volume of consultation on
intervention outcomes was not statistically significant (P = 0.995).
Each unit increase in post-operative hemoglobin would increase the
probability of an effective outcome by 8%, which was statistically
significant (P = 0.037).

3.5. Albumin levels before and after the
intervention and variation of leakage
volume for di�erent interventions

Consideration of the potential serious influence of CL on
patients’ nutrition conditions, we observed albumin level changes,
too. The analysis of 58 successful patients’ albumin levels before
and after intervention revealed that the value after the intervention
was higher than that before the intervention (P = 0.007). Finally,
whether different oral nutritional interventions exert differences
in CL outcomes aroused our interest. We divided our oral
nutritional intervention method into three groups: MCT diet,
EN, and MCT diet plus EN, and differences in albumin before
and after intervention among the three groups were observed.
No significant differences in albumin level were recorded for
different interventions (P = 0.555) (Table 6). Similarly, variations
in drainage volume before and after consultation were analyzed;
and no differences in median drainage volume among the three
groups were recorded (P = 0.347) (Table 6). The intervention
strategy did not compromise but improved, the nutritional status.
There was also no difference in the impacts of the three different
interventions on patient outcomes.

4. Discussion

Post-operative CL is a surgical complication due to damage
to the lymphatic system (38). Its occurrence as a surgical
complication may induce malnutrition and lead to a state of
immune compromise, even affecting the long-term outcome of
patients undergoing surgical treatment for malignant disease (10,
39). The use of a dietary program such as the MCT diet in
patients with CL can reduce the burden on damaged lymphatic
vessels for the reason that MCT is not usually absorbed through
the intestinal lymphatics (10). Since short- and medium-chain
triglyceride acids are mostly water-soluble and absorbed through
the portal circulation rather than gastrointestinal lymph, the MCT
diet can bypass the gastrointestinal lymphatic system, allowing
reduced chylous flow at the CL site, thus resulting in quicker
healing. However, no unanimous consensus on its use has been
reached (23, 40, 41). Octreotide can reduce visceral blood flow,
lymphatic flow, and the secretion of digestive glands, thus lessening
the absorption of LCT which decreases the triglyceride content
of lymphatic vessels and supports the healing of the site where
CL occurs quickly (42–44). TPN provides nutrients through the
veins, thus avoiding the absorption of LCT into the lymphatic
vessels through the intestine. However, long-term PN would
weaken the intestinal functional and have adverse effect on the
patient’s management. TPN and/or octreotide are considered
in cases where EN/diet is not effective (45, 46). Secondary
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TABLE 5 Multivariate analysis of factors associated with recovery after intervention in post-operative CL.

B S.E. Wald df Sig. Exp (B) 95% CI

Lower Upper

Procedure∗ −0.237 1.153 0.042 1 0.837 0.789 0.082 7.563

Volume at
consultation

0.000 0.002 0.000 1 0.995 1.000 0.995 1.005

Post-operative
albumin

−0.220 0.168 1.713 1 0.191 0.803 0.578 1.115

Post-operative
hemoglobin

0.077 0.037 4.334 1 0.037 1.080 1.004 1.160

Constant 2.693 5.862 0.211 1 0.646 14.780

∗neck= 1; thorax= 2; abdomen= 3; pelvis= 4.

procedures, such as lymphatic embolization, surgical ligation, and
abdominal venous shunts, are mostly used in refractory cases
after the failure of conservative treatment (10, 47). The MCT
diet is the least invasive and most economical option. However,
the scope of MCT diet use for CL is still unclear. This study
sought to investigate the effect of the MCT diet and/or EN
interventions on the prognosis of patients with post-operative
CL by reviewing such interventions in patients with CL across
different departments in the hospital from March 2020 to April
2022. Our study found that the MCT diet and EN had a positive
effect on CL and were applicable to the vast majority of patients.
Additionally, they could alleviate patients’ discomfort and fear
of fasting or secondary surgery. Therefore, for patients with
post-operative CL, we recommend the MCT diet as a first line
of intervention.

There was no report on the relationship between the maximum
leakage and the necessity to initiate dietary interventions.
Thyroid surgery specialists suggested criteria for secondary surgical
treatment range from outputs of >500 mL/day to >1,000 mL/day
output for 5 days (16). The published report suggests the
conclusion. We thus conclude that drainage of more than 11.6
ml/kg of body weight per day predicted failure of conservative
therapy and the volume might prove useful in guiding early
thoracic duct ligation. For example, a person weighs 70 kg. Then,
when his daily drainage volume reaches 812ml, it indicates the
failure of conservative therapy (48). The research about chylothorax
suggested: early surgical intervention was indicated if drainage
of >500mL of chylous fluid was observed during the first 24 h.
If the drainage was <300 ml/day 3 days after the chylothorax
diagnosis, the patients continued the low-fat diet. If the volume
remained >300 mL/day after 3 days, surgical intervention was
considered (49). We observed the intervention effect in CL
patients whose highest leakage volume after intervention onset was
higher than 500ml in this study. There were 10 cases ranging
from 500ml to 999ml, of which three cases failed (1 case from
thyroid surgery, 1 case from gastrointestinal surgery, and 1 case
from gynecological surgery) and 7 cases succeeded (2 cases from
thyroid surgery, 2 cases from cardiovascular surgery, 1 case from
hepatobiliary surgery, 1 case from gastrointestinal surgery, and 1
case from gynecological surgery). There were six cases ranging
from 1,000ml to 1,999ml, all of which were successful (one
case from cardiovascular surgery, one case from thoracic surgery,

one case from hepatobiliary surgery, two cases from urological
surgery, and one case from gynecological surgery). There was
one case of >2,000ml that failed (from thoracic surgery). We
found that the conservative treatment was still effective for chylous
drainage of >500 ml/day (13 in 17 cases were successful) in
the present study. Based on the results of these retrospective
cases, we suggested that oral nutritional intervention should be
tried as prior management. More active treatment should be
adopted if there is no significant drainage output decrease within
1 to 3 days. The reason we made the suggestion is that in
successful cases of this study, we observed an obvious drainage fluid
reduction in volume and the fluid turning to clear approximately
3 days after the MCT diet and EN intervention, which was
consistent with published data that reported success of fasting
and octreotide treatment (49, 50). In our successful cases, the
maximum drainage volume was 1,440ml. Drainage volume should
not be the only factor for the determination of the choice of
treatment. Treatment effects can often be measured by how much
volume changes in response to a particular intervention (16).
Therefore, we believe that the MCT diet and EN can still be
attempted for at least 3 days even if early drainage is within
1,500 ml.

The clinical efficacy of MCT and/or EN in this study was
higher than the published literature. All other departments except
thoracic surgery had an over 90% effective rate of intervention,
and no statistical difference in effective rate was observed among
different departments, suggesting that our nutritional intervention
program was not affected by the different surgical procedures. The
effective rates of conservative therapy in other studies were lower
than in our study. A retrospective study about non-surgery CL
reported that 66% of patients failed after conservative treatment
(51). A systematic review indicated that the success rates of
three non-surgical treatments with MCT diet, low-fat diet, and
enteral nutrition were 77.3%, 75.9%, and 63.2%, respectively
(36). In a collective review, only 43% of patients resolved CL
with conservative treatment with the MCT diet alone (52). In a
retrospective observational study of patients with CA following
lymph node dissection due to gynecologic tumor, 5 patients (41.7%)
had complete symptom relief with the MCT diet alone, while 7
(58.3%) patients underwent paracentesis with drainage of fluid (53).
In another retrospective observational study, 71% of gynecological
surgery post-operative CL patients responded to conservative
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treatment (28). The phenomenon, the higher efficiency rate in this
study than aforementioned published reports, may be contributed
that there is no consensus on the standardized diagnosis and
therapy procedure of CL and its effective interventions (5).
For this reason, here instead of confirming the diagnosis of
CL based absolutely on drainage triglyceride level and drainage
volume as advised in previous reports, we confirmed the diagnosis
immediately upon the observation of cloudy drainage fluid after
related surgery (lymph node dissection, especially, and abdominal
aortic lymph node dissection) and administered nutritional
interventions. Therefore, it is possible to advance the intervention
time, which may result in a better outcome than previous studies
(54, 55). In addition, the MCT diet in our hospital and dietary
guidance at discharge are standardized, which has not been
reported in other MCT diet-related studies. Standardized diet
preparation and guidance could be more conducive to the accurate
implementation of nutrition programs, thus ensuring effectiveness.

Previous studies noted longer LOS in CL patients than non-
CL patients after colorectal cancer and pancreaticoduodenectomy
(56, 57). In this study, the LOS for patients with CL was longer
than that for those without CL in thyroid surgery and gynecology,
too. The difference in LOS among patients in the thyroid surgery
department [14 (10–21) days vs. 11 (7–13) days, P = 0.008] may
be because cervical lymph nodes collect most of the lymphatic flow
in the extremities and the trunk (58). The MCT diet had a greater
effect on the reduction of chylous flow in the digestive tract and
did not stop lymphatic flow production. Hence, although CL was
better controlled in patients with CL after thyroid surgery, lymph
leaks may be less likely to heal relative to other sites of surgery
(33). This may explain the longer LOS for patients with CL after
thyroid surgery. Additionally, patients with CL after gynecological
surgery also had a longer LOS, [15 (9–36) days vs. 11 (8–27) days, P
= 0.044]. In this study, all CL patients in gynecology had tumor
occupation and underwent pelvic lymph node dissection, and
most of the patients also underwent abdominal aortic lymph node
dissection. We speculate that pelvic tumor resection leads to less
compression around the lymphatic vessels, which is detrimental to
the healing of the lymphatic vessels. While no statistical difference
in LOS was observed between patients with CL and non-CL in
other types of surgeries. For this outcome, we believe that the MCT
diet standardized protocol allows for better home management,
and we also have detailed guidance at discharge, so that patients
can be discharged with the drain tube. Generally, the drain tube
would be removed in the outpatient return visit 1 or 2 weeks later.
Therefore, LOS is not significantly longer in patients with CL.
Thus, hospital medical resources are saved and patients’ subjective
comfort is improved.

Days of drainage after intervention onset were also a significant
parameter to evaluate the clinical effect. We compared the
intervention effects of EN, MCT, and TPN. The results showed
that the days of drainage was similar between the present study
and the published study [review (59) and (60)]. For example, a
systematic review showed that the median for days of drainage
was 5, 7.5, 29, or 19 days in patients with chylous ascites cured
by TPN alone after hepatobiliary surgery, gastrointestinal surgery,
and urological surgery (59). In the present study, the duration
median was 8, 3, or 7 days in hepatobiliary surgery, gastrointestinal
surgery, and urological surgery. For gynecological surgery patients
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with chylous leakage cured by TPN alone, the median was 15 (7–
16) days (60). The median for days of drainage was 3 (1–21) days (3
cases discharged with a drainage tube on day 1 of intervention and
1 on day 2) in the present study under a similar condition.

Additionally, we performed a binary logistic regression analysis
of our nutritional intervention outcomes, which showed no
statistically significant difference in the effect of post-operative
albumin, surgical procedures, and volume of leakage on effective
outcomes. What needs to be explained is that the thyroid
surgery case was not included in the binary logistic regression
analysis as post-operative albumin and hemoglobin levels were
not determined among patients who underwent thyroid surgery.
Higher hemoglobin levels on the first day after surgery had a
promotive effect on the probability of effective intervention. We
found no relevant reports on the analysis of factors associated
with effective postintervention outcomes. However, it was reported
that lower hemoglobin is associated with a higher incidence rate
of CL (14), which may predict that lower hemoglobin probably
influences the effects of oral nutritional interventions. Our analysis
of post-operative hemoglobin on intervention outcomes may
inform future studies.

Limitations of this study are as follows: (1) This study was
a single-center retrospective analysis, and no comparison could
be made with other hospitals. (2) We also did not compare
the efficacy of our intervention with other interventions (fasting,
octreotide, and secondary surgery), which may make the results
less convincing. The reason is that on the one hand, we
used oral nutrition intervention in the initial stage of clinical
intervention, and it achieved a good effect. Therefore, we adopted
this method for all patients. On the other hand, before we
regulated oral interventions, this phenomenon was not well-
documented in our medical documentation, making it difficult to
retrieve these cases from our medical record system as historical
controls. (3) Some clinical data (e.g., post-operative albumin and
drained triglycerides) were incomplete, as they were not tested
in some patients at that time. As a result, it is difficult to
draw strong conclusions about the effectiveness of our approach.
(4) Although we have compared efficacy with published studies,
there is a problem of inconsistent baseline. (5) There may also
be some reasons leading to different discharges and extubation
indications in different departments, thus affecting the statistical
results of discharge time. As for the strength of this study,
conservative treatment, such as MCT diet and EN, achieved
successful outcomes while alleviating patient discomfort, fear of
medication and secondary surgery, and reduced complications
without significantly prolonged LOS. Although CL is a relatively
rare clinical complication, it can seriously affect patients’ prognosis.
Prospective clinical intervention trials could be conducted to
explore the mechanisms of treatment with MCT diet/EN of CL. In
addition, the role of hemoglobin in the MCT treatment of CL can
be explored.

5. Conclusion

In conclusion, ∼90% of post-operative CL cases could
be cured with our MCT diet/EN management strategy,

which is higher than what was reported in many studies.
Furthermore, the post-operative hemoglobin level can
promote the prognosis of patients with CL. We believe
that this management strategy works well, with a minimal
patient burden and good nutritional condition. We detail this
strategy in the study, hoping to provide useful information
to others.
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Geriatric nutritional risk index was 
associated with in-hospital 
mortality among cardiac intensive 
care unit patients
Yuefeng Li 1†, Zhengdong Wang 1†, Tienan Sun 2, Biyang Zhang 2 and 
Xiangwen Liang 1*
1 The First People’s Hospital of Yulin, Yulin, Guangxi, China, 2 Department of Cardiology, Affiliated Anzhen 
Hospital, Capital Medical University, Beijing, China

Background: Identifying risk factors associated with cardiac intensive care unit 
(CICU) patients’ prognosis can help clinicians intervene earlier and thus improve 
their prognosis. The correlation between the geriatric nutrition risk index (GNRI), 
which reflects nutritional status, and in-hospital mortality among CICU patients 
has yet to be established.

Method: The present study retrospectively enrolled 4,698 CICU patients. Based 
on the nutritional status, the participants were categorized into four groups. The 
primary endpoint was in-hospital mortality. The length of hospital stay and length 
of CICU stay were the secondary endpoints. To explore the correlation between 
nutritional status and in-hospital mortality, a logistic regression analysis was 
conducted. The nonlinear associations of GNRI with in-hospital mortality were 
evaluated using restricted cubic spline (RCS). Furthermore, subgroup analyses 
were conducted to evaluate the effect of the GNRI on in-hospital mortality across 
different subgroups, with calculation of the p for interaction.

Result: A higher risk of malnutrition was significantly linked to an increased 
incidence of in-hospital mortality (High risk vs. No risk: 26.2% vs. 4.6%, p  <  0.001), 
as well as a longer length of hospital stay (High risk vs. No risk: 15.7, 9.1–25.1 
vs. 8.9, 6.9–12.9, p  <  0.001) and CICU stay (High risk vs. No risk: 6.4, 3.8–11.9 
vs. 3.2, 2.3–5.1, p  <  0.001). An elevated GNRI was significantly associated with 
an increased risk of in-hospital mortality even after controlling for pertinent 
confounding factors (High risk vs. No risk: OR, 95% CI: 2.37, 1.67–3.37, p  <  0.001, 
p for trend <0.001). Additionally, the RCS model showed a linear relationship 
between GNRI and in-hospital mortality, with the risk of in-hospital mortality 
significantly decreasing as GNRI increased (non-linear p  =  0.596). Furthermore, in 
the subgroups of hypertension, ventricular arrhythmias, cardiac arrest, shock, and 
chronic kidney disease, there was a significant interaction between nutritional 
status and in-hospital mortality.

Conclusion: Among CICU patients, a low GNRI was a significant predictor of 
in-hospital mortality. Furthermore, patients with a higher risk of malnutrition, as 
indicated by low GNRI values, experienced significantly longer hospital and CICU 
stays.

KEYWORDS

MIMIC-IV database, cardiac intensive care unit, geriatric nutritional risk index, 
nutritional status, in-hospital mortality
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1. Introduction

Since its establishment in the 1960s with the objective of 
resuscitating patients with acute myocardial infarction (AMI), the 
coronary care unit (CCU) has undergone a transformation into a 
cardiac intensive care unit (CICU) (1–3). With the complexity of the 
clinical condition of patients, the current indications for CICU cover 
AMI, advanced heart failure (HF), cardiogenic shock (CS), organ 
failure, and multi-systemic critical illness (4). Patients admitted to the 
CICU often have many non-cardiac conditions in addition to cardiac 
disease, such as sepsis, acute renal failure, and acute respiratory failure 
(5, 6). These complications were associated not only with the severity 
of the underlying disease and the need for intensive care, but also with 
elevated morbidity and mortality rates, leading to greater resource 
utilization and medical costs (7–11). Therefore, identifying risk factors 
related to the prognosis of CICU patients is crucial for clinical 
physicians, which can help clinicians to intervene early in the 
treatment of patients and thus improve their prognosis.

Malnutrition is widespread in critically ill patients and is related to 
a worse prognosis (12–14). Calculated from serum albumin, height, 
and weight, the GNRI is a convenient and accessible indicator to 
evaluate the nutritional status of patients (15, 16). Patients with lower 
GNRI scores were considered to have poorer nutritional status and had 
worse outcomes (17, 18). The GNRI score is now used as a risk index 
for a variety of diseases, such as uremia, sepsis, and cardiovascular 
diseases (CVD) (19–21). Previous studies have linked GNRI to a poor 
outcome in various CVDs, including acute HF, coronary artery disease 
(CAD), and acute ST-segment elevation myocardial infarction (22–25). 
Hence, in critically ill patients admitted to the CICU, employing GNRI 
as a tool to assess nutritional status might enhance risk stratification, 
and providing timely nutritional support could potentially enhance 
long-term prognosis. However, no studies have been undertaken to 
investigate the impact of nutritional status on the prognosis of CICU 
patients. The aim of this study was to explore an association between 
GNRI and in-hospital mortality in CICU patients.

2. Methods

2.1. Population selection criteria

This was an observational, retrospective study that included 
patients from the CICU and CCU, extracted from the Medical 
Information Mart for Intensive Care IV (MIMIC-IV version 2.0). The 
database provides comprehensive and high-quality data on patients 
admitted to intensive care units at Beth Israel Deaconess Medical 
Center between 2008 and 2019 (26). As shown in Figure 1, all patients 
who were initially admitted to the hospital for a duration of more than 
two days were included. Patients with the following conditions were 
excluded: (1) non-cardiac hospitalization; (2) weight, height and 
albumin data missing; (3) age < 18 years. A total of 4,698 patients 
were enrolled.

2.2. Data extraction

The data utilized in this study was extracted from the publicly 
available critical care database known as MIMIC-IV (26). The 

following information was collected: demographics, vital sign, 
comorbidities and medical history, laboratory parameter and 
treatment (Details can be found in Supplementary material).

2.3. Definition of nutritional status and 
endpoints

According to GNRI, all patients were classified into four groups 
(15): No nutrition risk: GNRI≥98 (n = 1,560), Low nutrition risk: 
92 ≤ GNRI <98 (n = 1,067), Moderate nutrition risk: 82 ≤ GNRI <92 
(n = 1,214), High nutrition risk: GNRI<82 (n = 828). The GNRI index 
was calculated as follows: GNRI = [14.89 × serum albumin (g/
dL)] + [41.7 × actual BMI/ideal BMI] (27). Ideal BMI was set to 22 kg/
m2 (28). If the patient’s BMI exceeded the ideal BMI, the “actual BMI/
ideal BMI” ratio was set to 1. The primary endpoint was in-hospital 
mortality. The secondary endpoints were length of hospital stay and 
length of CICU stay.

2.4. Statistical analysis

The baseline characteristics were reported as mean ± standard 
deviation (SD) for normally distributed quantitative data, median 
[interquartile range (IQR)] for skewed data, and number (%) for 
categorical data. Analysis of variance, Kruskal-Wallis, and chi-square 
tests were conducted to compare patient characteristics according to 
nutritional status. Binary logistic regression analysis was used to 
determine the association between nutritional status and in-hospital 
mortality, and the results were presented as odds ratios (OR) with 
corresponding 95% confidence intervals (CI). To account for relative 
confounding variables, a multivariate logistic analysis using the 
stepwise method with removal at p > 0.05 was performed on all 
baseline covariates listed in Table  1 (Details can be  found in 
Supplementary material). Furthermore, we created a restricted cubic 

FIGURE 1

Flow chart of study population. CCU, coronary artery care unit; 
CICU, cardiac intensive care unit.
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TABLE 1 Characteristics of patients stratified by nutritional status.

Characteristics Total 
(n  =  4,697)

Nutritional risk stratification p-value

No nutrition 
risk GNRI≥98 

(n  =  1,560)

Low nutrition 
risk 92  ≤  GNRI 
<98 (n  =  1,067)

Moderate 
nutrition risk 
82  ≤  GNRI<92 

(n  =  1,242)

High 
nutrition risk 

GNRI<82 
(n  =  828)

Age(years) 68.4 ± 13.3 68.5 ± 12.7 69.7 ± 12.9 68.5 ± 13.4 66.2 ± 14.4 <0.001

Gender, n (%) <0.001

Male 2,906 (61.9) 1,032 (66.2) 652 (61.1) 758 (61.0) 464 (56.0)

Female 1791 (38.1) 528 (33.8) 415 (38.9) 484 (39.0) 364 (44.0)

Race, n (%) 0.027

White 3,237 (68.9) 1,065 (68.3) 749 (70.2) 864 (69.6) 559 (67.5)

Black 306 (6.5) 79 (5.1) 70 (6.6) 92 (7.4) 65 (7.9)

Other 1,154 (24.6) 416 (26.7) 248 (23.2) 286 (23.0) 204 (24.6)

Body mass index (kg/m2) 28.8 ± 6.8 29.4 ± 6.1 29.41 ± 6.93 28.48 ± 6.81 27.56 ± 7.52 <0.001

Systolic blood pressure (mmHg) 115.5 ± 21.8 115.0 ± 20.9 115.29 ± 21.36 116.11 ± 22.89 116.06 ± 22.34 0.487

Diastolic blood pressure (mmHg) 60.8 ± 15.0 60.2 ± 14.3 61.21 ± 15.32 61.30 ± 15.85 60.56 ± 14.80 0.201

Heart rate (beats/min) 84.7 ± 17.6 82.1 ± 14.9 84.00 ± 17.21 85.80 ± 18.11 88.47 ± 20.75 <0.001

Comorbidities and medical history, n (%)

Congestive heart failure 2,609 (55.5) 726 (46.5) 671 (62.9) 772 (62.2) 440 (53.1) <0.001

Coronary artery disease 3,296 (70.2) 1,168 (74.9) 782 (73.3) 872 (70.2) 474 (57.2) <0.001

Acute myocardial infarction 1745 (37.2) 519 (33.3) 441 (41.3) 502 (40.4) 283 (34.2) <0.001

Cardiomyopathy 411 (8.8) 111 (7.1) 109 (10.2) 132 (10.6) 59 (7.1) 0.001

Atrial fibrillation 2,830 (60.3) 895 (57.4) 650 (60.9) 791 (63.7) 494 (59.7) 0.008

Ventricular arrhythmias 701 (14.9) 170 (10.9) 161 (15.1) 222 (17.9) 148 (17.9) <0.001

Atrioventricular block 453 (9.6) 157 (10.1) 106 (9.9) 120 (9.7) 70 (8.5) 0.623

Cardiac arrest 410 (8.7) 91 (5.8) 68 (6.4) 134 (10.8) 117 (14.1) <0.001

Valve disease 2,162 (46.0) 833 (53.4) 514 (48.2) 539 (43.4) 276 (33.3) <0.001

Shock 1,380 (29.4) 232 (14.9) 279 (26.1) 439 (35.3) 430 (51.9) <0.001

Pulmonary embolism 191 (4.1) 36 (2.3) 34 (3.2) 58 (4.7) 63 (7.6) <0.001

Endocarditis 152 (3.2) 9 (0.6) 22 (2.1) 50 (4.0) 71 (8.6) <0.001

Dyslipidemia 2,778 (59.1) 1,059 (67.9) 659 (61.8) 701 (56.4) 359 (43.4) <0.001

Hypertension 1924 (41.0) 779 (49.9) 435 (40.8) 422 (34.0) 288 (34.8) <0.001

Diabetes 1810 (38.5) 572 (36.7) 429 (40.2) 495 (39.9) 314 (37.9) 0.203

Acute kidney injury 4,254 (90.6) 1,369 (87.8) 966 (90.5) 1,144 (92.1) 775 (93.6) <0.001

Chronic kidney disease 1,500 (31.9) 392 (25.1) 363 (34.0) 487 (39.2) 258 (31.2) <0.001

Malignancy 226 (4.8) 39 (2.5) 52 (4.9) 65 (5.2) 70 (8.5) <0.001

Laboratory parameters

White blood cell (109/L) 10.64 ± 5.55 9.14 ± 4.37 10.01 ± 4.66 11.40 ± 5.63 13.13 ± 7.16 <0.001

Hemoglobin (g/dL) 11.01 ± 2.27 12.06 ± 2.17 11.15 ± 2.10 10.31 ± 2.03 9.92 ± 2.12 <0.001

Platelet (109/L) 210.35 ± 96.79 207.80 ± 75.62 212.84 ± 90.18 209.94 ± 106.76 212.52 ± 121.66 0.526

ALT (U/L) 24 [16, 47] 23 [16, 36] 23 [15, 44] 26 [15, 64] 28 [16, 70] <0.001

AST (U/L) 32 [21, 66] 26 [20, 40] 31 [21, 61] 40 [23, 93] 45 [25, 125] <0.001

Creatinine (mg/dL) 1.58 ± 1.50 1.33 ± 1.02 1.56 ± 1.44 1.79 ± 1.84 1.77 ± 1.67 <0.001

Glucose (mg/dL) 142.40 ± 69.30 134.13 ± 54.98 142.38 ± 69.15 149.17 ± 80.63 147.85 ± 73.65 <0.001

Albumin (g/L) 3.43 ± 0.65 4.11 ± 0.26 3.57 ± 0.14 3.10 ± 0.20 2.43 ± 0.35 <0.001

Sodium (mmol/L) 138.21 ± 4.59 138.47 ± 3.65 138.12 ± 4.47 137.88 ± 5.06 138.31 ± 5.47 0.007

(Continued)
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spline curve (RCS) based on the multivariate logistic regression model 
to investigate the relationship between GNRI and in-hospital 
mortality. Three knots were chosen for examination. In subgroup 
analysis, univariate binary logistic regression was used to assess the 
correlation between nutritional status and in-hospital mortality in 
various comorbidity subgroups. The results were expressed as OR and 
95% CI, with p for interaction computed.

All tests were two-sided, and statistical significance was defined 
as p < 0.05. R software was used to perform all data analysis.

3. Results

3.1. Patient characteristics

The patients were classified into four groups based on their 
nutritional status: No nutrition risk (n = 1,560), Low nutrition risk 
(n = 1,067), Moderate nutrition risk (n = 1,214), High nutrition risk 
(n = 828). Table  1 summarized the characteristics of the different 
nutritional states. Patients with high nutrition risk were younger, female 
sex, less often white, had a lower BMI but a higher heartrate, and were 
more likely to have a history of congestive HF, cardiomyopathy, atrial 
fibrillation, ventricular arrhythmias, acute myocardial infarction, 
cardiac arrest, pulmonary embolism, endocarditis, acute kidney injury, 

chronic kidney disease, shock and malignancy, but less often had 
coronary artery disease, valve disease, hypertension, and diabetes. 
Furthermore, patients with a high nutritional risk had higher levels of 
white blood cells, ALT, AST, creatinine, glucose, and potassium, while 
having lower levels of hemoglobin, sodium, and albumin. In addition, 
they received more corticosteroids, mechanical ventilation, and 
extracorporeal membrane oxygenation (ECMO), while receiving less 
oral anticoagulant, antiplatelet, beta-blocker, angiotensin-converting 
enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB), and 
vasoactive agent therapy.

3.2. Association between nutritional status 
and adverse outcomes

Overall, in-hospital mortality rate was 12.2%. As nutrition risk 
groups increased, in-hospital mortality increased significantly (High 
risk vs. No risk: 26.2% vs. 4.6%, p < 0.001) (Table 2). Higher nutrition 
risk was significantly associated with the increased length of hospital 
stay (High risk vs. No risk: 15.7, 9.1–25.1 vs. 8.9, 6.9–12.9, p < 0.001) 
and CICU stay (High risk vs. No risk: 6.4, 3.8–11.9 vs. 3.2, 2.3–5.1, 
p < 0.001) respectively (Table 2). As shown in Table 3, in model 1, 
higher nutrition risk was associated with the increased risk of 
in-hospital mortality (High risk vs. No risk: OR, 95% CI: 7.45, 

TABLE 2 Outcomes of patients stratified by nutritional status.

Outcomes Total Nutritional risk stratification p value

No nutrition 
risk 

GNRI≥98

Low nutrition 
risk 92  ≤  GNRI 

<98

Moderate 
nutrition risk 
82  ≤  GNRI<92

High 
nutrition risk 

GNRI<82

In-hospital mortality, n (%) 572 (12.2) 71 (4.6) 105 (9.8) 179 (14.4) 217 (26.2) <0.001

Length of hospital stay (days) 10.9 [7.3, 17.0] 8.9 [6.9, 12.9] 10.8 [7.3, 15.6] 12.7 [8.3, 19.6] 15.7 [9.1, 25.1] <0.001

Length of CICU stay (days) 4.1 [2.8, 7.1] 3.2 [2.3, 5.1] 4.0 [2.7, 6.2] 4.7 [3.1, 8.1] 6.4 [3.8, 11.9] <0.001

Non-normally distributed continuous variables were presented as median (IQR). Categorical variables were presented as number (percentage). GNRI, geriatric nutrition risk index; CICU, 
cardiac intensive care unit.

Characteristics Total 
(n  =  4,697)

Nutritional risk stratification p-value

No nutrition 
risk GNRI≥98 

(n  =  1,560)

Low nutrition 
risk 92  ≤  GNRI 
<98 (n  =  1,067)

Moderate 
nutrition risk 
82  ≤  GNRI<92 

(n  =  1,242)

High 
nutrition risk 

GNRI<82 
(n  =  828)

Potassium (mmol/L) 4.25 ± 0.65 4.22 ± 0.54 4.24 ± 0.67 4.30 ± 0.67 4.23 ± 0.76 0.012

Treatment, n (%)

Oral anticoagulants 2,111 (44.9) 711 (45.6) 506 (47.4) 579 (46.6) 315 (38.0) <0.001

Antiplatelet 4,213 (89.7) 1,504 (96.4) 969 (90.8) 1,096 (88.2) 644 (77.8) <0.001

Beta-blockers 4,183 (89.1) 1,459 (93.5) 968 (90.7) 1,082 (87.1) 674 (81.4) <0.001

ACEI/ARB 2,168 (46.2) 820 (52.6) 561 (52.6) 536 (43.2) 251 (30.3) <0.001

Corticosteroids 1,412 (30.1) 393 (25.2) 337 (31.6) 390 (31.4) 292 (35.3) <0.001

Vasoactive agent 3,613 (76.9) 1,228 (78.7) 823 (77.1) 920 (74.1) 642 (77.5) 0.033

Mechanical vent 3,241 (69.0) 1,065 (68.3) 700 (65.6) 832 (67.0) 644 (77.8) <0.001

ECMO 69 (1.5) 10 (0.6) 11 (1.0) 17 (1.4) 31 (3.7) <0.001

GNRI, geriatric nutrition risk index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; 
ECMO, extracorporeal membrane oxygenation.
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5.64–9.95, p < 0.001, p for trend <0.001). In Model 2, we adjusted for 
relevant confounding variables and found that a higher nutrition risk 
was significantly associated with an increased risk of in-hospital 
mortality (High risk vs. No risk: OR, 95% CI: 2.37, 1.67–3.37, 
p < 0.001, p for trend <0.001). When analyzing GNRI as a continuous 
variable, we found that an increase of one unit in GNRI was associated 
with a reduction in the risk of in-hospital mortality by approximately 
0.07-fold in Model 1 and 0.04-fold in Model 2, respectively.

Figure 2 displayed the use of restricted cubic splines (RCS) to 
visually represent the relationship between MACE and GNRI, as well 
as fit the model. After potential confounders were considered, a linear 
association between GNRI and in-hospital mortality was confirmed 
(non-linear p = 0.596). As GNRI increased, the risk of in-hospital 
mortality decreased significantly.

3.3. Subgroup analysis

In all subgroup analyses (Table 4), we found that patients with 
hypertension (p for interaction<0.001) had increased risks of 
in-hospital mortality for higher nutrition risk. But patients with 
ventricular arrhythmias (p for interaction = 0.046), cardiac arrest (p 
for interaction = 0.029), shock (p for interaction<0.001), and chronic 
kidney disease (p for interaction<0.001) had lower risks of in-hospital 
mortality. In the remaining subgroups, no significant interactions 
were found.

4. Discussion

Our findings revealed that GNRI was an independent predictor of 
in-hospital mortality among CICU patients. The RCS analysis further 
confirmed a linear relationship between GNRI and in-hospital mortality. 
Furthermore, we  found that higher nutrition risk was significantly 
related to the increased length of hospital stay and CICU stay. Significant 

interactions were observed in the relationship between GNRI and 
in-hospital mortality in hypertension, ventricular arrhythmias, cardiac 
arrest, shock, and chronic kidney disease subgroups.

Malnutrition, a condition characterized by an imbalance between 
the body’s energy intake and demands, has been unequivocally linked 
to cardiovascular disease (29). However, the underlying mechanism 
responsible for this association was multifaceted, with inflammation, 
metabolism, and aging all implicated in this pathological relationship 
(30, 31). Indeed, previous investigations have demonstrated that 
malnutrition was intricately linked to inflammation (30, 32). The 
inflammatory reaction, in turn, could antagonize albumin synthesis, 
a key protein involved in maintaining optimal nutritional status, and 
further aggravate malnutrition, engendering a self-perpetuating cycle 
of deleterious consequences (33). Furthermore, emerging evidence 
has suggested that malnutrition could precipitate the onset of various 
pathologies, such as free radical damage, impaired insulin secretion, 
lipolysis, and lipid oxidation. These adverse events, in turn, could 
incite tissue damage, diabetes, and fatty liver disease, thus perpetuating 
the vicious cycle of malnutrition (34–36). Importantly, previous 
research has also highlighted the unfavorable prognostic implications 
of malnutrition, manifesting as an adverse prognosis in various 
diseases, such as HF, CAD, and peripheral arterial disease (37–40).

Various systems are commonly employed in clinical practice to 
assess nutritional status, including subjective global assessment (SGA) 
(41) and mini-nutritional assessment (MNA) (42, 43). Nonetheless, 
many of these indicators have been discarded due to their complexity 
and vulnerability to subjective influences (41–43). Meanwhile, 
laboratory indices such as albumin (44) and hemoglobin (45) have 
been utilized to assess nutritional status and their association with 
patient prognosis has been established. However, these indicators are 
limited in that they only reflect a singular aspect and their predictive 
ability can be influenced by external factors. In recent years, GNRI has 
gained popularity as a commonly used tool in clinical nutrition 
assessment, primarily due to its convenience and accessibility (46). 
Moreover, it has been clinically established that a correlation between 

TABLE 3 The association between nutritional status and in-hospital mortality.

Model Logistic regression analysis

OR (95% CI) p value p for trend

Model 1 <0.001

No nutrition risk: GNRI≥98 Ref

Low nutrition risk: 92 ≤ GNRI <98 2.29 [1.68, 3.14] <0.001

Moderate nutrition risk: 82 ≤ GNRI<92 3.53 [2.67, 4.73] <0.001

High nutrition risk: GNRI<82 7.45 [5.64, 9.95] <0.001

GNRI 0.93 [0.92, 0.94] <0.001

Model 2 <0.001

No nutrition risk: GNRI≥98 Ref

Low nutrition risk: 92 ≤ GNRI <98 1.57 [1.09, 2.27] 0.016

Moderate nutrition risk: 82 ≤ GNRI<92 1.65 [1.18, 2.33] 0.004

High nutrition risk: GNRI<82 2.37 [1.67, 3.37] <0.001

GNRI 0.96 [0.97, 0.98] <0.001

Model 1: unadjusted. Model 2: adjusted for age, sex, race, white blood cell, sodium, congestive heart failure, coronary artery disease, atrial fibrillation, ventricular arrhythmias, cardiac arrest, 
shock, pulmonary embolism, dyslipidemia, diabetes, acute kidney injury, chronic kidney disease, oral anticoagulants, antiplatelet, beta-blockers, ACEI/ARB, corticosteroids, mechanical vent, 
ECMO. GNRI, geriatric nutrition risk index; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ECMO, extracorporeal membrane oxygenation; OR, odds 
ratio; CI, confidence interval.
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GNRI and the development and prognosis of several cardiovascular 
diseases, including HF, CAD, and stroke (47–49). A study that enrolled 
2,299 patients with non-ST-segment elevation acute coronary 
syndrome found that a lower GNRI was significantly related to poor 
prognosis (50). An observational study showed that patients 
undergoing coronary artery bypass grafting with decreased GNRI had 
an increased incidence of MACE and a lower survival rate during 
long-term follow-up (51). According to a meta-analysis, low baseline 
GNRI was identified as a reliable predictor of cardiovascular events in 
CAD patients. In addition, another study conducted on elderly 
patients with HF demonstrated that a lower GNRI could 
independently predict MACE, thereby affirming the risk stratification 
ability of GNRI (22).

In the realm of scoring systems, GNRI exerts its preeminence by 
virtue of its remarkable faculty for risk stratification. The singularity 
of GNRI lies not only in its robustness, but also in its simplicity, which 
sets it apart from more intricate scoring mechanisms (52). As far as 
we knew, this study was the first to examine the correlation between 
GNRI and in-hospital mortality among CICU patients. As with prior 
research, the GNRI has been shown to be  a reliable predictor of 
in-hospital mortality among CICU patients. This discovery reinforced 
the use of GNRI as a prognostic indicator in clinical settings and 
enhanced risk assessment and stratification based on traditional risk 
factors. Notably, among patients without ventricular arrhythmias, 

shock, chronic kidney disease or cardiac arrest, the effect of nutritional 
status on in-hospital mortality was enhanced, implying that clinicians 
should not ignore CICU patients without diseases that had a high case 
fatality rate, as paying attention to nutritional status and intervening 
accordingly could benefit patients more.

The RCS curve revealed a linear negative relationship between 
GNRI and in-hospital mortality: as nutritional status improved as 
measured by GNRI, the in-hospital mortality risk decreased, 
suggesting that clinicians might be able to improve poor outcomes 
by increasing GNRI with more aggressive treatment and better care. 
Furthermore, as the level of nutrition risk increased, the length of 
hospitalization and CICU stay rose significantly, compounding the 
emotional, physical, and financial stress experienced by patients. The 
potential explanation for this phenomenon was that patients with 
optimal nutritional status exhibited a more rapid convalescence 
from the ailment, thereby resulting in expedited hospital discharge 
and diminished expenses associated with hospitalization. As a result, 
indicators like the GNRI, which is more cost-effective and accessible, 
should receive more attention. When a full assessment of a patient’s 
health status is not possible in an emergency, the use of GNRI could 
quickly identify high-risk patients and provide clinicians with new 
treatment suggestions. This is especially true in medical settings that 
are deprived of adequate resources and infrastructure, such as those 
in geographically isolated regions or areas with poor healthcare 

FIGURE 2

RCS model showing the association between the nutritional status and in-hospital mortality. RCS, restricted cubic spline curve.
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TABLE 4 Subgroup analysis of associations between in-hospital mortality and nutritional status.

Subgroups N No nutrition 
risk

Low 
nutrition risk

Moderate 
nutrition risk

High nutrition 
risk

p for 
interaction

Congestive heart failure 0.122

Yes 2,609 Reference 1.79 (1.23–2.61) 2.52 (1.77–3.57) 6.12 (4.29–8.71)

No 2088 Reference 2.81 (1.59–4.97) 5.40 (3.27–8.93) 9.89 (6.07–16.12)

Coronary artery disease 0.447

Yes 3,296 Reference 2.25 (1.57–3.23) 3.52 (2.52–4.90) 8.13 (5.80–11.41)

No 1,401 Reference 2.40 (1.29–4.48) 3.61 (2.04–6.36) 6.76 (3.92–11.65)

Acute myocardial infarction 0.625

Yes 1745 Reference 1.61 (1.02–2.55) 2.70 (1.78–4.10) 6.34(4.15–9.70)

No 2,952 Reference 2.90 (1.90–4.45) 4.21 (2.84–6.25) 8.57(5.82–12.62)

Cardiomyopathy 0.132

Yes 411 Reference 1.12 (0.47–2.67) 1.34 (0.60–3.00) 3.99 (1.73–9.19)

No 4,286 Reference 2.49 (1.78–3.48) 3.96 (2.91–5.38) 8.08 (5.96–10.96)

Atrial fibrillation 0.146

Yes 2,830 Reference 2.73 (1.87–3.98) 3.55(2.48–5.06) 7.10(4.96–10.17)

No 1867 Reference 1.43 (0.81–2.55) 3.34(2.06–5.43) 8.00(5.03–12.72)

Ventricular arrhythmias 0.046

Yes 701 Reference 1.40 (0.77–2.55) 2.37(1.39–4.02) 4.00(2.31–6.94)

No 3,996 Reference 2.56 (1.77–3.71) 3.69 (2.61–5.22) 8.60 (6.13–12.06)

Atrioventricular block 0.408

Yes 453 Reference 0.99 (0.39–2.50) 2.27 (1.06–4.89) 4.50 (2.04–9.92)

No 4,244 Reference 2.56 (1.83–3.57) 3.79 (2.78–5.16) 8.05 (5.93–10.95)

Cardiac arrest 0.029

Yes 410 Reference 1.36 (0.65–2.86) 2.48 (1.34–4.58) 3.25 (1.74–6.05)

No 4,287 Reference 2.60 (1.83–3.70) 3.50 (2.51–4.88) 8.11 (5.84–11.24)

Valve disease 0.532

Yes 2,162 Reference 2.25 (1.46–3.49) 3.02 (2.00–4.56) 6.84 (4.47–10.46)

No 2,535 Reference 2.32 (1.49–3.63) 3.94 (2.63–5.90) 7.78 (5.23–11.56)

Shock <0.001

Yes 1,380 Reference 0.99 (0.66–1.48) 1.29(0.90–1.86) 1.86(1.30–2.65)

No 3,317 Reference 4.62 (2.48–8.61) 6.10(3.35–11.12) 15.05(8.27–27.39)

Pulmonary embolism 0.787

Yes 191 Reference 7.50 (0.85–65.99) 8.19 (1.01–66.45) 17.50 (2.24–136.71)

No 4,506 Reference 2.20(1.60–3.02) 3.43(2.57–4.59) 7.16 (5.36–9.56)

Endocarditis 0.468

Yes 152 Reference 1.26 (0.11–14.05) 0.89 (0.09–8.65) 2.52 (0.29–21.60)

No 4,545 Reference 2.29 (1.67–3.14) 3.62 (2.71–4.83) 7.60 (5.69–10.14)

Dyslipidemia 0.966

Yes 2,778 Reference 2.44 (1.62–3.68) 3.89 (2.66–5.69) 6.89 (4.62–10.29)

No 1919 Reference 2.00 (1.23–3.22) 2.89 (1.87–4.46) 6.61 (4.35–10.05)

Hypertension <0.001

Yes 1924 Reference 3.33 (1.71–6.48) 10.68 (5.93–19.23) 16.89 (9.32–30.60)

No 2,773 Reference 1.84 (1.29–2.63) 1.97 (1.41–2.75) 4.84 (3.48–6.73)

Diabetes 0.308

(Continued)
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facilities. Taken together, we believe that for patients with comorbid 
malnutrition in the CICU, the earlier their nutritional status is 
improved, the better their prognosis is likely to be.

While this study had some limitations. (1) This study only 
assessed the initial GNRI of CICU patients and did not record and 
analyze the dynamic changes in GNRI. (2) The use of public databases 
limited the collection of relevant information that could have 
influenced the model, such as detailed causes of death, left ventricular 
ejection fraction, specific coronary artery lesions, revascularization, 
types of myocardial infarction, and precise clinical symptoms. (3) Due 
to the retrospective nature of our study, we were unable to determine 
a specific cause for hospitalization. (4) Since it was a single-center 
retrospective study, it was susceptible to certain biases that might 
compromise the accuracy of the findings, thereby reducing their 
strength and rendering them incapable of establishing causality. 
Multi-central research is needed to further verify the current discovery 
among a wider range of people.

5. Conclusion

GNRI, being a simple and easily measurable tool in clinical 
practice, contributed significantly to the prognosis of in-hospital 
mortality among patients admitted to the CICU. Moreover, 
we  found that higher nutrition risk, as indicated by low GNRI 
values, was significantly associated with prolonged hospital and 
CICU stays. Prospective, randomized studies are needed to establish 
whether interventions aimed at improving nutritional status could 
improve clinical outcomes. Moreover, we  observed that higher 
nutrition risk, as indicated by low GNRI values, was significantly 
associated with prolonged hospital and CICU stays.
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Subgroups N No nutrition 
risk

Low 
nutrition risk

Moderate 
nutrition risk

High nutrition 
risk

p for 
interaction

Yes 1810 Reference 2.01 (1.26–3.20) 2.92 (1.90–4.48) 6.26 (4.07–9.62)

No 2,887 Reference 2.50 (1.64–3.81) 4.04 (2.75–5.94) 8.46 (5.79–12.38)

Acute kidney injury 0.305

Yes 4,254 Reference 2.19 (1.60–3.01) 3.40 (2.54–4.53) 6.94 (5.21–9.26)

No 443 Reference 5.82 (0.60–56.65) 3.96 (0.35–44.20) 24.26 (2.85–206.35)

Chronic kidney disease <0.001

Yes 1,500 Reference 1.75 (1.12–2.72) 1.53 (1.00–2.34) 3.86 (2.50–5.95)

No 3,197 Reference 2.50 (1.59–3.90) 5.81 (3.91–8.63) 11.17 (7.56–16.50)

Malignancy 0.381

Yes 226 Reference 1.14 (0.30–4.36) 1.23 (034–4.38) 3.50 (1.10–11.13)

No 4,471 Reference 2.35 (1.70–3.23) 3.69 (2.75–4.95) 7.62 (5.68–10.22)

Binary logistic regression analysis was used and results were presented as OR (odds ratio) and 95% CI (confidence interval). p for interaction was calculated using binary logistic analysis to 
determine whether there is interaction between different subgroups and nutritional status.
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Is food insecurity contributing to 
malnutrition in older adults in 
Switzerland? – A cross-sectional 
study
Maurus Rigling 1,2, Philipp Schuetz 1,2 and Nina Kaegi-Braun 1*
1 Division of General Internal and Emergency Medicine, Medical University Department, Kantonsspital 
Aarau, Aarau, Switzerland, 2 Medical Faculty, University of Basel, Basel, Switzerland

Background: Food insecurity has been defined as “limited access to food, at the 
level of individuals or households, due to lack of money or other resources” and 
may increase the nutritional risk, which in turn leads to poor health, development 
of chronic diseases, poor psychological and cognitive functioning, and 
substandard academic achievements. There is limited data on the importance of 
food insecurity in a rich country such as Switzerland.

Methods: This is a cross-sectional analysis of data from a structured survey in 
an elderly population of Switzerland. The data was assessed between June and 
August 2021  in the course of a 7-year phone call follow-up from the EFFORT 
trial, which included medical inpatients at nutritional risk from 2014 to 2018. A 
validated questionnaire (Six-Item Short Form 2012 of the U.S: Household Food 
Security Survey Module) was used to assess food security status.

Results: Of the 433 included patients, 30 (6.9%) were food insecure. A significant 
association between food insecurity and age, governmental financial support and 
self-reported loneliness was found. When compared with the food secure group, 
there was a significant lower quality of life measured by the EQ-5D VAS.

Conclusion: In an older Swiss population of patients at nutritional risk, food 
insecurity was named as a contributing factor for malnutrition in about 7% of 
patients, particularly younger individuals with financial support, and self-reported 
loneliness. In the assessment of malnutrition, physician and dieticians should ask 
for food insecurity and if detect take appropriate actions.

KEYWORDS

food security, malnutrition, health, quality of life, older adults, food insecurity, 
nutritional risk, risk factors

1. Introduction

Since 2014 the global prevalence of moderate or severe food insecurity has been slowly on 
the rise (1). Food insecurity has been defined as “limited access to food, at the level of individuals 
or households, due to lack of money or other resources” and has been associated with poor dietary 
intake and nutritional status, poor health, increased risk for the development of chronic diseases, 
poor psychological and cognitive functioning, and substandard academic achievement (2).

In 2020 it was estimated that the increase of food insecurity was equal to that of the previous 
5 years combined (1). Worldwide around 2.4 billion people suffer from some form of food 
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insecurity in Africa and Asia (1). On a much smaller scale, food 
insecurity is also a problem in high-income countries (3–6). In Europe 
and Northern America, studies found that in 2020 around 9 % of the 
population were moderately or severely food insecure (1). In these 
countries, food insecurity can coexist with food waste, overproduction 
and abundant food availability (7). In recent years, this was especially 
the case in countries, that suffered a financial crisis (8, 9), while 
currently the COVID-19 pandemic globally further increased the risk 
for food insecurity (10, 11). The consequences of food insecurity are 
most visible in low-income countries, where hunger-related 
malnutrition is a serious problem. In high-income countries, 
undernutrition is more commonly seen in ill patients (disease-related 
malnutrition, DRM) resulting from anorexia, catabolic metabolism 
and immobility. According to a recent meta-analysis of Kantilafti et al., 
there is a reverse relationship between food insecurity and 
multimorbidity (12). They found a 1.5-fold increased probability of 
multimorbidity among people with food insecurity. Conversely, 
people with multimorbidity had more than two times higher odds  
to present with food insecurity. Food security, morbidity and 
malnutrition are therefore supposed to have a complex interplay. 
Despite the rising prevalence of food insecurity and its burden on 
health, there is a lack of evidence in many European countries, 
including Switzerland (4). While in the United States and Canada food 
security is routinely monitored, there is no such monitoring in 
Switzerland and consequently data on food insecurity are missing 
(13, 14).

Even though Switzerland has a high standard of living, a low 
poverty rate and strong welfare programs, the question about the 
existence of food insecurity should still be raised. We hypothesize that 
there is a relevant amount of food insecure people living in 
Switzerland, especially in the time of the COVID-19 pandemic. The 
goal of this study was to estimate the prevalence of food insecurity in 
an elderly Swiss population at nutritional risk. Furthermore, the 
identification of risk factors and the investigation of the consequences 
are crucial to increase the awareness of health care workers and to take 
further actions. Therefore, in a second step, we aimed to find predictive 
factors for food insecurity and we study the influence of food 
insecurity regarding clinical outcomes, quality of life and health. This 
study may help to better identify people at risk and guide future 
interventions and policies.

2. Materials and methods

2.1. Study design and setting

This is a cross-sectional analysis of data from a systemic survey of 
participants included in the EFFORT Trial (The Effect of early 
nutritional support on Frailty, Functional Outcomes, and Recovery of 
malnourished medical inpatients Trial), a multicenter Swiss 
randomized controlled trial. The survey was conducted between June 
and August 2021 in the course of a 7-year phone call follow-up of the 
trial. This study included medical patients at nutritional risk 
hospitalized between 2014 and 2018. Nutritional risk during the initial 
hospital stay was defined by the Nutritional Risk Screening 2002 (NRS 
2002) tool and all patients with a score ≥ 3 points (15) and with an 
expected length of hospital stay of more than 4 days were included. 
These participants were randomly assigned to receive either protocol-
guided individualized nutritional support to reach protein and caloric 

goals (intervention group) or standard hospital food (control group). 
30 days, 180 days, 3–5 years and 5–7 years after hospital discharge 
participants were contacted by blinded study nurses or doctoral 
students for structured telephone interviews. Food security was 
assessed in the final follow-up call 7 years after study inclusion. 
Detailed information about the trial have been published 
previously (16).

2.2. Assessment of food security status

We used the validated Six-Item Short Form 2012 of the U.S: 
Household Food Security Survey Module (17). The six-item short 
form of the survey module was developed by researchers at the 
National Center for Health Statistics of the U.S in collaboration with 
Abt Associates Inc. and first published in 1999 (18). The questions in 
the six-item module are essentially unchanged from those in the 
original module from 1995. There were three minor revisions in 2006, 
2008, and 2012. The sum of affirmative responses to the six questions 
is the raw score. The food security status is assigned as follows: 0–1 
points = high or marginal food security, 2–4 = low food security and 
5–6 = very low food security. Further the participants can be classified 
into “food secure” (0–1 points) and “food insecure” (≥ 2 points). 
We translated the Six-Item Short Form from English to German.

2.3. Predictive variables

Sociodemographic characteristics (age, sex and region) were 
reported at study inclusion and age was extrapolated to the current 
date. Nutritional data (BMI, height, weight) and Barthel Index (19), 
living situation, education, the need of financial support and COVID-
associated factors (i.e., self-reported loneliness) were assessed during 
the phone interview.

2.4. Outcome variables

Health outcomes (defined as need for rehospitalization in the 
last 2 years, number of hospitalizations during the last 2 years, 
number of falls) and quality of life [measured by EQ-5D (20)] 
were also structurally assessed during the telephone interview. 
Weight loss was calculated using the last weight from the 5-year 
follow-up and the current patient-reported weight. We  used 
current BMI and weight loss data to retrospectively calculate 
“Malnutrition Universal Screening Tool (MUST) score (21), 
without considering additional scoring for acute illness, because 
patients were in an outpatient setting.

2.5. Statistical analysis

Continuous variables are expressed as mean and standard 
deviation (SD) and compared using student’s t-test, while categorical 
variables are shown in numbers and percentages and were analyzed 
by Pearson’s χ2 test. Uni- and multivariate logistic regression analyses 
were used to investigate possible predictive factors for food insecurity. 
For the analysis of associated adverse health outcomes, we used linear 
and logistic regression and adjusting for age. All statistical analyses 
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were performed using Stata version 15.1 (StataCorp). p < 0.05 was 
considered statistically significant, and all tests were 2-tailed.

3. Results

From April 2014 to February 2018, 5,015 patients were screened 
and 2028 included in the initial EFFORT trial. During the 7-year 
follow-up  1,137 patients died and 279 were lost to follow-up.  152 
patients withdrew informed consent and 27 had a missing food 
security questionnaire. The final analysis cohort thus consisted of 434 
patients (Figure 1). Baseline characteristics for the overall population 
and those stratified according to food security are shown in Table 1. Of 
the 434 included patients, 30 (6.9%) met the definition of food 
insecurity. Food insecure participants were significantly younger and 

more independent in activities of daily living (Barthel Index). Two 
thirds of food insecure participants were younger than 65 years. There 
were no differences between male and female. Of all the food insecure 
participants, 50% received financial support, while only 15.8% were 
financially supported in the food secure group. The category food 
insecurity contains low (5.8%) and very low food security (1.2%), as 
illustrated in Figure 2. Figure 3 shows the distribution of the affirmative 
answers to the U.S. Household Food Security Survey Module (Six-Item 
Short Form).

3.1. Predictors for food insecurity

In the univariate logistic regression analysis, we found significant 
associations between food insecurity and age (OR 0.95, 95% CI 

FIGURE 1

Study flow chart.
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0.93–0.97), governmental financial support (OR 5.35, 95% CI 2.49–
11.49) and self-reported loneliness (OR 3.34 95%CI 1.54–7.26). These 
results remained robust in the multivariate analysis. There was no 
significant association between food insecurity and sex, education, 
housing situation, or region (Table 2).

3.2. Predictive score for food insecurity

We constructed a simple predictive score for food insecurity 
containing three items: age < 65, financial support and self-reported 
loneliness. We assigned one point to each of these parameters. As 
shown in Figure  4, the probability for food insecurity showed a 
stepwise increase with a low probability <5% for 0 or 1 point, to 15.8% 
for 2 points up to 61.5% for patients with 3 points.

TABLE 1 Baseline characteristics.

Overall Food secure Food insecure  p value

N 434 404 30

Sociodemographics

Age, mean (SD) 74.18 (15.46) 75.27 (14.72) 59.60 (18.01) <0.001

Male sex 213 (49.1%) 198 (49.0%) 15 (50.0%) 0.92

Nutritional assessment

BMI, mean (SD) 25.65 (4.91) 25.65 (4.79) 25.63 (6.38) 0.98

Weight, mean (SD) 72.80 (16.90) 72.61 (16.29) 75.28 (23.81) 0.41

Height, mean (SD) 167.91 (9.05) 167.76 (8.94) 170.03 (10.39) 0.18

Activity of daily living

Barthel, median (IQR) 85.91 (16.12) 85.50 (16.34) 91.50 (11.68) 0.049

Living situation

Home without help 282 (68.8%) 263 (69.0%) 19 (65.5%) 0.75

Home with professional help 106 (25.9%) 97 (25.5%) 9 (31.0%)

Institutionalized 22 (5.4%) 21 (5.5%) 1 (3.4%)

Education

Middle school 28 (6.5%) 26 (6.5%) 2 (6.7%) 0.15

High school 29 (6.7%) 24 (6.0%) 5 (16.7%)

Apprenticeship 301 (69.8%) 280 (69.8%) 21 (70.0%)

University 72 (16.7%) 70 (17.5%) 2 (6.7%)

No education 1 (0.2%) 1 (0.2%) 0 (0.0%)

Financial support 78 (18.0%) 63 (15.8%) 15 (50.0%) <0.001

Region

Eastern part 116 (26.7%) 108 (26.7%) 8 (26.7%) 0.94

Western part 169 (38.9%) 156 (38.6%) 13 (43.3%)

Midlands 93 (21.4%) 87 (21.5%) 6 (20.0%)

Central part 56 (12.9%) 53 (13.1%) 3 (10.0%)

Loneliness

Never 329 (76.0%) 314 (77.9%) 15 (50.0%) <0.001

Rarely 25 (5.8%) 22 (5.5%) 3 (10.0%)

Sometimes 43 (9.9%) 34 (8.4%) 9 (30.0%)

Often 25 (5.8%) 24 (6.0%) 1 (3.3%)

Always 11 (2.5%) 9 (2.2%) 2 (6.7%)

BMI, body-mass index.

93%

5.8%1.2%

high or marginal food security
low food security
very low food security

FIGURE 2

Distribution of the level of food security of all participants.
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3.3. Association of food insecurity and 
health, nutrition and quality of life

After adjustment for age, we found a trend toward higher risk for 
hospitalization in the food insecure group (OR 1.98, 95% CI 0.91–
4.34), while there was no significant difference in the number of 
hospitalizations per person. Additionally, the odds for falls were 
2.5-fold higher in the food insecure group (Table 3).

Regarding the nutritional status, there were no difference in the 
prevalence of malnutrition defined by the MUST score (OR 1.08, 95% CI 
0.43–2.72). Total weight change did not differ between food secure and 
food insecure individuals. However, individually, food insecure 
participants showed significant higher weight loss among participants who 
reported weight loss (−4.62 vs. −9.81 kg, Coeff −5.2, 95% CI 8.61−1.79).

When compared to the food secure group, there was a significant 
lower quality of life measured by the EQ-5D index and the EQ-5D 
VAS when adjusted for age. There was no difference in activities of 
daily living and functional decline, measured by the Barthel Index and 
change of the Barthel Index.

4. Discussion

In this cross-sectional study with an elderly, multimorbid 
population, we  found a prevalence of 6.9% for food insecurity. 
Significant predictors for food insecurity included lower age, need for 
financial support and self-reported loneliness. Food security tended 
to have a significant impact on health care use, falls and quality of life 
without directly influencing the severity of nutritional status.

In 2020, a survey done in the general Swiss population estimated 
the prevalence of moderate to severe food insecurity to be around 
2.2% (22). That is considerably lower than the moderate to severe food 
insecurity in Europe and Northern America (8.8% in 2020) (1). The 
contrast between the prevalence of food insecurity in our study 
population (6.9%) and the Swiss population (2.2% in 2020) shows that 

our study population is an important at-risk subpopulation for food 
insecurity in Switzerland. Additionally, the survey was conducted in 
the middle of the COVID-19 pandemic. The COVID-19 pandemic 
triggered a global economic recession starting in 2020 and extending 
into 2021. The results were record levels of unemployment, lost 
livelihoods and rising poverty levels in many countries around the 
world (22) leading to rising food insecurity (10, 11).

Younger age was one of the risk factors for food insecurity, which 
we were able to identify. Similarly, in Canada, the prevalence of food 
insecurity was shown to be lower in households with seniors’ incomes 
as their primary income (13). This in part was interpreted in the 
context of Canada’s pension program, which provides some financial 
protection. In our population food insecurity was significant lower in 
the age group 65 and older (3% vs. 19.4%). We assume that similar 
protection mechanisms like in Canada could be in place in Switzerland 
through the pension program. In contrast, in Portugal and Greece 
data shows a trend of higher food insecurity in the elderly population 
(8, 23). In Greece it was estimated that 69% of older adults (≥60 years) 
living in the community were affected by some form of food insecurity 
(8). One would expect elderly residents living in an institution to 
be protected from food insecurity. But in our population, there were 
no differences in food insecurity between participants living in an 
institution and participants living at home.

Another significant predictor for food insecurity in our analysis 
was need for financial support. Of all food insecure participants, 50% 
received financial support and most food insecure participant, who 
received financial support were in working age. Similar results were 
found in the report “Household Food Insecurity in Canada 2021” with 
63% of households relying on social assistance were food insecure 
(13). This raises the question, whether financial support is insufficient 
to prevent food insecurity. Due to the cross-sectional nature of the 
study, no further conclusions can be  drawn. However, financial 
support might rather be a consequence than a cause of food insecurity.
Beside age and financial support, a third predictive factor for food 
insecurity was self-reported loneliness. Social isolation may thus be a 

FIGURE 3

Distribution of positive answers to the questions of U.S. Household Food Security Survey Module (Six-Item Short Form).
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risk factor for food insecurity. Other studies have shown a relationship 
between food insecurity and poor mental health (13).

The second important question is, how does food insecurity 
influence clinical outcomes. In our regression analysis, there was a 

trend toward lower hospitalization rates and less falls in food secure 
patients. Previous studies showed that food insecure people are 
more vulnerable to chronic disease (8, 23). Chronic disease leads to 
higher health related expenses. And higher expenses could lead to 
worsening or the beginning of food insecurity. In Canada, food 
insecurity is associated with higher healthcare expenses (13). 
Scarcity in financial resources could lead to suboptimal treatment 
adherence, which could lead to worsening of chronic conditions, 
more complications and more hospitalizations. This vicious cycle 
could be a potential intervention point for reducing food insecurity.

Using the Malnutrition Universal Screening Tool (MUST) under 
the assumption that there is no acute illness present, we found no 
difference in the prevalence of malnutrition between food secure and 
food insecure participants. Other studies, which investigated the 
impact of food insecurity on malnutrition risk, could find an 
increased risk for malnutrition in food insecure participants (8, 24, 
25). A study in the US showed a significant lower mean intake for 12 
nutrients including energy, protein, iron, zinc, vitamins, riboflavin, 
niacin, B-6 and B-12 (24). An interesting finding was, that the mean 
weight change in the last 2 years did not differ according to food 
security status, but weight loss was more extreme in the food insecure 
individuals. In the U.S., studies have shown an association between 

TABLE 2 Predictors for food insecurity.

OR univariate (95% 
CI)

P Value OR multivariate 
(95% CI)

P Value

Sociodemographics

Age 0.95 (0.93–0.97) 0.000 0.95 (0.92–0.98) 0.000

Male sex 1.04 (0.50–2.18) 0.917 1.67 (0.66–4.25) 0.278

Nutritional assessment

BMI 1.00 (0.93–1.08) 0.985 0.94 (0.86–1.01) 0.104

Weight 1.01 (0.99–1.03) 0.405 – –

Height 1.03 (0.99–1.07) 0.185 – –

Activity of daily living

Barthel-Index 1.03 (1.00–1.07) 0.052 1.05 (1.00–1.10) 0.072

Living situation

Home without help Ref Ref

Home with professional help 1.28 (0.56–2.94) 0.553 2.12 (0.65–6.92) 0.215

Institutionalized 0.66 (0.08–5.17) 0.692 Omitted –

Institutionalized (y/n) 0.61 (0.08–4.72) 0.638 4.75 (0.34–65.75) 0.245

Education

Higher education 0.51 (0.21–1.24) 0.136 0.55 (0.28–1.10) 0.093

Financial support 5.35 (2.49–11.49) 0.000 5.61 (2.11–14.86) 0.001

Region

Ostschweiz Ref Ref

Nordwestschweiz 1.13 (0.45–2.81) 0.801 1.77 (0.59–5.27) 0.305

Mittelland 0.93 (0.31–2.78) 0.898 1.04 (0.29–3.82) 0.947

Zentralschweiz 0.76 (0.19–3.00) 0.700 0.80 (0.13–4.95) 0.811

Zentralschweiz 0.76 (0.19–3.00) 0.700 0.80 (0.13–4.95) 0.811

Loneliness

Self-reported loneliness (y/n) 3.34 (1.54–7.26) 0.002 2.71 (1.04–7.11) 0.042

FIGURE 4

Predictive score for food insecurity containing three items: age < 65, 
financial support and self-reported loneliness. Each item gets one point.
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food insecurity and risk for obesity (26), which was not found in 
our data.

When compared with the food secure group, there was a significant 
lower quality of life measured by the EQ-5D VAS and EQ-5D Score. This 
is congruent with what another study has shown: food insecurity having 
a significant impact on quality of life (23).

In previous studies, food security was associated with impaired 
mobility and lower activities of daily living (27). In our study activity 
of daily living measured by Barthel-Index was not significantly 
different between the two groups when adjusting for age.

4.1. Strengths and limitations

This is one of the first studies to report food security in a Swiss 
at-risk population using a standardized and validated screening tool. 
Additionally, the survey was conducted during a time of rising food 
insecurity and is therefore highly relevant. We are aware of several 
limitations. First, in this cross-sectional study design, outcomes 
happened before food security was recorded and therefore there is no 
proof of causality. Due to the study design, the results should be seen 
as hypothesis-generating and used as basis for further larger 
investigations in this field. Second, the population is very selected 
because it includes only survivors of the EFFORT study population. 

With our data, we can only make limited conclusions for the entire 
Swiss population. Because we do not have data from all regions of 
Switzerland, some regional differences should be expected, especially 
between different language regions. And it is expected that we will miss 
certain important subpopulations with food insecurity in our study 
population. For example, healthy single mothers. In the US, food 
insecurity is highest for single mother households and households with 
income below the poverty line (14). Third, we had no data on possible 
confounders for outcome calculation such as the presence of chronic 
conditions, income, household structure, smoking, alcohol 
consumption and health care expenses. Fourth, the approach to 
determine the nutrition status of participants with the MUST Score is 
limited. For example, protein or micronutrient deficiencies would not 
have shown up. And finally, we did not perform a systematic literature 
review and may have missed some important previous studies on the 
topic. As such, it is important to be able to consider all studies from 
different journals without delisting of specific journals (28).

4.2. Conclusion

In an elderly Swiss population, food insecurity was present in 
about 7% of the participants, particularly younger individuals with 
financial support, and self-reported loneliness. As food insecure 

Table 3 Assoiciation between food insecurity and outcomes in nutrition, quality of life and health.

Outcomes Food secure
N or n (% or 

SD)

Food insecure
N or n (% or 

SD)

OR or coefficient 
(95% CI)

value of p adjusted OR or 
coefficient*  

(95% CI)

value of 
p

Health

Hospitalization (y/n) 159 (39.4%) 15 (50.0%) 1.54 (0.73–3.24) 0.254 1.98 (0.91–4.34) 0.086

Hospitalization (n) 0.85 (1.29) 1.24 (2.01) 0.39 (−0.13–0.9) 0.138 0.43 (−0.1–0.96)* 0.110

Elective 123 (30.4%) 12 (40.0%) 1.14 (0.33–3.93) 0.841 1.28 (0.35–4.64) 0.709

Emergency 36 (8.9%) 3 (10.0%) 1.52 (0.71–3.26) 0.278 1.93 (0.86–4.29) 0.109

Falls 115 (28.7%) 10 (33.3%) 1.24 (0.56–2.74) 0.588 2.5 (1.03–6.06) 0.042

Nutrition

Malnutrition (MUST 

score)

70 (17.7%) 7 (23.3%) 1.42 (0.59–3.43) 0.44 1.08 (0.43–2.72) 0.874

Weight loss last 3 months 

(y/n)

96 (23.9%) 9 (30.0%) 1.36 (0.6–3.07) 0.457 1.43 (0.61–3.34) 0.405

Weight change in the last 

2 years in kg

−0.750 (5.52) −0.026 (8.00) 0.72 (−1.51–2.96) 0.525 0.23 (−2.07–2.53)* 0.844

Weight loss in the last 

2 years (y/n)

184 (45.5%) 7 (23.3%) 0.36 (0.15–0.87) 0.023 0.47 (0.19–1.14) 0.093

Weight loss in kg −4.61 (4.35) −9.81 (7.62) −5.2 (−8.61—1.79) 0.003 −5.08 (−8.5--1.65)* 0.004

Weight gain in the last 

2 years (y/n)

168 (41.6%) 19 (63.3%) 2.43 (1.13–5.23) 0.024 1.75 (0.79–3.91) 0.169

Weight gain in kg 3.95 (3.87) 4.25 (4.85) 0.3 (−1.77–2.37) 0.774 0.29 (−1.92–2.5)* 0.797

Quality of life

Eq5d Score 0.736 (0.28) 0.68 (0.32) −0.05 (−0.16–0.05) 0.338 −0.13 (−0.23--0.03)* 0.014

Eq5d VAS 69.45 (20.01) 61.83 (22.07) −7.62 (−15.12--0.11) 0.047 −11.12 (−18.78--3.47)* 0.005

Barthel-Index 85.50 (16.34) 91.5 (11.68) 6 (0.03–11.98) 0.049 −1.75 (−7.24–3.75)* 0.532

BMI, body-mass index. MUST, malnutrition universal screening tool. Eq5d Score, European quality of life 5 dimensions index (EQ-5D; values range from −0·205 to 1, with higher scores 
indicating better quality of life). Eq5d VA, Visual-analogue scale (EQ-5D VAS; scores range from 0 to 100, with higher scores indicating better health status).
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individuals tended to have a higher health care use and an impaired 
quality of life, further scientific attention should be  paid to the 
association between food insecurity, disease and health outcomes 
including strategies to improve food security status. In the assessment 
of malnutrition, physician and dieticians should ask for food 
insecurity and if detect take appropriate actions. Large, population-
based assessment would be  helpful to assess the prevalence and 
burden of food insecurity in Switzerland to understand the true 
magnitude of the problem.
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Introduction: Parenteral nutrition (PN) is widely used in palliative care (PC), but 
there is limited evidence to support its use at the end of life (EOL). This aim of this 
was to investigate the relationship between routine laboratory parameters and 
survival in patients receiving PN, and to develop a decision tree model to support 
clinicians decide whether to start or forgo PN.

Methods: The laboratory parameters of 113 patients with advanced diseases who 
were admitted to a specialized palliative care unit (PCU) were analyzed at two 
points in time: T0 = before PN, T1 = two weeks after initiation of PN. Univariate 
Mann-Whitney U-tests and multivariate linear regression models, as well as a 
decision tree analysis were computed; all in relation to survival time.

Results: The final regression model was significant with p = 0.001 (adjusted R2 
= 0.15) and included two predictors for survival time after PN initiation: the CRP/
albumin ratio and urea at T1 (ps = 0.019). Decision tree analysis revealed three 
important predictors for classification of survival time after PN initiation: CRP, 
urea, and LDH (all at T0).

Discussion: The decision tree model may help to identify patients likely to benefit 
from PN, thus supporting the clinical decision whether or not to start PN.

KEYWORDS

decision tree, parenteral nutrition, routine laboratory parameters, prognostic score, 
biomarkers, palliative care, cancer, cachexia

1. Introduction

In the palliative medical field, parenteral nutrition (PN) is a controversially discussed topic. 
Especially when it comes to end of life (EOL) care there is little evidence on the benefit of PN 
and termination of PN was described to be one of the ethically most challenging decisions for 
health care professionals (1). The latest European Society of Medical Oncology (ESMO) 
guidelines on cancer cachexia in adult patients suggest that the closer to the end of life patients 
are, the less invasive nutrition should be (2). The guidelines recommend that PN should not 
be administered when the expected prognosis is less than three to six months (2, 3). The 
definitions for EOL vary. Depending on the literature, the EOL time span may refer to the last 
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year or six months or even days and hours of life (4, 5). Hereinafter 
EOL will concern the last six months of life.

PN is a medical intervention with risk factors that need to 
be understood and considered to ensure beneficial use. Therefore the 
three principals [1] indication, [2] therapeutic goal, and [3] patient 
consent need to be fulfilled before the initiation of PN (6). Next to 
pleurocentesis and ascites drainage, PN is a commonly used medical 
application at the EOL (7, 8) which requires an initially invasive 
procedure for administration. A structured framework was suggested 
to decide the necessity of an invasive intervention for a patient 
receiving palliative care (PC), also including PN (9). In particular for 
decision making at the EOL there are several approaches to define the 
requirements. All of them have in common that quality of life (QoL), 
the indication or benefit of the intervention and the patient’s will 
should be  taken into account (6, 9). A very strong indication for 
continuance of PN is to satisfy hunger. If there is no clear medical 
indication for ongoing PN treatment, this must be discussed with the 
patient or the legal representative. The use of PN without a clear 
therapy goal may be  considered futile medical care and should 
be stopped. At this point, the patient needs to be carefully informed 
of clinician’s decision, as nutrition can be an emotionally charged 
subject (6, 9). Prognosis can also be an important factor to consider 
when it comes to deciding whether to start or forgo PN. On the one 
hand, communication and empathic skills are essential for delivering 
the decision to the patients and their families (10), which can 
be challenging for both medical and nursing staff (11). On the other 
hand, more data is needed to support the decision in terms of 
indication, benefit, and prognosis in regard to PN.

In PC, especially at the EOL, the indication for PN might also 
differ from other medical fields. Patients who present with weight loss 
and loss of appetite, but are still able to partially eat orally, are often 
started on PN treatment at the end of life (12). Negative effects of this 
invasive procedure must be considered. The risk of infections (13–15) 
next to a minimal chance of improvement of the nutritional status 
should be considered. Also, a lack of improvement in QoL has been 
observed as well as no gain in overall survival (OS) (3,16). 
Furthermore, an increase in inflammatory activity in patients under 
PN was even associated with decreased OS. Therefore, several 
biochemical markers such as albumin, liver function parameters, or 
C-reactive protein (CRP) have been described to evaluate their 
prognostic potential. With regard to inflammatory activity, higher 
levels of CRP were shown to be significantly associated with a negative 
outcome in terms of OS in different patients receiving PN (17). 
However, there is a lack of predictive markers that might help in the 
decision of suspending PN in the palliative setting (17–19).

As prognosis is a commonly used marker in decision-making, the 
ambition of predicting survival with an objective score is of significant 
value. One existing score is the objective palliative prognostic score 
(OPPS) for patients with advanced cancer. It includes heart rate > 120/
min, white blood cells >11,000/mm3, platelets <130,000/mm3, serum 
creatinine level > 1.3 mg/dL, serum potassium level > 5 mg/dL, and no 
history of chemotherapy. By using this score Chen et al. could predict 
in an accurate way that a patient would die in 7 days (20). However, 
this was not specific for patients receiving PN.

Other scores such as the Palliative Prognostic Index (21), the 
Palliative Prognostic (PaP) Score (22) and the Prognosis in Palliative 
Care Study Score (PiPS) (23) often rely on subjective variables. These 
include patients’ symptoms or condition and physicians’ experience. 
However, routine laboratory blood parameters are commonly 

available for each patient and are objective diagnostic tools in the daily 
decision making process of physicians (24, 25). Therefore, an objective 
prognostic model including routine laboratory parameters might help 
to aid in the decision whether to start or forgo PN in PC patients at 
the EOL. However, for PC patients, such a prediction model has not 
been established, yet.

The main objectives of our study were [1] to investigate the 
relationship between routine laboratory parameters and patient 
survival under PN and [2] to build a decision tree model based on 
routine laboratory parameters to support decision-making related to 
the initiation of PN. The predictive model is intended to help clinicians 
make the difficult decision of whether or not to start PN. Having an 
objective score to contribute to this fundamental care decision may 
improve person-centered PC and EOL.

2. Materials and methods

2.1. Study design

In this retrospective data analysis, the laboratory parameters of 
patients admitted to the Division of Palliative Medicine of the Medical 
University of Vienna between January 2016 and January 2019 have 
been analyzed.

2.2. PN regimens

The decision regarding whether to administer PN was made by 
the dietician of the PCU in consultation with the medical staff 
according to the individual needs of each patient. The PN administered 
was NuTRIflex® Omega special (625 mL bag with 740 calories, 35 g of 
proteins, 90 g of carbohydrates and 25 g of fat; B. Braun Melsungen 
AG, Germany, 2014), with added supplements of Soluvit (vitamins: 
b1, b6, b12, c, nicotinamide, pantothenic acid, biotin and folic acid; 
Fresenius Kabi Austria GmbH, Austria, 2013), Vitalipid (contains 
vitamins: a, d2, e and k1; Baxter Deutschland GmbH, Germany, 2015) 
and Trace (contains trace elements: Fluorine (F), Iodine (I), 
Molybdenum (Mo), Iron (Fe), Copper (Cu), Manganese (Mn), 
Selenium (Se) and Zinc (Zn) as well as electrolytes; Fresenius Kabi 
Austria GmbH, Austria, 2018). The administration of PN usually takes 
place overnight. The targeted number of calories was calculated by the 
dietician based on the individual needs of the patients, with a mean of 
1,475 kcal/d.

2.3. Study participants and data collection

All patients admitted to the palliative care unit (PCU) who were 
started on PN were included in the analysis. The final sample 
comprised N = 113 patients. We collected baseline data as age, sex and 
body mass index (BMI) and laboratory parameters from the electronic 
database of the Medical University of Vienna. After exporting data 
from the electronic system, we performed a random data check to 
assure correctness of the automated export. To identify the dynamics 
of the laboratory parameters under PN administration, two time 
points were set retrospectively: First, on the day of admission (T0), i.e., 
before PN initiation, and second, two weeks after the initiation of PN 
(T1). To ensure data protection, personalized files were only stored on 
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password-protected computers. A pseudonymized file was used 
for analysis.

2.4. Statistical analysis

For sample description, median, interquartile range (IQR), and 
total range were used. Table 1 lists all predictor variables included in 
analysis. Rational for inclusion was based on availability of data. If 
available, laboratory parameters at two points in time, T0 and T1, as 
well as the difference between these two points in time were included, 
to capture changes over time. Based on a recent study (17), we also 
included the CRP/albumin ratio as predictor. Further aspects included 
were BMI and sex. Survival time after initiation of PN was specified 
as primary outcome. As the recommendation for initiation of PN is a 
survival time of at least three months (2, 3), this cut-off was applied to 
split the sample into two subsamples containing patients living shorter 
and longer than three months after initiation of PN, respectively.

In a first step, to compare patients who lived shorter vs. longer 
than three months, Mann–Whitney U-tests were applied. For these 
initial explanatory tests, we did not rely on significance values but 
rather on effect sizes, and calculated the effect size r for each test. 
Effect sizes are more informative than value of ps, because they are 
independent of sample size and represent scale-free indices (26, 27). 
Interpretation followed Cohen’s guidelines, with r = 0.1 resembling a 
small effect, r = 0.3 a medium effect, and r = 0.5 a large effect (28). In a 
second step, predictors with an effect of r > 0.2 in univariate analysis 
were entered in a stepwise regression analysis to examine their 
multivariate association with survival time. Variance Inflation Factors 
(VIFs) were examined and indicated no multicollinearity between 
predictors in the regression model. Due to high skewness, survival 
time was log(x + 1) transformed, which has been shown to be a robust 
method for skewed data (29). Significance level for determining 
relevant indicators in regression analysis was set to 5%.

In a final step, a decision tree analysis was conducted as 
complementary method to establish a classification model for 
predicting survival time. The goal of a decision tree model is to make 
predictions or decisions by recursively partitioning a dataset into 
subsets based on available data, aiming for accurate and interpretable 
results. Decision trees are a popular machine learning algorithm for 
classification tasks. They are particularly useful because of their 
simplicity and interpretability (30). In decision tree analysis, patients 
are divided into subgroups that differ maximally from each other with 
respect to the outcome variable based on the values of predictor 
variables. The present outcome variable was survival time after initial 
assessment (when PE was initiated). In contrast to other analysis, the 
results of a decision tree model are robust even when predictors are 
highly intercorrelated. As growing method, CART (Classification And 
Regression Trees) was applied. All analysis were performed in IBM 
SPSS Statistics, v.27. The procedure for CART in SPSS is based on 
Breiman and colleagues (31).

3. Results

The total sample comprised N = 113 patients (55% female) who 
received PN. Mean age was 60.1 years (SD = 13.1). The most frequent 
diagnosis was gastrointestinal cancer, followed by cancer of the 

reproductive organs, ear nose throat cancer, and lung cancer (see 
Table 2).

All patients analyzed in this study were already deceased at the 
time of data analysis, therefore survival time was available for the total 
sample. A total of n = 93 patients lived less than three months after 
initial assessment, and n = 20 patients lived three months or longer. 
The characteristics of these two samples are depicted in Table  1. 
Mann–Whitney U tests revealed a significant difference between these 
two groups in three parameters: Albumin at T1 with an effect of 
r = 0.27, urea at T0 with an effect of r = 0.23, and the difference in 
albumin from T0 to T1 with an effect of r = 0.24. However, although 
not statistically significant due to the small sample size, the following 
two parameters also showed an effect size of r > 0.2: Leukocytes at T1 
with r = 0.22, and CRP/albumin difference from T0 to T1, with 
r = 0.21. Results of all univariate analysis are given in Table 1.

In a next step, a multivariate stepwise regression analysis was 
computed. The five parameters with r > 0.2 were entered as predictors 
(albumin at T1, urea at T0, albumin difference T0 to T1, leukocytes at 
T1, and CRP/albumin difference from T0 to T1) and log-transformed 
survival time was used as dependent variable. The final multivariate 
regression model was significant with p = 0.001 (adjusted R2 = 0.15). 
Results indicate that only the CRP/albumin difference and urea at T0 
were significant predictors for survival time in a multivariate linear 
model. Results of the regression analysis are detailed in Table 3.

In a final step, the decision tree method was applied to establish a 
model for supporting decision-making on whether or not to initiate 
PN. Results revealed three important predictors for classification of 
survival time after PN initiation (see Figure 1): CRP, urea, and LDH 
(all at T0). Patients with CRP ≤ 1.12 had a mean survival of 5.5 months. 
Patients with CRP > 1.12 were further split into groups by urea, with a 
cut-off value of 13.8. Patients below this value, had a mean survival of 
2.9 months; patients above were further split according to their LDH 
level with a cut-off of 138.5. Patients below this cut-off had a mean 
survival time of 1.8 months, and patients above the cut-off had a mean 
survival time of 0.9 months.

Based on this model, we  could establish three clinically 
meaningful groups of patients: The first group is characterized by a 
CRP level ≤ 1.12; the second group is characterized by a CRP 
level > 1.12 and a urea level ≤ 13.8; and the third group is characterized 
by CRP level > 1.12 and an urea level > 13.8. The first two groups have 
an estimated survival about or above three months, whereas the third 
group has an estimated survival time below three months.

4. Discussion

Considering the relatively frequent use of PN combined with 
nearly no evident tool that supports the clinician in the decision-
making process, we  consider our findings of great interest. The 
literature on decision tools for starting PN in patients with advanced 
cancer is sparse (2). The findings of this study add the insight that a 
combination of routine laboratory parameters, including CRP, urea 
and LDH, should be  considered as prognostically relevant when 
considering the initiation of PN. Despite the fact that QoL and 
alleviating symptoms are the primary goals in EOL care (5) our 
findings can be a useful information for clinicians since the decision 
to initiate or stop nutritional treatment is considered one of the most 
challenging tasks (1). Therefore, our decision tree model might 
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TABLE 1 Characteristics and predictors for analysis in both subsamples.

Less than three months 
(n  =  93)

More than three months (n  =  20)

p value Effect size (r)

Median (IQR)
Range (Min-

Max)
Median (IQR)

Range (Min-
Max)

Age [years] 60 (52–69.5) 20–85 61.5 (54–70) 29–78 0.596 0.05

BMI [kg/m2] 20.3 (17.4–22.7) 12.5–29.3 18.7 (17.2–21.1) 14.4–28 0.266 0.11

Bili T0 [mg/dl] 0.4 (0.3–0.8) 0.1–11.5 0.4 (0.3–0.8) 0.1–2.9 0.699 0.04

Bili T1 [mg/dl] 0.4 (0.3–1) 0.1–16.9 0.4 (0.3–0.5) 0.2–5.1 0.522 0.07

Albumin T0 [g/L] 29.1 (25–34.2) 17.8–44 29.7 (25–34.6) 0.4–40 0.728 0.03

Albumin T1 [g/L] 25.6 (21.7–30.4) 16–38.7 30.5 (26.9–32.5) 23–37 0.014 0.27

LDH T0 [U/L] 194.5 (154–290.8) 114–1878 205 (141–266) 70–761 0.91 0.01

LDH T1 [U/L] 205 (159–311) 41–630 206 (157–286.3) 106–578 0.867 0.02

GOT T0 [U/L] 24.5 (18–42.5) 6–332 25 (16–40) 12–332 0.746 0.03

GOT T1 [U/L] 28 (19–44.8) 11–324 26 (18.8–48.3) 13–151 0.86 0.02

GPT T0 [U/L] 18 (11–33) 5–289 14 (9.8–31.5) 5–374 0.589 0.05

GPT T1 [U/L] 21.5 (14.3–41) 8–251 33 (16.3–49.8) 8–139 0.371 0.10

gGT T0 [U/L] 88.5 (41.5–236) 10–2,884 66 (37–300) 15–706 0.879 0.01

gGT T1 [U/L] 158.5 (75–385) 13–2,190 155.5 (53.5–395) 21–925 0.95 0.01

AlkP T0 [U/L] 111.5 (78.3–211.8) 38–1,690 89 (71–309) 58–826 0.734 0.03

AlkP T1 [U/L] 164 (103–338) 41–2,496 164 (107.3–339) 47–920 0.8 0.03

CRP T0 [mg/dl] 6.3 (2.9–13.2) 0–46.4 5.1 (2.3–13.5) 1–23 0.541 0.06

CRP T1 [mg/dl] 8.9 (4–18.9) 0.4–41.3 7.2 (5.1–10.3) 0.5–18.5 0.218 0.13

Leukocytes T0 [G/L] 8.1 (6.2–13.6) 1.9–65.4 7.5 (4.6–10.2) 1.4–18.8 0.192 0.12

Leukocytes T1 [G/L] 10.6 (7.2–13.8) 2–99.6 7.3 (5.3–11.4) 1.2–12.5 0.053 0.22

Sodium T0 [mmol/L] 136.5 (133–140) 122–149 137 (134–138) 131–145 0.903 0.01

Sodium T1 [mmol/L] 138 (132.5–141.5) 126–154 137 (134–139.8) 124–143 0.648 0.05

Creatinine T0 [mg/dl] 0.7 (0.6–1.1) 0.3–4 0.6 (0.5–0.8) 0.3–1.5 0.141 0.14

Creatinine T1 [mg/dl] 0.7 (0.5–1.4) 0.2–6 0.7 (0.5–0.8) 0.3–1.7 0.247 0.13

Magnesium T0 [mmol/L] 0.7 (0.7–0.9) 0.4–1.3 0.7 (0.7–0.8) 0.4–0.9 0.771 0.03

Calcium T0 [mmol/L] 2.1 (2–2.2) 1.1–3.4 2.2 (2–2.3) 1.9–2.8 0.282 0.10

Potassium T0 [mmol/L] 3.8 (3.4–4.1) 2.6–6 3.9 (3.2–4.1) 2.8–4.9 0.823 0.02

Potassium T1 [mmol/L] 4 (3.5–4.3) 0.5–5.8 4.1 (3.8–4.4) 3.2–6.4 0.301 0.11

Urea T0 [mg/dl] 19 (11.7–29.3) 2–76 11 (9.3–20.5) 3.9–34.3 0.016 0.23

Uric Acid T0 [mg/dl] 4.9 (3.4–8.3) 1.2–26.4 4.1 (3.1–6.4) 2–9 0.193 0.13

CRP/albumin ratio T0 0.2 (0.1–0.5) 0–1.9 0.2 (0.1–0.5) 0–5.3 0.969 0.00

CRP/albumin ratio T1 0.3 (0.1–0.8) 0–1.9 0.3 (0.1–0.4) 0–0.8 0.092 0.18

Bili diff 0 (− 0.2 - 0.3) −10.6 - 14.4 0 (− 0.2–0.1) −1.1 - 3.3 0.499 0.08

Albumin diff −4.4 (− 8.2 - 1.2) −18.7 - 11 −0.1 (− 4.1–4.1) −8.1 - 28.6 0.037 0.24

LDH diff 6.5 (− 28–52.8) −285 - 245 −9.5 (− 41.5–29.8) −85 - 176 0.383 0.10

GOT diff 3 (− 4–13.3) −238 - 247 2.5 (− 5.8–12.3) −181 - 28 0.57 0.06

GPT diff 3 (− 6–18) −175 - 193 3 (− 6–23) −235 - 37 0.882 0.02

gGT diff 54.5 (− 14.3–174.3) −1,386 - 1341 77 (− 4–215) −188 - 307 0.797 0.03

AlkP diff 37 (1–92) −233 - 1085 29 (− 14–113.3) −65 - 354 0.639 0.05

CRP diff 2.6 (− 2.4–7.4) −30.8 - 35.2 2 (− 2.8–4.2) −12.6 - 6.9 0.165 0.15

Leukocytes diff 1.5 (− 3.5–5.9) −41.5 - 34.3 1.3 (− 2.2–2.9) −10.1 - 3.7 0.434 0.09

Sodium diff 0.5 (− 3–4.8) −11 - 15 0 (− 2–3) −12 - 8 0.656 0.05

(Continued)
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support healthcare professionals when it comes to these ethical 
decisions at the EOL. For clinically relevant decisions, the decision 
tree model and cut-offs as outlined in Figure 1 can be applied.

A Japanese study showed that beliefs and perceptions about PN 
and hydration were important not only for the patients but also for 

family members (10). Food and nutrition are of eminent importance 
for patients with advanced cancer because lack of sufficient nutrition 
is related to fear of death for many patients and their relatives. Since 
baseline anxiety and stress levels are usually elevated in cancer patients 
(32, 33) any potential additional stressor should be managed carefully. 
Previous studies in PC settings suggest that many patients and family 
members wish to receive nutritional support when patients become 
unable to take sufficient nourishment orally. At this time period, the 
negative impact of cachexia, such as anorexia, reduced food intake, 
muscle loss and body weight loss, become apparent (34–37). Moreover, 
most patients wished to receive PN and hydration, whereas many 
hesitated to receive enteral tube feeding under the same conditions 
(36). Furthermore, an unmet need for nutritional support, or PN and 
hydration, may be  a source of eating-related distress, not only for 
patients but also for their family members, which needs to be alleviated 
by integrated palliative, supportive, and nutritional care (38).

Recent guidelines suggest to use life expectancy as decision tool, 
indicating that if estimated life expectancy is less than three months, 
PN should not be started (2, 3). In clinical practice, estimation of 
prognosis can be difficult. Therefore, the use of a prognostic model to 
estimate patients survival is of great interest for patients with advanced 
cancer in a PC setting (17, 20–23, 39, 40). Only a few of these models 
are designed especially for patients on PN for example the objective 
prognostic score by Llop-Talaveron and colleagues (17) that 
retrospectively looked at the data of 460 patients who received PN. As 
prognostic markers, they identified CRP, prealbumin, albumin, CRP/
prealbumin and CRP/albumin. They found CRP/albumin to 
be statistically significant for exitus, infection, sepsis and liver failure. 
Based on their findings, they suggested a systematic use of the CRP/
albumin score before initiating PN (17). Other studies have also 
shown that for patients receiving PN, an increase in CRP, as well as 
white blood cell count and worsening of renal function parameters, 
are linked to a worse outcome (18, 19).

Notably, the present methods of analysis, the regression model and 
the decision tree model, yielded slightly different results regarding 
prognostic markers. In the regression model, CRP/albumin difference 
and urea at T0 were significantly associated with survival time after PN 
initiation. In the decision tree, the clinically relevant markers for deciding 
whether to start PN were CRP and urea. It is common for these two 
analyses, which are inherently different, to yield different results. The 
regression model investigates a linear relationship between the prognostic 
markers and the dependent variable, survival time, independent of the 
length of survival. The decision tree aims to discriminate between two 
groups of patients, those who live longer than three months and those 
who live shorter than three months, without assuming linearity, yielding 
clinically meaningful results. The present study differs from former 
findings since our cohort solely consists of patients in a palliative setting. 

TABLE 2 Diagnosis in the total sample and subsamples.

Total 
sample 

(N  =  113)

Less than 
3  months 
(n  =  93)

More than 
3  months 
(n  =  20)

Tumor 
origin

n % n % n %

Gastrointestinal 49 43.4 41 44.1 8 40

Reproductive 

organs
12 10.6 11 11.8 1 5

ENT 11 9.7 7 7.5 4 20

Lung 11 9.7 10 10.8 1 5

Blood 6 5.3 5 5.4 1 5

Breast 5 4.4 4 4.3 1 5

Sarcoma 4 3.5 3 3.2 1 5

NET 3 2.7 1 1.1 2 10

CUP 3 2.7 2 2.2 1 5

Brain 3 2.7 3 3.2 0 0

RCC/Urothelial 2 1.8 2 2.2 0 0

Thyroid 1 0.9 1 1.1 0 0

Mesothelioma 1 0.9 1 1.1 0 0

Nonmalignant

Cystic fibrosis 1 0.9 1 1.1 0 0

Chronic kidney 

disease
1 0.9 1 1.1 0 0

ENT, ear nose throat tumor. NET, neuroendocrine tumor. CUP, cancer of unknown primary. 
RCC, renal cell carcinoma.

TABLE 3 Results of stepwise regression analysis.

Estimate SE
95% CI

p
LL UL

Intercept 0.066 0.008 0.05 0.081 <0.001

CRP/albumin ratio −0.014 0.006 −0.025 −0.002 0.019

Urea T0 −0.001 0 −0.001 0 0.019

The dependent variable, survival time after initial assessment, was log (x + 1) transformed 
due to high skewness. For the total model, R2 and R2 adjusted was.17 and 0.15, respectively, 
with p = 0.001.

Less than three months 
(n  =  93)

More than three months (n  =  20)

p value Effect size (r)

Median (IQR)
Range (Min-

Max)
Median (IQR)

Range (Min-
Max)

Creatinine diff −0.1 (− 0.2–0.1) −1.7 - 4.3 0 (− 0.2–0.2) −0.4 - 0.7 0.745 0.04

Potassium diff 0.1 (− 0.3–0.6) −2.9 - 2 0.2 (− 0.2–0.6) −0.7 - 3.4 0.439 0.09

CRP/albumin ratio diff 0.1 (0–0.4) −1.25 - 1.86 0.1 (− 0.2–0.1) −5.1 - 0.3 0.059 0.21

Parameters with an effect size r > 0.2 are highlighted in bold. Diff = difference in the respective parameter from T0 to T1. BMI, body mass index. Bili, bilirubin. LDH, lactate dehydrogenase. 
GOT, serum glutamic oxaloacetic transaminase. GPT, serum glutamic pyruvic transaminase. gGT, gamma-glutamyl transferase. AlkP, alkaline phosphatase. CRP, C-reactive protein.

TABLE 1 (Continued)

117

https://doi.org/10.3389/fnut.2023.1173106
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Kum et al. 10.3389/fnut.2023.1173106

Frontiers in Nutrition 06 frontiersin.org

The comparable study from Llop-Talaveron et al. did include all inpatients 
who did receive PN (17). In our study, we only included patients with 
advanced diseases who were admitted to a PCU. Since the PCU, is a 
tertiary center for PC, most patients showed complex symptoms and 
often were admitted in a very advanced stage of their disease, explaining 
why OS in general was not longer than six months. In their randomized 
controlled trial Bouleuc et al. found a life expectancy shorter than three 
months to be the cut-off for initiating PN (3).

The latest ESMO guidelines from 2022 suggest not to start with 
PN when survival is considered less than three to six months (2). 
From a retrospective view, the majority of our cohort was not fit for 
the initiation of PN, since 93 of 113 patients died in less than three 
months after initial assessment. This could lead to the conclusion that 
clinicians were unaware that PN was not indicated at the time of 
initiating treatment. On the one hand this could be due to negative 
effects of PN on OS like infections (17, 18). On the other hand, 
prognosis of the patients might have been estimated to be better. It is 
commonly known that clinicians tend to overestimate the predicted 
survival time (41). Thus the need for an objective easy-to-use tool led 
to the development of a variety of scores such as the ‘Objective 
Palliative Prognostic Score’ (OPPS) (20) or the laboratory prognostic 
score for respiratory malignancy (R-LPS) (39). These scores were 
designed to predict short term survival. The OPPS predicts survival 
over the next seven days while the R-LPS predicts death within 14 days 
(20, 39). As already mentioned, for the decision whether to start or 
forgo PN a survival time of more than three months is of interest (2).

The R-LPS was designed by analyzing nineteen blood parameters 
of 649 terminally ill patients. Among other laboratory parameters, 
CRP was described as an independent factor for survival (39), whereas 
the OPPS uses the white blood cell count as an inflammatory 
prognostic marker (20). Our findings support CRP as a prognostic 
marker. In the group of patients with the longest survival 
(5.52 months), CRP was below 1.12 mg/dL (see Figure 1). Our findings 
show that prognosis of patients with advanced diseases was better 
when blood urea was lower. This is also supported by the R-LPS, 
where blood urea is described as an independent factor for 14-day 
survival (39). The CRP/albumin ratio was linearly related to survival 
time, as shown by regression analysis, but was not part of the final 
decision tree model. Therefore, in our analysis, CRP was the more 
relevant factor in deciding on PN than the CRP/albumin ratio.

Lactate dehydrogenase (LDH) was found to be a predictive factor 
in the ‘Objective Prognostic Score’ (OPS), a score designed to predict 
the three-week survival for advanced cancer inpatients in South Korea 
and prospectively validated (42, 43). In the present decision tree 
analysis, LDH was found to be a relevant marker, but was not clinically 
relevant for the decision to start PN treatment. As Figure 1 indicates, 
LDH only divided the subsample with a median survival time of one 
month into two groups of 1.88 months and 0.85 months, respectively. 
Since both groups are far below three month, LDH was not considered 
clinically relevant in our analysis. However, it might be an interesting 
predictive marker for patients with a longer mean survival time as the 
OPS and our findings suggest (42, 43).

FIGURE 1

Decision tree.
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One limitation of the present study is the sole use of retrospective 
data. Planning a prospective trial evaluating prognostic and predictive 
factors to screen for patients who will benefit from PN could lead to 
ethical difficulties. The wish for PN can be very prominent in patients 
with advanced cancer, even if the life expectancy is less than three 
months and although the wish might be futile. Another limitation is the 
short period of survival of patients enrolled in the analysis. Further 
studies need to be conducted to assess the period of survival where 
patients still benefit from PN treatment and also to validate our findings.

Another major limitation of the present study, related to its 
retrospective nature, is the lack of detailed information on the 
indication for PN in the patient collective. Furthermore our study 
lacks to assess improvement of QoL and alleviation of symptoms. 
There is no documentation available concerning the nutritional status, 
the degree of cachexia or an indication like gastrointestinal obstruction 
or hunger. In the palliative medical field indication for starting PN 
might differ since the primary goal is improvement of QoL (6, 9, 44). 
Therefore, PN might also be initiated in patients with no sings for 
malnutrition but with symptoms like hunger or functional 
impairment. A large retrospective cohort study that included patients 
with advanced cancer who died in French hospitals did investigate 
factors that are associated with PN treatment within the last seven 
days of life. They identified malnutrition to be significantly associated 
with the use of PN in PC patients (45).

It is also worth mentioning the lack of data to differentiate 
whether patients received PN only or had oral food intake alongside. 
The unavailability of data on how much of the prescribed PN amount 
was actually administered to the individual patient, can also 
be considered a limiting factor. In general the heterogeneity of the 
patient collective is mentioned as a limiting factor in earlier studies an 
can be  applied to the current study as well (46). Due to this 
heterogeneity individual nutritional interventions did prove to 
be beneficial before (47, 48).

Furthermore, the study population includes PC patients with 
different tumor origins. When attempting to predict survival using only 
laboratory parameters, tumor origin should be  considered as a 
confounding variable. Some comparable previous studies focused on 
only one tumor entity (39, 40, 49). Others had an even broader subject 
sample, including non-cancer patients (17). For individual decision 
making, it might be helpful if future studies could differentiate according 
to tumor origin. However, it should be noted that PC cohorts will always 
be heterogeneous and physicians should always focus on improving 
QoL as the main goal of care. Our findings, as well as previous 
prognostic scores (21–23) should only help in decision making.

Since this was a retrospective study also the possible PN 
associated complications could only be analyzed in retrospect. One 
of the most important complications are infection which 
we retrospectively identified as clinically relevant when patients were 
started on antibiotic treatment. This was the case for six patients 
during the time period of interest. Discussing futile PN with patients 
and their families is one of the most difficult tasks for oncologists, 
often more difficult than offering PN. This factor also underlines the 
importance of PC skills among physicians, which should ideally 
be taught early in professional training using teaching methods that 
encourages self-reflection (50). Discussing with patients that they are 
not feasible to receive PN because they have adverse prognostic 
factors and will likely not benefit from PN requires more than one 
sensitive and empathic EOL conversation with these patients. 
Guidelines for such discussions should also be included in prospective 

study protocols investigating prognostic and predictive factors for 
providing PN to patients with advanced cancer.

5. Conclusion

Our findings suggest that CRP, the CRP/albumin ratio and urea 
are the most important baseline markers for predicting survival after 
PN initiation. Based on the results of this study, clinical decision 
making could be informed by the established decision tree model, 
which could support the identification of patients likely to benefit 
from PN based on CRP and urea prior to PN initiation. These findings 
may help clinicians in daily practice to decide when to initiate or forgo 
PN treatment in terminally ill patients. If used systematically, the 
decision tree model developed in this study could reduce 
overtreatment at the end of life.
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During the last two decades, the definition, diagnosis, and management of 
malnutrition have significantly evolved. Malnutrition is generally defined as 
deficiencies, excesses, or imbalances in a person’s intake of energy and/or 
nutrients. While malnutrition is associated with a significantly increased risk 
of morbidity, mortality, and healthcare cost, it is often underdiagnosed both 
in healthcare and community settings. One contributing factor is the lack of a 
consensus on its definition and appropriate diagnostic indicators. In the current 
article, we review the evolution of frameworks for the diagnosis of malnutrition. 
Recently published consensuses by prominent clinical nutrition societies have 
established a trajectory for the uniform global diagnosis of malnutrition. Limiting 
the use of body mass index (BMI) as a diagnostic criterion while emphasizing 
the use of muscle mass enables a more consistent and accurate diagnosis 
of malnutrition in the clinical setting. Guidance for the unified methodology 
and terminology for diagnosing malnutrition, such as the one proposed in the 
current article will enable policy makers to systematically address the two faces 
of malnutrition, starvation- and disease-related malnutrition applicable to both 
pediatric and adult populations. Policies and programs that could address issues 
of food insecurity and scarcity as well as early diagnosis and management of 
disease-related malnutrition will empower better care of community nutrition.

KEYWORDS

Malnutrition, diagnosis, definition, GLIM, muscle

1 Introduction

Malnutrition due to illness, poverty, famine, conflict, or natural disasters affects nearly two 
billion people worldwide (1, 2). Throughout history, hunger and famine have been the most 
prevalent causes of malnutrition. However, as public health services, food production, and 
living standards have improved, the definition of malnutrition has become less clear as 
conditions such as obesity, cachexia, sarcopenia, and micronutrient imbalances have become 
more prevalent (3–5).

Broadly defined, malnutrition refers to deficiencies, excesses, or imbalances in a person’s 
intake of energy and/or nutrients in relation to their dietary requirements. Undernutrition, the 
most classical form of malnutrition, denotes insufficient intake of energy and nutrients to meet 
an individual’s needs to maintain good health (6). However, undernutrition among adults can 
develop due to either starvation and/or disease-related inflammation, often due to acute injury 
or chronic disease (7, 8). Obesity and micronutrient imbalances are also recognized by World 
Health Organization (WHO) as subsets of malnutrition. Obesity is a paradoxical condition of 
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malnutrition often associated with pathological fat deposition, low 
muscle mass and a lack of micronutrients, such as copper, zinc, and 
iodine, despite increased energy intake (9, 10). Deficiency or lack of 
homeostasis of important micronutrients is another form of 
malnutrition that has major impacts on everyday performance, 
intellectual and emotional condition, as well as physical health (11, 12).

The lack of widely accepted global diagnostic criteria to detect 
patients at nutritional risk who might benefit from nutritional support 
has been a major concern. The varying terminology and criteria used 
to define malnutrition make interpreting and comparing prevalence 
rates and study results difficult. Despite global attempts to define 
malnutrition, such as consensus statements issued by the American 
Society for Parenteral and Enteral Nutrition (ASPEN)/The Academy 
of Nutrition and Dietetics (AND) (13), the European Society of 
Clinical Nutrition and Metabolism (ESPEN) (14), we still lack a single 
unambiguous, objective, universally acknowledged consensus 
definition. However, recently, the Global Leadership Initiative on 
Malnutrition (GLIM) has provided the basis for a set of globally 
applicable criteria to diagnose adult undernutrition (15).

The current article details how malnutrition diagnosis has evolved 
from energy and protein energy malnutrition to etiology-based 
(starvation-and disease-related malnutrition), over time. The main 
aims are to provide clarity to both clinicians and community nutrition 
leaders to combine efforts and enable improved evaluation and 
monitoring of nutritional status to achieve optimal outcomes.

To guide this review, a virtual meeting of coauthors was held in 
May 2022 to establish the scope and intent of the publication. The 
population of interest was established to be adult patients with or at 
risk of malnutrition in various healthcare settings. Global literature 
was searched for relevant articles involving the stated population using 
several tradition engines (PubMed, Google, Cochrane, Embase, and 
Science Direct) without language or geographic restrictions. The 
following terms, alone and in combinations, directed the searches: 
malnutrition, malnutrition risk, diagnosis, adult, hospital, community, 
guidelines, consensus, outcomes. Applicable publications (61 
references) among the hundreds that were identified in multiple 
literature searches report data regarding the change in malnutrition 
diagnosis in adult patients over time. Information was assessed to best 
summarize the evolution of malnutrition diagnosis in the adult 
population over the past decades, which was the aim of this review.

2 Evolution of diagnostic frameworks 
for diagnosing malnutrition

2.1 Marasmus, kwashiorkor, and 
unspecified protein-calorie malnutrition

For millennia, people have recognized the link between diet and 
health. In 200 B.C., Hippocrates established the role of nutrition in 
health when he observed that “the same diet does not suit men in 
sickness as in health” (16). This simple observation, by today’s 
standards, was profound in an age when food consumption was 
thought to provide only a single nutrient to replenish the “innate heat” 
within each person. Galen, a prominent Greek physician in the post-
Hippocrates period, produced the first fundamental work on 
malnutrition (16). In his book De Marasmo written around 176 A.D., 
he coined the term “marasmus,” which meant to whither, dry up, 
waste, or decay (17). Previously thought of as “aging resulting from 

sickness,” Galen was the first to describe malnutrition, which he split 
into three types: “due to starvation,” “associated with cold specific to 
aging,” or “associated with heat specific to fevers” (17). Galen’s seminal 
work also detailed several physical symptoms associated with 
malnutrition, which are still diagnostically used today. For example, 
physical withering is still a key component of several criteria to 
diagnose malnutrition (13), and the loss of both muscle and adipose 
tissue mass has recently been identified in diagnostic criteria (18). 
Importantly, Galen saw that physicians who diagnosed marasmus of 
old age were able to cure thinness but not wasting with nutritional 
intervention, reflecting his rudimentary understanding that body 
fatness is not completely reflective of nutritional status.

Although nutrition played a prominent role in the ancient 
understanding of health and disease, a comprehensive work on 
malnutrition would not be  completed until the French physician 
Bernard of Gordon published De Marasmode Secundum Sententiam 
Galieni in the early 14th century. Gordon devoted much of his work 
to interpreting the work of Galen from various translations, with an 
emphasis on defining “marasmus,” for which he  preferred the 
definition that implied “drying out” (19). As was common during that 
time, Gordon relied heavily on analogies to describe the phenomenon 
he observed. Gordon put forth that marasmus associated with fevers 
could be compared to an oil lamp and its wick, whereas incineration 
of the wick reflected the wasting and loss of body mass (19).

Though scientific progress during the next several centuries led 
to a greater understanding of the chemical basis of nutrition and 
metabolism, little was written about malnutrition until the late 19th 
and early 20th centuries, when scientists began to view it as a 
potentially preventable disease. During this time, meaningful 
connections were made between nutritional status and disease. For 
example, it was discovered that an inadequate food supply played a 
significant role in diphtheria outbreaks (20). The discovery of the 
link between stored chemical energy and the maintenance of 
cellular function and structure during the time gave rise to the first 
diagnoses of malnutrition, which occurred in Europe as early as 
1905 (21). As malnutrition became a public health crisis in the 
United States during the early 19th century, physicians struggled to 
derive objective measures for its diagnosis. Measurements of height 
and weight gave way to standardized measurement techniques and 
criteria meant to make malnutrition diagnosis more consistent (22, 
23). However, little progress was made in establishing criteria for 
diagnosing malnutrition throughout the mid-20th century, 
although several important studies on the physiology of underlying 
malnutrition were published (24, 25).

During the 1960s famine crises in Africa, the WHO brought 
attention to the medical consequences of starvation (26). They 
characterized a protein-deficient condition characterized by hypo-
albuminemic peripheral edema and ascites, which they termed 
kwashiorkor, and an energy-deficient state characterized by severe 
weight loss due to fat store depletion, termed marasmus. However, this 
classification did not turn out to be  relevant for recognizing and 
diagnosing malnutrition in hospitals in Western countries in the late 
20th century. The concept of clinical malnutrition, according to our 
current understanding, was first meaningfully introduced in the 1960s 
(Figure 1). Malnutrition work during this time often referred to a 
landmark study by Leevy et al. (27), which found that a substantial 
percentage of hospitalized patients were micronutrient deficient. 
Importantly, Leevy’s work foreshadowed increased interest in the 
clinical diagnosis of malnutrition.
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Considering depletion is frequently a combination of protein and 
energy shortage, the term protein-energy malnutrition (PEM) became 
widely recognized (28). The clinical parameters used to characterize 
PEM have evolved, but diagnostic criteria have never been 
standardized. A variety of biochemical, anthropometric, 
immunological, and clinical measurements were employed (29). In 
1974 (Figure 1), the well-known paper “The Skeleton in the Hospital 
Closet” by Butterworth (30) along with several other works 
demonstrated a high prevalence of malnutrition in hospitalized 
patients (31, 32). The diagnosis of malnutrition began to shift towards 
the measurement of anthropometric and biochemical markers. 
Proposed anthropometric markers included body weight (static and 
change over time), mid-arm muscle circumference (MAMC), and 
triceps skinfold thickness (TSF) measured in the context of reference 
standards (33). The use of biochemical markers to diagnose 
malnutrition was also first described in the 1970s. In 1977, Blackburn 
et al. (34) proposed the use of serum albumin, transferrin, or total-
iron binding capacity as components of nutritional assessment. The 
concept was reinforced in 1979 when Seltzer et al. (35) recommended 
that serum albumin be 1 of 2, the other being total lymphocyte count, 
biochemical parameters for an “instant nutrition assessment”. 
Subsequently, serum albumin and transferrin became highly utilized 
markers of malnutrition for hospitalized patients (36, 37). However, 
clinicians at this time simply considered inflammation to be  an 
identifying symptom of malnutrition and not a causative agent, as 
would be discovered later.

Although the utilization of biochemical markers of nutrition 
status continued for decades, their use was challenged as early as 1982, 
and several authors advocated for focus to shift to the use of patient 
history and physical examination for malnutrition diagnosis. The 
Subjective Global Assessment (SGA) was developed in 1982 (Figure 1) 
to assess patients for malnutrition in the clinical setting. The 
assessment included a physical exam to identify loss of lean mass and 
adipose tissue, reflecting an increased appreciation for body 
composition as it relates to nutritional status. Several clinically-
available technologies for measuring body composition also began to 
emerge and were proposed as alternatives to anthropometric measures 
(38). The primary body compartment of interest was skeletal muscle 
(39–41). The term “sarcopenia,” used to describe the age-related loss 
of muscle, was coined in 1989 (42). In addition to volume changes in 
skeletal muscle, investigators also became interested in the association 

between reduced muscle function and nutritional status, with some 
suggesting that changes in the functional capability of muscle was the 
most sensitive indicator of malnutrition (43, 44).

In the 1990s, conversation started to shift towards identifying, 
documenting, and treating malnutrition using a multidisciplinary 
approach, which spurred the creation of a wide variety of nutrition 
screening and assessment tools (45) and diagnostic criteria. Renewed 
focus on the use of suitable biochemical markers of malnutrition 
resulted in the recommendation of serum transthyretin, otherwise 
known as prealbumin, as a more sensitive nutrition marker than 
albumin and transferrin due to its shorter half-life (46).

In 2002 (Figure 1), the European Society for Clinical Nutrition 
and Metabolism (ESPEN) developed a set of guidelines for nutrition 
risk screening applicable to a wide range of settings, including 
community, clinical, and elderly (47). ESPEN recommended the use 
of the Malnutrition Universal Screening Tool (MUST) in community 
settings (48), the Nutritional Risk Screening tool (NRS-2002) in 
clinical settings (49), and the Mini Nutritional Assessment (MNA) for 
the elderly (50). While these tools shared several diagnostic criteria 
for malnutrition including body mass index (BMI), weight loss, and 
disease severity, none of them (screening not diagnostic tools) 
appreciate criteria such as muscle mass, muscle function, and the 
presence of inflammation. Furthermore, clinicians relying on the 
International Classification of Diseases Volume 9 (ICD-9), which was 
the standard medical coding manual before 2009, were slow to adopt 
the new screening tools and most often diagnosed malnutrition with 
code 262 – Other Severe Protein-Calorie Malnutrition, or code 260 
– Kwashiorkor (Table 1) utilizing low serum albumin as a primary 
diagnostic criterion. This oversimplification of malnutrition diagnosis 
has led to generalized confusion among clinicians, and often 
misdiagnosis in the countries where ICD codes are heavily relied 
upon, such as Australia, Canada, China, Germany, South Africa, the 
United Kingdom, and the United States, among others.

2.2 Etiology-based diagnosis 2010

As methods for clinical analysis of inflammation advanced at the 
turn of the 21st century, so did the understanding of its role in 
malnutrition, as both a symptom and causative factor. Clinicians 
moved away from the use of the combination of kwashiorkor or 

FIGURE 1

Timeline of the evolution of malnutrition definition and diagnosis. PEM, Protein-energy malnutrition; ESPEN, European society for clinical nutrition and 
metabolism; AND/ASPEN, the academy of nutrition and dietetics/american society for parenteral and enteral nutrition; MSS, malnutrition-sarcopenia 
syndrome; GLIM, global leadership initiative on malnutrition.
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marasmus and depleted serum albumin to etiology-based diagnosis. 
In 2010 (Figure  1), Jensen et  al. (7) suggested that inflammation-
associated catabolism of skeletal muscle is a differentiating factor in the 
diagnosis of malnutrition and proposed an approach based upon 
etiology that incorporated the impact of the inflammatory response. 
Patients with malnutrition and without inflammation could 
be  classified as having “Starvation-Related Malnutrition.” If 
inflammation is present at a mild to a moderate degree, the patient 
could be classified as having “Chronic Disease-Related Malnutrition.” 
If inflammation is present to a severe degree, the patient could 
be categorized as having “Acute Disease or Injury-Related Malnutrition.”

2.3 Malnutrition sarcopenia syndrome 2012

Sarcopenia, defined as loss of muscle mass, strength, and function, 
can be either primary (age-associated) or secondary (disease, disuse, 
or undernutrition). Akin to malnutrition, the clinical impact of 
sarcopenia includes prolonged hospital stay, increased risk of 
infectious complications, poor wound healing, and mortality. In 2012 
(Figure  1), we  coined the concept of Malnutrition-Sarcopenia 
Syndrome (MSS) to highlight the clinical presentation of malnutrition 
and sarcopenia together in older adults and advocate for the screening, 
assessment, and treatment of the two conditions concurrently (51). 
The MSS framework proposes the use of a validated nutrition 
screening tool, such as MUST, MNA, or NRS-2002 together with the 
sarcopenia screening tool developed by the European Geriatric 
Medical Society (EUGMS) Consensus Committee on defining 
sarcopenia, which employs both gait speed and handgrip strength 
measurements, although other validated methods of assessing 
sarcopenic status can be used (51). By assessing patients for both 
malnutrition and sarcopenia, healthcare practitioners can administer 
treatments for both conditions, which requires a combination of 
dietary interventions and muscle strengthening exercises. 
Additionally, MSS can be  diagnosed in both underweight and 
overweight or obese patients. Furthermore, integrating muscle loss as 
a diagnostic marker of malnutrition is an important step forward as it 
highlights the vital role of muscle not only as a structural organ but 
also for its endocrine, metabolic and immunological functions, and 
that muscle loss can occur independent of overall body weight (e.g., 
sarcopenic obesity) making body mass index (BMI) alone as 
inaccurate marker of overall nutrition health. The updated definition 
of sarcopenia elevated low muscle strength to the forefront as a 
primary indicator of sarcopenia and identified poor physical 
performance as indicative of severe sarcopenia (52). Integrating 
measures and function in the definition of sarcopenia addresses the 
technical challenges of availability of muscle mass measurements (e.g., 

DEXA, MRI, CT) in the hospital setting and permits easier to 
implement measures of muscle strength and function (e.g., hand-grip 
strength, chair stand test).

Although MSS has not yet been widely evaluated in health 
settings, its potential value for predicting poor outcomes in clinical 
practices has been illustrated in several studies (53, 54). Consistently, 
other frameworks such as AND/ASPEN have incorporated the 
measurement of muscle mass as a key diagnostic criterion for 
malnutrition diagnosis. Similarly, two nutritional screening tools for 
both conditions have been recently published, Remote—Malnutrition 
APP (R-MAPP) and PROtocol for NuTritional risk in Oncology 
(PRONTO) (55, 56).

2.4 AND/ASPEN diagnostic criteria 2012

In 2012 (Figure  1), the Academy of Nutrition and Dietetics 
collaborated with ASPEN to recommend a standardized set of 
diagnostic characteristics to be used to identify and document adult 
malnutrition in the clinical setting (13). The consensus statement 
adopts the approach of Jensen et al., by recommending that patients 
should first be categorized based on their inflammation status, which 
can be assessed by a combination of biochemical markers such as 
serum levels of albumin, prealbumin, C-reactive protein (CRP), or 
white blood cell count, and clinical signs of inflammation such as fever, 
hypothermia, or systemic inflammatory responses (e.g., tachycardia, 
hyperglycemia). Once inflammation status is determined, the clinician 
can diagnose malnutrition if two or more out of six total characteristics 
are present. The six characteristics put forward include insufficient 
energy intake, weight loss, loss of subcutaneous fat, localized or 
generalized fluid accumulation that may mask weight loss, loss of 
muscle mass, and diminished functional status as measured by hand 
grip strength (Table 2). However, measurable numerical guidelines are 
only put forth for energy intake and weight loss, leaving loss of body 
fat or muscle mass, fluid accumulation, and reduced grip strength up 
to the clinician’s interpretation of whether to rate as “mild,” or 
“moderate to severe.” By incorporating inflammatory status and 
measures of muscle mass and function, the AND/ASPEN consensus 
statement represents a significant step forward in the development of 
a universal framework for the diagnosis of malnutrition.

2.5 ESPEN diagnostic criteria 2015

In 2015 (Figure  1), ESPEN appointed an international expert 
group to reach a consensus on a set of generally applicable diagnostic 
criteria for the diagnosis of malnutrition, independent of etiologic 

TABLE 1 ICD adult malnutrition codes.

ICD-9 ICD-10

• 260: kwashiorkor 

• 261: nutritional marasmus 

• 262: Other severe protein-calorie malnutrition 

• 263.0: malnutrition of moderate degree 

• 263.1: malnutrition of mild degree 

• 263.2: arrested development following protein-calorie malnutrition 

• 263.8: other protein-calorie malnutrition 

• 263.9: unspecified protein-calorie malnutrition

• E40: kwashiorkor 

• E41: nutritional marasmus 

• E42: Marasmic kwashiorkor 

• E43: unspecified severe protein-calorie malnutrition 

• E44.0: moderate protein-energy malnutrition 

• E44.1: mild protein-energy malnutrition 

• E45: retarded development following protein-calorie malnutrition 

• E46: unspecified protein-calorie malnutrition
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mechanisms and applicable to patients from all clinical settings (14). 
The guidelines recommend that patients at risk of malnutrition 
be screened by any validated screening tool. If found to be at risk, the 

committee recommends the assessment of three variables considered 
to reflect nutritional status most accurately, namely weight loss, BMI, 
and free fat mass index (FFMI) (Table 2). The group furthermore 

TABLE 2 Criterion used by recent malnutrition guidelines.

AND/ASPEN 2012 ESPEN 2015 GLIM 2018

Severity Non-severe (moderate) 

malnutrition

Severe malnutrition Not included Moderate malnutritionc Severe malnutritionc

Decreased BMI (kg/m2) Not included Alternative 1b

< 18.5 kg/m2

Alternative 2b

< 20 if <70 yr, or < 22 if 

≥70 yr

< 20 if <70 yr, or < 22 if 

≥70 yr

<18.5 if <70 yr, or < 20 if 

≥70 yr

Decreased energy intake In the context of acute injury or illnessa Not included ≤ 50% of EER for >1 week, or

< 75% EER for >7d ≤ 50% EER for ≥5d

In the context of chronic illnessa any reduction for >2 weeks, or

< 75% EER for ≥1 mo < 75% EER for ≥1 mo

In the context of social or environmental 

circumstancesa

any chronic GI condition that adversely impacts food 

assimilation or absorptiond

< 75% EER for ≥3 mo ≤ 50% EER for ≥1 mo

Weight loss In the context of acute injury or illness Alternative 2b

5% over last 3 mo, or 

10% indefinite of time

5–10% within the past 6 

mo, or 10–20% beyond 6 

mo

>10% within the past 6 

mo, or > 20% beyond 6 mo1–2% in 1 wk 2% in 1 wk

5% in 1 mo 5% in 1 mo

7.5% in 3 mo 7.5% in 3 mo

In the context of chronic illness

5% in 1 mo 5% in 1 mo

7.5% in 3 mo 7.5% in 3 mo

10% in 6 mo 10% in 6 mo

20% in 1 y 20% in 1 y

In the context of social or environmental 

circumstances

5% in 1 mo 5% in 1 mo

7.5% in 3 mo 7.5% in 3 mo

10% in 6 mo 10% in 6 mo

20% in 1 y 20% in 1 y

Loss of subcutaneous fat In the context of acute injury or illness Not included Not included

Mild Moderate

In the context of chronic illness

Mild Severe

In the context of social or environmental 

circumstances

Mild Severe

Localized or generalized 

fluid accumulation

In the context of acute injury or illness Not included Not included

Mild Moderate to Severe

In the context of chronic illness

Mild Severe

In the context of social or environmental 

circumstances

Mild Severe

(Continued)
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provides two alternatives for the diagnosis of malnutrition based on 
the use of these variables: (1) diagnosis solely based on a BMI, or (2) 
the combined finding of unintentional weight loss together with either 
reduced BMI or a low FFMI using sex-specific cut-offs. The inclusion 
of FFMI reflects the continued appreciation of muscle mass as an 
important indicator of nutritional status and necessitated the use of 
modern techniques for body composition analysis. Importantly, the 
consensus provided numerical cut-offs for each indicator, enabling 
uniform diagnosis across clinical settings. Regarding inflammation, 
the consensus group determined that it should be  regarded as an 
etiologic factor rather than a diagnostic feature of malnutrition. This 
differed from the approach of AND/ASPEN, which considered 
inflammatory status to be  one of the primary differentiators of 
malnutrition severity and allowed for the use of etiologic variables in 
the diagnosis of malnutrition.

2.6 Global leadership initiative on 
malnutrition 2018

The discrepancies between malnutrition diagnostic criteria 
suggested by the two major nutrition societies, ASPEN and ESPEN, 
called for an opportunity to publish a unified consensus diagnostic 
criteria set for malnutrition. In 2018 (Figure 1), the Global Leadership 
Initiative on Malnutrition (GLIM) convened to build a global 
consensus for diagnostic criteria for malnutrition in adults applicable 
in diverse global settings (15). Comprised of members from several 
major global clinical nutrition societies, including ASPEN, ESPEN, 
the Latin American Federation for Nutritional Therapy (FELANPE), 
and the Parenteral and Enteral Nutrition Society of Asia (PENSA), the 
GLIM initiative set its primary aim to “combine clinical accuracy and 

consistency with a simple implementation that could be applied by 
nonspecialized healthcare personnel in everyday practice.” As such, 
the GLIM guidelines represent the most current and comprehensive 
malnutrition criteria.

Following in the footsteps of the ESPEN 2015 recommendations, 
the GLIM guidelines recommend an initial screening with a validated 
screening tool to identify “at risk” status. If a subject is determined to 
be at risk of malnutrition, it is recommended that clinicians move on 
to assessment, consisting of malnutrition diagnosis and grading of 
severity. Malnutrition diagnosis according to GLIM relies on the 
presence of one etiologic and one phenotypic criterion. Recommended 
etiologic indicators according to GLIM include reduced food intake 
(Table 2). Like the ASPEN 2012 guidelines, GLIM also incorporates 
inflammation as an etiologic criterion, whether related to acute 
disease/injury or related to chronic disease. The inclusion of 
inflammation is an important provision that includes new research 
demonstrating the critical role that systemic inflammation plays in the 
pathophysiology of malnutrition. To judge whether systemic 
inflammation is chronic or severe, GLIM recommends the 
measurement of C-reactive protein (CRP) as a biomarker, although 
low albumin/prealbumin levels are also included.

Phenotypic criteria include non-volitional weight loss, low BMI, 
or reduced muscle mass (Table  2). Like ESPEN 2015, GLIM 
recommends that muscle mass be  measured by compositional 
analysis, such as the analysis of FFMI by dual-energy absorptiometry 
(DXA). However, recognizing that the availability of analytical 
equipment varies with geography, physical examination, or standard 
anthropometric methods such as mid-arm muscle or calf 
circumference can be used with thresholds adapted to race. Akin to 
the ASPEN/AND guidelines of 2012, GLIM uses phenotypic criteria 
to grade the severity of malnutrition as “moderate” or “severe” based 

AND/ASPEN 2012 ESPEN 2015 GLIM 2018

Loss of muscle mass In the context of acute injury or illness Alternative 2b

FFMI <15 and 17 kg/

m2 in women and men, 

respectively

Mild to moderate deficite Severe deficite

Mild Moderate

In the context of chronic illness

Mild Severe

In the context of social or environmental 

circumstances

Mild Severe

Loss of muscle function In the context of acute injury or illness Not included Not included

N/A Measurably reduced

In the context of chronic illness

N/A Measurably reduced

In the context of social or environmental 

circumstances

N/A Measurably reduced

aAcute or injury or disease-related malnutrition is defined by the presence of a marked inflammatory response. Malnutrition in the context of a chronic illness is defined by inflammation of a 
mild to moderate degree. Malnutrition in the context of social or environmental circumstances is defined by no inflammatory response.
bESPEN proposes two alternative ways to diagnose malnutrition; one exclusively based on reduced BMI, and another based on reduced BMI, weight loss, and loss of muscle mass.
cThe GLIM guidelines grade severity using three phenotypic criteria: % weight loss, reduced BMI, or reduced muscle mass. Patient must have 1 phenotypic criteria met within the moderate or 
severe cutoffs.
dDecreased energy intake is not included in GLIM severity grading.
eGLIM provides guidance on the measurement of muscle mass by validated tools such as appendicular lean mass index (ALMI, kg/m2 ) by dual-energy absorptiometry or corresponding 
standards using other body composition methods like bioelectrical impedance analysis (BIA), CT or MRI, or if not available, anthropometric measurements.

TABLE 2 (Continued)
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on numerical cutoffs of weight loss, BMI, or reduced muscle mass. 
Even so, the GLIM criteria are less subjective, more clinically intuitive, 
and include characteristics such as weight loss, muscle mass, and BMI 
that are more congruent with established ideas of non-severe and 
severe malnutrition. As malnutrition is not an indexed term in 
ICD-10, if moderate malnutrition is identified, code E46 (unspecified 
malnutrition) may be used. If severe malnutrition is documented, 
code E43 (severe malnutrition) can be employed. It should be noted 
that, unlike ICD-10, GLIM does not incorporate a mild malnutrition 
diagnosis (Table 1). Efforts should be made to unify ICD codes with 
the GLIM guidelines, to ensure that clinicians across the globe 
diagnose malnutrition by the same criteria.

However, among the criteria included in the GLIM diagnosis, 
assessment of skeletal muscle mass is least often applied, while BMI 
continues to be the most applied (57). Recently (Figure 1), the GLIM 
consortium appointed a working group to provide guidance on the 
assessment of skeletal muscle mass and the use of muscle function as 
a diagnostic indicator of malnutrition. The guidance reinforces their 
original recommendations to utilize a technical approach for 
measurement of muscle mass [e.g., dual energy x-ray absorptiometry 
(DXA), bioelectrical impedance analysis (BIA), computerized 
tomography (CT)] when available, but to use a clinical approach (e.g., 
anthropometrical measures such as calf circumference or mid-upper 
arm circumference) if not. Although the working group agreed with 
the original GLIM guidelines that muscle function cannot serve as a 
surrogate marker of muscle mass, they leave open the option for 
physicians to assess for sarcopenia as a phenotypic assessment of 
malnutrition severity, either as an objective measure of muscle mass 
or muscle strength.

2.7 World Health Organization

According to the WHO, the term malnutrition addresses 3 broad 
groups of conditions: Undernutrition, which includes wasting (low 
weight-for-height), stunting (low height-for-age, mainly applicable to 
the pediatric population), and underweight (low weight-for-age) (58), 
micronutrient-related malnutrition, which includes micronutrient 
deficiencies (a lack of sufficient vitamin and mineral intake) or 
micronutrient excess, and overweight, which includes obesity and 
diet-related noncommunicable diseases (such as heart disease, stroke, 
diabetes, and some cancers). While modern frameworks such as 
GLIM do well to account for malnutrition due to undernutrition and 
obesity, the WHO framework provides the broadest definition of 
malnutrition by incorporating malnutrition due to micronutrient 
abnormalities. While no numerical cutoff values or diagnostic criteria 
are provided, the WHO framework is an important step for future 
diagnostic frameworks that account for all the causes of malnutrition.

2.8 An integrated malnutrition diagnosis 
framework

Considering the complex history of the definition and diagnosis 
of malnutrition, we propose that adult malnutrition be defined as a 
clinical syndrome caused by the imbalance of decreased nutrient 
intake and increased nutrient demand and characterized by the 
presence of weight loss, decreased muscle mass and/or function, and/

or micronutrient deficiency in the setting of chronic semi-starvation, 
acute or chronic disease, or obesity. We also propose that the GLIM 
and WHO frameworks for diagnosing malnutrition be integrated into 
a single scheme integrating the three forms of malnutrition: 
undernutrition, obesity and micronutrient deficiency (Figure  2). 
Integration of loss of muscle (lean) mass (and strength/function) 
enables clinicians to diagnose malnutrition without solely relying on 
body weight and BMI (e.g., diagnosis of sarcopenic obesity). 
According to this proposed and unified framework, symptoms and 
clinical signs of malnutrition will be  assessed as part of clinical 
examination. Clinicians should routinely assess their patients for 
history of reduced food intake, weight loss, loss of muscle (lean) mass/ 
strength/function, micronutrient deficiency, obesity and faltered 
growth/stunting (in children), Integrating the three forms of 
malnutrition (triple burden) in clinical care could enable early 
diagnosis and proper treatment of such a significant disease. Global 
adoption of an integrated framework with validated methodology and 
cutoff values for each criterion would enable consistent diagnosis of 
malnutrition irrespective of geography, improve malnutrition research 
outcomes and interpretability, and an overall goal of improved 
patient outcomes.

Although not the main focus of this paper, it is important to note 
that within the past 5–10 years there have been multiple consensus 
statements on pediatric malnutrition, and a global integrated 
framework would be beneficial in this population as well. In 2015, the 
Academy of Nutrition and Dietetics and American Society for 
Parenteral and Enteral Nutrition published a recommended 
standardized set of diagnostic indicators to be used to identify and 
document pediatric malnutrition (undernutrition) in routine clinical 
practice (59). The recommended indicators include z scores for 
weight-for-height/length, body mass index-for-age, or length/height-
for-age or mid–upper arm circumference when a single data point is 
available; and further, when 2 or more data points are available, 
indicators may also include weight gain velocity (<2 years of age), 
weight loss (2–20 years of age), deceleration in weight for length/
height z score, and inadequate nutrient intake (59). In 2022, the 
European Society for Paediatric Gastroenterology Hepatology and 
Nutrition (ESPGHAN) published a position statement on identifying 
pediatric disease-associated undernutrition (60). This position 
statement provided an updated descriptive definition of pediatric 
disease-associated undernutrition as “Undernutrition is a condition 
resulting from imbalanced nutrition or abnormal utilization of 
nutrients which causes clinically meaningful adverse effects on tissue 
function and/or body size/composition with subsequent impact on 
health outcomes (60).” This position statement recommended that in 
addition to commonly used criteria for undernutrition such as z 
score < −2 for weight-for-age, weight-for-length, or body mass index 
<−2, an unintentional decline of >1in these z scores over time should 
be considered as an indicator requiring further assessment to establish 
a diagnosis (60).

3 Discussion

Recently, traditional diagnostic indicators of malnutrition such as 
BMI have faced criticism for their lack of applicability to the 
population treated in Western hospitals. The use of a low BMI as a 
phenotypic criterion for malnutrition diagnosis varies significantly by 
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region. Individuals from America are frequently overweight or obese 
and would need to lose a significant amount of weight before receiving 
a low BMI designation. However, a low BMI cutoff is still included in 
the GLIM guidelines because of its ease of measurement and common 
use in other areas of the globe. On the other hand, the loss of muscle 
mass is an emerging criterion that is gaining support for inclusion in 
malnutrition diagnostic guidelines from the clinical nutrition 
community. Having been included in ASPEN 2012, ESPEN 2015, and 
GLIM 2018, the methodology for measuring muscle mass and 
defining what is ‘reduced’ has undergone considerable optimization 
over the past decade. A primary issue that confronts the use of muscle 
mass as a global criterion for diagnosing malnutrition is the lack of 
availability of advanced measurement instruments such as DXA, CT, 
or BIA. Another limitation is the fact that technology-based methods 
are often unable to physically accommodate persons with very high 
body mass. Furthermore, their accuracy is also decreased when used 
on obese individuals (61). Fortunately, further guidance provided by 
GLIM points to the anthropometric assessment of muscle mass by calf 
or mid-arm muscle circumference as being adjustable for persons with 
high BMI (62). To develop the use of muscle mass as a widely accepted 
indicator of malnutrition, appropriate cutoff values adjusted for sex 
and ethnicity must continue to be developed for each methodology, 
that technology-based methods undergo further refinement and 
standardization, and, most importantly, that promotion spurs wider 
clinical awareness of muscle mass as a criterion.

While reduced muscle mass has gained wide acceptance as an 
indicator of malnutrition, the role of inflammation is less clear. It is 
commonly accepted that acute or chronic inflammation results in 
altered body composition and reduced biological function (7, 63), 
which contributes to malnutrition in several ways, including reduced 

food intake, increased resting energy expenditure, and muscle 
catabolism. Based on the work of Jensen et al. (7), modern guidelines 
for diagnosing malnutrition such as AND/ASPEN 2012 and GLIM 
2018 incorporate screening and classification of patients based on 
their inflammatory status. Although this helps integrate inflammation 
into the diagnosis of malnutrition, it is not yet clinically well-defined, 
and biomarkers for detecting the severity of inflammation are not yet 
agreed upon nor widely utilized as a part of the current clinical 
practice. In addition, disorders labeled as chronic starvation are not 
devoid of subtle inflammatory stress.

The present usage of inflammation does not categorize patients 
with severe illness or acute tissue damage into risk groups to properly 
decide on the severity of the illness, and therefore the nutritional 
intervention. For instance, under the current diagnostic framework, 
all critically ill patients should be classified as having a severe acute 
injury or disease-related malnutrition. However, pre-admission 
comorbidities play a major role in determining the clinical outcome 
of critically ill or acutely injured patients and therefore dictate the 
appropriate nutritional intervention plan. Two questions need to 
be further addressed; whether the nutritional requirements of patients 
with moderate inflammation differ from those of patients with severe 
inflammation and whether nutrients with anti-inflammatory 
properties could exert beneficial effects in patients with inflammation-
related malnutrition as compared to standard nutrition interventions.

Micronutrient deficiency, frequently overlooked in existing 
definitions of malnutrition, should be  an integral component of 
malnutrition diagnosis. Patients suffering from both starvation and 
inflammatory diseases are more likely to be deficient in micronutrients 
due to inadequate intake and/or increased requirements. Additionally, 
obese patients have been shown to have deficiencies in almost all 

FIGURE 2

Malnutrition diagnosis algorithm.
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micronutrients both before and after bariatric surgery. Clinicians 
recognize this as the classic combination of macronutrient excess and 
micronutrient deficiency. Given their essential vital function for normal 
metabolism, we suggest that micronutrient deficiency become an integral 
part of a universal malnutrition diagnostic framework. For instance, zinc 
is a cofactor for the function of several enzymes in glucose, protein, and 
lipid metabolism, and is crucial for the utilization of glucose by muscle 
and fat cells. The functions and methods of diagnosis of micronutrient 
deficiency and treatment have been nicely reviewed by Berger et al. in 
the 2022 ESPEN micronutrient guideline (64).

An appreciation for the history of the definition and diagnosis of 
malnutrition, along with continued advancement and unification of 
the diagnostic frameworks, will provide nutrition experts and 
clinicians the required foundation to tackle the age-old challenge of 
properly recognizing and successfully treating malnutrition.

WHO and GLIM diagnostic frameworks are great milestones 
towards harmonization of the definition and diagnosis of malnutrition. 
The current proposed framework further builds on these two 
milestones by integrating the four main forms of malnutrition (adult, 
pediatric, starvation-related, and disease-related) into one framework. 
Integrating micronutrient deficiency and obesity-related chronic 
diseases as integral components of malnutrition diagnosis could 
further unify efforts to address malnutrition globally. Future research 
is warranted to validate the cutoffs required for making the diagnosis 
and classification of malnutrition and coining risk-based therapeutic 
interventions in different clinical settings. Additionally, the availability 
of reliable and accessible tools to measure body composition (low 
muscle/lean mass and high fat to lean mass ratio) and muscle function 
in clinical settings will enable clinicians to diagnose malnourished 
patients, tailor treatment plans to their existing phenotype, and 
monitor effectiveness.
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