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Abstract: Background: There is a growing number of intensive care patients who survive from complicated intensive care
procedures. However, many of these survivors struggle with muscle weakness, polyneuropathy, and reduced physical function
as a result of intensive care unit-acquired weakness (ICUAW). Since nutrition is known to be crucial for the maintenance of
muscle, several studies have investigated the effect of nutritional interventions on the development of ICUAW. Objective: The
aim of this systematic literature review was to investigate the impact of nutrition on the development of ICUAW. Methods:
This systematic literature review was conducted using the methodological framework described by Booth ef al. A systematic
literature search in CINAHL, MEDLINE, and EMBASE databases was conducted. Randomized controlled trials that
investigated the effect of a nutritional intervention administered while the patient was admitted to the ICU were included. The
endpoint was ICUAW or outcome measures encompassed by the ICUAW concept, such as muscle weakness, muscle atrophy,
or reduced physical function. Results: Twenty articles met the inclusion criteria. Different nutritional interventions and
different methods for measuring muscle weakness, muscle mass, and physical function were used in the primary studies.
Inconsistent results were observed in studies that measured the short-term effects of nutritional interventions. None of the
studies that measured ICUAW upon hospital discharge observed a difference in effect between nutritional intervention and
the nutrition received by the control group. The samples in several studies were too small to determine the differences in the
outcome measures of [CUAW. Some studies were pilot studies, while others had ICUAW as a secondary outcome. Conclusion:
This literature review cannot determine the role of nutrition in the development of ICUAW. Due to the heterogeneous nature
of the intensive care population, patients often have different nutritional needs. Future studies should be designed based on
ICU patients’ individual nutritional needs. Furthermore, there is a need for standardization of how ICUAW is measured, so

that results from future studies can be compared.
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1. Introduction
While an increasing number of people are surviving acute and critical illness requiring intensive care, it has
also become apparent that this group struggles with reduced daily function and reduced quality of life as a
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result of their illness and intensive care treatment (2. Studies have shown that between 30% and 50% of all
intensive care patients experience reduced physical function in the form of intensive care unit-acquired
weakness (ICUAW) 2. ICUAW is a collective term for diagnoses that are due to muscle weakness or
neuropathy as a result of intensive care 21, Critical illness polyneuropathy, critical illness myopathy, muscle
atrophy, and reduced muscle cell function are among the conditions covered by ICUAW B4l This diagnosis
represents a significant complication for those who are affected. Most require weeks or months of
rehabilitation to regain their usual functional level, but in more severe cases, muscle weakness becomes
permanent. In the long run, ICUAW is associated with reduced quality of life, reduced cognitive function,
difficulty in returning to work, and increased 1-year mortality I,

ICU nurses have special responsibilities to implement measures to prevent complications such as
ICUAW and preserve the patient’s strength and physical function . However, preventing ICUAW remains
a challenge, as there is a clear correlation between the severity of the disease and the development of the
condition. For example, patients with sepsis, acute respiratory distress syndrome (ARDS), and multi-organ
failure have a very high risk of developing ICUAW [81. According to several reviews and primary studies,
it is reasonable to assume that adequate nutrition has a preventive effect on ICUAW 13, Nutrition is
crucial for limiting muscle wasting, and it is known that prolonged malnutrition or starvation leads to poor
outcomes, including increased risk of systemic infection, worsening of disease severity, and increased
mortality 12131, However, the protective effect of nutrition on muscle function is not as demonstrable in
intensive care patients as in other patient groups 1.

Several studies have investigated the association between different nutritional interventions and
ICUAW, but their results vary. Both the American Society for Parenteral and Enteral Nutrition (ASPEN)
(31 and the European Society for Parenteral and Enteral Nutrition (ESPEN) 12 have recommended
increasing protein or amino acid supplementation for intensive care patients, despite the fact that this is
based on low-quality studies. However, Puthucheary et al. ® found that increased protein intake is
associated with an increased risk of developing ICUAW. This finding has been confirmed by another study
that examined the relationship between calorie and protein intake and physical function in 389 intensive
care patients 1. In the latter study, compared with patients who were discharged with better physical
function, patients with the worst physical function after intensive care had received more proteins and
calories on the third and seventh day of intensive care. The findings applied to both enteral nutrition (EN)
and parenteral nutrition (PN). On the other hand, Fetterplace et al. [*° found a clear correlation between the
degree of energy deficit and the development of ICUAW.

The conflicting results from studies can be partly explained by the fact that too little, too much, or too
early nutrition can contribute to muscle weakness and neuropathy 671, The first few days after sepsis or
multi-organ failure, the affected patient would develop a neuroendocrine stress response, which reduces the
metabolism of supplied nutrients ['8l. These nutrients then become a burden that inhibits the cell-sensing
mechanism that is crucial for the maintenance of muscle structure. Early full nutrition, therefore, becomes
a risk factor of developing ICUAW 291,

The nutritional needs of intensive care patients are complex and depend on interdisciplinary
collaboration between doctors, nutritionists, and intensive care nurses %!, It is the doctor’s task to prescribe
EN and PN, while the intensive care nurse implements the nutritional measures and follows up with relevant
observations. Therefore, whether the patient’s nutritional needs are met depends, among other things, on
the intensive care nurse’s knowledge 127,

The time to initiate nutrition in intensive care patients, as well as the composition and amount of
nutrition, remain unclear, as clinical trials have demonstrated conflicting results when investigating
ICUAW 271 No systematic literature reviews have been found published or registered in PROSPERO,
which investigates nutritional interventions provided during intensive care, and have ICUAW as an
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endpoint. The systematic reviews published to date have either very limited endpoints, such as muscle
volume 81 or sarcopenia 2, or have addressed limited interventions, such as PN 2221 or protein dosing
24251 The aim of this systematic literature review was, therefore, to investigate the relationship between
the nutrition patient receives during intensive care and the development of ICUAW on the basis of existing
primary studies in this area. The research question was “What is the role of nutrition in the development of
ICUAW?”.

2. Methodology

This study was conducted as a systematic literature review using the framework of Booth et al. 261, This
design was suitable as the aim was to compile and critically appraise all suitable evidence, based on specific
selection criteria, to answer a specific research question ?71, This systematic review followed the guidelines
of the PRISMA statement 28], No protocol has been published or registered for this study.

2.1. Data collection

A systematic literature search in CINAHL, MEDLINE, and EMBASE databases was conducted in
November 2020. New hits in the search (alerts) from all three databases were reviewed until May 2021.
The design of PICO and search strategy were prepared by the first author with the help of a specialist
librarian. The search terms used included “critical care,” “intensive care units,” “critical illness,” “critical
care nursing,” “ICU,” “nutrition therapy,” “parenteral nutrition,” “enteral nutrition,” “nutritional support,”
“nutrients,” “polyneuropathies,” “neuromuscular diseases,” “muscle weakness,” “muscular diseases,”
“physical functional performance,” and “muscular atrophy.” Keywords and text words were adapted to the
different databases. No restrictions were made on years, as nutritional interventions in intensive care with
appropriate outcomes measures will be relevant regardless of the year in which the study was conducted.
The language used was restricted to English, Norwegian, Swedish, and Danish. Due to a high number of
irrelevant hits in EMBASE, several refinements were made in the search, so that “conference abstract,”
“conference paper,” “conference review,” “editorial,” “letter,” and “note” were filtered out. These
publication types were removed manually in CINAHL and MEDLINE. In addition to literature search,
handsearching of the included articles was carried out to identify studies that may have been omitted from
the search.
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2.2. Inclusion and exclusion criteria

The inclusion criteria included randomized controlled trials (RCTs) on adult intensive care patients in which
the intervention was nutritional intervention provided in the ICU. Studies that included patients up to 16
years of age were also included. The inclusion criteria for outcome measures were muscle wasting or
physical function related to ICU stay. Studies were excluded if they combined nutritional interventions with
other interventions or if the neuropathy or muscle weakness was attributed to causes other than intensive
care. Pilot studies and feasibility studies were excluded if they lacked the sample size necessary to
determine the effect on a primary outcome.

2.3. Selection process

The hits from the search were transferred to Rayyan 2°!, a digital tool, to keep the references and for blinding
during the selection process. Two authors (A@S and SAS, A@S and KH) individually assessed the articles
for inclusion on the basis of whether the title, abstract, or full text met the inclusion or exclusion criteria.
Articles were read in full when it was unclear whether they should be included based on the abstract. When
in doubt, a third author was consulted.
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2.4. Data extraction

Relevant data were entered in a data extraction form based on Fleeman and Dundar’s % method for data
extraction and tabulation. The form was first pilot tested in three studies. Information about the author, year
and country, study purpose, population and number of participants, nutritional intervention and control
intervention, method for measuring ICUAW, and results that included ICUAW was filled in the data
extraction form. Data extraction from the included studies was performed by the first author, while a second
author checked the data extraction form against the articles.

2.5. Analysis of data

Due to heterogeneity in the intervention and outcome measures of the studies, performing a meta-analysis
was not feasible. The results are presented in a narrative form. The findings were categorized according to
the endpoints that we aimed to investigate. The results were, therefore, presented according to the outcome
measures in the ICUAW-covered studies.

2.6. Quality assessment of included studies
The Critical Appraisal Skills Programme (CASP) checklist B was used to assess the quality of the primary
studies. The criteria for the quality assessment are presented in Table 1. The table was designed by the first
author based on the CASP checklist for randomized controlled trials and inspired by the table used by
Ghouri B2 in his systematic literature review.

Table 1. Quality assessment of included studies

Does the RCT have a Is the study methodologically correct? What were the results? Are the results helpful in
suitable study design? practice?
Study Is the research Were Were Were the Were Did both groups Was the Were the Do the benefits Can the Does the
question clear? patients clinicians researchers both receive the same intervention measures of of the results be intervention
Was there adequate blinded? blinded? blinded? groups treatment outside effect reported dispersion intervention translated to have greater
randomization? similar at the intervention? comprehensively? reported? outweigh the practice? benefit than any
Were all the the start? disadvantages? of the existing
participants accounted measures?
for in the analysis?

1 Yes No No Yes Yes Yes Yes Yes No Yes No

8] Yes No No Yes Yes Unclear Yes Yes Yes Yes No

34 Yes No No Yes Yes Unclear Yes Unclear Yes Yes Yes

371 Yes No No Yes No Yes Yes Yes Yes No No

(2] Yes Yes Yes Yes Unclear Unclear Yes Yes No Yes No

(44 Yes No No Yes Yes Unclear Yes Yes No Yes No

5] Yes No No No No Unclear Yes Yes No Yes No

0] Yes Yes Yes Yes Yes Unclear Yes Yes Yes No No

1 Yes No No Yes No Unclear Yes Yes Yes No No

(8] Yes No No Yes Yes Yes Yes Yes Yes Yes Yes

(9] Yes No No Yes Yes Unclear Yes Yes Yes Yes No

7 Yes No No Yes Yes Yes Yes Yes No Yes No

139 Yes No No Yes Yes Yes Yes Yes No Yes Unclear

8] Yes No No Yes No Yes Yes Yes No Yes Unclear

3 Yes Yes Yes Yes Yes Unclear Yes Yes No No No

(8] Yes Unclear No Unclear Yes Unclear Yes Yes Yes No No

(3] Yes No No Yes Yes Unclear Yes Yes Yes Yes Unclear

(53] Yes No No Unclear Yes Unclear Yes Yes Yes No No

52 Yes No No No Yes Unclear No No Unclear No Unclear

3. Results

The literature search in CINAHL, MEDLINE, and EMBASE vyielded a total of 5,211 hits. After duplicates
were removed, 4,565 remained. Of these, 4,494 were excluded on the basis of the inclusion and exclusion
criteria after reading the title or abstract. The abstract or full text for one reference could not be found, and
thus it could not be assessed 331, Seventy articles were read in full, and 55 of these were excluded. Updates
from new hits from the search in the databases yielded two articles that met the inclusion criteria. Further
three studies were identified in the reference lists of the included studies. This gave a total of 20 included
articles (Figure 1).
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Figure 1. PRISMA flow diagram

The 20 included articles were spread across 16 studies. Four articles were from the same multicenter
RCT study 34371 and two of these used the same data material and were, therefore, considered the same
study in this systematic literature review 5261, Two articles were follow-up studies of the same multicenter
RCT study [38:3°1,

The studies were conducted in Australia (n = 4) 431 Australia and New Zealand (n = 3) #4461 Japan
(n=1) ¥ Belgium (n = 4) B*31 Switzerland (n = 1) &, England (n = 1) *°!, Germany (n = 1) B, Denmark
(n = 1) B Philippines (n = 1) B2 USA (n = 2) 839 and Canada, France, USA, and Belgium (n = 1) 531,
The number of participants in the studies varied between 15 and 2,492 adult intensive care patients on
ventilator. In total, this systematic literature review included 8,604 patients. Eight of the studies were
multicenter RCTs [34-36. 38:39424445] ‘sevien were single-center RCTs 7404751 three were single-center pilot
RCTs [414652] and two were multicenter pilot RCTs [4353],

In nine studies, the intervention was PN [34-37 40444648531 ' Of these, seven investigated the effect of
early PN or early supplementary PN [3437. 4446531 Ejght studies investigated the effect of EN [38:3% 41-43,
4749521 Fjve of the included studies investigated the effect of increased protein or amino acid intake
[40.414550.52] ‘while six investigated the effect of increased caloric dose [38:3% 41-43.48] One study investigated
the effect of supplementation with hydroxymethyl butyrate, a metabolite of an amino acid, which has the
property of upregulating muscle protein synthesis 1. One study investigated the effect of individualized
energy and protein dosing measured by indirect calorimetry and nitrogen balance B, Although the outcome
measures were different, all studies had endpoints that were encompassed by the ICUAW concept.
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3.1. Physical tests
Nine articles investigated the effect of nutritional interventions on patients’ physical function using physical
tests [34-36.38.4041,4647.53] 1 four of these, physical function was the primary outcome of the studies 353638401,
The Early Parenteral Nutrition Completing Enteral Nutrition in Adult Critically Il Patients (EPaNIC) study
[3437] jnvestigated the effect of early supplemental PN compared with delaying PN until the eighth day of
the ICU course. Sub-studies of EPaNIC found that early PN led to a significantly higher risk of ICUAW,
as measured by the Medical Research Council sum-score (MRC-SS), compared to late PN 35361 At the
same time, another EPaNIC study found no difference between the groups in terms of six-minute walk test
and activities of daily living (ADL) upon discharge from hospital 4. However, the latter study found that
participants who received late PN were discharged earlier from the intensive care unit and hospital B4,
One study ©% demonstrated that PN with a higher amino acid concentration had a significant positive
effect on hand grip strength compared with standard PN. The six other studies that examined grip strength
or other physical tests found no difference in effect of nutritional intervention compared with that of the
control group [38,41,46,47,49,53]

3.2. Measurement of muscles

Five studies used ultrasound to measure the effect of nutritional interventions on muscle mass 4041 48-501
which was the primary outcome in two of the studies %%, Two studies found that nutritional intervention
has a protective effect on muscle volume. In one of these, the nutritional intervention was an increased dose
of amino acids ™, while in the other, the intervention was volume-controlled EN, as compared with the
control group that received standard nutritional treatment 3. The endpoint was measured on day seven [*°]
and at discharge from intensive care 1. The three other studies did not find that the effect of nutritional
intervention on muscle volume, as measured by ultrasound, was significant 18501,

Two studies measured muscle volume with computed tomography (CT) and found no effect 34471, One
of the studies also examined muscle composition and found that early PN reduces the quality of muscle
tissue by increasing intramuscular water and fat content 71,

One study measured muscle mass using the Subjective Global Assessment (SGA) and found that early
PN led to significantly less muscle wasting compared with standard treatment 141,

3.3. Quality of life and physical function

Eight studies investigated the effect of nutritional interventions on self-reported quality-of-life and physical
function two, three, six, and twelve months after intensive care (% 42-46. 51581 RAND-36 [“4%°] SF-36
(394351581 ' EyroQol-5D-3L %461 and EuroQol-5D-5L 243 questionnaires were used in the studies. One
study [ found a significant difference in general health measured with RAND-36 in favor of the
intervention group that received early PN. The outcome measure was measured after 2 months. The other

studies found no difference between the intervention and the control groups after discharge from hospital
[39,42,43,46,51,53]

3.4. Assessment of risk of bias

An overview of the quality assessment of individual studies based on the CASP checklist for RCT studies
is presented in Table 1. The quality assessment is based on the primary outcomes of the studies. Overall,
the quality of the studies was considered good. However, the ICUAW endpoint was a secondary outcome
in six of the included studies [344% 44-46. 531 and five of the studies were pilot studies [41:4346.5253]
Consequently, five of the included studies had inadequate sample size to determine the effect on ICUAW
outcome measures (41434652531 'yt this was not reflected in the overview of the quality assessment (Table
1). Furthermore, three of the studies were double-blinded, while 15 studies were blinded in their analysis.
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In the majority of the studies, it was unclear whether the participants received equal treatment across groups
outside the intervention. In 19 studies, the results were reported clearly and comprehensively.

4. Discussion

The aim of this systematic literature review was to determine the impact of nutrition on the development
of ICUAW. Across the studies, there was considerable heterogeneity in interventions, outcome measures,
sample size, and time of measurement, thus making it a challenge when comparing the results. The results
of the included studies were contradictory, and there were too few studies of good quality to determine the
impact of different nutritional interventions on ICUAW. Even in studies that demonstrated an effect, the
effect was fast diminishing. None of the studies that investigated patients’ physical function after discharge
found an effect.

Across the studies, there was no correlation between the types of interventions that had an effect and
those that did not. Good quality studies that investigated the effect of early PN showed varying results. One
study found that early PN has a preventive effect on muscle wasting 4!, while two other studies found that
early PN increases the risk of muscle weakness 5261, However, it is worth noting that an effect was
observed with delayed PN in studies that measured patients’ muscle strength 35361, Muscle strength is a
more clinically relevant outcome measure compared with muscle wasting, which is a surrogate outcome
(171 One of the included studies also showed that an increase in amount of PN led to an increase in
intramuscular water and fat content measured by CT 1. However, this result must be interpreted with
caution, as the study had only 15 participants and the CT scans were only performed on clinical indication.
Nevertheless, the study indicates that increased intramuscular volume, without increased muscle fiber size,
is a possible explanation for the fact that some studies found an effect of increased nutrition on muscle
volume but not on the patients” muscle strength 41441,

There are too few studies of good quality to determine the effect of protein supplementation on the
development of ICUAW. Ferrie et al. % found a positive effect on muscle volume measured by ultrasound
and muscle strength based on grip strength in patients who received a larger amount of protein [“°l. Dresen
etal. B on the other hand, found no effect on muscle mass measured by ultrasound with increased protein.
Both studies have an adequate sample size, but the interventions were so different that the studies are not
comparable. Ferrie et al. [“)1 compared the effect of 0.8 grams of protein/kg/day with that of 1.2 grams of
protein/kg/day, while Dresen et al. 5% compared 1.2 grams of protein/ kg/day with 1.8 grams of
protein/kg/day. The latter study examined the effect of intervention given late during ICU stay and did not
include patients before ICU day 13. The study did not report or take into account the nutrition the patients
received during the first 13 days of the intensive care course. Vega-Alava et al. 52 found that patients who
received 18 g of protein enterally per day had less muscle wasting compared with those who received
standard EN by measuring their upper arm circumference. The study did not cite any sources on how upper
arm circumference correlates with muscle volume. The study also only included 40 participants, while
stating that a sample size of 183 patients is needed.

The findings are contradictory among the studies that investigated the effect of interventions to increase
calorie and protein intake with EN. In a study by both Fetterplace et al. “1 and McNelly et al. 4%, the
intervention group received more of their estimated protein and calorie requirements compared to the
control group. Both measured muscle wasting with ultrasound, but muscle wasting was reduced with
intervention only in the study by Fetterplace et al. [*11. In the latter study, 23% (n = 6) of the participants in
the intervention group and 27% (n = 7) of the participants in the control group lacked ultrasound
measurements. The groups in this study were dissimilar at baseline.

In most of the studies that found an effect with nutritional interventions [353640441 the effect ceased
rapidly. In three of the studies 3649441 the differences ceased before discharge from the ICU. Regardless of
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the nutritional intervention and choice of endpoint, the time at which the endpoint is measured appears to
be important for determining if the intervention has an impact 53640441 |f the effect of the intervention on
different outcome measures of ICUAW is short-term, the clinical relevance will be less, as ICUAW has a
major impact on the patient’s rehabilitation pathway and often causes reduced physical function over a long
period of time 1,

One of the reasons why the effect of nutritional intervention is short-lived may be that the duration of
the nutritional intervention is short. In eight of the included studies, the nutritional intervention lasted
between five and ten days, or shorter for patients who were discharged earlier from the ICU
[36:38,40,43,46,48.49.58] 1 other studies, the intervention was designed in such a way that the difference between
the intervention group and control group would be balanced out during the intensive care stay. This is the
case, for example, in the study by Doig et al. [, where the intervention group and the control group
received approximately the same amount of calories and protein by the seventh day in intensive care. The
short-term interventions are probably a result of the fact that the patient will have different nutritional needs
after approximately five to ten days, when it is assumed that the physiological stress response has passed
to some extent.

None of the nine studies that examined patients’ physical function after discharge found an effect with
nutritional intervention [38:3942-4651531 ‘However, one of the studies 4 found a significant effect in general
health measured with RAND-36, but this did not apply to physical function, which is one of the domains
of the instrument. Furthermore, the demonstrated effect of the nutritional intervention was so small that it
was not clinically significant.

The results from the primary studies in this systematic literature review suggest that the effect of
nutritional interventions given in the ICU is not long enough to affect patients’ physical function at three,
six, and twelve months later. Any effect might also have been overshadowed by other factors that influence
patients’ functional level after hospital discharge, such as coping skills, psychosocial conditions, and
rehabilitation 545, Studies that measure long-term effects should identify such factors as much as possible
in order to avoid risk of bias in the patient sample, which may affect the results. Of the included studies
that examine ICUAW after discharge, only two 83 have attempted to account for such confounding
factors. Needham et al. 3839 included factors such as whether the patients were living at home or an
institution, self-reliant, or working before admission to intensive care. In addition, the participants in the
study responded to the SF-36 on how their quality of life and level of function were before admission. This
information may be important and has been overlooked in other studies. If the groups were dissimilar to
begin with, we would not know whether it was the intervention or other factors that led to the result. It is
not possible to control all variables that may affect the endpoint. However, when long-term effects in the
form of physical function are examined, factors such as previous physical function and social conditions
may be of great importance to patient outcomes 1.

A secondary finding in one of the studies by Needham et al. *¥ was that more people in the group that
received trophic nutrition had required rehabilitation after intensive care stay compared with the control
group that was under EN. Trophic nutrition refers to a small dose of EN, for example 10 mL/h, with the
aim of maintaining intestinal mucosa and intestinal flora, instead of meeting the patient’s energy needs 2,
Nevertheless, the studies found no difference in outcome measures between the groups 8%l The
proportion in work B9, results of the six-minute walk test, and patient’s strength measured with MRC-SS
(381 were similar in both groups six and twelve months after discharge.

A short-term nutritional intervention alone may not be potent enough to affect the functional level of
intensive care patients six and twelve months later 7. Therefore, it is important to determine how long the
effect of the intervention will last in order for it to be of clinical significance. A consensus on which
outcome measures are best suited to measure ICUAW and at which time point they should be measured
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should be developed, so that studies can be compared 17571,

The results of this systematic review are consistent with two similar systematic reviews that examined
specific nutritional interventions 41 and limited outcome measures [, as mentioned in the introduction.
These reviews have indicated that the results from the primary studies are contradictory and that there is
too little evidence to draw conclusions on the effect of nutritional interventions on outcomes that can be
categorized as ICUAW. Other systematic reviews with meta-analyses that examined the effect of nutritional
interventions on other outcomes have shown that nutritional intervention does not have an effect 5851, In
contrast, systematic reviews that examined the effect of various interventions on muscle mass and physical
function have found that physiotherapy and exercise-based interventions have a preventive effect on
ICUAW [21.22],

The lack of effect in RCT studies may be a consequence of the fact that intensive care patients may
have different responses to the same nutritional intervention. Bear et al. % pointed out that the
heterogeneity of intensive care patients represents a major challenge in nutrition studies because different
patients have different nutritional needs. In primary studies, the samples are usually similar in terms of
diagnosis, disease severity, gender, age, and body mass index. However, patients differ in body composition
and nutritional status prior to admission. Moreover, their metabolism changes during the intensive care
period, as the neuroendocrine stress response may be of different durations in each patient 1. Patient
differences imply a possibility that nutritional intervention prevents ICUAW in some but increases the risk
of ICUAW in others. The challenge with the heterogeneous ICU population has also been recognized in
nutritional guidelines for intensive care patients 12131, Both ASPEN 2%l and ESPEN ™2 have emphasized
that the heterogeneity of the ICU population may weaken the external validity of the recommendations, so
the needs of each patient should be prioritized ahead of the guidelines.

Many have pointed out that nutrition studies with outcome measures, such as physical function and
quality of life, are a relatively new field of research that is still developing %52, Future studies should take
greater account of the methodological challenges that have been revealed 562, One example of a study
that has done this is the study by Wischmeyer et al. 31, which took into account aspects of heterogeneity
in the intensive care population and the associated different nutritional needs. Observational studies have
shown that underweight and overweight ICU patients benefit from supplemental PN, while normal weight
patients do not. In the study by Wischmeyer et al. % overweight and underweight patients received
supplemental PN, while patients of normal weight only received standard EN. The study was a pilot study
that did not have a large enough sample size to detect differences in clinical outcome measures, but a non-
significant trend toward better outcomes was observed in the intervention group ®2I,

For ICU nurses in practice, it is important to be aware that the impact of nutrition on the development
of ICUAW is still an area with ambiguous evidence, characterized by sparse research and methodological
challenges. Therefore, the results of this systematic review cannot be used to change existing guidelines
and recommendations. Hopefully, further research will generate new understanding and thus opportunities
for changed guidelines and recommendations in nutrition to prevent ICUAW.

5. Limitations of the study

In this systematic literature review, a comprehensive literature search was conducted with the aim of
including all outcome measures that can be covered by ICUAW. However, there are too few studies that
are comparable and of good enough quality to determine the impact of nutritional interventions provided
during intensive care on the development of ICUAW. The quality assessment showed that the studies are
generally of good quality, owing to the fact that these studies were assessed based on their primary outcome.
In several studies, the outcome measures of ICUAW were often secondary or tertiary outcomes. Five of the
studies were also pilot studies. This means that some of the studies were not specifically designed to
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determine the effect on relevant outcome measures of ICUAW [41434652531 and thus some of the results of
these studies did not have a large enough sample size; it is, therefore, not known whether these findings are
due to chance. Due to the design of the interventions in the studies, blinding was a challenge, and only three
of the studies were double-blinded %4243 This means that there were some risks of systematic bias in the
studies.

One challenge in this systematic literature review is the variation in the interventions and outcome
measures of the primary studies. This heterogeneity made it difficult to compare studies and compile results.
A weakness of the present study is that no project description was published in advance. A strength of the
present study is that the search was quality assured by a specialist librarian, but studies might have been
omitted due to language restrictions.

6. Conclusion

This systematic literature review shows that there are conflicting results with regard to the importance of
the nutrition patients receive during intensive care on the development of ICUAW. In studies that found an
effect with nutritional interventions, the effect declined rapidly, and none of the studies that examined the
patients’ physical function after discharge found an effect with nutritional interventions. Moreover, there
are too few studies of good quality to determine the impact of different nutritional interventions on ICUAW.
Future nutritional studies should be designed based on patients’ individual needs, as ICU patients will have
varying nutritional needs based on their starting point and whether they have an ongoing neuroendocrine
stress response or not. It is also necessary to develop a consensus on which endpoints are best suited to
measure ICU patients’ physical function, so that the endpoints used in studies are clinically relevant and
the results from studies can be compared.
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