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s u m m a r y

Neurological diseases are frequently associated with swallowing disorders and malnutrition. Moreover,
patients with neurological diseases are at increased risk of micronutrient deficiency and dehydration. On
the other hand, nutritional factors may be involved in the pathogenesis of neurological diseases.

Multiple causes for the development of malnutrition in patients with neurological diseases are known
including oropharyngeal dysphagia, impaired consciousness, perception deficits, cognitive dysfunction,
and increased needs.

The present evidence- and consensus-based guideline addresses clinical questions on best medical
nutrition therapy in patients with neurological diseases. Among them, management of oropharyngeal
dysphagia plays a pivotal role. The guideline has been written by a multidisciplinary team and offers 88
recommendations for use in clinical practice for amyotrophic lateral sclerosis, Parkinson's disease, stroke
and multiple sclerosis.

© 2017 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Numerous neurological diseases demonstrate a major impact on
nutrition and the nutritional state of affected patients. In addition
to paralysis, immobility, abnormal motor function and various
neuropsychological disturbances, it is oropharyngeal dysphagia

that exerts the most profound impact on nutritional intake. For the
purpose of this guideline, those conditions with the highest prev-
alence rates, frequent involvement of dysphagia and malnutrition
were chosen. Also, we have considered the conditions in which
clinical issues about medical nutrition therapy arise that can be a
matter of debate. These are amyotrophic lateral sclerosis (ALS),
Parkinson's disease, stroke and multiple sclerosis (MS). To enhance
the generalizability of the guideline, a chapter about oropharyngeal
dysphagia in general is included as this is a common feature of
many neurological disorders.
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Especially in rare neurological diseases, the impact of nutritional
issues has not been extensively investigated. However, especially if
dysphagia is present in these conditions, there is much concern
about how to feed the patient and how to stabilize the nutritional
state. Thus, data from common diseases have to be cautiously
translated to this field.

The oropharyngeal swallow involves a rapid, highly coordinated
set of neuromuscular actions beginning with lip closure and ter-
minating with opening of the upper esophageal sphincter. The
central coordination of this complex semiautomatic sensorimotor
task uses a widespread network of cortical, subcortical and brain-
stem structures. Many diseases and disorders affecting the central
swallowing network or downstream peripheral nerves, muscles
and structures may result in an impaired oropharyngeal swallow,
i.e. oropharyngeal dysphagia (OD). In addition, aging is also asso-
ciated with multifactorial changes of swallowing physiology for
which the term presbyphagia has been coined. OD broadly affects
respiratory safety due to the increased risk of aspiration, and
swallowing efficacy leading to the impeding danger of insufficient
nutrition and hydration [1]. Within the ICD 10 catalogue, dysphagia
is referenced with the code R13. More specific, R13.0 denominates
the inability to swallow at all, R13.11 stands for oral phase
dysphagia, R13.12 for oropharyngeal dysphagia and R13.13 for
pharyngeal dysphagia.

OD is one of themost frequent and life-threatening symptoms of
neurological disorders [2]. Swallowing impairment is observed in
at least 50% of patients with ischemic or hemorrhagic stroke [3e5].
These patients have a three-fold increased risk of developing early
aspiration pneumonia, and their mortality is significantly higher
than in non-dysphagic stroke patients [4]. Similar data have been
published for severe traumatic brain injury, in which the incidence
of clinically relevant dysphagia is approximately 60% [6]. In this
patient population, the occurrence of dysphagia is associated with
significantly longer artificial respiration and prolonged artificial
nutrition [7]. In patients with Parkinson's disease, neurogenic
dysphagia is also a major risk factor for the development of
pneumonia, the most frequent cause of death in this patient group
[8]. In addition, swallowing disorders in these patients typically
lead to major and long-term reduction in quality of life (QoL),
insufficient medication intake and pronounced malnutrition [9]. In
multiple sclerosis, dysphagia occurs in more than one third of pa-
tients [10] and increases the risk for aspiration pneumonia and
death in particular in the late stages of the disease [11]. Up to 30% of
all ALS patients present with swallowing impairment at diagnosis
[12] and practically all ALS patients develop dysphagia as the dis-
ease progresses. In 15% of all cases, myasthenia gravis manifests
itself with swallowing impairment. As the illness progresses, over
50% of all patients are affected, and in more than 50% of cases, a
myasthenic crisis is preceded by dysphagia [13]. Patients with in-
flammatory muscle disorders are also often subject to swallowing
impairment. The frequency is approximately 20% in dermatomyo-
sitis, 30e60% in polymyositis, and between 65 and 86% in inclusion
body myositis [14]. Finally, dysphagia also represents an important
diagnostic and therapeutic challenge in the intensive care unit.
Regardless of the primary illness, 70e80% of patients requiring
prolonged mechanical ventilation present, at least temporarily,
with significant swallowing impairment and aspiration after
weaning from artificial respiration, predominantly due to a critical
illness polyneuropathy [15]. This impairment not only necessitates
prolonged artificial nutrition, but is also linked to serious compli-
cations, such as pneumonia and the necessity for reintubation. In
addition, it is an independent predictor of increased mortality [16].
Apart from these specific disorders, increasing age itself is a well-
established risk factor for OD. The prevalence of this condition
among independently living older persons is 16% in the 70e79-year

old group and 33% in the �80-year old group. Furthermore, 51% of
institutionalized older persons are affected and up to 47% of frail
elderly patients hospitalized for acute illness are diagnosed with
OD. Consequences of OD in the elderly are devastating and include
aspiration pneumonia, dehydration and malnutrition [17].

2. Methodology

2.1. Methodology of guideline development

The guideline was developed by an expert group of the disci-
plines: Clinical nutrition, Neurology, Geriatrics, Dietetics and
Intensive Care, from 9 countries. All members of the working group
had declared their individual conflicts of interest according to the
rules of the International Committee of Medical Journal Editors
(ICMJE).

Based on the standard operating procedures for ESPEN guide-
lines and consensus paper [18] we decided on topics to be covered
at the start of the guideline process through several rounds of
discussion and modification. Initially, the guideline was focused on
chronic neurological diseases including ALS, PD and MD, but after a
meeting in September 2014, we decided to broad the scope of the
guideline and to include stroke, in order to address the main
neurological diseases. To initiate the literature searches, we
designed 41 specific clinical questions, in a PICO format when
appropriate. The working process was supervised and monitored
by the ESPEN Guideline office for methodological quality. On the
internet portal www.guideline-services.com, the draft and the
literature was accessible at any time exclusively for members of the
working group. After the literature search, evaluation and grading
of the evidence, the guideline development group drafted a total of
88 recommendations. The draft was send to the ESPEN members
via email in a first Delphi round in July 2016. We received a strong
consensus (agreement of >90%) in 91.8% of recommendations,
consensus (agreement of 75e90%) in 8.1% of recommendations.
None of the recommendations reached an agreement lower than
75%. The recommendations with an agreement lower than 90%
were discussed in an ESPEN guidelines consensus conference,
which was performed on September 18th during ESPEN Congress
2016 in Copenhagen. After the voting, all the selected recommen-
dations were discussed; modifications were included, and reached
a consensus greater than 85%.

2.2. Search strategy

Before starting with the classical literature search, we explored
and identified relevant published valid guidelines (German
Guidelines-DGEM, NICE, SIGN …). After this first review, we
searched the main Bibliographic Databases (Pubmed, EMBASE, and
the Cochrane Library) for recent systematic reviews and meta-
analyses that answered our clinical questions. In their absence,
we looked for other indirect systematic reviews and meta-analyses
and, in the absence of these, we looked for comparative studies,
whether randomized or not. Also an updated literature search was
conducted to retrieve further comparative studies. The screening
was performed by reading the abstract, followed by the entire
article when necessary. Literature search was conducted for the last
10 years, until June 2016, although the working group was allowed
to consult some highly relevant previous articles.

Due to the complexity of the literature search for all the ques-
tions assessed, we show an example of the search strategy for the
clinical question 35 (Table 1).

The classification of the literature according to evidence levels
and the grades and forms of recommendation were performed
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following the Scottish Intercollegiate Guidelines Network (SIGN)
grading system [22], updated in 2014 (Tables 2 and 3).

Some of the recommendations of these guidelines were devel-
oped on the basis of expert opinion because we found no evidence
or only low quality evidence in the literature.

In case of inconsistent data between different studies regarding
one clinical question, a consensus within the group was achieved.

The manuscript was reviewed and align with the recent ESPEN
Guidelines on definitions and terminology in clinical nutrition [23].

3. Amyotrophic lateral sclerosis (ALS)

ALS is a complex neurodegenerative disorder characterized by
progressive loss of motor neurons, resulting in progressive atrophy
of skeletal muscles, including the respiratory muscles. The etiology
of ALS is multifactorial. Increased oxidative stress, glutamate
toxicity, mitochondrial dysfunction, inflammation and apoptosis
have been implicated as causative factors in neuronal insult that
initiated the pathogenesis of the disease [24]. In ALS patients,
malnutrition is common. The following factors has been associated
with the risk of malnutrition [25]:

- The degeneration of bulbar neurons manifests as difficulty in
chewing, oral preparation, time required to complete a meal,
and dysphagia.

- Anorexia is common; it is usually attributed to psychosocial
distress, depression, and polypharmacy.

- Theweakness of the abdominal and pelvic muscles, limitation in
physical activity, the self-restraint of fluids and a diet low in
fiber can cause constipation, which indirectly may impairs
intake of food.

- Despite the reduction in lean body mass, ALS patients can have
some increased energy requirements due to increased work of
breathing, lung infections and other factors not yet well
established.

- Cognitive dysfunction (20e50% of cases), mainly frontotemporal
dementia.

ALS presents in two main different forms: bulbar progressive
paresis (bulbar onset, 25e35% of patients) or spinal motor neuron
injury (limb onset or peripheral onset). Almost 80% of ALS patients
with bulbar onset will develop dysarthria and dysphagia. In a spinal
or peripheral onset of the disease muscle weakness is the main
symptom. Patients with bulbar onset and older age have the
shortest life expectancy. Mean survival of ALS is 3e5 years, with
5%e10% living longer than 10 years [26]. Eventual respiratory fail-
ure and malnutrition with dehydration are the primary cause of
death.

3.1. Clinical Question 1: Is nutritional status a prognostic factor for
survival in ALS patients?

Recommendation 1:

At diagnosis, a complete nutritional assessment is recom-
mended in ALS patients, including Body Mass Index (BMI),

Table 1
Example of the search strategy.

Clinical Question 35. Does tube feeding compared to other feeding strategies
lead to lower morbidity and mortality or improve other outcomes in acute
stroke patients with severe dysphagia?

P: patients with acute stroke
I: enteral nutrition or enteral feeding or tube feeding
C: stroke patients with ONS or with oral texture-modified diet alone
O: complications, length of stay, infectious complications, poor outcome,

mortality, energy intake, body weight, quality of life.
First search:
Two guidelines on nutritional support in stroke patients have been published in

2013 [DGEM Guidelines [19] and Royal College of Physicians [20]], both with
literature review covering data until December and October 2011,
respectively.

One systematic review of the literature was published in 2012 [21] including a
review of the literature until July 2011.

Second search:
Strategy was dated from December 2011 until June 2016:
Stroke [MeSH] OR Stroke [Title/Abstract] AND enteral feeding [Title/Abstract]
24 articles retrieved.
18 non-relevant by reading title
2 non-relevant after reading abstract
1 review article
3 relevant articles selected. None intervention study, all were observational

studies.

Table 2
Levels of evidence (SIGN grading system) [22].

1þþ High quality meta-analyses, systematic reviews of RCTs, or RCTs
with a very low risk of bias

1þ Well-conducted meta-analyses, systematic reviews, or RCTs with a
low risk of bias.

1� Meta-analyses, systematic reviews, or RCTs with a high risk of bias
2þþ High quality systematic reviews of case control or cohort studies.

High quality case control or cohort studies with a very low risk of
confounding or bias and a high probability that the relationship is
causal

2þ Well-conducted case control or cohort studies with a low risk of
confounding or bias and a moderate probability that the
relationship is causal

2� Case control or cohort studies with a high risk of confounding or
bias and a significant risk that the relationship is not causal

3 Non-analytic studies, e.g. case reports, case series
4 Expert opinion

Table 3
Grades and forms of recommendations (SIGN grading system) [22].

a. Grades of recommendation

A At least one meta-analysis, systematic review, or RCT rated as 1þþ, and
directly applicable to the target population; or
A body of evidence consisting principally of studies rated as 1þ, directly
applicable to the target population, and demonstrating overall
consistency of results

B A body of evidence including studies rated as 2þþ, directly applicable to
the target population; or
A body of evidence including studies rated as 2þ, directly applicable to
the target population, and demonstrating overall consistency of results;
or
Extrapolated evidence from studies rated as 1þþ or 1þ

0 Evidence level 3 or 4; or
Extrapolated evidence from studies rated as 2þþ or 2þ

GPP Good practice points/expert consensus: Recommended best practice
based on the clinical experience of the guideline development group

b. Forms of recommendation

Judgment Recommendation

Undesirable consequences clearly
outweigh desirable
consequences

Strong recommendation against

Undesirable consequences probably
outweigh desirable
consequences

Conditional recommendation
against

Balance between desirable and
undesirable consequences is
closely balanced or uncertain

Recommendation for research and
possibly conditional
recommendation for use restricted
to trials

Desirable consequences probably
outweigh undesirable
consequences

Conditional recommendation for

Desirable consequences clearly
outweigh undesirable
consequences

Strong recommendation for
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weight loss over time and lipid status. Body composition anal-
ysis using DEXA or BIA with validated formula should be per-
formed if available.

Grade of recommendation: B e strong consensus (100%
agreement)

Recommendation 2:

During the follow-up, nutritional status assessment (BMI,
weight loss) is recommended over time, in order to detect early
malnutrition and plan for treatment. Body composition analysis
should be performed if available.

Grade of recommendation: B e strong consensus (100%
agreement)

Commentary:

The effect of nutritional status on the prognosis of patients with
ALS depends on which parameter is being evaluated and the time
when it is evaluated.

At diagnosis: With regard to the BMI and loss of BMI, BMI
baseline was associated with survival (Hazard Ratio [HR] ¼ 0.94
[95% CI: 0.90e0.98]; p ¼ 0.005), (HR ¼ 0.95 [95% CI: 0.91e0.99];
p ¼ 0.01) [26,27]. For a loss of 1 BMI point the risk of death was of
9e23% higher (HR¼ 1.09 [95% CI: 1.03e1.15]; p¼ 0.004) (HR¼ 1.23
[95% CI: 1.07e1.41]; p ¼ 0.003) [28,29].

Regarding the initial weight loss, patients losingmore than 5% of
their weight compared to usual weight had 2 times risk of death
(HR ¼ 1.92 [95% confidence interval [CI]: 1.15e3.18]; p ¼ 0.01) [28].
Moreover after adjusting for known prognostic factors (age, gender,
form of bulbar onset, diagnosis delay, amyotrophic lateral sclerosis
functional rating scale [ALSFRS], manual muscular testing, forced
vital capacity [FVC]) for a weight loss of 5% at diagnosis compared
to usual weight the risk of death was increased by 14e30%
(HR ¼ 1.14 [95% CI: 1.05e1.23 ]; p ¼ 0.002), (HR ¼ 1.30 [95% CI:
1.08e1.56]; p ¼ 0.006) [28,29]. In addition, weight loss of 10% at
diagnosis entailed an increase in the risk of death of 45%
(HR ¼ 1.45% [95% CI: 1.06e1.99]; p ¼ 0.046) [29].

Malnutrition at diagnosis was not associated with survival
[28,29].

Focusing on bioelectric impedance phase angle (PA) and body
composition, initial higher PA reduced the risk of death of 20%
(HR¼ 0.80 [95% CI: 0.65e0.98]; p¼ 0.003) [27]. An increased risk of
death of 29% was found for a loss of 1 degree of PA (HR ¼ 1.29 [95%
CI: 1.02e1.63]; p ¼ 0.003) [28]. There was no association between
survival and body composition (fat-free mass [FFM]) [26,28].

Hypermetabolism (resting energy expenditure [REE]measured�
REEcalculated)/REEcalculated > 10%), was not association with survival
[30].

A decrease of serum albumin was a risk of death factor (men:
HR¼ 1.39 [95% CI: 1.05e1.90]; p¼ 0.02 andwomen: HR¼ 1.73 [95%
CI: 1.35e2.39]; p ¼ 0.001) [31].

Looking at serum lipids, a decreased LDL/HDL-cholesterol ratio
increased the risk of death by 35% (HR ¼ 1.35 [95% CI: 1.08e1.69];
p ¼ 0.007) [32]. Inversely, a higher LDL/HDL-cholesterol ratio
decreased the risk of death by 17% (HR ¼ 0.83 [95% CI: 0.71e0.92];
p ¼ 0.027) [31,33]. In addition, a high levels of total cholesterol,
LDL-cholesterol and triglycerides at diagnosis were associated with
better survival [27,31,33,34].

During the follow-up: Malnutrition, was an independent prog-
nostic factor for survival with a risk of death increased by 2.2e7.4
fold in case of malnutrition (95% CI: 1.09e4,25; p ¼ 0.01), (95% CI:
1.7e32.1; p < 0.01) respectively, (after adjusting for ALS-form,
disease duration prior to consultation, duration of riluzole treat-
ment, age at onset, and presence of a gastrostomy) [28,35]. On U-

shaped curve a higher percentage of death was found in case of
malnutrition and class III obesity [36].

Regarding the weight loss, a weight loss over 20% after the
gastrostomy was associated with an increased risk of death
(HR ¼ 1.04 [95% CI: 1.02e1.06]; p ¼ 0.01) [37]. In addition, each
weight loss of 5% was associated with an increased risk of death of
34% (HR ¼ 1.34 [95% CI: 1.18e1.51]; p < 0.0001) [28].

With regard to the variation of BMI, each loss of 1 point of BMI
was associated with increased risk of death of 24% (HR ¼ 1.24 [95%
CI: 1.13e1.36]; p < 0.0001) [28]. A loss of more than 2.5 points of
BMI had a shorter survival with 2.7 times risk of death (HR ¼ 2.74
[95% CI: 1.47e5.13]; p ¼ 0.001) [38,39]. Inversely, every gain of 1
point of BMI the risk of death was reduced by 14% (HR ¼ 0.86 [95%
CI: 0.80e0.93]; p ¼ 0.0001) (after adjustment for age, cardiovas-
cular disease, beginning of symptoms and FVC) [36].

Regarding the PA and body composition, an increase of risk of
death for each loss of 1 degree of PA (HR¼ 1.68 [95% CI: 1.27e2.23];
p¼ 0.0003) [28]. PA and FFM decreasewere associatedwith shorter
survival, regardless of weight loss [39]. In addition, patients with
higher fat mass (FM) during the disease had a significantly
increased survival, for an increase of 2.5 kg of FM the risk of death
was reduced by 10% (HR ¼ 0.90 [95% CI: 0.83e0.96]; p ¼ 0.003)
[28]. Bioelectrical impedance (BIA) with validated formula
compared to dual-energy X ray absorptiometry (DEXA) is a simple,
fast and available method to assess body composition of ALS pa-
tients in clinical practice [40]. Although the gold standard to assess
the body composition is DEXA, this method is more expensive, less
available and rarely used on ALS [41].

In summary, nutritional status (malnutrition, BMI, weight loss,
BMI loss, bodycomposition, and lipid status) is a prognostic factor for
survival in Motor Neuron Disease-ALS patients. At diagnosis, weight
loss, BMI, PA and lipids status are prognostic factors for survival.
During the follow up, malnutrition, weight loss, BMI loss and body
composition are prognostic factors for survival. Nutritional risk
assessment should be encouraged, using a validated malnutrition
screening tool. See supplementary data for Clinical Question 1.

3.2. Clinical Question 2: What are nutritional requirements in ALS
patients?

Recommendation 3:

Energy requirements in non-ventilated ALS patients should
be estimated if indirect calorimetry is not available. Calculations
should be estimated as approx. 30 kcal/kg body weight
depending on physical activity, and adapted to weight and body
composition evolution.

Degree of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

Determination of nutritional requirements in ALS patients re-
quires estimation of their total energy expenditure (TEE), which
consists of the sum of the energy expenditure related to resting
energy expenditure (REE), food-related thermogenesis and physical
activity. The gold standard to measure REE is indirect calorimetry.
However, it is generally not available in clinics, leading to the use of
equations to estimate REE. Mean predicted energy expenditure
generally corresponds to measured REE at a population level [42].
However, a study including 34 ALS patients showed that REE esti-
mated by the HarriseBenedict equation is not valid compared to
indirect calorimetry because of limits of agreement ranging
from�677 toþ591 kcal/day, leading to under- or overfeeding in the
majority of patients [43]. The limited validity of equations to
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estimate REE in individual ALS patients has been later confirmed
[44,45]. Kasarksis et al. also found a large variation of TEEmeasured
by doubly-labeled water in 80 ALS patients and reported that TEE
corresponds to REE in some patients but greatly exceeds REE in
others [44]. This suggests not only that REE is variable but also
energy expenditure related to physical activity.

Thus, as energy expenditure in ALS patients cannot be properly
calculated in clinical routine, nutritional requirements have not
been clearly determined. Some authors suggest relying on fat-free
mass-adjusted REE, estimated around 34 kcal/kg body weight in
ALS patients breathing spontaneously [42]. Other suggest to use the
HarriseBenedict equation adjusted for correction factors to eval-
uate nutritional requirements and then to adapt the intakes ac-
cording to evolution of weight and body composition [46,47].

There is insufficient data to perform any recommendations about
protein requirements for ALS patients, and common determining
factors should be considered: age, kidney function, degree of stress.

Recommendation 4:

Non-invasive ventilation is generally associated with a lower
REE than spontaneous breathing or predicted by the Har-
riseBenedict equation. In the absence of indirect calorimetry,
energy requirements should be estimated as 25e30 kcal/kg body
weight or using the HarriseBenedict equation, and adapted
following the evolution of bodyweight and the clinical situation.

Degree of recommendation: 0 e strong consensus (95%
agreement)

Commentary:

A recent study shows that non-invasive ventilation reduces REE
by 7% in 16 ALS patients compared to spontaneous breathing, due to
decreased activity of inspiratory neck muscle [48]. Siirala et al.
showed that measured REE was 33.6% lower in five ALS patients
under intermittent positive pressure ventilation, than themean REE
estimated by 5 different predictive equations [49]. Shimitzu et al.
also found a reduced measured REE in 11 mechanically ventilated
patients compared to REE estimated by the HarriseBenedict equa-
tion [50]. In contrast with these studies, Sherman et al. showed a
higher measured REE than predicted by the HarriseBenedict equa-
tion in 18 ALS patients under mechanical ventilation. They hypoth-
esized that these resultswere due to higher cytokine secretion,more
fasciculations or refeeding, as many of these patients had been
hospitalized for Percutaneous Endoscopic Gastrostomy (PEG)
placement [43]. Ichihara et al. measured TEE by doubly-labeled
water in 10 bedridden Japanese ALS patients who were under 24 h
tracheostomy positive pressure ventilation [51]. They reported that
the ratio of TEE over fat-free mass derived from total body water
measurement was 35 ± 5.5 kcal/kg/day, thus similar to the value
found in non-ventilated patients. In 3 patients, they measured REE
by indirect calorimetry and showed that the ratio of TEE over REE
was 1.05, thus that energy expenditure related to physical activity
was negligible. See supplementary data for Clinical Question 2.

3.3. Clinical Question 3: Should ALS patients gain weight or not?

Recommendation 5:

In ALS patients, weight loss is detrimental for survival, but
whether oral or EN should aim at weight stabilization or weight
gain has not been clarified and may depend on baseline nutri-
tional state. Weight gain should be recommended in patients
with a baseline body mass index (BMI <25.0 kg/m2), weight
stabilization in those with a BMI between 25 and 35 kg/m2, and

weight loss in patients with a BMI > 35 kg/m2 in order to
improve passive and active mobilization.

Degree of recommendation: GPP e strong consensus (95%
agreement)

Commentary:

Several studies have shown that a weight loss > 5e10% habitual
weight or a BMI below 18.5 kg/m2 at the time of diagnosis has been
associated with decreased survival [35,39,52]. Furthermore, weight
loss�10% at the time of PEG placement was also associated with an
increased mortality in multivariate analysis (RR 4.18, 95 %CI
2.72e6.42) [53]. This raises the question whether increasing body
weight is beneficial once ALS has been diagnosed [54].

Nutrition therapy (oral nutrition supplementation and enteral
nutrition) may stabilize body weight in ALS patients [55,56], but no
studies have evaluated whether this intervention is associated with
an improved survival. Based on several studies, the American
Academy of Neurology states that EN by PEG may improve survival
in ALS patients [55]. In contrast, the guidelines of the European
Federation of Neurological Societies report no convincing evidence
for an improved survival with EN by PEG [57]. See supplementary
data for Clinical Question 3.

3.4. Clinical Question 4: What is the prevalence and natural history
of oropharyngeal dysphagia in ALS? Specific prevalence of
nutritional and respiratory complications in patients with ALS:
malnutrition and aspiration pneumonia

Recommendation 6:

Due to the high prevalence and the impact on nutritional
status and risk for respiratory complications, dysphagia
screening is recommended in every ALS patient.

Grade of recommendation: B e strong consensus (100%
agreement)

Recommendation 7:

Screening for malnutrition (BMI, weight loss) is recom-
mended at diagnosis and during the follow-up every 3 months.

Grade of recommendation: B e strong consensus (95%
agreement)

Commentary:

Natural history of oropharyngeal dysphagia: Oropharyngeal
dysphagia is a severe and invalidating symptom for ALS patients
[58]. Swallowing disorders disturb the ability to move food or liq-
uids safely and efficiently from themouth through the pharynx into
the esophagus. The weakness of muscles involved in the oral and
preparatory phase of deglutition leads to a poor lip sail with
drooling and trap food particles in the buccal sulcus [12,59].
Weakness of masticatory muscles leads to a poor chewing and
impairs the ability to form a normal food bolus, and weakness of
tongue muscles impairs the tongue ability to propel the food bolus.
During the pharyngeal phase, a reduction of the soft-palate closure
leads to reflux of food and liquid into the nose. At last, alteration of
pharyngeal peristalsis leads to a high risk of aspiration during
swallowing due to incomplete epiglottic closure. Dysphagia is more
often found in patients with bulbar onset but patients with spinal
onset can also develop swallowing disorders [58]. Nearly all pa-
tients with ALS manifest bulbar involvement in advanced disease.
Swallowing disorders affect food intake, with an increase of meal
time and asthenia during and after the meal [12]. During ALS,
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swallowing changes may occur in 5 stages: 1) normal eating habits;
2) early eating problems such as difficulty of chewing; 3) dietary
consistency changes; 4) a need for tube feeding and 5) nothing by
the mouth [59,60]. Consequently, these disorders will cause an
alteration of nutritional status with weight loss and a risk to
develop a state of malnutrition. At short, medium or long term,
worsening swallowing disorders and nutritional status put the
indication of artificial nutrition by feeding tubes, gastrostomy is
preferable [57]. Dysphagia can lead not only to aspiration pneu-
monia and malnutrition, but can also alter quality of life, with
anxiety during the meal for patients and their caregivers [57,58,61].

Prevalence of dysphagia: The prevalence of dysphagia is variable
in different studies depending on the evaluation method (patient
interview, bedside examinations, swallowing scale, video-
fluoroscopic evaluation, endoscopic evaluation), the time of disease
progression and the predominant type (spinal/bulbar) of the eval-
uated patients. With endoscopic evaluation, 47.8%e72.7% of
dysphagia was found mainly in patients with bulbar form
[58,62,63]. With videofluoroscopic evaluation of swallowing, 75%
of patients had dysphagia [64]. Closed to 48% of dysphagia were
found (through bedside examinations and the Dysphagia Limits
amounts of 20 ml or more at a time) [65,66]. With clinical assess-
ment, 6% of isolated dysphagia and 15% of dysphagia and dysarthria
were found (35% of bulbar form) [67]. The presence of dysphagia
after patient interview was found in 85.7% of cases in bulbar form,
42.9% in upper limbs form and in 71.4% in lower limbs form (33,4%)
[68]. With a same assessment 34.7% of dysphagia was found (21.4%
of bulbar form) [69]. Using a swallowing scale 41.1% to 70.0% of
swallowing disorders were found [66,70]. Dysphagia as an initial
symptom of ALS was found in 6.2% of patients [69].

Prevalence of malnutrition: At diagnosis, with BMI criteria
(<18.5 kg/m2) malnutrition was found in 0%e1.1%, 10.1% (<20 kg/
m2) and 8.7%e13.0% (<18.5 kg/m2 if age<70 years and <21 kg/m2 if
age>70 years) [26,28e30,38,72]. With weight loss criteria (>10%)
malnutritionwas found in 21.0% [29,70]. During the follow-up, with
BMI criteria (<18.5 kg/m2) 2.1%e20.1%, (<20 kg/m2) 16.1%e26.4%
and (<18.5 kg/m2 if age<70 years and <21 kg/m2 if age>70 years)
7.5%e15.2% of patients were malnourished [28,35e37,44,64,72,77].
With weight loss criteria (weight loss >10%) 25.0% to 48% and 24.5%
(weight loss >20%) of malnutrition was found [72e74]. At the time
of gastrostomy 17.8% (<18.5 kg/m2) and 27.4%e53.0% (<20 kg/m2)
of patients were malnourished [75,76].

Prevalence of aspiration pneumonia: 13% of aspiration pneumonia
was found [73]. In a post mortem study of the cause of death,
aspiration pneumonia was found in 11.4% of cases [74]. However, in
this study, 41% of patients died because of a bronchopneumonia,
and another 9% of patients due to respiratory failure.

In summary, dysphagia is found in 6.2e85.7% of ALS patients
(48.1e85.7% in bulbar form and 41.1e71.4% in spinal form). At
diagnosis, malnutrition is present in 0e21% depending on the
criteria used to evaluate and in 7.5e53% during the follow up. Few
studies assessed the prevalence of aspiration pneumonia, and this
prevalence is close to 15%. Considering the median survival of
18e28 months and the risk of impaired nutritional status with
dysphagia, follow up every 3 months is recommended [28,29,66].
See supplementary data for Clinical Question 4.

3.5. Clinical Question 5: At what stage of the disease do we need to
screen for dysphagia in ALS patients?

Recommendation 8:

We recommend that screening for dysphagia should be
performed in all ALS patients, both at diagnosis and during
follow up, as part of a comprehensive clinical and neurological

evaluation. The frequency of dysphagia clinical evaluation at
follow-up should depend on the presence and the progression
of clinical signs. In general, a 3 months frequency can be
recommended.

Grade of recommendation: GPP e strong consensus (91%
agreement)

Commentary:

Several studies revealed some alterations in the swallowing ca-
pacity in ALS patients at an early stage of the disease, even in the
absence of bulbar symptoms. Thus, both symptoms and clinical signs
of dysphagia should be evaluated, as part of a comprehensive clinical
and neurological evaluation, in every ALS patient, at the time of
diagnosis and during the following clinical evaluations. The fre-
quency of dysphagia clinical evaluation at follow-up should depend
on the presence and the progression of clinical signs. In general, a 3
months frequency evaluation can be recommended [55].

Clinical severity scales of ALS such as “ALS functional rating
scale-revised” (ALSFRS-R) or ALS Swallowing Severity Scale (ALSSS)
include data regarding the presence or absence and the severity of
dysphagia [75]. These scales are usually based on patient's symp-
toms. A new scale for dysphagia in patients with progressive
neuromuscular diseases, including motor neuron disease (MND),
has recently been developed [76].

Clinical assessment of dysphagia should include evaluation of lip
closure and evidence of saliva pooling, tongue strength,mobility and
tone, chewing capacity, palatal movement in response to tactile
stimulation, the quality and strength of the cough as well as phoni-
atric function. Facial and lateral jaw movements are usually normal
in the early stages of ALS [12]. A swallow test can also be performed
[77]. Volume-Viscosity Swallowing Test (V-VST) has been shown to
have a high sensitivity to identify patients at risk of aspiration.
Instrumental assessment of dysphagia, videofluoroscopy (VFS) or
fiberoptic endoscopic evaluation of swallowing (FEES) is usually
performed according to local protocols, inpatientswith symptoms of
dysphagia. There are no studies comparing different protocols in ALS
patients. See supplementary data for Clinical Question 5.

3.6. Clinical Question 6: Are there specific methods for screening
and clinical diagnosis of oropharyngeal dysphagia in ALS?

Recommendation 9:

There are no specific methods available to screen or clinically
evaluate dysphagia in ALS patients, and general screening and
evaluation methods for neurological disorders are appropriate.
Structured questionnaires, water swallow tests and volume-
viscosity swallow test can be applied. Instrumental techniques
(videofluoroscopy, videofluoromanometry and flexible endo-
scopic evaluation of swallowing) allow detecting early signs of
dysphagia in ALS patients.

Grade of recommendation: B e strong consensus (96%
agreement)

Commentary:

There are no clinical studies on any specific method for
screening and clinical diagnosis of OD in ALS patients. Structured
questionnaires for screening of OD, such as EAT-10, have been
tested in ALS patients. One study has evaluated the discriminatory
ability of EAT-10 to identify patients with unsafe airway protection
during swallowing. Seventy ALS patients, with a mean disease
duration of the disease of 17.9 months (range 2e72, DS 13), ALSFRS-
R score of 34.8 (range 16e47, DS 7.9) completed an EAT-10 ques-
tionnaires and underwent a videofluoroscopic evaluation of
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swallowing. In this study, EAT-10 offered high discriminant ability
to identify ALS patients who aspirate (sensitivity 86%, specificity
76% negative predictive value 95%) [78]. Water swallow tests and
the V-VST [79] has also been used for clinical screening and eval-
uation of OD in ALS patients. Twenty patients were evaluated in one
study. In comparison with videofluoroscopy, the sensitivity of V-
VST to detect OD in ALD patients was 92%, and specificity 80%
(p ¼ 0.007). The evaluation of voluntary cough airflow can also
differentiate safe and unsafe swallowing in ALS patients [80].

Videofluoroscopy is considered one of the main diagnostic tools
for the clinical evaluation of OD in ALS patients [55]. The protocol
includes the use of different consistencies and volumes of contrast
bolus. VFS can contribute to examine the different phases of the
swallowing process as well as the presence of oral or pharyngeal
residue. It can identify silent aspirations and can evaluate the effect
of compensatory postures in ALS patients with dysphagia [81].
Several cross-sectional and cohort studies have been published that
assessed the role of VFS in identifying swallowing abnormalities in
ALS patients [82e86]. VFS can also be performed in conjunction
with pharyngeal manometry and can show alterations even in ALS
patients with normal VFS [87,88]. Manometry in ALS patients have
revealed low tongue driving forces and pharyngeal contraction
amplitudes and normal relaxation of the upper esophageal
sphincter [89]. Data have shown a decrease of the pharyngeal force
with the progression of the disease [90].

Fiberoptic endoscopic evaluation of swallowing (FEES) is a
bedside clinical evaluation that can be considered an efficient
method in the assessment of OD [78]. FEES can identify impaired
chewing, tongue muscle deficit, velo-pharyngeal closure compe-
tence, laryngeal morphology and motility, and cough reflex sensi-
tivity and to detect eventual pharyngeal residues [91]. FEES
effectivity has been evaluated in ALS patients. In a cross-sectional
historical cohort study including 11 patients, of which 72,7% com-
plained of dysphagia, oral or pharyngeal alterations were observed
in all studied individuals [92]. In a longitudinal study in 49 ALS
patients, the presence of chewing deficit could predict dysphagia at
12 months follow-up [62].

Ultrasonography can also be used in the clinical evaluation of OD
in ALS patients, as it can identify tongue thickness alterations [58],
and has a high sensitivity to identify early alterations in the oral
phase of the swallowing process, such as abnormal bolus position
or reduced or disorganized lingual movement [93].

Oropharyngoesophageal scintigraphy permits a functional and
semi quantitative evaluation of the various stages of swallowing
and has been used in ALS patients [94].

In summary, there are no specific methods for the screening and
clinical diagnosis in ALS patients. Both EAT-10 and volume-viscosity
swallow test have been shown to have high sensitivity and speci-
ficity in the identification of patients with unsafe swallow. Video-
fluoroscopy, videofluoromanometryandFEES candetect early signs of
dysphagia in ALS patients. Other methods, such as ultrasound or
scintigraphy have been also employed in ALS patients. Most studies
included a limited number of patients, with different clinical charac-
teristics and time from diagnosis. More studies are needed to further
evaluate the clinical efficacy of these techniques in ALS patients. See
supplementary material for Clinical Question 6.

3.7. Clinical Question 7: What are the specific and frequent
videofluoroscopic (VFS) signs in patients with ALS?

Recommendation 10:

Videofluoroscopy study can detect early signs of dysphagia in
ALS patients, and should be recommended in the clinical eval-
uation of dysphagia in these patients at diagnosis of the disease.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Commentary:

Videofluoroscopy can evaluate the physiopathological alter-
ations in the swallowing process and detect silent aspirations in
patients with OD. A penetration/aspiration scale has been proposed
[95].

Several studies have evaluated these alterations in ALS patients.
Initial studies described that the oral phase of swallowing was the
mostcompromised, followedby thepharyngealphase [82].Onestudy
evaluated 23 ALS patients with clinical dysphagia, according to ALS
Severity Score (ALSSS) [83]. Aclinical evaluationofODwasperformed
using VFS, FEES and manometry. The most prevalent VFS findings in
these patients were oral stasis of residual barium (9/13), piecemeal
swallowing (6/13), incomplete relaxation of upper esophageal
sphincter and decreased pharyngo-esophageal motility. Aspiration
was observed in 6/13 patients. Other studies have also observed an
earlyalteration inoralphaseof theswallowingprocess inALSpatients
with mild dysphagia [87]. In a study performed in 23 ALS patients,
swallowing alterations were present in 66,7% of patients with
“normal eating habits” on the ALSSS scale, 33% in the oral phase and
75% in the pharyngeal phase (especially pharyngeal contraction
reduction) [84]. In five patients (41.6%), bolus stasis in the pharynx
was observed and induced episodes of post-swallowing penetration.

In a longitudinal study in 72 examinations in 50 ALS patients,
delayed bolus transport from the oral cavity to the pharynx, and
bolus stasis in the pyriform sinus were seen in about half of the
patients with no bulbar symptoms [84]. Upper esophageal sphincter
opening was preserved in 2/3 of patients with more than 24months
of disease progression. Bolus holding in the oral cavity, constriction
of the pharynx and elevation of the larynx worsened progressively
over time. The frequency of aspiration also increased over time.

One recent study has evaluated the VFS signs of dysphagia at the
initial diagnosis of ALS in 19 patients [86]. Sixpatients presented only
bulbar disorder and 8 presented a combination of bulbar and ex-
tremity symptoms. Fourteen physiological components of swallow-
ing and the presence or absence of oral and pharyngeal residuewere
evaluated. Regarding oral phase, lip closure, lingual elevation and
tongue movement to palatal seal were preserved in both bulbar
symptoms-negative and bulbar symptoms-positive patients. Both
components of bolus preparation/mastication, and initiation of
pharyngeal swallow were preserved in bulbar symptoms-negative
patients, but impaired in bulbar symptoms-positive patients. The
components of bolus transport and oral residue were affected
regardless thepresenceof bulbar symptoms. In thepharyngeal phase
of swallowing, it was shown that soft palate elevation and retraction,
laryngeal elevation, anterior hyoid excursion, laryngeal closure,
pharyngo-esophageal segment opening, tongue base retraction and
epiglottic inversion were preserved in bulbar symptoms-negative
patients. When the patients presented bulbar symptoms, laryngeal
elevation, anterior hyoid excursion and tongue base retraction were
impaired. Pharyngeal residue was affected in all patients.

Videofluoromanometric studies (VFM) have observed that the
decrease in the swallowing pressure first appears in the
oropharynx [90]. In 40 ALS patients with dysphagia video-
fluoroscopic dysfunctions of the oral phase of swallowing,
pharyngeal initiation, pharyngeal transport and manometric data
revealed low tongue driving forces and pharyngeal contraction
amplitudes but normal relaxation of the upper esophageal
sphincter [89]. Other VFM study in 10 ALS patients with no
symptoms of dysphagia and a normal VFS observed an increase in
the pharyngeal contraction time and in residual pressure after
relaxation of the upper esophageal sphincter [89].
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In summary, frequent VFS signs in patients with ALS are delayed
bolus transport from oral cavity to pharynx and decreased pharynx
contraction. Videofluoroscopy can reveal alteration in the swal-
lowing process in asymptomatic ALS patients. See supplementary
material for Clinical Question 7.

3.8. Clinical Question 8: What are the therapeutic effects of
behavioral, rheological and rehabilitation treatments for OD in
patients with ALS?

Recommendation 11:

In ALS patients withmuscular fatigue and long lastingmeals,
patients should be advised to fractionate and enrich their meals
with energy or deficient nutrients. If weight loss progresses, oral
nutritional supplementation should be recommended.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 12:

In ALS patients withmoderate dysphagia, dietetic counseling
should be advised to adapt the texture of solid and liquids to
facilitate swallowing andavoid aspiration. Instrumental studyof
swallowing function (VFS, FEES or VFS-manometry), if available,
can guide the security and efficacy of the texture-modified diet.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Recommendation 13:

In ALS patients with moderate dysphagia, postural maneu-
vers (such as chin-tuck posture) should be recommended to
protect the airway during swallowing.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

There is no strong evidence in the literature for dysphagia
intervention (compensatory and rehabilitative practices) in patients
with ALS, probably due to the difficulty in the design of RCT in this
devastating disease. Furthermore, some compensation techniques
described in the literature for the treatment of dysphagia cannot be
directly used in ALS patients due to the physiopathology of
dysphagia and the special relevance on muscle atrophy and fatigue.

Patients who experience appreciable levels of fatigue should be
advised to eat their food as several small meals a day. Dietetic
counseling should focus on meal enrichment by use of high-calorie
foods. In case of constipation caused by abdominal weakness, di-
etaryfiber can be added to the diet. The triggering of the swallowing
reflex can be enhanced by emphasizing taste or temperature.

Adapting bolus characteristics: The initial management of
dysphagia is based on dietary counseling, and modification of food
texture (soft, semisolid or semiliquid states) is often required to
compensate for a poor oral preparation phase and ease oral and
pharyngeal transport while avoiding episodes of choking [57,96,97].
In patients whose swallowing is delayed, the use of thicker liquids,
semisolid foodswith a highwater content, such as jellifiedwater are
suggested as better alternatives to thinner liquids and can help
alleviate aspiration. However, there is not sufficient evidence in the
literature to assess the efficacy of the modified-consistency food
and liquids in the treatment of dysphagia in ALS patients.

Postural maneuver: Solazzo [81] assessed the effect of different
postural maneuvers in 81 ALS patients with dysphagia evaluated
with videofluoromanometry: chin-down, or chin-tuck posture,

head-rotation posture and hyperextended head posture. The re-
sults of the study showed that swallowing disorders in patients
with ALS differ according to the mechanism involved in relation to
disease features and progression. Of the three postural maneuvers,
the chin-tuck posture proved to be useful in the majority of cases,
given that it offers a valuable protection mechanism for the airways
by opening the valleculae and preventing penetration into the
larynx. Head rotation is indicated in the case of hypertonicity,
incomplete release or premature UES closure, and hyperextended
head posture is indicated in the absence of lingual pump only if safe
transit is ensured. Lastly, in the frequent case of penetration
without aspiration into the laryngeal inlet (23% of patients), throat
clearing every three to four swallowing acts can prevent possible
postswallowing inhalation. Goeleven [89] evaluated 40 patients
with VFM, and found that both the oral as well as the pharyngeal
stage of swallowing may be compromised in the majority of ALS
patients (97%), and aspiration, even without clinical aspiration
signs or subjective complaints, can be present in 22% of patients. No
specific postural maneuvers were suggested in this article.

Other therapies: Saliva problems have been studied with respect
to their possible relation with dysphagia management. Both vol-
ume and saliva have been proposed as factors that can negatively
affect swallowing in ALS patients. Recently, the National Institute
for Health and Care Excellence (NICE) [98]has addressed the saliva
problems for nutrition management in people with motor neuron
disease (MND) and found only indirect evidence from other study
populations to recommend pharmacological treatments as anti-
muscarinic therapy or botulinum toxin A to manage sialorrhoea. No
evidence has been found to link the treatment of saliva problems
with the improvement of dysphagia. See supplementary data for
Clinical Question 8.

3.9. Clinical Question 9: Do early oral protein-energy supplements
improve survival in ALS patients?

Recommendation 14:

Nutritional supplementation is recommended for ALS pa-
tients who do not cover their nutritional requirements with an
enriched diet. However, there is insufficient data to affirm that
oral nutritional supplementation can improve survival in ALS
patients.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

Few interventional studies with control group exist and focused
on this subject. The study of Dorst et al. in 2013 compared the impact
of two oral nutritional supplements (ONS) high caloric/high fat
versus high caloric/high carbohydrate taken during the disease
(3 � 200 ml, 150 kcal per 100 ml. ONS with high fat contained 35%
fat, 50% carbohydrate, and 15% protein, high carbohydrate contained
ONS with 0% fat, 89% carbohydrate, and 11% protein) [56]. No sur-
vival analysis was performed during this study. A caloric supple-
mentation with carbohydrates seems beneficial on survival. Indeed,
a recent study ofWills et al. in 2014 found better survival in patients
taking this supplementation (1.5 kcal/ml of which 29.4% calories are
from fat) administered with feeding tube during the disease
compared to controls having an isocaloric diet during 5 months of
follow-up (p ¼ 0.01) [99]. There was no significant difference be-
tween the control group and patients taking high caloric/high fat
supplementation (1.5 kcal/ml of which 55% calories are from fat).
Two interventional double blind studies with control group are in
the process of inclusion of patients. The first carried out in France,
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consists to give at diagnosis 1, 2 or 3 high caloric/high protein oral
nutritional supplements (300 kcal/unit and 18 g of protein/unit or
322 kcal/unit and 18.6 g of protein/unit) versus group control. The
second carried out in Germany consists to give high caloric/high fat
ONS (4.5 kcal/ml, 100% lipids) 405 kcal/90 ml/day versus placebo
8 kcal/90 ml/day [100] In summary, there are few data available in
the literature to clearly answer this question. Some ongoing studies
can help to answer in a most appropriate form this clinical question.
See supplementary data for Clinical Question 9.

3.10. Clinical Question 10: Does enteral nutrition (EN) improve
quality of life in ALS patients?

Recommendation 15:

EN may positively affect some aspects of quality of life. Since
the impact of EN on quality of life of ALS patients is difficult to
estimate and has not been adequately addressed in available
studies, we recommend that the pros and cons of EN are
adequately discussed with the patient, family and caregivers
when EN is proposed.

Grade of recommendation: 0 e strong consensus (100%
agreement)

Commentary:

Much can be done to alleviate the large variety of symptoms that
ALS patients suffer [98], also as a consequence of swallowing
impairment. As a result of dysphagia, food and fluid intakes are
gradually decreased because of the fear of coughing and choking
and because the time required for eating becomes unsustainably
long [35,96]. In addition, an EN access route is useful to ensure
sufficient fluid intake and administration of medication.

Although there is consensus that EN represents the medical
nutrition therapy modality of choice in ALS patients in whom nutri-
tional needscannotbemetwithoral feeding [96], qualityof life issues
such as the loss of the hedonic component of feeding, appetite, thirst,
psychological discomfort for themedicalization of feeding should be
consideredanddiscussedwhenproposingEN [98]. Thebenefits of EN
through a PEG appear to be critically dependent on the interval
occurring from the diagnosis of ALS to PEG placement and, of course,
by the clinical presentation and the consequent evolution of the
disease. Only two controlled studies have evaluated changes in
quality of life after EN. Neither of these showed clear evidence for
improved quality of life after PEG. Mazzini et al. [72] related im-
pressions from patients that their quality of life improved after PEG
but reported no concrete data. Mitsumoto et al. [101] reported
quantitative results, based on percent of patients who responded
affirmatively or negatively to specific questions about quality of life
after PEG. The majority of the patients (79%) reported that stabilized
nutritional andhydrational statuswas themostpositive effectof PEG.
A minority of PEG patients (17%) reported improved psychological
wellbeing with regard to nutrition and 28% listed less fatigue or less
time spent onmeals andmedications [101]. A Cochrane review from
Katzberg et al. concluded that quality of life issues have not been
adequately addressed in studies and it needs more attention [102].
See supplementary data for Clinical Question 10.

3.11. Clinical Question 11: Does EN improve survival in ALS
patients?

Recommendation 16:

Survival benefits of EN in ALS patients depend on disease
presentation and rate of disease progression. We recommend to

consider EN in all ALS patients in whom nutritional needs
cannot be met by oral feeding and in whom it is estimated that
malnutrition/dehydration could be responsible of reduced
survival.

Grade of recommendations: B e strong consensus (100%
agreement)

Commentary:

Nutrition is of great concern in ALS as weight loss, malnutrition
and dehydration may aggravate muscle weakness, contribute to
respiratory weakness, and affect survival [102]. Weight loss is a sign
of poor prognosis, and the maintenance of a patient's weight may
prolong survival. It has to be highlighted that ALS are diseases
which change rapidly and as such it is important to assess hydra-
tion, feeding ability, swallowing and nutritional factors, including
intake, at every possible opportunity to prevent weight loss [98].
Morassutti et al. documented that if ALS patients are treated before
any significant weight loss occurs, the early nutritional intervention
allows good nutritional status to be maintained for a longer period
and reduces mortality rate [103]. With inevitable disease progres-
sion, dysphagia and swallowing complications significantly
contribute to reduced survival [104].

The importance of nutritional management is being increas-
ingly recognized but the evidence for a survival advantage after
EN is conflicting [26]. Recently, Chhetri et al. did not find a sur-
vival advantage with EN except for those patients who received it
more than 500 days after symptoms onset, suggesting that the
early requirement for EN may indicate an aggressive illness and
therefore a less favorable prognosis [105]. A Cochrane systematic
review [102] showed the results of 11 controlled studies
comparing PEG feeding to oral feeding. All of these 11 studies
tested for a possible survival advantage. Moreover, in patients who
underwent PEG placement early in their disease course, survival
increased likely owing to the improvement of their nutritional
status [106,107]. The lack of a survival advantage should however
not dissuade clinicians from recommending enteral feeding to
patients with dysphagia and/or malnutrition. See supplementary
data for Clinical Question 11.

3.12. Clinical Question 12: What is the best timing for gastrostomy
tube in ALS patients? Is there a relationship between survival and
respiratory function at the time of gastrostomy?

Recommendation 17:

Gastrostomy should be discussed at an early stage, and at
regular intervals as ALS progresses, according to the evolution of
the swallowing problems of safety and efficacy. The detection of
dysphagia, long duration of meals, weight loss, poor respiratory
function, risk of choking and wishes of the patients should
guide the decision to place the gastrostomy.

We recommend to perform the gastrostomy before severe
weight loss occurs and before respiratory function is severely
impaired.

Degree of recommendation: GPP- strong consensus (100%
agreement)

Recommendation 18:

The decision to place a gastrostomy should be made in
collaboration with the patient following discussion of his/her
wishes and the risks and benefits of the procedure.

Degree of recommendation: GPP e strong consensus (100%
agreement)
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Recommendation 19:

The benefits of early placement of a gastrostomy should be
explained, as well as the possible risks of a late gastrostomy (low
critical bodymass, respiratory complications, differentmethods
of insertion, and a higher risk of mortality and procedural
complications due to low weight).

Degree of recommendation: GPP e strong consensus (95%
agreement)

Commentary:

Gastrostomy feeding is recommended to provide long-term
enteral nutrition therapy for patients with ALS with severe
dysphagia [55]. However, current practice in relation to timing of
gastrostomy insertion is not clear and is based on consensus and
expert opinion. Recently, the NICE [98] has addressed the question
about the appropriate timing of placement of a gastrostomy tube
for nutrition management in people with MND. No RCT or relevant
high quality studies were identified to answer this question, and
they stated several recommendations based on informal expert
consensus. Gastrostomy could be beneficial for the survival, quality
of life, and nutritional outcome of patients with ALS, but there is a
lack of high-quality evidence relating to these aspects of the
intervention because of ethical reasons to perform a randomized
control trial. For this reason, the best evidence should be acquired
through prospective cohort studies comparing patients undergoing
gastrostomy with those who refuse the procedure, or from large
retrospective studies focusing on patients underwent gastrostomy.

McDermott et al. [108], in a large, longitudinal, prospective
study (ProGas) explored the 30-day mortality after gastrostomy
placement in a multicenter study including 330 ALS non-ventilated
patients, and as secondary outcomes they analyzed complications
of the gastrostomy insertion procedure, median survival time from
gastrostomy placement, nutritional status change and self-
perceived quality of life changes after gastrostomy. In this study,
the regression model to assess mortality risk included variables as
weight loss at the time of gastrostomy compared with weight at
diagnosis (<10% weight loss and >10% weight loss subgroups),
forced vital capacity at the time of gastrostomy insertion, age at the
onset of amyotrophic lateral sclerosis, site of amyotrophic lateral
sclerosis symptom onset (bulbar and limb subgroups), and ALSFRS-
R monthly decline rate. Prognostic factors for mortality at 30 days
were significantly related with age of onset of ALS (HR 1.035 [95% CI
1.008e1.063]; p¼ 0.011) and weight loss before gastrostomy (>10%
weight loss subgroup compared with the <10% weight loss sub-
group, HR 2.514 [1.490e4.243]; p ¼ 0.001). Gastrostomy feeding
prevented weight loss in half of the patients, and led to weight gain
in 25% of them. The nutritional data suggested that the greater the
percentage of weight loss at the time of gastrostomy from diag-
nosis, the less likely the patients recovered this loss after gastro-
stomy. These results suggest that patients might benefit from early
gastrostomy, i.e. before substantial weight loss that might not be
reversible has occurred. Dorst et al. [109], in a multicenter trial,
explored the outcome of 89 ALS patients submitted for PEG in a 3
years follow-up study. The overall survival from time of PEG
insertionwas 18.9 ± 1.6 months, independent of BMI, ALSFRS-r, and
FVC. Patients with less overall weight loss (less than 5 kg) and
higher cholesterol levels (>220 mg/dl) at time of PEG insertion had
a better survival (21.5 ± 2.1 vs 15.3 ± 2.4 months, p ¼ 0.025).

The relation between respiratory function and risk of mortality
and outcome after gastrostomy has been a matter of controversial.
Chi�o, in 2004 [110], alert about significant decreased survival in ALS
patients with moderate to severe respiratory impairment under-
went PEG, in comparison to those in which radiologically guided

gastrostomy was performed. While the American Academy of
Neurology [55] and EFNS Task Force [57] recommend to perform
the gastrostomy with a forced vital capacity of >50% of predicted
values, several studies demonstrate that gastrostomy could be
performed with security in patients with worse respiratory func-
tion [111]. Pena [112] conducted a study with 151 ALS patients and
analyzed the predictors for mortality after the gastrostomy place-
ment. Of note, patients with FVC <50% at the time of gastrostomy
were all on non-invasive ventilation and gastrostomy procedure
was performed with ventilator support in patients with respiratory
symptoms, low FVC or abnormal oximetry. Only age at diagnosis of
ALS was identified as an independent prognostic factor for survival
in this study, although patients with lower FVC (<50%) have higher
first-month mortality. Spataro [113] analyzed the survival of 76 ALS
patients with dysphagia hat accepted PEG, and they compared the
outcome with 74 ALS patients with dysphagia that refused the
procedure. Among bulbar-onset patients, PEG users showed a me-
dian survival time longer than those with no PEG (28 months vs. 25
months), even though the difference was not significant.
Conversely, spinal-onset patients with dysphagia and PEG lived
significantly longer than those who refused PEG (44 months vs. 36
months, p ¼ 0.046). Survival in patients with PEG was not affected
by the severity of the respiratory impairment, as measured by
forced vital capacity. In the study of Dorst [109], patients with a very
compromised respiratory status were included (35 patients with
FVC < 50% of predicted values), and survival was not different of
patients with FVC > 50% (40 patients). There are no studies focusing
on ALS patients with FVC below 30% of predicted values, but indi-
vidual cases are included in some series [113]. The American
Academy of Neurology [55] recommends to refuse gastrostomy
when FVC was lower than 30%, and to consider other forms of
palliative care. As a criticism for recommend or refuse gastrostomy
depending on FVC, we should consider that ALS patients with
dysphagia, in particular those with a primary bulbar involvement,
may perform poorly on spirometry because weakness of the oro-
facial muscles. See supplementary data for Clinical Question 12.

3.13. Clinical Question 13: What is the best approach for
gastrostomy in ALS patients: percutaneous endoscopic gastrostomy
or radiologic gastrostomy?

Recommendation 20:

We recommend PEG as the preferred approach for gastro-
stomy.When available, inmore frail patients, RIG positioning by
expert teammay be indicated. PEG-J or PEJ may be considered in
selected patients.

Grade of recommendation: 0 e strong consensus (97%
agreement)

Commentary:

PEG is the most appropriate and commonly used enteral access
for medium- and long-term EN. A viable alternative to PEG is rep-
resented by radiologically inserted gastrostomy (RIG). The greatest
advantage of RIG is placement safety even in patients with signif-
icant respiratory impairment [114]. The disadvantages of RIG are
the risk of obstruction, because of its small (narrow) diameter, and
dislocation of the tube. Thornton et al. compared the effectiveness
of RIG to PEG and, despite a greater technical success with RIG, they
did not find differences in complications or survival rates between
the two techniques [115].

The ProGas study documented that patients who underwent
radiologically inserted gastrostomy had a significantly increased
rate of gastrostomy tube-related complications because narrow in
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diameter and not securely fixed as those inserted by PEG [108]. In
contrast, Allen et al. performed a retrospective study on gastro-
stomy tube placement methodology and found that RIG was more
often successful and less often associated with aspiration with
respect to PEG [116]. The ProGas study indicates that overall mor-
tality after gastrostomy insertion is independent of the gastrostomy
method and is driven by the patient age at the onset of amyotrophic
lateral sclerosis and the percentage of weight loss from diagnosis to
the time point of gastrostomy [108].

Decision-making criteria that influence the selection of method
of gastrostomy are: status of the respiratory function of the patient;
clinical condition of the patient; anatomical issues contraindicating
the use of a specific method; availability of service and patient
management following gastrostomy [117]. Gastrostomy should be
discussed at an early stage, as ALS-MND progresses, and it should
take place without unnecessary delay. PEG remains the preferred
method for gastrostomy for patients with good respiratory function
(forced vital capacity >50%) and overall good clinical condition,
whereas RIG is preferred, when available, for more frail patients
with moderate or severe impairment of the respiratory function
[117]. See supplementary data for Clinical Question 13.

3.14. Clinical Question 14: Is parenteral nutrition (PN) indicated in
ALS?

Recommendation 21:

EN (tube feeding) should be preferred over PN in ALS patients
who need nutritional therapy.

In the acute setting, PN can be used if EN is contraindicated
or non-feasible.

Home PN is generally not indicated in ALS patients. In case of
patient’ refusal or non-feasibility of EN, risk-to benefit ratio,
financial burden and ethical issues should be evaluated before
considering Home PN.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

Most reviews and clinical guidelines recommend the use of EN
over PN in ALS patients who requiremedical nutrition therapy, as in
other clinical situations [57,61,98]. In the acute setting and during a
short-term period, PN can be indicated in ALS patients if EN is
contraindicated or non-feasible (e.g. gastrointestinal hemorrhage,
ileus, gastrostomy placement failure, etc.). Only a few studies have
been published to assess the feasibility and complications of home
PN in ALS patients. None of them have compared PN with other
procedures (such as PEG or RIG) in a prospective way.

Verschueren et al. undertook a single center study in 30 ALS
patients with advanced ALS, whowere treatedwith HPN because of
respiratory insufficiency and EN was refused or impossible [118].
The results were compared with those obtained retrospectively on
a group of 35 patients who underwent PEG, who were subdivided
into patients with respiratory insufficiency (n ¼ 9) and those
without respiratory insufficiency (n ¼ 26). PN was administered
through a central venous catheter. Twenty patients received this
treatment at home. Weight stabilization was achieved in most
patients. Mean survival time was 3.5 ± 2.4 months. Twenty four
patients died from respiratory failure, one patient from acute
subdural hematoma. Death was due to a catheter related blood-
stream infection in one patient and this cause was also suspected
in another one. In patients with PEG and respiratory insufficiency,
post-procedure survival was similar to that of patients on PN, and
significantly lower than survival in patients without respiratory

insufficiency. Quality of life of patients or caregivers was not spe-
cifically assessed in this study.

A French national survey has evaluated the safety of home PN in
patients with ALS in a retrospective multicenter study [119]. Data
from seventy-three patients, with a mean follow-up of 163 ± 197
days (11,908 catheter days) are described. Most patients were in
advanced stage of their disease (mean disease duration 35 ± 37
months, mean FVC 39.6 ± 18%) Home PN was chosen because of
severe respiratory failure (69%), gastrostomy refusal (22%, dementia
(6%) or gastrostomy placement failure. The median survival after
PN was 2.8 ± 1.12 months. Total central venous catheter compli-
cation rate was 3.11 per 1000 catheter days (1.93 septic and 1.09
mechanical complications). Death was due to septic shock in eight
patients. Metabolic complications were frequent (2.62/1000 cath-
eter days), but without serious consequences. See supplementary
data for Clinical Question 14.

3.15. Clinical Question 15: Does physical activity improve survival
in ALS patients?

Recommendation 22:

There is little evidence concerning the impact of physical
activity once ALS has been diagnosed. Some evidence suggests
that endurance as well as resistance exercises can slow the
progression of the disease and may improve functionality as
well as QoL. Thus, physical activity should be advised as long as
it does not worsen the physical state of the patient.

Degree of recommendation: 0 e strong consensus (100%
agreement)

Commentary:

A systematic literature review performed between 2002 and
2006 reported that physical activity is probably not a risk factor of
developing ALS [120]. More recently, an observational study on 636
sporadic ALS patients and 2166 controls found a higher risk of ALS
with higher leisure time physical activity (sports, hobbies). How-
ever, the authors could not find an association with the level of
occupational physical activity nor a doseeresponse relationship
between physical activity and ALS. They concluded that ALS may
rather be promoted by a genetic profile or lifestyle mode related to
physical fitness [121]. Another study included over 8000000 men
born in Sweden, followed over 20 years. Eighty-five patients died
fromALS. The authors found an association between cardiovascular
fitness, measured or estimated, at baseline and death at an early age
[122]. Thus, there are still conflicting results regarding the impact of
physical activity prior to ALS diagnosis.

Few evidence exist concerning the impact of physical activity
once ALS has been diagnosed. However, the studies published on
that topic show that endurance as well as resistance exercises slow
the progression of the disease andmay improve quality of life [123].
See supplementary data for Clinical Question 15.

4. Parkinson's disease

Parkinson's disease (PD) is a chronic, progressive neurodegen-
erative disorder resulting from dopamine depletion in the brain.
The main symptoms include tremor, muscular rigidity, bradyki-
nesia and postural instability. As PD progresses, a variety of other
symptoms emerge, including dysphagia, dysarthria impaired
gastrointestinal motility and gastroparesis, fatigue, depression and
cognitive impairment. Drug therapy is essential to control symp-
toms and to maintain mobility in PD, and acts by replacing or
mimicking dopamine in the brain.
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Patients with PD are at increased risk of malnutrition and
weight loss, and nutritional status should be monitored routinely
regularly throughout the natural history of the disease [124].
Malnutrition in PD patients is probably under-reported, and can be
found in about 15% in community-dwelling patients with PD and
other 24% patients are at medium or high risk of malnutrition [125].
Several predictors of malnutrition have been found: older age at
diagnosis, higher levodopa equivalent daily dose/body weight,
anxiety and depression and living alone.

Dysphagia in PD usually occurs in the advanced phases of the
disease, although sometimes it is present at onset. Functional al-
terations in oropharyngeal and esophageal motility can be present
in about 60e80% of patients, but must be asymptomatic. Gastro-
intestinal dysmotility has potential implications for enteral feeding
strategies.

4.1. Clinical Question 16: Do patients with Parkinson's disease (PD)
have higher nutritional requirements?

Recommendation 23:

We recommend that PD patients should undergo regular
monitoring of nutritional and vitamin status during the course
of the disease. Particularly, attention should be focused on
changes in body weight, and the need of supplementing vitamin
D, folic acid and vitamin B12.

Grade of recommendation B e strong consensus (91%
agreement)

Commentary:

PD patients experience several changes in body weight during
the course of the disease [124,126,127]. Weight loss and gain may
both occur. Causes of weight changes are not clear yet and different
mechanisms have been invoked in determining them, particularly
changes in energy expenditure and eating behavior [124,126e128].
Indeed, weight loss is a key feature of PD and a meta-analysis [129]
has confirmed that PD patients have a significantly lower BMI than
healthy controls. Weight loss may be present at diagnosis and it has
been associated with disease progression [124,126e129]. In this
process, a major role is likely played by the increase in energy
expenditure associated with the onset and/or worsening of dyski-
nesias and rigidity [124,126,127] which is not fully compensated by
an increase in energy intake [124] occurring with disease pro-
gression. Nonetheless, the impact of gastrointestinal dysfunction e

namely dysphagia, sialorrhea and constipatione on energy balance
should be always taken into account although the exact role still
needs to be clarified [128,130,131]. Conversely, while body weight
gain in the initial stages of the disease is likely dependent on
dopaminergic treatment, which improves motor symptoms and
could modulate eating behavior [128,131,132], in the advanced
stages of the disease it is almost uniquely secondary to neurosur-
gical procedures [137]. Deep brain stimulation (DBS) is responsible
for weight gain in the majority of patients due to reduction in en-
ergy expenditure e associated also with the reduction of motor
complications (dyskinesias) e and changes in eating behavior
[128,131,132,137]. The importance of weight management is
multifaceted. Although weight loss primarily involves fat mass in
patients with PD, with substantial sparing of skeletal muscle mass
and low risk of sarcopenia [124,134,135], malnutrition has been
associated with disease severity [126,127]. Besides, it is associated
with an increase in the daily dose of levodopa (both total and per
kilogram of body weight) which could induce or worsen dyskine-
sias. However, the prognostic role of weight loss in PD has to be
determined. On the other hand, patients undergoing DBS should be

actively monitored as weight gain is mainly of fat mass, signifi-
cantly accumulating in the abdominal region [133]. While over-
weight in PD patients is not usually associated with cardio-
metabolic complications [134], DBS induces metabolic disorders
increasing the risk of metabolic syndrome [133]. Therefore, regular
monitoring of body weight is recommended. Nutritional assess-
ment should be conducted at least on a yearly basis and whenever
the clinical conditions change.

PD patients should also undergo active monitoring of vitamin
status. Low vitamin D levels have been associated with the risk of
developing PD and serum levels are lower in PD patients than
healthy controls [136,137]. A large case control-study has shown
that, despite of higher food intake, the intake of vitamin D in PD
patients is significantly lower than recommended dietary allow-
ances [138]. Supplementation should be always considered as it
seems to slow disease progression e at least in patients with high-
risk genotype of the vitamin D receptor [139]. PD patients present
also lower bone-mineral density (BMD) e which may further in-
crease the risk of fractures associated with disease-related disability
e than age-matched controls [140]. The only RCT available has
shown that provision of active form of vitamin D can reduce the risk
of fractures in osteoporotic old PD patients by slowing the loss of
bone mineral mass [141]. A reduction of homocysteine levels could
also contribute to the improvement of BMD [142]. PD patients
treated with levodopa show an elevation of homocysteine [143].
This is greater in patients on higher doses of levodopa and is due to
levodopa methylation by catechol-O-methyltransferase (COMT)
[144]. Accordingly, the concomitant use of COMT inhibitors (e.g.
entacapone) may limit the raising of plasma levels, although the
regulation is closely linked to vitamin B12 and folate status
[143,144]. Interestingly, studies have shown that levodopa-treated
PD patients have also lower circulating levels of folate and
vitamin B12 [145,146]. On the other hand, administration of these
vitamins is effective in reducing homocysteine levels [143,147,148]
and should be always considered to prevent neuropathy [149,150]
and other complications associated with hyper-homocysteinemia.

There has been growing interest in the role of oxidative stress in
the neurodegenerative process. However, data on the association
betweenantioxidantvitamins such asvitaminC, E, A andcarotenoids
are still inconclusive [151,152]. PD patients appear also to be char-
acterized by reduced levels of coenzyme Q10 [153]. However, large
randomized trials have shown that supplementation with either
vitamin E or coenzyme Q10 showed no evidence of clinical benefit
[154e156]. Therefore, the supplementation of these vitamins is not
recommended. See supplementary data for Clinical Question 16.

4.2. Clinical Question 17: When and how should patients with PD
be screened for dysphagia?

Recommendation 24:

All patients with Parkinson's disease with a Hoehn & Yahr
stage above II or weight loss, low BMI, drooling, dementia or
signs of dysphagia should be screened for dysphagia during an
ON-phase.

Grade of recommendation B e strong consensus (95%
agreement)

Recommendation 25:

A Parkinson's disease specific questionnaire or a water
swallow test with the measurement of the average volume per
swallow is recommended.

Grade of recommendation B e strong consensus (91%
agreement)
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Commentary:

More than 80% of patients with PD develop dysphagia during
the course of the disease [157,158]. Sometimes swallowing prob-
lems arise even early during the course of the disease [9]. Statistical
risk factors for dysphagia in Parkinson's disease are Hoehn and Yahr
stage above III, weight loss, BMI below 20 kg/m2, drooling or sia-
lorrhea and dementia [157,159,160]. Although dysphagia is already
reported in patients with a Hoehn & Yahr stage II, this does not
seem to be clinically relevant in the sense of risk of aspiration and
malnutrition. That is why it is recommended to start a regular
screening from stage III on. However, if there are signs of dysphagia,
such as coughing during meals or after drinking, pneumonia or
subjective dysphagia, a screening and if necessary assessment
should be performed irrespective of the stage of the disease.

A meta-analysis showed that the prevalence of oropharyngeal
dysphagia based on subjective outcomes in PD patients is 35% and
increases to 82% by taking objective measures of swallowing
dysfunction into account [161]. This impressively demonstrates
that in most PD patients oropharyngeal dysphagia is without
obvious symptoms. Only 20e40% of PD patients are aware of their
swallowing dysfunction, and less than 10% of PD patients report
spontaneously about dysphagia [162,163]. In addition, silent aspi-
ration is very common in PD [162e165]. This explains why it is
necessary to actively screen PD patients for dysphagia. Dysphagia is
associated with a high risk for decreased intake of food and fluids,
aspiration and pneumonia [166]. Pneumonia is the most frequent
cause of death in Parkinson's disease and suspected to be sub-
stantially related to dysphagia [167]. Fear of aspiration and choking,
food-modification and being dependent on others for food intake
may alter also social and psychological wellbeing of patients with
PD [168].

Evenwithout obvious symptoms, dysphagia is clinically relevant
and should be detected, i.e. should be screened for. A first step of
screening can be a self-report questionnaire. Two standardized PD-
specific questionnaires have been published for this purpose: the
swallowing disturbance questionnaire (SDQ) and the Munich
Dysphagia test-Parkinson's disease (MDT-PD). With these ques-
tionnaires, PD-related dysphagia is identified with a sensitivity of
81% for both questionnaires, and a specificity of 82 and 71%,
respectively [169,170]. The SDQ is more simple and easier to apply.
The MDT-PD is able to detect milder forms of oropharyngeal
dysphagia. An alternative or next step should be the application of a
swallow-screening test. The usual water swallowing test as used in
acute stroke patients has been shown to be non-predictive of se-
vere oropharyngeal dysphagia in PD patients [159]. Although not
yet sufficiently validated, experts recommend estimating the
maximum swallowing volume as a screening test [171e173]. It uses
a gradual increase of the volume of water that has to be swallowed.
PD patients with a maximum swallowing volume below 20 ml are
very likely to suffer from dysphagia. However, this test has only
been evaluated in small study populations and has not yet been
validated against instrumental tools [171e174]. A more simple and
practical alternative is the measurement of the average volume per
swallow [172]. Here, a defined volume of water (i.e. 100 ml) should
be drunk in a usual manner and the time needed and the number of
swallows is measured. The calculated volume per swallow is
significantly lower in PD patients than in controls (13 vs 21 ml)
[172,175,176]. Comparably, the volume that can be swallowed with
one swallow is measured with the volume-viscosity swallow test in
a stepwise manner (5, 10, 20 ml) for multiple consistencies [79].
This screening test is validated in PD patients against VFS. Thus the
claimed 100% sensitivity for aspiration is in contrast with the data
given by some studies, which report frequent silent aspiration in PD
[159,164,177,178]. See supplementary data for Clinical Question 17.

4.3. Clinical Question 18: When and how should a clinical or
instrumental assessment of dysphagia in PD be performed?

Recommendation 26:

All patients with Parkinson's disease who were screened
positive for dysphagia or demonstrate rapid deterioration of the
disease, pneumonia or other signs of dysphagia should undergo
an instrumental dysphagia assessment.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Recommendation 27:

The assessment should be done preferably with FEES, and if
not available, with VFSS. If instrumental dysphagia assessment
is not available, clinical assessment should be performed
instead.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Commentary:

Clinical assessment of dysphagia in PD patients is challenging
and often delivers unreliable results. Silent penetration and aspi-
ration is a frequent finding in PD and cannot be reliably detected by
clinical assessment [164,165]. In addition, studies investigating the
optimal way to perform a clinical swallowing examination in PD
patients are lacking [179].

It has been shown that dopaminergic as well as non-
dopaminergic mechanisms are involved in the development of
dysphagia in PD [157]. Therefore, it is not predictable whether or
not dopaminergic treatment will have a beneficial effect on
dysphagia, which has to be tested where necessary [180].

FEES and VFS study (VFSS) are both considered gold standard for
evaluation of PD-related dysphagia and should be the first choice
assessment tool [157,181]. Considering the fact that the reliability of
VFS in PD was questioned by one study [182], FEES entails also
several practical advantages in comparison to VFS. It does not involve
any radiation, it needs only minimal cooperation of the patients and
may be performed as a bedside method [17]. Furthermore, FEES in
PDmay directly be utilized as a therapeuticmeasure, if performed in
a feedback approach, described as video assisted swallowing therapy
(VAST) [183]. In addition, high-resolution manometry is able to
detect isolated or combined esophageal dysphagia in PD patients. It
may even identify clinically silent swallowing impairment at an early
stage of PD [184]. This method is often combined with impedance
measurements, impedance manometry, which may increase the
validity of the method [184e188].

Other techniques such as acoustical analysis of voice [189e191],
acoustical analysis of swallowing or breathing sounds [192e194]
lack high sensitivity or specificity and are not broadly available.
The same is true for electromyography, which is of some value in the
detection of the motor component of dysphagia in PD [195e198]. In
addition, dynamic magnetic resonance imaging recently demon-
strated some results butwas not yet applied to PDpatients [199,200].
See supplementary data for Clinical Question 18.

4.4. Clinical Question 19: Does the pharmacological treatment of PD
improve dysphagia?

Recommendation 28:

Optimization of the antiparkinsonian treatment should be
advised to ameliorate the motor symptoms that contribute to
dysphagia in PD patients.
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Grade of recommendation: B- strong consensus (100%
agreement)

Commentary:

Levodopa and other antiparkinsonian drugs significantly
improve the motor features of PD patients. However, there is little
evidence about the effect of levodopa on swallowing function in
patients with dysphagia. None randomized controlled trials have
been design to explore this question, and only one meta-analysis
[201] and one very well conducted systematic review of the liter-
ature [202] have been published on this topic.

In 2009, Menezes conducted a meta-analysis of five NRCT
studies, assessing five outcome measures: oral transit time for thin
fluids, solids, pharyngeal transit time for thin fluids and solids and
presence of aspiration [201]. They concluded that levodopa intake
was not associated with a significant improvement of swallowing
dysfunction in PD patients. Some criticisms are published about
this meta-analysis [203] (few studies, open-label, short in duration,
small in sample size, not assessment of the effect of long duration
levodopa treatment, inclusion of a variety of quality design studies,
selection bias, poorly defined outcome parameters and dysphagia
assessment tools that only explore one part of swallowing). Other
authors as Lim et al. [204] concluded, in a very small study, that
efficiency of swallowing can be reduced with levodopa treatment,
while security of swallow remains unchanged. However, some
authors have found improvements in swallowing function related
to levodopa treatment [181,205], including one prospective study
in de novo diagnosed PD patients, comparing 140 PD patients in
their first year after dopaminergic treatment with 31 patients with
no dopaminergic treatment [206]. The improvement in dysphagia
probably is mediated through the improvement of motor symp-
toms (oral preparatory phase time, buccolinguofacial motor score,
bradykinesia and rigidity of the tongue, and mandibular move-
ment). Furthermore, the improvement of motor symptoms makes
possible the adoption of compensatory postures that increase the
airway protection during swallowing. Disease severity (based on
the Hoehn and Yahr scale), on/off phase in which treatment was
performed, and dysphagia assessment tool can be confounders to
take into account in the design of such studies. See supplementary
data for Clinical Question 19.

4.5. Clinical Question 20: Do side effects of drugs used to treat PD
influence nutritional status?

Recommendation 29:

Side effects of drugs prescribed for PD might influence
nutritional status. We recommend to monitor side-effects and
nutritional status and to intervene on an individually tailored
basis. For levodopa, specific attention should be given to ho-
mocysteine levels and vitamin B status.

Grades of recommendation: GPP e strong consensus (95%
agreement)

Commentary:

There are several side-effects related to drugs prescribed for PD
thatmight influence intake and nutritional status, including nausea,
vomiting, abdominal pain, dyspepsia, constipation, weight
decrease, dry mouth, diarrhea, anorexia and GI disorders
[207e209]. These side-effects have been mentioned by patients to
attribute to theirweight loss, aswell as changes in taste and smell of
food [210]. Hence, in addition to the motor and non-motor

symptoms of Parkinson's disease itself, some available treatments
also contribute considerably to the changes in nutritional status
[124]. The mechanism of drugs-related weight changes is still not
well known and requires further investigation [126]. The use of
levodopa may be associated with impaired nutritional status and
risk for malnutrition. Increasing doses of levodopa and levodopa
equivalent doses have also been found to be related to increased risk
for malnutrition, as assessed with the Mini-nutritional Assessment
(MNA). These associations were not seen for dopamine agonists
[211]. Association between nutritional risk and levodopa has also
been shown by others [130]. Research has indicated weight loss
among levodopa users, especially inwomen (whichmight be due to
higher levodopa dose per kg of body weight), and after starting
levodopa treatment [212]. In this study, the magnitude of levodopa
dose did not seem to be related to weight loss, and was mostly due
to reduction in body fat mass [212]. BMI has also been shown to
inversely correlate to levodopa treatment, pointing towards dose-
dependent levodopa associated weight loss [213]. Yet, the true
relationship between levodopa use and weight loss needs to be
determined as it unknown whether higher levodopa use induce
weight loss, or patients with more severe disease receive higher
doses of levodopa per kg body weight. Indeed, in more advanced
stages, higher doses of levodopa are required to improve the control
of worsening motor symptoms. Higher (relative) doses in advanced
stages are also associated to dyskinesias which, in turn, have been
associated with weight loss [126].

Levodopa has been found to induce metabolic effects. The
literature search included a study on metabolic effects (n ¼ 10),
showing that levodopa/benserazide (200 mg/50 mg) caused
metabolic changes in adipose tissue and skeletal muscles disturb-
ing lipid and carbohydrate metabolism. Hence, these results indi-
cate that levodopa/benserazide does not reduce fat wasting
through modulation of adipose tissue metabolism. Results pointed
towards reduction in muscle glucose uptake, which might induce
glucose intolerance [214]. Another small study in seven geriatric
Parkinsonian patients showed increased plasma free fatty acids,
glucose, growth hormone and cortisol after levodopa administra-
tion which were significantly higher compared to young controls,
and only slightly higher compared to aged controls [215]. Long-
term treatment with levodopa induces hypersecretion of insulin
and growth hormone [124]. Levodopa challenges in PD patients
with deep brain stimulation have shown to decrease REE in general,
but significantly increase REE for those patients who had dyski-
nesias [216]. After the pharmacological change, lipid oxidation
remained unchanged but glucose oxidation fell and fasting gly-
caemia was raised [216]. However, the true interrelationships be-
tween those factors need to be established.

Use of levodopa can cause hyperhomocysteinemia [217e220].
One study showed dependency upon vitamin B status as assessed
by folate, vitamin B12, and vitamin B6. Patients on levodopa seem
to have higher requirements for these vitamins to maintain normal
homocysteine levels, and supplementation might be warranted
[217]. Notably, many patients already take over the counter sup-
plements which might explain the low prevalence of folate or
cobalamin deficiency [218]. Risk factors for increased homocysteine
levels include not solely higher levodopa use but also older age,
longer disease duration, and lower serum levels of vitamin B12 and
folate [218]. Although the clinical implication of hyper-
homocysteinemia in PD patients is not well determined [219], in
general, high homocysteine levels have been linked to cardiovas-
cular diseases, dementia and depression [217e219]. In PD patients
specifically, a higher relative risk for coronary artery disease has
been shown with high plasma homocysteine levels [218]. See
supplementary data for Clinical Question 20.
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4.6. Clinical Question 21: Are rehabilitation therapies (behavioral,
rheological, rehabilitation, neurorehabilitation) effective for the
treatment of oropharyngeal dysphagia in PD patients?

Recommendation 30:

Rehabilitation treatment (adapting bolus characteristics,
postural maneuvers and exercise programs) should be advised
in PD patients with dysphagia in an individual manner, after a
multidimensional assessment of the swallowing function.
Other techniques such a surface electrical stimulation, repeti-
tive transcranial magnetic stimulation or video-assisted swal-
lowing therapy have not yet enough evidence to make a
recommendation.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

There is not strong evidence in the literature for dysphagia
intervention (compensatory and rehabilitative practices) in pa-
tients with PD. In 2001 a Cochrane systematic review of the liter-
ature was performed to examine the non-pharmacological
therapies for dysphagia in PD patients [221]. None RCT or other
forms of controlled trials were found and the authors concluded
that there was insufficient evidence to support or to refuse swal-
lowing therapies in PD. In 2009, Baijens identified five articles
including rehabilitative and compensatory-based studies, identi-
fying positive tendencies in favor of swallowing therapies, although
these treatments targeted different aspects of physiology of swal-
low [222]. Michou et al. [168] reviewed in 2010 the current evi-
dence, and also concluded that clinical practice in this area lacks
research evidence. In 2014, van Hooren et al. [223] published a
systematic review of the literature searching for effective treat-
ments for dysphagia management in PD patients, including surgical
interventions, bolus modification, neuromuscular electrical stimu-
lation, postural and airway protective maneuvers, and pharmaco-
logical interventions, and they found some evidence for expiratory
muscle strength training and video-assisted swallowing therapy.
However, rehabilitative approach could possibly have greater po-
tential in the long-term to increase swallowing safety and improve
quality of life for PD people with dysphagia [224], although more
research is needed to determine the most effective therapy, the
duration of the treatment, therapy intensity, timing on therapy
start, and the maintenance of improvements.

Adapting bolus characteristics: Adapting bolus characteristics
such a consistency or volume can change certain parameters of
swallowing safety. Troche et al. [225] compared, in a short trial, the
effect of thin versus thickened consistencies on swallowing timing
and penetration-aspiration scores in patients with PD. They
concluded that pudding-thick liquids resulted in significantly
higher oral transit time and number of tongue pumps than thin
liquids, however they found significantly lower penetration-
aspiration scores for pudding-thick liquids, so a safer swallow for
people with PD.

Postural maneuvers: Logemann et al. [226] conducted a large
study into compensatory approaches for dysphagia management in
PD patients, comparing sequentially three strategies commonly
used to treat aspiration risk: chin-down posture, nectar-thick fluids
and honey-thick fluids. The study included 277 patients with PD
and 135 with PD and dementia. For all patients group the chin-
down posture was the least effective at preventing aspiration, and
honey-thick liquids were the most effective. Overall, participants
had significantly more episodes of aspiration using the chin-down
posture with thin liquids than when taking nectar-thick liquids or

honey-thick liquids. Unfortunately, 39% of patients with PD and 50%
of patients with PD and dementia aspirated on all three in-
terventions. Robins et al. [227] explored the efficacy of the
mentioned three strategies to prevent aspiration pneumonia in a 3
months follow-up study, and they concluded that neither chin-
down posture nor thickened fluids are superior in preventing
adverse outcomes of dysphagia in participants with PD or PD plus
dementia.

Exercise programs: Exercise program such as expiratory muscle
strength training (EMST) have demonstrated improvement in
cough and swallow function in PD patients. Individuals that
received active EMST for 4 weeks presented with improved pene-
tration/aspiration scores, and improved hypolaringeal complex
function (excursion time and displacement) as comparedwith both
their pretreatment assessment [228] and with placebo-controlled
group [229]. Argolo et al. [230], in a short prospective cohort
study, evaluated the effect of an oral motor exercise program su-
pervised by a speech language therapist. They performed training
with different amounts of thin and thick liquids, puree, and soft
solid foods for 5 weeks. The authors found an increase in the
strength and range of motion of the mouth, larynx and pharynx,
improvement in the oral control of the bolus, coordination between
breathing and swallowing and airway protection using a VFS.
Diverse structured swallowing programs have been demonstrated
their efficacy on improving neuromuscular control of oral phase
and tongue function during oral and pharyngeal phases of swal-
lowing, such as intensive Lee Silverman Voice Treatment in a non-
RCT of 1 month of duration [231].

Other interventions: Thermal-tactile stimulation of the anterior
faucial pillars has been investigated to improve swallow timing in
people with PD. Fifteen PD patients with oropharyngeal dysphagia
and pharyngeal swallow delay detected by VFS were submitted for
thermal-tactile stimulation [232], and the technique was effective
for reducing pharyngeal transit time and total transit time, but not
to reduce oral transit time. Nevertheless, it is not clear that this
technique will be associated with a safer and more efficient swal-
low in PD patients.

Surface electrical stimulation of the submenton region has been
used as adjunct to traditional logopedic dysphagia treatment in PD
patients. Baijens et al. [233], in a sequential assignment study with
90 PD patients, explored the effect of motor-level surface electrical
stimulation or sensory-level surface electrical stimulation together
with logopedic swallowing therapy, and they compared the results
with a control groupwith only traditional logopedic therapy. All the
treatments sessions and the examinations were performed during
the “on” motor phase after the intake of antiparkinsonian medi-
cation. After 15 days of treatment, the authors found no statistically
differences in VFS or FEES variables between the three treatment
groups.

Neuromuscular electrical stimulation of the suprahyoid
musculature has been explored combined with traditional log-
opedic treatment [234] in a RCT including 109 PD patients assigned
to three intervention groups in a consecutive manner. The study
shows positive effects of dysphagia therapy in patients with PD in
all three groups of intervention, but only slight non-significant
differences between groups have been found after one month.

Repetitive transcranial magnetic stimulation, a neuro-
rehabilitation non-invasive technique, has been used to modulate
neural activity in targeted focal brain regions. Murdoch et al. [235]
showed in a controlled study, that transcranial stimulation in the
left tongue area of the motor strip improves the maximum velocity
of tongue movements and distance of tongue movements.

VAST is based on a visual cueing mechanism to improve motor
and coordination skills in swallowing. Manor et al. [183] evaluated
this treatment in 42 PD patients, in a RCT comparing compensatory
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and conventional swallowing exercises with or without VAST
during 4 weeks. After VAST, the food residue in the pharynx and
subjective patient-self-reports about dysphagia significantly
improved compared with conventional therapy alone.

Other treatments as botulinum toxin-A injections have been
effective for treating sialorrhoea in PD, but no effects on swallowing
has been reported. See supplementary data for Clinical Question 21.

4.7. Clinical Question 22: Is there a role for protein redistribution
and/or low-protein diet in PD patients on levodopa treatment?

Recommendation 31:

In addition to advising PD patient to take levodopa medica-
tions at least 30 min before meals, we recommend advising
those experiencing motor fluctuations to try complying with a
protein-redistribution dietary regimen to maximize levodopa
absorption and efficacy.

Grade of recommendation B e strong consensus (90%
agreement)

Commentary:

Levodopa is the most effective drug in the treatment of PD. Due
to its chemical structure it competes with dietary large neutral
amino acids for intestinal absorption and transport across the
bloodebrain barrier. Therefore, all patients are advised to take their
levodopa-containing medications about 30 min before meals to
avoid interactions [124,236]. However, levodopa-responsive PD
patients experiencing motor fluctuations (sudden/unpredictable
changes from phases of optimal motor function or mild dyskinesia
[‘‘ON” state] to phases in which PD motor symptoms reappear
[‘‘OFF” state]) should be recommended to comply with controlled-
protein dietary regimens to maximize levodopa absorption and
efficacy [236,237]. Redistribution of protein intake throughout the
day (low-protein breakfast and lunch and consumption of a second-
courseewith no quantitative restrictions in terms of proteine only
at dinner) was found to improve motor function and disability and
to increase the duration of “ON” state [236], particularly when the
intervention is proposed to patients in the early stages of PD and
with onset of PD in younger age. Furthermore, a good-quality ran-
domized, cross-over, single-blind, trial has also shown that the use
of low-protein foods designed for patientswith chronic renal failure
[238] are helpful in achieving protein redistribution. However, pa-
tients should undergo activemonitoring. This could enable avoiding
dropout associated with potential complications including weight
loss, micronutrients deficits, hunger before dinner and dyskinesias
[236,239]. Particularly, patients experiencing the onset or wors-
ening of dyskinesiasmay require reduction in levodopa doses [236].
One of the objectives of redistribution is to meet daily protein re-
quirements, which could be set to 0.8e1.0 g/kg of body weight.
Although this advice may appear in contrast with recent recom-
mendations [240], no adverse effect of protein-redistribution regi-
mens on body composition (e.g. loss of muscle mass) have been
reported [238], at least in the short term. Nevertheless, data on
protein redistribution diet in very old PD patients are scant and
potential benefits should be balanced along with clinical conditions
(e.g. comorbidities, frailty status, etc.) and its feasibility.

The role of strict low-protein diet has not been investigated in
good-quality clinical trials and there is no evidence supporting this
dietary regimen [236]. Besides, despite recent interest [241], there
is no evidence supporting the use of gluten-free or plant-food-
based diets in PD patient with motor fluctuations. The dietary
management of other gastro-intestinal problems (delayed gastric
emptying and constipation) impairing levodopa efficacy may be

also beneficial as these can result in reduced bioavailability and
higher requirements of levodopa [124,138].

Similar recommendations can be provided to PD patients
treated with continuous duodenal duodopa. Patients should be
advised to distribute food intake throughout the day and to divide
the protein intake. In case of low-infusion-rate continuous EN by
gastric tube feeding we do not give any restrictions but it is
advisable to concentrate it during the night hours if possible in
order to limit interactions. Finally, in tube-fed patients still treated
with oral formulations of levodopa-containing medications we
could suggest the interruption of enteral nutrition for at least 1 h
before and 30e40 min after drug administration. See
supplementary data for Clinical Question 22.

4.8. Clinical Question 23: Does medical nutrition therapy improve
quality of life or survival in patients with PD?

Recommendation 32:

We advise that PD patients should receive medical nutrition
therapy to improve well-being and quality of life. Medical
nutrition therapy should be tailored to individual requirements.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

Quality of life (QoL) is related to nutritional status; research
shows that PD patients who are moderately malnourished have
lower quality of life than patients who are well nourished [242] and
MNA scores are inversely correlated to quality of life domains,
especially mobility and emotional well-being domains [243]. There
is however very limited literature on the effectiveness of medical
nutrition therapy on the improvement of the quality of life or
survival of patients with PD. Individualized nutritional information
provided by a dieticianwithweekly telephone contact did not show
improvement in quality of life compared to written information
only [242]. Two years supplementation of creatine has been shown
to have some beneficial effects for mood over placebo treatment,
but did not influence overall quality of life or disease progression
[244]. A review on the use of antioxidants and supplements has
shown a limited role for treatment with some benefit for CoQ10
supplementation on Unified Parkinson Disease Rating Scale
(UPDRS) activity daily living scores, although this seemed incon-
sistent among studies [245]. Finally, since food-derived amino acids
compete with levodopa for entry into the brain across the
bloodebrain barrier, protein redistribution diets have been pro-
posed and demonstrated to improve the efficacy of levodopa.
Positive effects have been found not only on motor symptoms but
also on disability score [236], both which have been linked to
reduced QoL. However, ad-hoc evaluations of QoL in PD patient
adhering to protein redistribution diets are not available. The effect
of medical nutrition therapy on survival in PD patients has not been
studied, which urges the need for intervention trials on this topic.
See supplementary data for Clinical Question 23.

4.9. Clinical Question 24: Do patients with PD who suffer from
constipation benefit from diet therapy?

Recommendation 33:

PD patients with constipation can benefit from the use of
fermented milk containing probiotics and prebiotic fiber in
addition to common dietary advices aimed at increasing the
intake of water and fiber.
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Grade of recommendation: B e strong consensus (91%
agreement)

Commentary:

Constipation is the most frequent non-motor symptom and
manifestation of gastro-intestinal dysfunction in PD patients
[124,131,246]. It is mainly the consequence of neurodegenerative
process involving the enteric nervous systembut it could be also the
side effect of certain PDmedications (mainly dopamine agonists and
anticholinergics) [131]. Furthermore, reduced physical activity
associated with motor impairment is considerable contributing
factor [124]. Nonetheless, it is worth mentioning that defecatory
dysfunction in PD may be due not only to slow colonic transit but
also to pelvic floor dyssynergia [124,131,246]. Unfortunately, few
treatment options either pharmacologic or non-pharmacologic
have been tested and investigated in this patient population.
Accordingly, the use of the same treatment algorithm for patients
with idiopathic chronic constipation is recommended also for PD
patients [131] [131,247]. Non pharmacological lifestyle modifica-
tions could be proposed to improve colonic transit. Common
nutritional management strategies include the increase of fiber and
fluid intake [124,131,247]. In a small RCT (n ¼ 7) with high risk of
bias the use psyllium was found to increase the total number of
bowel movements but did not improve other parameters of defe-
cation (stool consistency, straining effort, pain on defecation, or
completeness of evacuation) [248]. After a positive preliminary
experience [249], a recent large RCT (n ¼ 120) with low risk of bias
has demonstrated that, compared to placebo, the daily consumption
of a fermented milk containing probiotics and prebiotic fiber for 4
weeks resulted not only in an increased number of complete bowel
movements but also in an improvement of stool consistency, as well
as in a larger reduction in the use of laxatives [250]. Despite the fact
that the experimental product used in this trial is not available on
the market, the use of probiotics as adjuvant treatment for con-
stipation could be extensively recommended to PD patients due to
its safety profile. See supplementary data for Clinical Question 24.

5. Multiple sclerosis

Multiple sclerosis (MS) is a chronic, inflammatory and autoim-
mune disease of the central nervous system, leading to widespread
focal degradation of the myelin sheath, variable axonal and
neuronal injury, and disability in young adults. From the clinical
point of view, there are at least two main forms of the disease: the
relapsing-remitting MS (RRMS, concerning about 85% of clinical
cases) and the primary-progressive MS (PPMS, affecting about 15%
of the clinical cases). In RRMS, the conduction of nerve impulses
along the axon of the neuron may be affected during an acute in-
flammatory phase (relapse), but tend to improve with healing
during the remission phase. Over time, relapses cause extensive
damage and scarring of the myelin sheath with progressive loss of
neuronal function. Pathogenesis of PPMS is characterized by pro-
gressive neurological damages rather than relapses and remissions.
The cause of MS is unknown, but research suggests that genetic,
immunological and environmental factors, such as a common virus,
may all be involved in a complex etiology.

Weight loss, malnutrition and even cachexia are well-
recognized features of patients with MS [251]. The possible cau-
ses of weight loss andmalnutrition inMS have beenwell identified:
reduced mobility and fatigue, inappropriate diet, physical difficulty
for eating or drinking, poor appetite, poor sight, reduced cognition
and dysphagia. Medical nutrition therapy should be guided by the
identification of the cause of weight loss and malnutrition in each

case. Dysphagia can be one of the most important complications of
MS that could affect nutritional status [252]. Dysphagia in MS
usually results from brain stem involvement, and is often accom-
panied by speech difficulties.

5.1. Clinical Question 25: Is there a role for a dietary prevention of
MS?

Recommendation 34:

We suggest a diet lower in saturated fat and higher in poly-
unsaturated fatty acids from food sources for the prevention of
MS.

Grade of recommendation: B e strong consensus (91%
agreement)

Recommendation 35:

We do not recommend supplementation of n-3 fatty acids
for the prevention of MS and other demyelinating diseases.

Grade of recommendation: 0 e strong consensus (95%
agreement)

Commentary:

Dietary factors have repeatedly been studied as away to prevent
the occurrence of MS, without significant positive results [253]. The
main constituents of the diet that have been studied as a way to
prevent the occurrence of MS and other demyelinating diseases are
specific dietary patterns, the type of dietary fat, with emphasis on
polyunsaturated fatty acids (PUFA) intake, vitamin D, other vita-
mins, minerals and trace elements and gluten [254].

Epidemiological studies have suggested an association between
the incidence of MS and the intake of saturated fat of animal origin.
In 1950 Swank was the first researcher to suggest a positive link
between MS and high saturated fat intake [255]. According to his
study, the amount of saturated fat consumed during the Second
World War was lower in northern countries, i.e. Norway, Denmark,
Sweden, Switzerland, Holland, Belgium and England and sowas the
incidence of MS. In later studies he also noted that countries with
higher consumption of polyunsaturated fat intake and lower of
saturated fat, such as the coastal areas of Norway had lower inci-
dence of MS [256].

Polyunsaturated fatty acids intake was of major interest and
several pathophysiological pathways were suggested for omega 3
(u-3 or n-3) and omega-6 (u-6 or n-6) fatty acids, based on their
immunoregulatory, anti-inflammatory and anti-coagulant proper-
ties as well as the significant role of these fatty acids on the Central
Nervous System (CNS) as compounds of the myelin membrane
[256,257]. In a very recent study, higher consumption of n-3
polyunsaturated fatty acids from fish origin was associated with
lower risk of first clinical diagnosis of MS [258]. However, there is a
limited number of studies for the direct effect of polyunsaturated
fatty acids supplementation on the risk of developing MS and other
demyelinating diseases. In patients with MS there are several trials
testing the efficacy of the supplementation of n-3 and n-6 fatty
acids on disease activity measured with magnetic resonance im-
aging, relapse rate and disability progression (see Clinical Question
26). The results of the majority of the studies are either neutral
regarding the effect of these fatty acids on the primary outcome
parameters [259], or the quality of the positive studies is low, not
allowing extracting safe conclusions [260]. The negative results of
the supplementation of PUFA in manifest MS however, do not
exclude some preventive efficacy [261].
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Recommendation 36:

We recommend sufficient dietary vitamin D intake and
adequate sunlight exposure that ensures adequate vitamin D
levels for the prevention of MS. In cases of low vitamin D intake,
low sunlight exposure and subsequent low levels of vitamin D,
dietary supplementation is recommended.

Grade of recommendation: B e strong consensus (91%
agreement)

Commentary:

The hypothesis that MS is associated with low sunlight exposure
and subsequently low vitamin D3 levels was based at first on the
geographical variability of its prevalence [262e264]. Furthermore,
epidemiological studies have suggested a link between sunlight
and vitamin D3 and MS [265], a finding that has been corroborated
in observational and caseecontrol studies. More specifically, in a
study on 187,563 women in USA, the risk of MS was inversely
associated with the vitamin D intake by supplements, a relation-
ship which failed to reach significance when vitamin D from food
was assessed [266]. This association was further confirmed in a
caseecontrol study of 148 cases and 296 controls where 25-
hydroxyvitamin D3 plasma concentrations were inversely associ-
ated with the MS risk, particularly if the levels had been low before
the age of 20 years [260,264].

Recommendation 37:

We do not recommend vitamin B12 supplementation as a
way to prevent MS.

Grade of recommendation: 0 e strong consensus (95%
agreement)

Commentary:

It is well established that vitamin B12 deficiency causes neu-
rodegeneration of sensory and motor neurons, a condition that is
reversed when deficiency is corrected. Above that, no neuro-
protective effects of vitamin B12 supplementation have been
documented. Moreover, the hypothesis linking MS and vitamin B12
deficiency has not been confirmed [260,267].

Recommendation 38:

We do not recommend vitamin C supplementation as a way
to prevent MS.

Grade of recommendation: B e strong consensus (95%
agreement)

Commentary:

Ascorbic acid is a well-known antioxidant, protecting cells
against oxidative stress. High levels of vitamin C intake though have
not been proven beneficial neither for neurodegenerative nor car-
diovascular diseases [260].

Recommendation 39:

A gluten free diet in order to prevent MS is not
recommended.

Grade of recommendation: B e strong consensus (100%
agreement)

Commentary:

The connection of gluten and MS was mainly based on the hy-
pothesis that gluten hypersensitivity may contribute to neuro-
immunological diseases based on results of brain magnetic
resonance imaging (MRI) from celiac disease patients that had
similarities with MS patients [260]. This hypothesis though was not
supported by further studies, in which neither the anti-gliadin
antibodies nor morphological changes in the gut mucosa were re-
ported in patients with MS [268e270]. Furthermore, the with-
drawal of gluten containing foods from the diet of MS patients was
not found to have any significant positive effect [271].

Recommendation 40:

Prevention of obesity in adolescence and early adulthood is
recommended for the prevention of MS.

Grade of recommendation B e strong consensus (100%
agreement)

Commentary:

Overweight and obesity during adolescence and early adulthood
seem to contribute to overall risk of development MS. Excess adi-
pose tissue may have a negative impact on vitamin D metabolism
and bioavailability, resulting in lower blood levels of 25(OH)
vitamin D levels in obese compared to healthy individuals
[272,273]. In the Nurses' Health Studies (NHS/NHSII) it was re-
ported those womenwhowere obese at the age of 18 (BMI� 30 kg/
m2) had a two-fold increased risk of developing MS compared to
women with BMI between 18.5 and 20.9 kg/m2 (RR ¼ 2.25, 95 %CI:
1.5e3.37). Obesity in younger ages also was correlated with
increased risk of MS but after adjusting for body size at these ages
the significance remained for women being obese at the age of 20
years (RR ¼ 1.96, 95 %CI:1.33e2.89) [274]. Concluding, obesity in
adolescence and early adult life may increase the risk of MS and its
preventionmay contribute to the reduction of its risk [275,276]. See
supplementary data for Clinical Question 25.

5.2. Clinical Question 26: Can medical nutrition therapy decrease
the rate and severity of relapses in MS patients?

Literature review regarding this topic focused the attention on
the role of some vitamins, specially vitamin D and omega fatty acids
as potential modulators of the disease.

Recommendation 41:

There is insufficient evidence to recommend vitamin D
therapy in MS patients. There is no clinical evidence on the ef-
fects of either vitamin D compared with placebo or high-dose
vitamin D compared to low-dose on the relapse rate of pa-
tients with MS.

Degree of recommendation: B e strong consensus (100%
agreement)

Commentary:

In the latest years, the relation between vitamin D and MS has
generated an enormous interest. The relationship between
geographical differences in the prevalence of MS, sun exposure and
vitamin D metabolism have been studied. Relapses of the disease
occur more frequently in winter when vitamin D levels are lower.
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Vitamin D exerts many immunomodulatory effects, increases
lymphocyte proliferation and reduces the production of pro-
inflammatory cytokines. In the epidemiological study US-
American Nurses' Health Study [277], women who took vitamin
D supplements had a lower risk of MS, although it is difficult to
extract the results due to other vitamins in the diet or vitamin
supplements. Ascherio et al. [278] demonstrated, in a large multi-
center randomized trial designed to evaluate the impact of early-
versus delayed-interferon beta-1b treatment in patients after a
first event suggestive of MS, that higher levels of 25-vitamin D
predicted reduced MS activity (relapses and disability) and led to a
slower rate of progression at 24 months.

Unfortunately, the studies that evaluate the effect of vitamin D
are prone to many sources of bias (selection bias due to diet or sun
exposure, reverse causation due to the disease, and effect of the
skin type or genetic factors) [279,280].

One National Guideline (NICE) has addressed the topic of the
clinical evidence of pharmacological treatment of vitamin D in pa-
tientswithMS [281]. A recent systematic reviewof the literature has
also been published [282]. Four studies have assessed the effect of
vitamin D versus placebo on the disease relapses over follow-up
time or on the annualized relapse rate [283e286].

Burton et al. [284] assessed, in an open-label 52-week duration
RCT, the effects of high doses of vitamin D (40.000 IU/day for 28
weeks, followed by 10.000 IU/day over 28 weeks). After the trial,
mean annualized relapse rate in treatment patients decreased
although the results were not statistically significant. The propor-
tion of treatment patients experiencing relapses during the trial
was 0.16 vs 0.37 in the control group (p ¼ 0.09).

Shaygannejad et al. [283] studied the effect of lowdose vitaminD
in combination with current disease-modifying therapy on the
prevention and progression of relapsing-remitting MS, in a double-
blind placebo-controlled study including consecutive 50 patients.
They were randomized to receive 12 months escalating doses of
calcitriol up to 0.5 mg/day or placebo. They defined acute relapse as
the appearance of a new neurological symptom or severe deterio-
ration in a preexisting symptom that lasted for at least 24 h in the
absence of fever/infection and caused an increase of at least 1 point
in the Expanded Disability Status Scale (EDSS). After the trial, the
mean relapse rate decreased significantly in both groups. The au-
thors concluded that there is no evidence of an effect on the odds of
remaining relapse-free during the first 12 months of therapy in
patients who received vitamin D compared to those who received
placebo.

Kampman et al. [285] performed a 96-week RCT to assess the
effect of vitamin D3 supplementation (20.000 IU weekly) or pla-
cebo on bone mineral density in 68 patients with MS. As a sec-
ondary endpoint, they assessed the effect on annualized relapse
rate. After the trial, there was no significant difference between
groups in annualized relapse rate (absolute difference 0.10, 95% CI
�0.07e0.27, p ¼ 0.25). The authors concluded that supplementa-
tion with 20.000 IU vitamin D3 weekly did not result in beneficial
effects on the relapse rate in MS patients.

Soilu-H€anninen et al. [286] evaluated the effect of 20.000 IU of
vitamin D3 weekly for 1 year in a double blind, placebo-controlled
randomized trial including 66 MS patients treated with interferon
b-1b for at least 1 month. The primary endpoint was disease ac-
tivity measured by MRI scan. As a secondary endpoint, they
assessed the annual relapse rate in both groups. After the trial, the
annual relapse rate decreased during the study in both treatment
arms (from 0.49 to 0.26 in the vitamin D group, and from 0.51 to
0.28 in the placebo group, p ¼ NS). There was no significant dif-
ference in the time to the first relapse between groups. The pro-
portion of relapses treated with methylprednisolone was similar in
both treatment arms.

Two studies have evaluated the effect of high dose vitamin D
versus low dose vitamin D [287,288].

Stein et al. [287] compared in a 6 months' double-blind placebo-
controlled high-dose vitamin D2 (6.000 IU targeting 25-OH vitamin
D 130e175 nM) with 1.000 IU daily vitamin D2. The primary
endpoint was new MRI lesions, and as a secondary endpoint,
relapse rate was evaluated. They included 23 patients in the trial, of
whom 19 were on disease-modifying drugs (interferon or glatir-
amer). No significant differences were detected either in the pri-
mary endpoint, or in relapse rate during the trial (there were 4
relapses with high-dose D2 vs none with low-dose D2, p ¼ 0.04)

Golan et al. [288] assessed the effect of 800 IU of vitamin D3 per
day vs 4.370 IU/day in a randomized, double blind study including
45 IFNb-treated MS patients during one year. The primary endpoint
was the control of flu-like symptoms, and as a secondary endpoint,
they assessed relapse rate of the disease. Both groups were similar
at baseline with respect to relapses and annualized relapse rate
during the year preceding randomization. At the end of the study,
no differences were found in the annual relapse rate in both groups.

One systematic review of six trials [289] reported that no studies
had results suggestive of a benefit of vitamin D supplementation for
reducing relapse rates in MS patients. Another systematic review
and meta-analysis [290] reported that there was no significant dif-
ference in the pooled odds of relapse between high dose vitamin D
supplements and low dose or placebo.

In conclusion, the RCT published to date investigated the use of
vitamin D supplements of various doses and formulations and with
or without concomitant therapy for MS treatment andwith calcium
supplements. The duration of treatment also varied between trials.

Recommendation 42:

Supplementation with omega-3 fatty acids should not be
recommended in MS patients to decrease the number and
severity of relapses. Supplementation with omega-6 fatty acids
could be of some possible benefit in terms of decreasing the
number and severity of the relapses.

Degree of recommendation: 0 e strong consensus (100%
agreement)

Commentary:

The hypothesis that a change in dietary fat can modify the
course of MS is based on epidemiological and experimental studies.
MS is more prevalent in populations with a high intake of saturated
fats. Furthermore, PUFA, particularly omega-3 fatty acids have an
immunomodulatory and anti-inflammatory role that could influ-
ence the course of the disease. The intake of omega-3 fatty acids
from fish oil can reduce the production of pro-inflammatory
prostaglandins and leukotrienes derived from arachidonic acid.

Until now, non-controlled and controlled clinical trials of PUFA
supplementation in patients with MS have provided mixed results.
These studies have important limitations in design and selection of
outcome measures, and these factors might partially explain the
inconsistent results [259e261]. The inclusion of both patients with
relapsing MS and patients with chronic, progressive disease pro-
vides another important bias in the results of any nutritional
treatment in the relapses of MS. The selection of the placebo is also
a matter of discussion. Some PUFA intervention studies used olive
oil as a placebo, and evidence demonstrates that oleic acid is not an
inert substance. Also, recently published NICE Guidelines assessed
the clinical evidence of omega-3 and omega-6 fatty acids [281] on
the evolution of MS patients.

Omega-6 fatty acids: Some authors have reported low levels of
linoleic acid in blood, in the erythrocyte membrane and
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cerebrospinal fluid of MS patients. There have been several small
placebo-controlled studies evaluating intervention with [261]
linoleic acid (obtained from sunflower oil). Although studies have
been conducted with small samples, none of them has been shown
any effect on relapse rate or degree of disability [291]. In a meta-
analysis including 3 studies with 87 patients and 85 controls,
some benefit was observed in the group of patients with moderate
disabilities or short disease duration at baseline, in terms of reduced
disability progression and reduced severity and duration of relapses
[292]. The results in the group of severely disabled patients are not
as consistent. A 2012 Cochrane review [293] including 6 random-
ized controlled trials investigating PUFAs effect on disease pro-
gression assessed794patients, and theyconcluded that PUFAs seem
to have no major effect on the main clinical outcome in MS (disease
progression), but theymay tend to reduce the frequency of relapses
over two years. However, the data that are available are insufficient
to assess a real benefit or harm from PUFA supplementation.

Omega-3 fatty acids: docosahexaenoic acid (DHA) is present at
high concentration in the brain, but its levels decrease in MS pa-
tients. Both eicosapentaenoic acid (EPA) and DHA are found in high
proportion in fish oil and show remarkable anti-inflammatory,
antithrombotic and immunomodulating activities and also exert
important effects on gene expression. For this reason, n-3 fatty
acids exert a number of neuroprotective effects. There are insuffi-
cient data to confirm any beneficial effect of omega-3 fatty acids in
patients with MS, although some studies with small samples have
shown some promising results. In a large intervention study with
292 patients randomized to take fish oil (1.7 g of EPA and DHA 1.1 g
per day) or olive oil as placebo, no significant differences were
found between the two groups with regard to the frequency,
duration or severity of relapses [294]. See supplementary data for
Clinical Question 26.

5.3. Clinical Question 27: Does medical nutrition therapy improve
nutritional status in MS patients?

Recommendation 43:

We recommend early detection and treatment of the causes
of malnutrition by amultidisciplinary team in patients withMS.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Recommendation 44:

We strongly recommend the provision of dietary advice for
the prevention and treatment of nutritional problems in pa-
tients with MS. In patients unable to meet their nutritional
needs by food intake the use of oral nutritional supplements
should be considered.

Grade of recommendation B e strong consensus (100%
agreement)

Commentary:

Unintentional weight loss and malnutrition are common in
patients with MS, even though the data regarding malnutrition
prevalence and its treatment in patients with MS are scarce
[295,296]. One of the most important cause of malnutrition in MS
patients is dysphagia, limiting nutritional intake and deteriorating
nutritional status of the patients [251].

Malnutrition has also been shown to impair immune system
and strength, to induce fatigue and impair muscle function,
affecting mental function, respiratory muscle strength and increase

the risk of infections. The prevention of malnutrition is of vital
importance in patients with MS as it can compound existing
symptoms, such as muscle dysfunction, fatigue and muscle spasms
[295]. According to a Cochrane review the evidence supporting the
effectiveness of interventions on the management of fatigue and/or
weight loss in advanced stages of progressive illnesses such as MS
are lacking [297]. Nevertheless, the adequate provision of nutrients
by diet and/or medical nutrition therapy should be considered in
patients with MS in order to prevent and correct malnutrition and
nutrient deficiencies.

Nutritional screening and assessment of the nutritional status of
the patients with MS with appropriate screening and assessment
tools is necessary, with the input of the patient and the caregivers.
Medical nutrition therapy in patients with MS requires a multi-
disciplinary approach. The participation of a neurologist, a nutri-
tionist/dietitian, a speech and language therapist for the evaluation
of swallowing ability, physiotherapist for the evaluation of eating
posture, occupational therapist to evaluate the need of specific
cutlery and a nurse is of vital importance in order to perform a
comprehensive evaluation of the etiology of malnutrition in order
to ensure the early detection of problems affecting sufficient
nutrient intake [251,295]. The efficacy of dietary advice has been
evaluated in several systematic reviews for the treatment of disease
related malnutrition. Dietary advice alone or with ONS may
improve weight, body composition and muscle functionality, even
though no positive results on survival by either interventions was
observed [298e300].

Although there is a lack of trials focusing on the effectiveness of
ONS on nutritional status of malnourished patients with MS, the
efficacy of ONS in chronic illness in the community and hospital
setting has been evaluated by several systematic reviews
[298,299,301,302]. ONS use in the community has been identified as
a cost-effective way of treating malnutrition, producing a neutral or
an overall cost advantage, in combination with clinically relevant
outcomes [302,303]. See supplementarydata forClinicalQuestion27.

5.4. Clinical Question 28: Can medical nutrition therapy improve
survival in MS patients?

Recommendation 45:

We have no direct evidence about the effect of medical
nutrition therapy on survival in MS patients. More research is
needed to answer this gap of knowledge.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

To date, there is no RCT that has assessed the influence of
medical nutrition therapy in the survival of malnourished pa-
tients with MS that cannot meet their nutritional requirement
with their usual diet. Some authors have evaluated prognostic
factors for mortality in MS patients. Chruzander et al. [304]
evaluated in a population-based study in Stockholm, the effect
of some personal and disease-specific factors on mortality at 10
years' follow-up, and they detected higher age at diagnosis
(>51 y), progressive disease course and depressive symptoms as
negative prognostic factors for survival. Similar results are
confirmed by Kinqwell et al. [305] with regard to age at diagnosis
and progressive form of the disease. Scalfari [306] analyzed data
of published large cohorts' registries, and also found higher age at
diagnosis as a negative prognostic factor for mortality. None of
the mentioned studies analyzed any nutritional data as a
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prognostic factor for mortality in MS patients. From indirect data,
some authors have found that respiratory infection and sepsis are
the most frequent MS-related causes of mortality [307], and we
can hypothesize that dysphagia and or malnutrition can be
involved as a causative factor. However, there is a lack of inter-
vention studies to demonstrate the effect of medical nutrition
therapy on survival in MS patients.

5.5. Clinical Question 29: Are there specific methods for screening
and clinical diagnosis of OD in MS?

Dysphagia is a common symptom inMS patients, and can be the
consequence of several potential factors such as involvement of the
corticobulbar tracts, cerebellar and brainstem dysfunctions, lower
cranial nerves paresis and cognitive impairment, all of which can
impair swallowing physiology. Dysphagia can cause severe
morbidity in MS patients, increasing the risk of dehydration and
aspiration pneumonia and reducing the quality of life and
increasing mortality. Prevalence of dysphagia in patients with MS
ranges between 10 and 90% of patients, depending on the method
used to evaluate the swallowing problem and the population
included in the study. A recent meta-analysis [10] showed that the
pooled prevalence of 12 studies using subjective methods (different
dysphagia questionnaires and only one water swallowing ques-
tionnaire) is of 36% (95% CI 31e42). However, the pooled prevalence
of objective methods (instrumental measurements, 3 studies VFS
and one study FEES) is of 81%. Nevertheless, there was substantial
heterogeneity across subjective and objective prevalence estimate.
Several studies reported that the prevalence of dysphagia was
related to the disability and the duration of the disease
[11,308,309], while other studies reported that dysphagia can be
present in MS patients with an Expanded Disability Status Scale
lower than 2.5 (low disability) [310].

Recommendation 46:

MS patients should be screened for dysphagia early in the
course of the disease, especially if they have cerebellar
dysfunction. The screening should be repeated at regular in-
tervals depending on clinical situation. We have not enough
evidence to recommend one specific screening method for
dysphagia in this population.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 47:

MS patients should be screened routinely for dysphagia over
the course of the disease, although we have not sufficient evi-
dence to recommend the timing. Patients with severe disabil-
ities, cerebellar dysfunction and long disease duration are the
highest risk patients.

Grade of recommendation: GPP e strong consensus (96%
agreement)

Recommendation 48:

Instrumental exploration of dysphagia should be performed
in MS patients with high risk for dysphagia (severe disabilities,
cerebellar dysfunction and long disease duration), or dysphagia
symptoms. We have not sufficient evidence to recommend one
specific method for diagnosis.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

Clinical screening of dysphagia: A clinical questionnaire to detect
patient-reported dysphagia in MS patients was designed by Ber-
gamaschi et al. [311]: the Dysphagia in Multiple Sclerosis (DYMUS)
questionnaire. The survey includes 10 questions that allow the
assessment of dysphagia for solids and liquids. DYMUS question-
naire was initially performed in a cohort of 226 consecutive out-
patients and later validated in a very large group of consecutive MS
patients during routine checkups outside relapses [312,313]. It
identified 92% of patients complaining for swallowing problems. In
asymptomatic patients, the DYMUS questionnaire identified 14% of
patients that should be subjected to further, more specific in-
vestigations. The questionnaire was abnormal in 31% of patients.
The patients that reported dysphagia with the test had higher EDSS
score and longer disease duration. The results of the DYMUS
questionnaire correlated positively with the penetrationeaspira-
tion scale measured by FEES in a small group of consecutively
hospitalized MS patients [314]. To date, the DYMUS questionnaire
has not been formally validated with an instrumental tool to
evaluate the sensitivity and specificity of dysphagia in MS patients.

Other bedside clinical tests for the assessment of dysphagia are
not validated specifically for screening of dysphagia in MS patients.
Clav�e et al. [79] only included 4 MS patients in their validation of
the volume-viscosity swallow test. De Pauw et al. [308] reported
the results of the questionnaire of the Johns Hopkins Swallowing
Centre in 68 of 73 MS patients with permanent dysphagia (defined
as dysphagia outside an acute relapse), and they found that the
most frequent symptoms were altered feeding habits (92%),
coughing and choking during meals (58%), food sticking in throat
(32%) and difficulty managing secretions (32%). Twelve per cent of
patients had history of pneumonia. Levinthal et al. [315] explored
dysphagia prevalence using the MD Anderson dysphagia inventory
in a cohort of 218 consecutive patients recruited to participate
either during routine follow-up clinic visits or during scheduled
visits for drugs infusions, and reported a prevalence of dysphagia in
20% of patients. The swallowing functions of 101 consecutive MS
patients were screened by the Northwestern Dysphagia Patient
Check Sheet by Poorjavad [252] and 31.7% were classified as having
dysphagia. Pharyngeal stage disorders were the most common
observed impairment (28.7%) and aspiration, oral stage disorders,
and pharyngeal delay were observed in 6.9%, 5%, and 1% of patients,
respectively. Patients with dysphagia had significantly longer dis-
ease duration, more neurological impairment in cerebellar func-
tional system and more neurological disability as measured by
ESSD scores. Thomas et al. [316] explored dysphagia in a group of
79MS patients consecutively admitted to the hospital using awater
test (150 ml), and found positive screening for dysphagia in 43% of
patients. Abnormal swallowing was associated with several factors
including abnormal brainstem/cerebellar function, disability, vital
capacity, and depression score.

Instrumental diagnosis: Clacagno et al. [11] reported the results of
FEES in 143 consecutive patients with primary and secondary pro-
gressive MS who underwent for neurological rehabilitation, and
they found dysphagia in 34% of patients. In this study, dysphagia risk
was related with severe brainstem impairment (OR 3.24; 95% CI
1.44e7.31) as compared with patients without severe brainstem
impairment. Severity of the illness was also associated with risk of
dysphagia (OR 2.99, CI 1.36e6.59), but not with duration of the
disease. Fernandes et al. [317] explored a cohort of 120 MS patients
with FEES, and they reported a 90% prevalence of dysphagia, more
frequent in secondary progressive and primary progressive forms of
the disease, and related with involvement of cerebellar, brainstem
and mental functions on the Functional Disability Scale and also
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with worse Expanded Disability Status Scale (EDSS) scores. The
study of Alfonsi [314] found a 53% of abnormal FEES in a cohort of 26
MS patients. De Pauw et al. [308] explored with manofluoroscopy
30 of the 73 MS patients with permanent dysphagia in their study,
and they described deficiency of the oral phase in all patients, while
only the patients with an EDSS higher than 7.5 showed abnormal-
ities of the pharyngeal phase (mostly hypopharyngeal hypocon-
tractility and reduced opening of the upper esophageal sphincter).

Two studies explored dysphagia with VFSS in MS patients.
Wiesner et al. [318] found videofluoroscopic abnormalities in 55%
of 18 consecutive MS patients, including 75% of patients absolutely
asymptomatic with regard to swallowing. Terr�e-Boliart et al. [319]
reported a prevalence of 83% of VFSS abnormalities in 23 MS pa-
tients controlled in a neurorehabilitation unit. In 52% of patients
with dysphagia there was some change in the swallowing safety,
and 40% of them were silent aspirators. Electrophysiological eval-
uation of dysphagia has been performed by Alfonsi [314] and
Beckmann [320] in 26 and 51 patients, respectively. They found a
high prevalence of electrophysiological abnormalities in asymp-
tomatic patients (subclinical dysphagia), that can be unmasked
performing a sequential water swallowing test during electro-
physiological evaluation of swallowing. Electrophysiological eval-
uation of dysphagia can be a promising exploration to detect early
dysphagia. All these results emphasize the importance of assess-
ment and management of swallowing function in MS patients,
particularly in patients with a high EDSS score, more severe cere-
bellar dysfunction, and long disease duration. See supplementary
data for Clinical Question 29.

5.6. Clinical Question 30: What are the effects of behavioral,
rheological and rehabilitation treatments for OD in patients with
MS?

Recommendation 49:

We recommend in MS patients with dysphagia the use of
modified consistency foods and fluids to ensure safe swallow-
ing, according to the individualized needs of the patients.

Grade of recommendation GPP e strong consensus (96%
agreement)

Recommendation 50:

No disease specific recommendation can be provided for the
behavioral treatment of dysphagia in patients with multiple
sclerosis due to lack of evidence. Therefore, general recom-
mendations for dysphagic patients should be followed.

Grade of recommendation GPP e strong consensus (100%
agreement)

Recommendation 51:

We recommend EN therapy in dysphagic patients unable to
cover their nutritional needs orally. In patients with MS and
other chronic neurological disorders PEG should be chosen as a
method of delivery of EN.

Grade of recommendation B- strong consensus (96%
agreement)

Commentary:

Dysphagia in multiple sclerosis has been found to be more
frequent than it was previously thought, affecting almost one third
of the patients [10,308]. Permanent dysphagia may already develop
in mildly impaired MS patients but becomes a rather frequent

finding in MS patients with moderate or severe disability [308].
Dysphagia is a serious condition, affecting the ability of the patient
to fully cover his nutritional needs and could be potentially haz-
ardous as it is related to fatal complications such as aspiration
pneumonia and severe malnutrition [321].

Interventions for neurogenic dysphagia are mainly based on
functional swallowing therapy, including methods of restitution,
compensation and adaptation. The aims of the interventions are to
help patientsmaintain their nutritional status andmost importantly
to prevent aspiration and aspiration pneumonia [322]. Data
regarding the effectiveness of behavioral, rheological and rehabili-
tation treatments for OD in patients with MS are limited. Studies
evaluating the efficacy of interventions inMS patients either include
a very small sample size of patients or are pilot studies, limiting
their significance for formulating safe recommendations regarding
the efficacy of interventions for themanagement of dysphagia inMS
patients. Nonetheless, in patients with neurodegenerative diseases
and dysphagia of neurological etiology, training in swallowing with
triggering of reflexes, training of swallowing process and adjust-
ment in the consistency of the food and liquids can help to improve
the process of swallowing, help maintain sufficient nutritional
intake and reduce the risk of aspiration [295,323].

Data regarding the effectiveness of thickened fluids or modified
consistency foods are very scarce in MS patients, based not on
randomized trials but on quantified examinations of the swallowing
ability with or without the use of thickeners or different types of
consistencies of food items [226,227]. Nonetheless, the use of
thickened fluids is a common strategy to improve swallowing safety
in a variety of oropharyngeal dysphagic patients, including those
who cannot sufficiently control the swallowing of thin liquids or
when airway protection is disturbed during swallowing [324,325].

PEG is one of the most commonly used methods for enteral
nutrition in patients who are unable to take food orally [326,327].
The most common indication is neurogenic dysphagia, followed by
obstructive causes such as head and neck tumors. PEG is the route
of choice for enteral nutrition in chronic neurological patients un-
able to feed themselves safely orally, as it is well tolerated and can
lead to a significant improvement of nutritional status [328]. See
supplementary data for Clinical Question 30.

6. Stroke

Stroke is one of the most prevalent acute neurological diseases
and one of the world's leading causes of mortality and physical
disability in adults. The risk of stroke increases with age. Other
identified known risk factors for stroke are hypertension, cigarette
smoking, heart disease, diabetes, transient ischemic attacks, lack of
exercise, alcohol, diet and obesity. According to the World Health
Organization, the number of stroke events in EU countries, Iceland,
Norway, and Switzerland is likely to increase from 1.1 million per
year in 2000 to more than 1.5 million per year in 2025, solely
because of the demographic changes [329]. Currently 6 million
subjects live in these countries having survived a stroke. Approxi-
mately one-third of individuals who recover from their first stroke
will have another stroke within 5 years. Recurrent stroke is a major
contributor to disability and death. The global cost of stroke in
Europe is estimated as high as 64 billion Euros [330].

Stroke patients are prone to malnutrition and dehydration
mainly due to dysphagia, impaired consciousness, perception def-
icits and cognitive dysfunction. Being malnourished or at risk of
malnutrition on admission is associated with an increased risk of
mortality and poor outcome [331]. Furthermore, nutritional status
can worsen during the first week after a stroke [332,333]. Stroke
patients are also at high risk for aspiration pneumonia, a life-
threatening complication with very high mortality. Early
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detection and treatment of dysphagia would be a cornerstone in
the management of stroke patients in order to decrease the inci-
dence of malnutrition, dehydration and aspiration pneumonia.
Several clinical questions arise about medical nutrition therapy in
patients who have had a stroke.

6.1. Clinical Question 31: Which stroke patients should be screened
and assessed for dysphagia?

Recommendation 52:

A formalized screening for dysphagia should be performed in
all stroke patients as early as possible and before oral intake.

Grade of recommendation B e strong consensus (95%
agreement)

Recommendation 53:

All stroke patients failing the dysphagia screening or
demonstrating symptoms of or risk factors for dysphagia
should be evaluated with a more thorough assessment of
swallowing function as early as possible.

Grade of recommendation B e strong consensus (100%
agreement)

Commentary:

Dysphagia affects at least 50% of patients with ischemic or
hemorrhagic stroke [4,5]. In the acute stage of stroke aspiration
pneumonia is the most important complication of dysphagia.
Adjusted for other risk factors dysphagia more than doubles the
risk for this complication [3]. Pneumonia in turn is associated with
increased mortality, length of hospital stay, dependency at
discharge and institutionalization [334,335]. Several studies have
demonstrated that a formalized dysphagia screening and assess-
ment is capable to reduce the rate of pneumonia [19,336e346]. In
particular, the prospective registry-based cohort study by Bray et al.
has demonstrated in 63,650 stroke patients that any delay in
dysphagia screening and comprehensive dysphagia assessment
leads to an increase in stroke-associated pneumonia in a strong
time-dependent manner [347]. Therefore, screening and if neces-
sary assessment for dysphagia should be performed as early as
possible. The diagnostic approach starts with a formal aspiration
screening, which may be a water swallow test [348e350] or a
multi-consistency-test [351e354].

If a patient fails the screening or demonstrates signs of
dysphagia, such as coughing, choking, wet voice, food-residuals in
the mouth or pneumonia outside the screening test, a more thor-
ough assessment has to be performed [350,355]. The same is true if
the screening is negative, but risk factors for dysphagia such as
dysarthria, aphasia, facial palsy, cognitive impairment, decreased
level of consciousness and high stroke severity are present
[349,356e359]. The more severe the stroke, the higher is the
probability of dysphagia. In fact a National Institute of Health stroke
scale of 10 and above demonstrated a high sensitivity and speci-
ficity in predicting dysphagia [360,361].

When it comes to a more comprehensive assessment, a clinical
bedside assessment (CBA) performed by a speech and language
therapist, a VFS or a FEES can be performed. Since the diagnostic
properties of the CBA have been less well explored and questioned
recently, instrumental testing should be preferred [179]. As a
bedside method, FEES includes several advantages and needs only
minimal cooperation of the patient. Therefore, it is predestined to
be utilized as an assessment method in stroke patients. A study by
Bax et al. could suggest that access to FEES was associated with a

significantly reduced rate of pneumonia after stroke [339]. See
supplementary data for Clinical Question 31.

6.2. Clinical Question 32: Does a routine screening of nutritional
risk compared with standard care lead to lower morbidity and
mortality or improve other outcomes in acute stroke patients?

Recommendation 54:

The available evidence suggests that all stroke patients
should be screened for risk of malnutrition on admission to
hospital (within 48 h), and the MUST can be used to identify
patients who are more likely to benefit from medical nutrition
therapy.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

When compared to a normal nutritional status, malnutrition is
associated with a worsened outcome in terms of increased mor-
tality, length of hospital stay and hospitalization costs. The associ-
ation between nutritional status and mortality was analyzed in a
large cohort of 3012 patients with a recent stroke enrolled in the
Feed Or Ordinary Food (FOOD) trial [332]. The 6-month mortality
was higher in the group of 275 patients deemed malnourished,
using a variety and often non-validated criteria, than in patients
with normal nutritional status (37 vs 20%). These findings were
confirmed recently using a formal nutritional screening tool in 543
patients with acute stroke. Using the Malnutrition Universal
Screening Tool (MUST) to evaluate the risk of malnutrition within
48 h post stroke, from low to high, the authors found a 6-month
mortality rate increasing from 6 to 42% [331]. Likewise, in this
study, the length of hospital stay (LOS) and related costs increased
as the risk of malnutrition rose from low to high. In fact, risk of
malnutrition was able to predict the 6-month mortality, LOS and
costs (related to the first and recurrent hospital admissions during
the follow-up period) independently of age, gender, ethnicity, type
of stroke, stroke severity and several stroke risk factors. This was
the first study that validated a nutrition screening tool in the stroke
population and its predictive validity suggests that MUST is a tool
that can be used on stroke patients to identify those who are more
likely to benefit frommedical nutrition therapy. In two other recent
studies, pre-stroke underweight or weight loss were associated
with increased 30-d post-stroke mortality [362,363].

A few studies have failed to clearly demonstrate clinical bene-
ficial effects of medical nutrition therapy in stroke patients [21].
This may be explained by the fact that many of those studies have
not used nutrition screening or assessment tools validated for the
stroke population, therefore theymay havemissed those whowere
more likely to benefit from nutritional therapy. See supplementary
data for Clinical Question 32.

6.3. Clinical Question 33: Does individual dietetic counseling
compared to standard care lead to lower morbidity and mortality or
improve other outcomes in acute stroke patientswith nutritional risk?

Recommendation 55:

Patients who are malnourished or at risk of malnutrition
should receive medical nutrition therapy through an individual
nutrition care plan. Whenever possible, a nutrition specialist
should develop and monitor this plan.

Grade of recommendation: B e strong consensus (91%
agreement)
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Commentary:

The majority of the studies [21] which have explored the effect
of medical nutrition therapy strategies for stroke patients (some of
them conducted in individuals who are malnourished or at risk of
malnutrition) tend to provide an undifferentiated form of medical
nutrition therapy for all the individuals of the intervention group,
e.g. using only oral nutritional supplements for patients without
swallowing problems. Only one study has evaluated the effect of an
individualized nutrition treatment plan in this population,
involving different forms of medical nutrition therapy according to
the individual needs of each patient.

Ha and her colleagues [364] selected a group of hospitalized
acute stroke patients aged > 65 years who were assessed as being
undernourished (using anthropometric values) or at nutritional
risk (using a modified version of the Malnutrition Universal
Screening Tool). These patients were allocated to the intervention
group, where they received an individualized nutritional treatment
plan detailing type, amount and route of feeding (including oral
nutritional supplements and enteral tube feeding) for each patient,
or to the control group, where patients received routine care at the
discretion of the attending physician. In the intervention group, the
nutrition planwas adjusted as necessary, according to the recorded
and calculated dietary intake for each patient, and individual advice
to prevent malnutrition was delivered before discharge. Outcomes
were assessed at 3 months after study entry. Results showed sta-
tistically significant differences between the groups in favor of the
intervention group with regards to energy intake [5010 (SD 1376)
kJ/day versus 4373 (SD 1268) kJ/day; P ¼ 0.032), as well as change
in weight (20.7% versus 36.4% had �5% weight loss; P ¼ 0.055) and
handgrip strength (2.3 (SD 3.7) versus �0.3 (SD 4.9) kg; P ¼ 0.002),
and some domains of the quality of life questionnaire (i.e. mobility,
self-care and usual activities domains) although one quarter of
these questionnaires were incomplete. There was no difference in
length of hospital stay between groups.

Another two papers from the same author and using the same
cohort of patients were found [365,366]. In the study that analyzed
the body composition of this cohort of patients [365], the group
that received the individualized nutritional treatment plan suffered
less from unintentional weight loss in the first week of hospitali-
zation, and the intervention subgroup of women had a smaller loss
of body fat at 3 months, when compared with the control subgroup
of women. The long term mortality (5e7 years post stroke) for this
cohort was later analyzed [366] and results showed no statistically
significant difference in this outcome between both groups. It
should be noted that the nutritional intervention was delivered for
a relatively short period of time (i.e. only during hospitalization,
and advice to prevent malnutrition was given prior to discharge),
therefore it remains unclear whether the long-term outcomes
would have been influenced by a longer period of medical nutrition
therapy. Larger and good quality RCTs, providing medical nutrition
therapy for a longer period of time to patients identified at risk of
malnutrition using a validated nutrition screening tool, will help to
fill this gap in the evidence.

In summary, the existing evidence suggests that medical
nutrition therapy, given through an individualized nutritional
treatment plan tailored to the specific needs of the patient, can help
to meet energy requirements and prevent weight and fat loss, and
can also contribute to improvement of functional status and quality
of life. Stroke patients are particularly vulnerable to malnutrition,
and this is a complex problem that may require multiple strategies
to ensure that the nutritional needs of the patients are met, to
prevent further catabolism and to maximize the potential for
rehabilitation. A nutrition specialist (e.g. a dietitian or a nutritionist
with experience in stroke) gathers the skills required to understand

the multiple causes of malnutrition or the factors that place the
patient at risk of malnutrition, and is well positioned within the
multidisciplinary team to develop andmonitor a nutrition care plan
tailored to the specific needs of the patient. Therefore, it is rec-
ommended that, whenever possible, a nutrition specialist should
develop and monitor the individual nutrition care plan. See
supplementary data for Clinical Question 33.

6.4. Clinical Question 34: Do oral nutritional supplements
compared to standard care lead to lower morbidity and mortality or
improve other outcomes in acute stroke patients with nutritional
risk?

Recommendation 56:

Routine ONS are not recommended for patients with an
acute stroke without dysphagia and who are adequately nour-
ished on admission.

Degree of recommendation: GPP e strong consensus (100%
agreement)

Recommendation 57:

In stroke patients who are able to eat and who have been
identified to bemalnourished or at risk of malnutrition ONS are
recommended.

Degree of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

In the acute phase of stroke, 30e50% of patients suffer from
dysphagia, while the incidence drops to around 10% at six months
of acute stroke. Dysphagic stroke patients are prone to dehydration
and malnutrition, and also have an increased risk of aspiration
pneumonia and global mortality. The relevance of an early detec-
tion of malnutrition and dysphagia is well defined, but there are
few studies on the effect of ONS in stroke patients who are able to
eat and who have been identified as malnourished or at risk of
malnutrition [19e21]. In the overall group of stroke patients
without dysphagia, ONS do not improve survival or functional
outcome, and only some positive results have been demonstrated
in patients clearly identified as malnourished. There are very few
studies focusing on this topic in the literature.

Gariballa [367] and Rabadi [368] evaluated the effect of
providing ONS to stroke patients identified as malnourished or at
risk of malnutrition on mortality, dietary intake, body weight,
functional status, length of hospital stay and the proportion of
patients discharged home. Gariballa [367] in a small trial (20 pa-
tients per arm) explored the effect of ONS (400 ml/d, 1.5 kcal/ml
and 5 g protein/100 ml) in addition to normal hospital diet,
compared to normal hospital diet alone for 4 weeks. Significant
differences were found at 12 weeks only for energy and protein
intake, serum iron and albumin, with no differences in any other
outcomes (e.g. Barthel-Index, infectious complications, length of
stay and mortality). Rabadi [368], in a trial including 58 stroke
rehabilitation patients per arm, compared the effect of a high-
energy high-protein ONS (2 kcal/ml, 9 g protein/100 ml) with a
standard energy and protein ONS (1 kcal/ml, 4 g protein/100 ml) on
length of hospital stay, functional outcomes, timedwalking test and
body weight. The group on high-energy high-protein ONS showed
better outcome measures as functional independence measure
motor score and 6-min walking test, but not in functional inde-
pendence measures cognition score, length of hospital stay or body
weight.
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The largest trial (FOOD trial, Food or Ordinary Diet after Stroke)
[369] included 4023 patients and evaluated the effects of routine
provision of ONS (360 ml/d, 1.5 kcal/ml, 6 g protein/100 ml) in
addition to hospital normal diet (irrespective of nutritional status)
with normal diet alone on hospital length of stay, mortality, poor
outcome (death or dependency), in-hospital complications,
discharge destination, quality of life and adverse events. In this
trial, there were no statistically significant differences between the
groups in any of the outcomes measured. However, there were
several limitations in the study design that might explain this lack
of effect. The most important was that nutritional assessment was
not standardized, and then it was difficult to assess the influence of
a nutritional intervention on nutritional status. The second limi-
tation was the lack of monitoring of energy intake during the
intervention period or at follow-up, and then it was difficult to
assess whether the intervention group achieved a higher nutri-
tional intake than the control group.

As mentioned above (question 33) Ha et al. [364] evaluated
the effect of an individualized nutrition treatment plan including
ONS or enteral feeding as required, compared with usual care in
acute stroke patients aged > 65 years identified as malnourished
or at risk of malnutrition (MUST) on energy and protein intake,
body weight, quality of life, handgrip strength and length of
hospital stay. The intervention group showed higher energy
intake, prevention of weight loss, improved quality of life and
handgrip strength at 3 months, but no significant differences
were found on protein intake and length of stay. Unfortunately, in
this study the effect of ONS or tube feeding could not be differ-
entiated. Recently, the group has published a survival study after
5e7 years of follow-up [366], and no differences were found in
survival between the control and the intervention group, with the
exception of the subgroup of patients who had baseline plasma
total carotenoids above median levels, that increased all-cause
mortality. See supplementary data for Clinical Question 34.

6.5. Clinical Question 35: Does offering texture modified food
compared to standard nutrition lead to lower morbidity and
mortality or improve other outcomes in acute stroke patients with
dysphagia?

Recommendation 58:

Texture modified diets and thickened liquids may reduce the
incidence of aspiration pneumonia in stroke patients with
dysphagia. Data on the effect of modified diets and thickened
liquids on mortality of stroke patients is insufficient.

Texture modified diets and thickened liquids should be or-
dered only following an assessment of swallowing function
including assessment of the risk of aspiration according to a
standardized protocol (clinical and, if feasible, instrumental) by
professionals trained and experienced in the assessment and
treatment of dysphagia. This assessment should be repeated at
regular intervals until normal swallowing function is regained.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 59:

Every stroke patient who receives texture modified diets or
thickened fluids should be referred for specialist nutritional
assessment and counseling. This assessment should be repeated
at regular intervals at least for as long as texture modification
and/or thickened fluids are continued.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 60:

Texture modified diets and thickened liquids may lead to
reduced energy and fluid intake.

Every stroke patient who receives texture modified diets or
thickened fluids should have both fluid balance and nutritional
intake monitored by trained professionals.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 61:

In stroke patients diagnosed with thin liquid aspiration free
access to water in addition to thickened liquids may be an op-
tion to thickened liquids alone.

Stroke patients diagnosed with risk of thin liquid aspiration
may be allowed unthickenedwater in addition to thin liquids on
an individual decision with regular follow-up.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 62:

Carbonated liquids may reduce pharyngeal residue when
compared to thickened liquids. The use of carbonated liquids
may be an option for stroke patients diagnosedwith pharyngeal
residue.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

Texture modified food and thickened liquids are usually used in
patients with dysphagia to reduce the risk of choking and aspira-
tion. Foods are chopped, mashed or pur�eed to compensate for
chewing difficulties or fatigue, improve swallowing safety and
avoid asphyxiation. Liquids are typically thickened to slow their
speed of transit through the oral and pharyngeal phases of swal-
lowing, to avoid aspiration of material into the airway and improve
transit to the esophagus. Although these interventions are well
established and frequently used in clinical practice, randomized
controlled trials with texture modified food and thickened liquids
are rare. In clinical practice fluids are thickened using subjective
judgement. Most studies combined interventions with texture
modified food and thickened liquids making it difficult to separate
which of the two combined interventions was the one which was
effective. The names, the number of levels of modification and
characteristics of texture modification, e.g. “thin”, “nectar-like”,”
honey-like”, “spoon-thick”, “pudding” vary within and across
countries [370]. Due to this lack of an international terminology for
texture modified foods and thickened liquids, it is not possible to
compare clinical trials with this intervention. Furthermore, it is
difficult to transfer results from studies where the intervention-
texture modification-is not standardized. A great contribution to
oral fluid intake is from food [371].

A systematic review of randomized controlled trials [372] on
dysphagia treatment post stroke identified and reviewed the
following 4 trials with interventions based on dietary modifica-
tions. In a RCT including 56 patients with pseudobulbar dysphagia,
the effect of bolus manipulation on the recurrence of aspiration
pneumonia was studied. Group I patients received a “pureed diet”
with thin liquids, whereas those in group II received a “soft me-
chanical diet” with thickened liquids. Members of group II experi-
enced significantly fewer incidences of aspiration pneumonia
during a 6-month period [373].
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A small randomized-controlled prospective trial included 20
stroke patients with previously identified thin liquid aspiration.
The control group (10 patients) received thickened liquids only. The
study group (10 patients) had all liquids thickened in the same
manner, but were allowed free access to water between meals in
addition to the thickened liquids. No patient in either group
developed pneumonia, dehydration, or complications during the
course of the study, or during 30-day follow-up period. Control
group subjects (thickened liquids only) averaged a mean of 27.2
days in the study (range 8e64 days) prior to reaching the end point
of no thin liquid aspiration as documented by follow-up video-
fluoroscopic evaluation. Control group subjects had a mean intake
of 1210 cc/day (range 400 to 1800 cc/day) of thickened liquids.
Study group subjects averaged 32.9 days from onset of stroke to end
point of no thin liquid aspiration, with a mean of 19.1 days in the
study (range 7e35 days) prior to reaching the end point of no thin
liquid aspiration as documented by follow-up videofluoroscopic
evaluation. The mean water intake was of 855 cc/day (range
200e800 cc/day). It has to be stressed that patients in the study
group had only additional access to water-not to other liquids like
juicewhich pose an additional risk if aspirated due to the content of
acid. Furthermore, the compliance was not assessed. In clinical
practice many patients who are ordered thickened liquids take
additional fluids without thickener [374].

In one study included in the systematic review of Foley et al.
[372], both groups received thickened fluids. This means the study
did not evaluate the effect of thickened liquids compared to
unthickened liquids but the effect on monitoring the fluid thick-
ness using a viscometer. The speech and language therapist
determined the optimal fluid thickness for each patient. The pre-
scribed fluid viscosity for the intervention group was obtained
using a viscometer. Patients in the control group received fluids
prepared according to current practice, i.e. the amount of thick-
ener required to produce the prescribed viscosity was judged
subjectively by the nursing staff. Ten patients in the study group
(n ¼ 23) and nine in the control group (n ¼ 23) aspirated. The
mean viscosity of fluids offered to patients in the control group
was significantly higher than that of the study patients. There was
a statistically significant correlation between the viscosity and the
residual volume of fluid (Pearson's test: r ¼ 0.7, p < 0.02). The
findings of the study suggest that fluids prepared by subjectively
assessing the amount of thickener required to produce a given
consistency tend to have a higher viscosity than those prepared
using the viscometer. However, the higher viscosity does not
appear to protect against pulmonary aspiration and may lead to a
reduced fluid intake [375].

Another study included in the systematic review of Foley et al.
[372], compared starch-based powder-thickened fluids with ready
prepared pre-thickened fluids in 24 patients with dysphagic acute
stroke requiring thickened fluids. Patients who were not on
specialist stroke units and received pre-thickened fluids drank
almost 100% more than those on powder-thickened fluids
(P ¼ 0.04) [376].

A RCT with patients with known thin liquid aspiration post
stroke randomized stroke patients in rehabilitation facilities to
receiving “thickened liquids only” or a “water” protocol. For the 14
participants in rehabilitation facilities whose data proceeded to
analysis, there was no difference in the total amount of beverages
consumed between the water protocol group (mean ¼ 1103 ml per
day, SD ¼ 215 ml) and the thickened liquids only group
(mean ¼ 1103 ml, SD ¼ 247 ml). Participants in the water protocol
group drank on average 299 ml (SD 274) of water but offset this by
drinking less of the thickened liquids. Their hydration improved
over time compared with participants in the thickened liquids only
group, but differences between groupswere not significant. Twenty-

one percent of the total sample was diagnosed with dehydration,
and no participants in either group were diagnosed with pneu-
monia. There were significantly more diagnoses of urinary tract
infection in the thickened liquids only group compared to the water
protocol group (c [2]¼ 5.091, p¼ 0.024), but no differences between
groups with regard to diagnoses of dehydration (c [2] ¼ 0.884,
p ¼ 0.347) or constipation (c [2] ¼ 0.117, p ¼ 0.733) [377].

According to a literature review, the impact of bolus modifica-
tion on health-related quality of life in patients with oropharyngeal
dysphagia appears to be negative with increased modification of
food and fluids often correlating with a decreased quality of life
[378]. For this reason, adequate texture modified diets and thick-
ened fluids may be supportive in selected patients with oropha-
ryngeal dysphagia, however, may lead to decreased quality of life in
others. Dietary and fluid intakes of older adults in care homes
requiring a texture modified diet are significantly less than in-
dividuals on a standard texture diet. Residents on a texture-
modified diet had significantly lower intakes of energy (1312
[326] kcal versus 1569 [260] kcal, P < 0.024), non-starch poly-
saccharide (6.3 [1.7] g versus 8.3 [2.7] g, P < 0.02) and fluid (1196
[288] ml versus 1611 [362] ml, P < 0.002) when compared with
residents on a standard texture diet [379].

In a study observing the intake of people eating normal diet
compared to people eating texture modified food, the texture
modified group had significantly lower intakes of energy (3877
versus 6115 kJ/day, P < 0.0001) and protein (40 versus 60 g/day,
P< 0.003) compared to consumption of the normal diet. The energy
and protein deficit from estimated requirements over 24 h was
significantly greater in the texture modified group (2549 versus
357 kJ, P < 0.0001; 6 versus 22 g, P ¼ 0.013; respectively) [380].

In a study including thirty-nine patients with a new diagnosis of
ischemic stroke patients were assigned to one of two groups based
on the consistency of liquids. Group 1 (n ¼ 21), thin liquids, and
group 2 (n ¼ 18) received nectar or honey consistency. Fluids
offered and consumed were monitored for 72 consecutive hours.
Patients receiving thin liquids consumed significantly more than
patients receiving thickened liquids (mean ¼ 1405.45 ml and
SD ¼ ±727.1 ml vs. mean ¼ 906.58 ml and SD ¼ ±317.4 ml;
p ¼ 0.0031). However, they were also offered significantly more
fluids (mean ¼ 2574.7 ml vs. 1588.9 ml, p ¼ 0.0002) [381].

In a retrospective chart review completed on 67 ischemic stroke
patients, patients on modified solid diets or thickened liquids due
to dysphagia showed a significantly elevated BUN/Cr values at
discharge [382], as a indicator of poor hydration status.

In a small study neurologically impaired patients had to swal-
low liquids with the following consistencies three times: thin,
thickened and carbonated. The liquids were given in doses of
3 � 5 ml. The swallows were analyzed videoradiographically
regarding penetration/aspiration, pharyngeal transit time and
pharyngeal residue. Significant difference was found regarding
penetration/aspiration when comparisons were made between
thin liquid and carbonated thin liquid (p < 0.0001). The compar-
ison between thin liquid and thickened liquid (p < 0.0001) showed
significant less penetration with thickened liquids. Pharyngeal
residue was significantly reduced (p < 0.0001) with carbonated
thin liquid compared to thickened liquid. Pharyngeal transit time
was reduced both when comparing thin liquid with thin carbon-
ated liquid (p < 0.0001) and thickened liquid (p < 0.0001). How-
ever, this study did only look at swallowing during a
videoradiographic analysis, not on swallowing outside laboratory
conditions and did not investigate clinical endpoints like aspira-
tion pneumonia [383].

In summary, currently there is a lack of evidence on the positive
as well as on the adverse effects of texture modified diets in stroke
patients with dysphagia. Many trials with texture modified food
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and thickened liquids as an intervention do not focus especially on
stroke patients. See supplementary data for Clinical Question 35.

6.6. Clinical Question 36: Does tube feeding compared to other
feeding strategies lead to lower morbidity and mortality or improve
other outcomes in acute stroke patients with severe dysphagia?

Recommendation 63:

Patients with prolonged severe dysphagia after stroke that
presumably last for more than 7 days should receive early (not
more than 72 h) enteral tube feeding.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Recommendation 64:

Critically ill stroke patients with decreased level of con-
sciousness that need mechanical ventilation should receive
early (not more than 72 h) enteral tube feeding.

Grade of recommendation: B e strong consensus (100%)

Commentary:

Around 8.5e29% of stroke patients require tube feeding in the
acute phase of stroke [384]. However, it remains unclear what kind
of stroke patients can improve their prognosis with enteral feeding
[19e21]. Probably, previously malnourished patients could benefit
the more, although this affirmation has not been proved. In the
FOOD trial-2 [385], early enteral feeding (within seven days after
stroke) was compared with tube feeding initiated after seven days
in 859 patients. Early tube feeding reduced mortality in dysphagic
patients by 5.8%, compared with the group of “late” initiation,
although the differences were not significant. However, the pro-
portion of patients surviving with poor outcome (great disabilities)
was higher in the group who started early enteral nutrition, as well
as prevalence of gastrointestinal bleeding. It could be speculated
that these patients with poor outcome probably would not have
survived without enteral nutrition. This study suffers from impor-
tant limitations in the design. The first is the lack of standardization
of nutritional assessment (as previously stated), but probably the
most important bias for this question is that patients with a clear
indication for early tube feeding were not included, only those in
which the attending physician was unsure about the adequate
nutritional therapy. Zheng [386] evaluated the impact of early
enteral nutrition (within 72 h of admission) on short term prog-
nosis after acute stroke. However, this non-randomized study has
serious limitations in the design, as they compared 75 patients
admitted to a stroke unit managed with enteral nutrition with 71
patients admitted to the regular ward that received family-
managed oral nutrition.

Critically ill stroke patients with a severe decreased level of
consciousness that need mechanical ventilation can benefit from
enteral nutrition. In ESPEN Guidelines on enteral nutrition: Intensive
care [387], critically ill patients benefit from early medical nutrition
therapy (preferably by the enteral route) if they cannot meet their
nutritional requirements by the oral route within three days.
Although the studies that support this recommendation are not
performed specifically in stroke patients, the beneficial effects may
be extrapolated to stroke patients.

Patients with presumably long duration of dysphagia (more
than 7 days) because of the severity of stroke or certain cerebral
infarct localizations (as bulbar and brainstem areas) are at nutri-
tional risk and therefore they can benefit from enteral nutrition. In
these cases, enteral nutrition should start early, as acquired

malnutrition is a negative prognostic factor for outcome in stroke
patients [333,388,389]. See supplementary data for Clinical
Question 36.

6.7. Clinical Question 37: Does tube feeding via PEG compared to
nasogastric tube feeding lead to lower morbidity and mortality or
improve other outcomes in acute stroke patients with dysphagia?

Recommendation 65:

If a sufficient oral food intake is not possible during the acute
phase of stroke, enteral nutrition should be preferably given via
a nasogastric tube.

Grade of recommendation: A e strong consensus (100%
agreement)

Recommendation 66:

If enteral feeding is likely necessary for a longer period of
time (>28 days), a PEG should be chosen and placed in a stable
clinical phase (after 14e28 days).

Grade of recommendation: A e strong consensus (95%
agreement)

Recommendation 67:

In a subgroup analysis of patients with dysphagia needing
PEG placement, the “pull” technique was superior and then
should be preferred when compared with the “push” technique.

Grade of recommendation: B e strong consensus (100%
agreement)

Recommendation 68:

Stroke patients mechanically ventilated for longer than 48 h
may receive a PEG at an early stage (usually within 1 week).

Grade of recommendation: 0 e consensus (85% agreement)

Recommendation 69:

If a nasogastric tube is repeatedly removed accidentally by
the patient and if enteral nutrition will probably be necessary
for more than 14 days, a nasal loop/bridle may be applied to
secure the nasogastric tube.

Grade of recommendation: B e strong consensus (95%
agreement)

Recommendation 70:

If a nasogastric tube is rejected or not tolerated (after several
attempts) by the patient and if medical nutrition will probably
be necessary for more than 14 days and the application of a
nasal bridle is not feasible or not tolerated, early feeding via PEG
should be started.

Grade of recommendation: GPP e strong consensus (93%
agreement)

Recommendation 71:

Nasogastric tube feeding does not worsen dysphagia and is
therefore no obstacle to dysphagia rehabilitation.

Dysphagia therapy should therefore start as early as possible
in all stroke patients.

Grade of recommendation: B e strong consensus (90%
agreement)

R. Burgos et al. / Clinical Nutrition 37 (2018) 354e396380



Recommendation 72:

If there are symptoms of unexplained worsening of
dysphagia in patients fed via nasogastric tube, the pharyngeal
tube position should be controlled endoscopically.

Grade of recommendation: GPP e strong consensus (90%
agreement)

Commentary:

Between 23 and 78% of all stroke patients suffer from relevant
dysphagia, dependent on the diagnostic technique [4,390].
Frequently, this leads to aspirationwithin the first days after stroke.
The majority of patients have “silent” aspiration [391]. Severity of
stroke, aphasia, as well as dysphasia, and lesions of the frontal and
insular cortex as well as the brain stem are predictors for prolonged
dysphagia (>14 days) [4,384]. Between 8.5% and 29% of stroke pa-
tients require tube feeding in the acute phase of stroke [392].

Dysphagia due to ischemic stroke resolves within 7e14 days in
73e86% of the cases [393e395]. It is therefore worthwhile to
consider an access to enteral nutrition which is less invasive than
PEG at first. At present, only two prospective, randomized,
controlled intervention studies had been comparing nasogastric
tube feeding and PEG feeding after stroke.

In a recent Cochrane review, feeding of adults with swallowing
disturbances via PEG tube versus feeding via nasogastric tube were
compared [396]. However, the population included adults with
swallowing difficulties of various etiologies, i.e. also patients with
dysphagia caused by other diseases than by stroke were included.
Intervention failure occurred in lower proportion of participants
with PEG compared to nasogastric tubes. There was no statistically
significant difference of the secondary outcomes mortality, overall
reports of adverse events at any follow up time point, specific
adverse events including pneumonia and nutritional status. How-
ever, there was evidence in favor of PEG of mid-arm circumference
change from baseline and levels of serum albumin were higher in
the PEG group. Quality of life wasmeasured in two studies with 133
participants. The intervention favored PEG: Fewer participants
found the application of a PEG to be inconvenient, uncomfortable
or interferingwith social activities. The studies were subgrouped by
endoscopic technique into pull, push and “not reported”. There was
a significant difference favoring the “pull” subgroup. The most
widely used method of PEG placement is the “pull” method or
standard Ponsky technique. The “push” modification of this pro-
cedure, based on the Russell introducer technique, avoids transoral
passage of the PEG by direct insertion through the abdominal wall
over a guidewire under endoscopic guidance. As this Cochrane
review did not specifically address stroke patients with dysphagia,
we analyzed studies especially addressing this patient group.

In a Cochrane review on “Interventions for dysphagia and
medical nutrition therapy in acute and subacute stroke” [21] the
authors conclude that, compared with nasogastric feeding, PEG
reduced treatment failures and gastrointestinal bleeding and had
higher feed delivery. Albumin concentrations were higher in the
PEG group. The study published by Norton et al. [397] included 30
stroke patients. 16 patients were assigned to the PEG-group. They
had a better nutritional status, lower mortality and shorter hospital
stay after 6 weeks of intervention. However, it has to be taken into
account that the study population consisted of severely impaired
elderly stroke patients, with an average age of 79 years. All patients
were unconscious on admission, had hemiplegia and their Barthel-
Index (Katz Index for Activities of Daily Living, ADLs) was only three
points on average (on a scale from 0 to 20 points).

The only randomized, controlled study evaluating timing of
feeding in stroke patients, was the “Early versus Avoid Trial” of the

FOOD-study, which was published in 2005 [369,398]. It was also
the study with the biggest sample size (859 patients) addressing
this question. After randomization tube feeding was either started
as soon as possible or the placement of the tube was delayed for at
least seven days. During this period, fluid was given intravenously
or subcutaneously. Whether enteral nutrition was given via a PEG-
tube or a nasogastric tube, was decided by the attending physician.
In 429 patients, a nasogastric tube was chosen; only 10 patients
received a PEG-tube. The group of patients that started enteral
nutritionwithin 7 days of admission had a reduction inmortality by
5.8%, which was not significant. The proportion of patients sur-
viving with poor outcome was greater in the group with early
nutrition (defined as Rankin Score 4 or 5). It could be speculated
that these patients with an “impaired outcome” would have died
with a delayed start of nutrition. Pneumonia did not occur more
often in patients that received early enteral nutrition. Gastroin-
testinal bleeding occurred more often in early feeding than in
delayed feeding. In this study, patients were only included when
the attending physician was not sure about the timing of feeding.
Nutritional status was not evaluated by standardized screening, but
recorded informally by the attending physician. Together with
some other limitations of the study, the amount of tube feed given
was not documented.

It is recommended to start early enteral nutrition in patients,
who are anticipated to have swallowing difficulties for more than
seven days and therefore not reach a sufficient oral intake. The
FOOD-trial showed no differences between PEG feeding and
nasogastric tube feeding regarding the endpoint “death after six
months” in 321 dysphagic stroke patients [369,398]. The mean age
of the study population was 76 years. At admission 16% of patients
could raise both arms, 3% could walk without help and 25% had a
normal verbal Glasgow Coma Scale. After six months patients with
nasogastric tube showed a significantly (7.8%) lower risk of the
combined end point “death and/or impaired functional status”
when compared to patients with early PEG feeding. A limiting
factor of the study was that only patients, in whom the attending
physician was “not sure” about the best nutritional therapy (which
means nasogastric or PEG tube), were included. Unfortunately, this
study does not give information about the number of patients per
center that were not included in the study and the reasons for
exclusion. Furthermore, tube placement occurred considerably
later in patients, who were randomized to the PEG-group than in
patients in the nasogastric-group. Eighty percent of the patients
with the nasogastric tube received tube on the first day after
randomization. In the PEG-group only 70% of PEG-tubes were
placed within 4 days, 80% were placed within 14 days after insult.
In this study, most patients were recruited in British hospitals,
where, at the time of the study, it took several days to get an
appointment for PEG-tube placement. The fact that intervention
was not possible directly after randomization, limits the compa-
rability between the two study groups. The effects of a delayed
nutrition therapy are known from other studies, amongst others
from the “Avoid versus Early-tube”-part of the FOOD-trial. There
was an increased prevalence of pressure sores in the PEG-group.
Two possible explanations of the difference can be discussed: On
the one hand patients with a PEG-tube might have been less mo-
bile, due to the tube placed in the abdominal region and therefore
suffered from an increased rate of pressure sores. On the other
hand, it is conceivable, that patients with a PEG were attended
differently (e.g. less intensively) by the nursing staff than those
with a nasogastric tube. In case of the latter theory, the worse
functional result of the PEG-group would not have been directly
caused by the enteral access and nutrition, but by the different
treatment and care of the patients. Taking into account the inclu-
sion criteria, the results of the FOOD-trial have to be treated with
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caution when applied to the overall group of dysphagic stroke
patients.

In another small prospective randomized study publishedby Park
et al. [399], a group of 40 patients with persisting neurological
dysphagia �18 were stroke patients, the patients fed via PEG tube
had a better nutritional status compared to the group fed via naso-
gastric tube. On day twenty-eight 18 out of 19 patients in the naso-
gastric tubeegroup had fulfilled the criteria for a “treatment failure”:
hereupon feeding was changed to PEG-tube. Outcome could not be
evaluated due to the small number of patients left in the nasogastric
group. This is showing the common practical problems with a
nasogastric tube, like non-tolerance of the nasogastric tube.

In general, dislodgement of nasogastric tubes causing poor
enteral nutrition is a commonproblem in daily routine. Two studies
about nasal loops in stroke patients demonstrated that nasal loops
are safe, well tolerated and effective at delivering full enteral
nutrition [400]. A randomized controlled trial observed an increase
of 17% mean volume of fluid and tube feed given in the nasal loop
group. The intervention period was limited to 2 weeks. The nasal
loop ameliorated electrolyte disturbances and reduced nasogastric
tube failure. However, no differences were seen in terms of mor-
tality, morbidity, PEG placement, functional outcomes and length of
hospital stay at 3months follow up [401]. The long term outcome in
this patient group was poor: 88/104 (84%) were either dead or
severely disabled at 3 months follow up. There is insufficient evi-
dence to support a recommendation of mittens. In centers where
they are used, a locally agreed protocol should be in place to
minimize the risk of associated complications [20].

A randomized study published by Kostadima et al. [402] reported
that early nutrition (within 24 h) via PEG in 41 mechanically venti-
lated patients with stroke or head injury was superior to feeding via
nasogastric tube, and it was associated with a lower prevalence of
ventilator-associated pneumonia. However, a significant difference
in length of stay and mortality could not be found. Conclusions for
the treatment of ventilated stroke patients can be drawn from this
study, as stroke patients were represented with 61%. In particular, in
mechanically ventilated stroke patients, in whom prolonged artifi-
cial nutrition (>14 days) is probable, early feeding via PEG (usually
within 1 week) should be preferred to nasogastric tube feeding, due
to a lower rate of ventilation related pneumonia [402,403].

Particularly in stroke patientswith unfavorable prognosis, ethical
considerations and living-will decisions should be specially
considered. In doubt, a semi-invasive nutrition with nasogastric
tube feeding might be more appropriate as a first step. The indica-
tion for artificial nutrition should be reconsidered daily and in
particular thoroughly reassessed before transfer to a nursing home
or a palliative-care unit. Tube feedingmay be finished, if themedical
indication no longer exists, most likely in a palliative situation. In
patients with an uncertain prognosis, PEG-insertion should not be a
criterion for the admittance to a rehabilitation ward or to a nursing
home, especially if a nasogastric tube is well tolerated.

Due to the risk of internal pressure sores, small diameter
nasogastric feeding tubes (8 French) should be used in stroke pa-
tients. Tubes with a greater diameter should only be placed if
gastric decompression is necessary. The placement of a nasogastric
tube should be done by trained and technically experienced med-
ical staff. Due to the risk of misplacement, the correct position
should be controlled before the application of tube feed. This can be
done via x-ray or by the aspiration of gastric content. A further
possibility to control tube position is the measurement of gastric
pH [404]. A local standard for the assessment of correct tube
placement should be developed in every hospital.

In a group of patients with miscellaneous diseases swallowing
difficulties were observed in 17.4% of patients with nasogastric tube
feeding, compared to none in the PEG group [405]. In addition to

another study, which observed alterations of swallowing in healthy
volunteers [406], these results partly led to the assumption that
therapy for dysphagia might not be possiblewith a nasogastric tube
in situ. This assumption is contradicted by three recent studies,
with two of them in stroke patients, that did not observe a negative
impact of nasogastric tube feeding on swallowing function
[407e409]. Dysphagia therapy should therefore start as early as
possible, in tube-fed as well as non-tube-fed patients. Dziewas et al.
demonstrated that in most cases of worsening of dysphagia with a
nasogastric tube, this was due to misplacement with coiling of the
tube in the pharynx [409]. A reinsertion of the tube or even more
favorable an endoscopic evaluation of the pharyngeal tube position
is therefore recommended in this situation.

7. Oropharyngeal dysphagia. Additional aspects

7.1. Clinical Question 38: What is the role of food texture and liquid
viscosity modification in the treatment of oropharyngeal dysphagia?

Recommendation 73:

There is strong evidence that the risk of aspiration can be
reduced in adults with oropharyngeal dysphagia of different
etiologies by increasing liquid viscosity. However, thickened
liquids may increase the risk of post-swallow oral and pharyn-
geal residues.

Texture modified diets and/or thickened liquids should be
prescribed only after a clinical swallow exam and/or instru-
mental dysphagia assessment (VFSS or FEES) has been carried
out.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 74:

There is evidence that using thickened liquids fails to sub-
stantially increase fluid intake in persons with OD. Liquid
thickening should be applied in patients with OD aspirating on
liquids, however, liquid intake needs to be closely monitored
since there is a high risk of insufficient oral intake.

Grade of recommendation: A e strong consensus (100%
agreement)

Recommendation 75:

To improve patients' compliance different types of thick-
ening agents should be offered for choice.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 76:

Modified textures and thickened liquids should be used in
persons with chronic dysphagia to enhance nutritional status.

Grade of recommendation: B e strong consensus (100%
agreement)

Recommendation 77:

In spite of applying food texture and liquid viscosity modi-
fications patients with OD are at an increased risk of malnu-
trition, dehydration and aspiration pneumonia and, hence,
should be carefully monitored for these complications.

Grade of recommendation: GPP e strong consensus (95%
agreement)
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Commentary:

The use of texture-modified foods and thickened liquids has
become a cornerstone of clinical practice to address OD. The prin-
ciple behind this approach arises from the assumption that modi-
fying the properties of normal foods and liquids will make them
safer and easier to swallow [410]. In spite of the pervasive use of
texture modifications as clinical intervention, the specific scientific
foundation, although convincing in some aspects, is with regards to
some important issues still incomplete or inconclusive.

For decades there were no established and universally used
terminology and definitions to describe the target consistency
recommended for patients with OD and to guide its preparation
[410]. Several countries have developed their own taxonomies or
classification systems [410,411]. Only recently the “International
Dysphagia Diet Standardization Initiative” (IDDSI) has been
established that pursues the goal to develop global standardized
terminology and definitions for texture modified food and thick-
ened liquids for individuals of all ages, in all care settings, and all
cultures [412]. In general, an inconsistent approach in defining and
measuring rheological properties of food and liquid items limits
the comparability of studies performed and the validity of con-
clusions reached in this area. There is a strong need for establishing
internationally accepted and uniformly used standards of
measuring and grading rheological characteristics of bolus
textures.

In spite of these problems with regards to terminology, the ef-
fect of liquid thickening on the physiology of impaired swallow
responses has been thoroughly investigated. There are two recent
systematic reviews [410,412] and one white paper [413] summa-
rizing the evidence of more than thirty studies devoted to this topic.
The concordant conclusion of these three high-quality papers is
that liquid thickening reduces the risk of airway penetration and
aspiration in different patient populations suffering from OD.
Although the available data are insufficient to suggest particular
viscosity values, the analysis put forward by Newman and col-
leagues suggest that on the continuum covering the whole spec-
trum from “thin”, “nectar”, “honey” to “spoon thick” there seems to
be a doseeresponse characteristic with thicker liquids being safer
than thinner liquids [413]. On the other side of the same medal,
liquid thickening seems to increase the risk of post-swallow resi-
dues [410,412,413]. Although not as unequivocal and as frequently
studied as aspiration, several studies reported oral and/or
pharyngeal residues with ultra-thick liquids [79,414e416].

Apart from these physiological effects, clinically relevant end-
points have also been studied in the context of liquid thickening
and texture modifications. Contrasting with its positive effect on
swallowing safety liquid thickening has failed to substantially
improve fluid intake in several studies [375,376,417,418] and sys-
tematic reviews [202,419,420] with aversion for this type of diet
being probably among themain reasons for this finding [421]. Thus,
thickeners are suggested to suppress flavor, induce a “coating
feeling” in the mouth and do not reduce the physiological sensation
of thirst [422]. As a consequence of all these aspects, the use of
thickeners has been associated with a decreased quality of life in a
recent systematic review [378]. Interestingly, differences in the
palatability of different thickeners, in particular starch-versus gum-
based thickeners, have been identified at the individual level and
with regards to the thickened beverages [423,424].

Apart from the viscosity, type of thickeners also impact on other
characteristics of the liquids like texture, taste and appearance.
There is evidence that the different types of thickening agents
available differ in this respect, leading to differences in palatability
and, potentially, in patients compliance.

The impact of feeding strategies involving texture modified di-
ets on oral intake has been assessed in one small RCT [425]. In
elderly dysphagic nursing home residents, both dietary intake and
nutritional status significantly increased in the intervention group
over a time period of 12 weeks. In addition, a cohort study in acute
stroke patients showed that by being given a dysphagia diet pa-
tients could achieve more than 75% of their energy requirements
[426].

The effect of dietary interventions in the prevention of aspi-
ration pneumonia has been evaluated in several systematic re-
views related to nursing home residents with dementia [427],
elderly persons with stroke [372] and elderly persons with OD of
heterogeneous etiologies [202,419,420]. It is generally concluded
that the number of high quality studies is too low to recommend
the use of texture modified food and thickened liquids for the
prevention of aspiration pneumonia. In particular, Robbins et al. in
their large RCT recruiting over 500 patients with OD due to Par-
kinson's disease or dementia and proven aspiration on thin liq-
uids, did not find a significant difference in the incidence of
aspiration pneumonia between the group receiving thickened
liquids and the group being treated with chin-down posture and
normal liquids [227].

7.2. Clinical Question 39: Which exercises and maneuvers to
rehabilitate oropharyngeal dysphagia are available?

Recommendation 78:

Prior to initiating a behavioral swallowing therapy patients
should be assessed by a clinical swallowing exam or, preferen-
tially, by an instrumental testing (VFSS, FEES). During the
further course treatment effects should be reevaluated on a
regular basis.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 79:

There is strong evidence that the Shaker head lift, a combi-
nation of an isometric and an isokinetic exercise, has favorable
long-term effects by improving the strength of the suprahyoid
muscles over time, and increasing the opening of the upper
esophageal sphincter. We recommend the Shaker head lift for
the treatment of upper esophageal sphincter dysfunction.

Grade of recommendation: A e strong consensus (100%
agreement)

Recommendation 80:

There is evidence that expiratory muscle strength training
(EMST training) improves swallowing dysfunction in OD of
different etiologies.

EMST is recommended in patients with motor-neuron dis-
orders and Parkinson's disease. EMST treatment should prefer-
entially be applied within RCT.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Recommendation 81:

The chin-down maneuver is recommended in patients with
premature spillage and predeglutitive aspiration.

Grade of recommendation: B e strong consensus (94%
agreement)
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Recommendation 82:

Systematic and sufficiently frequent swallowing therapy
making individualized use of the different exercises available is
recommended in patients suffering from OD.

Grade of recommendation: B e strong consensus (100%
agreement)

Commentary:

Exercises and maneuvers probably constitute the most wide-
spread treatment approach for patients with OD worldwide. A va-
riety of different interventions exist, ranging from direct to indirect,
isolated to combined and those incorporating swallowing and non-
swallowing tasks. Rehabilitation exercises are intended to change
and improve the swallowing physiology in force, speed or timing
and are meant to produce long-term effects. In contrast to this,
compensatory interventions are used for short-term effects on the
swallow [428]. Contrasting with its wide-spread application, the
scientific evidence for the efficacy of this type of treatment is
heterogeneous with a general lack of large RCTs providing clinical
meaningful endpoints [202,429].

The Shaker head lift is one of the best studied exercises used in
dysphagia rehabilitation for many years and is designed for pa-
tients with weakness of the suprahyoid muscles and impaired
opening of the upper esophageal sphincter [430]. This procedure is
a head rising exercise with an isometric high-intensity portionwith
three head lifts held for 60 s with a 60 s rest period between each
one and an isokinetic low-intensity portion that included 30
consecutive head lifts of constant velocity without holding. The
Shaker head lift has been evaluated in systematic reviews [202,431]
and several RCT [432e436] showing that this treatment improves
strengths and endurance of the suprahyoid muscles and upper
esophageal sphincter opening. In addition, there is evidence that
residues and aspiration events are reduced.

The chin-down is a technique used for patients who have
decreased airway protection associated with delayed swallow
initiation and/or reduced tongue base retraction. Patients are
instructed to “bring their chin to their chest” and maintain this
posture throughout the duration of the swallow [430]. In several
studies, physiological changes like expansion of the vallecular re-
cesses, approximation of the tongue base toward the pharyngeal
wall, narrowing of the entrance to the laryngeal vestibule, expe-
dited onset of laryngeal vestibule closure, reduction in distance
between hyoid and larynx, and increased duration of swallowing
apnea [430,437,438]. In two well-designed cohort studies of pa-
tients with OD presenting with aspiration, the aspiration risk could
be reduced by approximately 50% [439,440].

Among the muscles that can be targeted by exercise are also
those of the tongue, which plays a major role in bolus formation,
control and propulsion in swallowing. Several studies show that
tongue strength declines in healthy aging [441,442] and reduced
tongue strength has been identified as a risk factor for aspiration
[443,444]. Tongue strength training has been evaluated in OD in
some well-done cohort studies [445e447]. These trials report
different improvements of swallowing variables like vallecular
residues and swallowing safety.

The Lee Silverman voice treatment has been designed to
improve vocal intensity in PD patients. In one small cohort study of
8 PD patients the authors found several improvements in the oral
and pharyngeal stage of swallowing [231]. There is insufficient
evidence to recommend the Lee Silverman voice treatment to
improve OD.

Expiratory muscle strength training (EMST) involves exhaling
quickly and forcefully into a mouthpiece attached to a one-way

valve, blocking the flow of the air until the patient produces suffi-
cient expiratory pressure. It is meant to strengthen the expiratory
and submental muscles by increasing the physiologic load [428].
This treatment has shown significant effects on swallowing safety
in a RCT in Parkinson patients [229], has improved swallowing
safety and feeding status in a RCT in subacute stroke patients [448],
has been associated with positive effect on swallowing-related
muscle strength in elderly participants [449], and has been found
to improve swallow kinematics, in particular hyoid displacement,
in a cohort study with pre-post design in ALS patients [450]. No
effect on swallowing parameters and related outcomes were
observed in patients with Huntington's disease [451].

The effortful swallow is used for patients who present with
clinically significant residue in the valleculae and/or pyriform si-
nuses as well as for patients who may have decreased airway
closure [430]. Physiologically, the effortful swallow has been shown
to increase hyolaryngeal excursion, duration of hyoid elevation and
UES opening, laryngeal closure, lingual pressures, peristaltic am-
plitudes in the distal esophagus and pressure and duration of
tongue base retraction in healthy subjects [452e455]. Effects over
time were studied in a RCT in healthy individuals. The main finding
was that lingual pressure increased, albeit insignificantly, after four
weeks of exercising the effortful swallow [456]. In addition, a sec-
ond small cohort study assessed the effect of this exercise in pa-
tients with Parkinson's disease and found improved pharyngeal
manometric pressure after a two-week treatment period [457].

The Masako maneuver involves swallowing while protruding
the tongue beyond the lips, holding it between one's teeth. It is
meant to have a strengthening effect on the tongue and the
pharyngeal walls after a period of training [458]. Studies in healthy
subjects did not find immediate effects on swallowing physiology
[459,460]. A RCT including healthy subjects exposed to a four week
training with the Masako maneuver or a control task found no ef-
fect on the swallow [461]. In a small RCT recruiting subacute stroke
patients, theMasakomaneuver was comparedwith neuromuscular
electrical stimulation. In that trial, both groups showed improve-
ment of swallowing function, however, since a control group was
missing, these results need further confirmation [462].

The Mendelsohnmaneuver is a technique used for patients with
decreased hyolaryngeal excursion and/or decreased duration of
UES opening and is frequently combined with some form of
biofeedback to help the patient perform it. To execute this ma-
neuver, patients are instructed to keep the thyroid cartilage for
several seconds in an elevated position before finishing the swal-
low [430]. Long-term effects of the Mendelsohn maneuver have
been evaluated in one RCT in stroke patients [463,464]. In that
study, the authors could demonstrate that hyoid movement and
upper esophageal sphincter opening improved after treatment.

The super-supraglottic swallow is used as compensatory ma-
neuver for patients with reduced airway closure. This maneuver
involves a person holding a tight breath, swallowing while keeping
the airway closed, then immediately coughing after the swallow. It
has been shown in several studies that the super-supraglottic
swallow has immediate effects on swallowing physiology
[465e467], but there are no studies investigating long-term effects
of this maneuver [428].

Reflecting the fact that patients suffering from OD have a highly
variable pattern of specific swallowing abnormalities, more com-
plex treatment approaches combining different adaptive,
compensatory and rehabilitative techniques have been employed
in a variety of studies. In their systematic review Speyer and co-
workers summarized 4 RCTs and 27 nonrandomized trials most of
which showing significant improvements of swallowing function
and related endpoints [429]. The largest RCT to date has been
performed by Carnaby et al. [468] in stroke patients. The authors
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compared the change of dietary status after usual care (N ¼ 102),
standard low-intensity intervention (N ¼ 102) and standard high-
intensity intervention (N ¼ 102). After six months, the percentage
of patients returning to a normal diet was 56% for usual care, 64%
for standard low-intensity and 70% for standard high-intensity
treatment. In patients who received standard therapy (either low
or high intensity) medical complications, chest infections and
death or institutionalization decreased significantly. Recently, two
systematic treatment programs have been evaluated in non-
randomized trials. The McNeill dysphagia treatment protocol
improved swallowing physiology in an observational study [469],
as well as diet and clinical swallowing ability in a caseecontrol and
a cohort study [470,471]. The intensive dysphagia rehabilitation
protocol was tested in a small observational study and led to an
improvement of aspiration severity and level of oral intake [472].

7.3. Clinical Question 40: Which types of neurostimulation
treatment approaches are available for patients with oropharyngeal
dysphagia?

Recommendation 83:

Prior to initiating any stimulation therapy targeting OD,
patients should receive a clinical swallow exam or, preferen-
tially, an instrumental swallow evaluation. This evaluation
should be repeated after the treatment has been finished.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Recommendation 84:

Due to the limited number of evidence, all stimulation
treatments should preferentially be carried out within clinical
trials.

Grade of recommendation: GPP e strong consensus (95%
agreement)

Recommendation 85:

There is evidence that neuromuscular electrical stimulation
(NMES) improves swallowing function in patients with OD of
different etiologies. NMES applied together with behavioral
swallowing treatment is superior to behavioral swallowing
treatment alone, in particular in post-stroke OD. NMES may be
used alone, or preferentially, as adjunct to behavioral swal-
lowing treatment in patients with OD.

Grade of recommendation: B e strong consensus (100%
agreement)

Commentary:

Apart from traditional swallowing training and bolus modifi-
cation strategies, several adjunctive treatment options have been
explored recently. These treatments include surface neuromuscular
electrical stimulation (NMES), pharyngeal electrical stimulation
(PES), repetitive transcranial magnetic stimulation (rTMS) and
transcranial direct current stimulation (tDCS). NMES and PES target
the neuromuscular system peripherally, rTMS and tDCS focus on
the central swallowing network. Although these treatment options
have been applied frequently and in different patient populations,
there is still a lack of large multicenter RCTs with meaningful
clinical endpoints.

NMES is used to activate sensory nerves or muscles involved in
swallowing function through stimulation of axonal motor nerve
endings and muscle fibers. Its mechanism of action is thought to

include accelerating the development of muscle strength and
promoting central nervous system recovery. This treatment that is
usually applied as adjunct to behavioral swallowing therapy has
been evaluated in several mostly small studies (case control and
cohort studies as well as single-center RCTs) including patients
with OD of different etiologies, predominantly post-stroke. So far,
three meta-analyses have been performed that all point towards a
modest effect of NMES both on swallowing physiology as well as on
feeding status [473e475]. These findings have been corroborated in
two recent RCTs not included in these meta-analyses. Park et al.
showed improved hyoid-movement in subacute stroke patients
being treated with NMES in combination with effortful swallowing
compared to effortful swallowing alone [476]. Terre and Mearin
found improved feeding status in patients with OD after stroke or
traumatic brain injury when being exposed to NMES and conven-
tional swallowing therapy compared to conventional swallowing
therapy alone [477].

Non-invasive brain stimulation is based on the principle of
neuroplasticity, best defined as changes in neuronal pathways to
increase neural functioning via synaptogenesis, reorganization, and
network strengthening and suppression. The two most commonly
used techniques to directly target cortical areas are tDCS and rTMS,
whereas PES applies stimulation to pharyngeal structures, indi-
rectly targeting the pharyngeal motor and sensory cortices and
related brain areas. Both tDCS and rTMS have been evaluated in
several small RCTs and cohort studies, most of them focusing on
patients with OD due to acute or chronic stroke. Three meta-
analyses have been performed, each with a slightly different sub-
selection of studies [478e480]. Concordant conclusion of all three
studies was that noninvasive brain stimulationwas associated with
sustained improvement of swallowing function compared to sham
treatment. PES has successfully been used in three RCTs recruiting
dysphagic stroke patients and one RCT devoted to patients with
multiple sclerosis suffering from OD [481e483]. Apart from that, a
meta-analysis confirmed a positive treatment effect of PES [484].
However, in a large multicenter RCT of subacute dysphagic stroke
patients, PES did not improve dysphagia when compared to sham
treatment [485].

7.4. Clinical Question 41: Which pharmacological treatments are
available for patients with oropharyngeal dysphagia?

Recommendation 86:

Prior to considering a pharmacological treatment in a pa-
tient with OD, a clinical swallow exam or, preferentially, an
instrumental swallow evaluation should be carried out.

Grade of recommendation: GPP e strong consensus (100%
agreement)

Recommendation 87:

Pharmacological treatment options, in particular TRPV1 ag-
onists and dopaminergic agents, may be used as adjunct to
behavioral swallow therapy in patients, in whom a delayed
swallow reflex had been identified as main feature of OD.

Grade of recommendation: B e strong consensus (100%
agreement)

Recommendation 88:

Due to the limited evidence with regards to clinical end-
points, pharmacological treatment decisions need to be indi-
vidualized and have to be based on a careful risk-benefit
analysis.
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Grade of recommendation: GPP e strong consensus (100%
agreement)

Commentary:

Pharmacological treatment of OD involves the use of drugs that
stimulate the neural pathways of deglutition either on the periph-
eral sensory level or at different levels of the central nervous system
[486]. Classes of pharmacological agents that have been evaluated
for their potential to improve disordered swallowing are TRPV1
(transient receptor potential cation channel subfamily V member 1)
agonists, angiotensin-converting-enzyme-inhibitors and dopami-
nergic agents. Overall, the potential of this treatment approach has
not been fully explored, and in particular sufficiently powered
multicenter RCTs with clinically relevant endpoints are required.

TRPV1 agonists, inparticular capsaicinoids and piperine, stimulate
TRPV1 receptors expressed at free nerve endings of the superior
laryngeal nerve and the glossopharyngeal nerve [487,488]. Several
observational studies, case control studies and one RCT [489e494]
have shown that TRPV1 agonists improve the safety of the swallow
by decreasing the latency of the swallow reflex, by shortening laryn-
geal vestibule closure time and by enhancing hyoidmotion. However,
studies with clinical endpoints have not been conducted so far.

Loss of dopaminergic neurons in the central nervous system due
to stroke or neurodegenerative diseases is known to contribute to
OD and is in particular associated with a decreased swallow reflex
[495]. Application of levodopa has been shown to normalize the
onset of the pharyngeal swallow in a RCTwith cross-over design that
recruited patients with post-stroke OD [496]. A second RCT focusing
on a similar study population found that nocturnal aspiration epi-
sodes were reduced by treatment with either amantadine or
cabergoline (dopamine receptor agonist) [497]. Finally, in the largest
RCT to date, Nakagawa and co-workers showed that treatment with
amantadine significantly decreased the rate of pneumonia in post-
stroke patients over the study period of three years [498].

ACE inhibitors are widely used antihypertensive drugs that can
cause a dry cough as a side effect. One of the mechanisms for this
side effect is the decreased degradation of substance P, which is
released from sensory nerve terminals in the nasopharynx. Sub-
stance P in turn is known to enhance the swallow reflex and there is
evidence that decreased sputum levels of this neurotransmitter are
associated with aspiration pneumonia [499]. In line with this
pathophysiological consideration, ACE inhibitors have been shown
to decrease the latency of the swallow reflex, to increase the
involuntary swallow frequency and to protect patients from
nocturnal aspirations [500e502]. The subsequent and clinically
most relevant question whether ACE inhibitors also reduce the
incidence of aspiration pneumonia has no clear answer to date. A
recent meta-analysis including 5 multicenter RCTs, 8 cohort and
nested-case control studies and 6 caseecontrol studies points to-
wards a protective role of ACE inhibitors in this context [503].
However, a very recent multicenter RCT randomizing tube-fed post-
stroke patients to 2.5 mg Lisinopril or placebo was prematurely
terminated because of an excess of mortality in the intervention
group. There was no difference in the incidence of pneumonia [504].
See supplementary data for Clinical Questions 38e41.
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Abbreviations

ALS Amyotrophic Lateral Sclerosis
ALSFRS Amyotrophic Lateral Sclerosis functional rating scale
ALSFRS-R Amyotrophic Lateral Sclerosis functional rating scale

revised
ALSSS Amyotrophic Lateral Sclerosis swallowing severity scale
BIA bioelectrical impedance
BMD bone mineral density
BMI body mass index
CBA clinical bedside assessment
CNS central nervous system
DBS deep brain stimulation
DEXA dual-energy X ray absortiometry
DHA docosahexaenoic acid
DYMUS Dysphagia in multiple sclerosis
EAT-10 eating assessment tool
EDSS expanded disability status scale
EMST expiratory muscle strength training
EN enteral nutrition
EPA eicosapentaenoic acid
FEES Fiberoptic endoscopic evaluation of swallowing
FFM free fatty mass
FM fat mass
FOOD feed or ordinary food
FVC forced vital capacity
LOS length of stay
MDT-PD Munich dysphagia test-Parkinson's disease
MNA mini-nutritional assessment
MND motor neuron disease
MRI magnetic resonance imaging
MS multiple sclerosis
MUST malnutrition universal screening tool
OD oropharyngeal dysphagia
ONS oral nutritional supplementation
PA phase angle
PD Parkinson's disease
PEG percutaneous endoscopic gastrostomy
PN parenteral nutrition
PUFA poly-unsaturated fatty acids
QoL quality of life
RCT randomized controlled study
REE resting energy expenditure
RIG radiologically inserted gastrostomy
SDQ swallowing disturbance questionnaire
TEE total energy expenditure
TRPV1 transient receptor potential cation channel subfamily V

member 1
VAST video-assisted swallowing therapy
VFM videofluoromanometry
VFS video-fluoroscopy
VVST volume-viscosity swallow test
WL weight loss

R. Burgos et al. / Clinical Nutrition 37 (2018) 354e396386



Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.clnu.2017.09.003.

References

[1] Dziewas R, Beck AM, Clave P, Hamdy S, Heppner HJ, Langmore SE, et al.
Recognizing the importance of dysphagia: stumbling blocks and stepping
stones in the twenty-first century. Dysphagia 2017 Feb;32(1):78e82. https://
doi.org/10.1007/s00455-016-9746-2. Epub 2016 Aug 29.

[2] Dziewas R, Glahn J, Helfer C, Ickenstein G, Keller J, Ledl C, et al. Flexible
endoscopic evaluation of swallowing (FEES) for neurogenic dysphagia:
training curriculum of the German Society of Neurology and the German
stroke society. BMC Med Educ 2016;16(1):70.

[3] Hoffmann S, Malzahn U, Harms H, Koennecke H-C, Berger K, Kalic M, et al.
Development of a clinical score (A2DS2) to predict pneumonia in acute
ischemic stroke. Stroke 2012 Oct 1;43(10):2617e23.

[4] Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasell R. Dysphagia
after stroke: incidence, diagnosis, and pulmonary complications. Stroke 2005
Dec 1;36(12):2756e63.

[5] Suntrup S, Warnecke T, Kemmling A, Teismann IK, Hamacher C, Oelenberg S,
et al. Dysphagia in patients with acute striatocapsular hemorrhage. J Neurol
2012 Jan 7;259(1):93e9.

[6] Morgan AS, Mackay LE. Causes and complications associated with swal-
lowing disorders in traumatic brain injury. J Head Trauma Rehabil 1999
Oct;14(5):454e61.

[7] Mackay LE, Morgan AS, Bernstein BA. Factors affecting oral feeding with
severe traumatic brain injury. J Head Trauma Rehabil 1999 Oct;14(5):
435e47.

[8] Müller J, Wenning GK, Verny M, McKee A, Chaudhuri KR, Jellinger K, et al.
Progression of dysarthria and dysphagia in postmortem-confirmed parkin-
sonian disorders. Arch Neurol 2001 Feb;58(2):259e64.

[9] Miller N, Noble E, Jones D, Burn D. Hard to swallow: dysphagia in Parkinson's
disease. Age Ageing 2006 Sep 2;35(6):614e8.

[10] Guan X-L, Wang H, Huang H-S, Meng L. Prevalence of dysphagia in multiple
sclerosis: a systematic review and meta-analysis. Neurol Sci 2015 May
3;36(5):671e81.

[11] Calcagno P, Ruoppolo G, Grasso MG, De Vincentiis M, Paolucci S. Dysphagia
in multiple sclerosis - prevalence and prognostic factors. Acta Neurol Scand
2002 Jan;105(1):40e3.

[12] Kühnlein P, Gdynia H-J, Sperfeld A-D, Lindner-Pfleghar B, Ludolph AC,
Prosiegel M, et al. Diagnosis and treatment of bulbar symptoms in
amyotrophic lateral sclerosis. Nat Clin Pract Neurol 2008 Jul 17;4(7):
366e74.

[13] Grob D, Arsura EL, Brunner NG, Namba T. The course of myasthenia gravis
and therapies affecting outcome. Ann N Y Acad Sci 1987;505:472e99.

[14] Mulcahy KP, Langdon PC, Mastaglia F. Dysphagia in inflammatory myop-
athy: self-report, incidence, and prevalence. Dysphagia 2012 Mar 27;27(1):
64e9.

[15] Tolep K, Getch CL, Criner GJ. Swallowing dysfunction in patients receiving
prolonged mechanical ventilation. Chest 1996 Jan;109(1):167e72.

[16] Macht M, Wimbish T, Clark BJ, Benson AB, Burnham EL, Williams A, et al.
Postextubation dysphagia is persistent and associated with poor outcomes in
survivors of critical illness. Crit Care 2011;15(5):R231.

[17] Wirth R, Dziewas R, Beck AM, Clav�e P, Hamdy S, Heppner HJ, et al.
Oropharyngeal dysphagia in older persons e from pathophysiology to
adequate intervention: a review and summary of an international expert
meeting. Clin Interv Aging 2016 Feb;11:189e208.

[18] Bischoff SC, Singer P, Koller M, Barazzoni R, Cederholm T, van Gossum A.
Standard operating procedures for ESPEN guidelines and consensus papers.
Clin Nutr 2015;34:1043e51.

[19] Wirth R, Smoliner C, J€ager M, Warnecke T, Leischker AH, Dziewas R, et al.
Guideline clinical nutrition in patients with stroke. Exp Transl Stroke Med
2013 Dec 1;5(1):14.

[20] Gomes F, Hookway C, Weekes CE. Royal college of physicians intercollegiate
stroke working party. Royal college of physicians intercollegiate stroke
working party evidence-based guidelines for the nutritional support of pa-
tients who have had a stroke. J Hum Nutr Diet 2014 Apr;27(2):107e21.

[21] Geeganage C, Beavan J, Ellender S, Bath PMW. Interventions for dysphagia
and nutritional support in acute and subacute stroke. In: Bath PM, editor.
Cochrane database syst rev, vol. 10; 2012 Oct 17. CD000323.

[22] Scottish Intercollegiate Guidelines Network 50. A guideline developer's
handbook. Revised version. Edimburg; 2015. SIGN 2014.

[23] Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, et al.
ESPEN guidelines on definitions and terminology of clinical nutrition. Clin
Nutr 2017;36(1):49e64.

[24] Couratier P, Corcia P, Lautrette G, Nicol M, Preux P-M, Marin B. Epidemiology
of amyotrophic lateral sclerosis: a review of literature. Rev Neurol (Paris)
2016 Jan;172(1):37e45.

[25] Naghavi M, Wang H, Lozano R, Davis A, Liang X, Zhou M, et al. Global,
regional, and national age-sex specific all-cause and cause-specific mortality

for 240 causes of death, 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet 2015;385(9963):117e71.

[26] Chio A, Logroscino G, Hardiman O, Swingler R, Mitchell D, Beghi E, et al.
Prognostic factors in ALS: a critical review. Amyotroph Lateral Scler 2009 Jan
18;10(5e6):310e23.

[27] Desport J-C, Marin B, Funalot B, Preux P-M, Couratier P. Phase angle is a
prognostic factor for survival in amyotrophic lateral sclerosis. Amyotroph
Lateral Scler 2008 Oct 10;9(5):273e8.

[28] Marin B, Desport JC, Kajeu P, Jesus P, Nicolaud B, Nicol M, et al. Alteration of
nutritional status at diagnosis is a prognostic factor for survival of amyo-
trophic lateral sclerosis patients. J Neurol Neurosurg Psychiatry 2011 Jun
1;82(6):628e34.

[29] Marin B, Arcuti S, Jesus P, Logroscino G, Copetti M, Fontana A, et al. Popu-
lation-based evidence that survival in amyotrophic lateral sclerosis is related
to weight loss at diagnosis. Neurodegener Dis 2016 Feb 12;16(3e4):225e34.

[30] Bouteloup C, Desport J-C, Clavelou P, Guy N, Derumeaux-Burel H, Ferrier A,
et al. Hypermetabolism in ALS patients: an early and persistent phenome-
non. J Neurol 2009 Aug 22;256(8):1236e42.

[31] Chi�o A, Calvo A, Bovio G, Canosa A, Bertuzzo D, Galmozzi F, et al. Amyo-
trophic lateral sclerosis outcome measures and the role of albumin and
creatinine: a population-based study. JAMA Neurol 2014 Sep;71(9):
1134e42.

[32] Dupuis L, Corcia P, Fergani A, Gonzalez De Aguilar J-L, Bonnefont-
Rousselot D, Bittar R, et al. Dyslipidemia is a protective factor in amyotrophic
lateral sclerosis. Neurology 2008 Mar 25;70(13):1004e9.

[33] Rafiq MK, Lee E, Bradburn M, McDermott CJ, Shaw PJ. Effect of lipid profile on
prognosis in the patients with amyotrophic lateral sclerosis: insights from
the olesoxime clinical trial. Amyotroph Lateral Scler Front Degener 2015 Nov
27;16(7e8):478e84.

[34] Dorst J, Kühnlein P, Hendrich C, Kassubek J, Sperfeld AD, Ludolph AC. Patients
with elevated triglyceride and cholesterol serum levels have a prolonged
survival in amyotrophic lateral sclerosis. J Neurol 2011 Apr 3;258(4):613e7.

[35] Desport JC, Preux PM, Truong TC, Vallat JM, Sautereau D, Couratier P.
Nutritional status is a prognostic factor for survival in ALS patients.
Neurology 1999 Sep 22;53(5):1059e63.

[36] Paganoni S, Deng J, Jaffa M, Cudkowicz ME, Wills A-M. Body mass index, not
dyslipidemia, is an independent predictor of survival in amyotrophic lateral
sclerosis. Muscle Nerve 2011 Jul;44(1):20e4.

[37] Rio A, Ellis C, Shaw C, Willey E, Ampong M-A, Wijesekera L, et al. Nutritional
factors associated with survival following enteral tube feeding in patients
with motor neurone disease. J Hum Nutr Diet 2010 Aug;23(4):408e15.

[38] Shimizu T, Nagaoka U, Nakayama Y, Kawata A, Kugimoto C, Kuroiwa Y, et al.
Reduction rate of body mass index predicts prognosis for survival in
amyotrophic lateral sclerosis: a multicenter study in Japan. Amyotroph
Lateral Scler 2012;13(4):363e6.

[39] Roubeau V, Blasco H, Maillot F, Corcia P, Praline J. Nutritional assessment of
amyotrophic lateral sclerosis in routine practice: value of weighing and
bioelectrical impedance analysis. Muscle Nerve 2015 Apr;51(4):479e84.

[40] Desport JC, Preux PM, Bouteloup-Demange C, Clavelou P, Beaufr�ere B,
Bonnet C, et al. Validation of bioelectrical impedance analysis in patients
with amyotrophic lateral sclerosis. Am J Clin Nutr 2003;77(5):1179e85.

[41] Vaisman N, Lusaus M, Nefussy B, Niv E, Comaneshter D, Hallack R, et al. Do
patients with amyotrophic lateral sclerosis (ALS) have increased energy
needs? J Neurol Sci 2009;279(1e2):26e9.

[42] Weijs PJM. Hypermetabolism, is it Real? The example of amyotrophic lateral
sclerosis. J Am Diet Assoc 2011 Nov;111(11):1670e3.

[43] Sherman MS, Pillai A, Jackson A, Heiman-Patterson T. Standard equations are
not accurate in assessing resting energy expenditure in patients with
amyotrophic lateral sclerosis. J Parenter Enteral Nutr 2004;28(6):442e6.

[44] Kasarskis EJ, Mendiondo MS, Matthews DE, Mitsumoto H, Tandan R,
Simmons Z, et al. Estimating daily energy expenditure in individuals with
amyotrophic lateral sclerosis 1e3. Am J Clin Nutr 2014 Apr 1;99(3):792e803.

[45] Ellis AC, Rosenfeld J. Which equation best predicts energy expenditure in
amyotrophic lateral sclerosis? J Am Diet Assoc 2011 Nov;111(11):1680e7.

[46] Genton L, Viatte V, Janssens J-P, H�eritier A-C, Pichard C. Nutritional state,
energy intakes and energy expenditure of amyotrophic lateral sclerosis (ALS)
patients. Clin Nutr 2011 Oct;30(5):553e9.

[47] Salvioni CCDS, Stanich P, Almeida CS, Oliveira ASB. Nutritional care in motor
neurone disease/amyotrophic lateral sclerosis. Arq Neuropsiquiatr
2014;72(2):157e63.

[48] Georges M, Mor�elot-Panzini C, Similowski T, Gonzalez-Bermejo J. Noninva-
sive ventilation reduces energy expenditure in amyotrophic lateral sclerosis.
BMC Pulm Med 2014 Feb 7;14(1):17.

[49] Siirala W, Olkkola KT, Noponen T, Vuori A, Aantaa R. Predictive equations
over-estimate the resting energy expenditure in amyotrophic lateral scle-
rosis patients who are dependent on invasive ventilation support. Nutr
Metab (Lond) 2010 Aug 26;7(1):70.

[50] Shimizu T, Hayashi H, Tanabe H. Energy metabolism of ALS patients under
mechanical ventilation and tube feeding. Rinsho Shinkeigaku 1991
Mar;31(3):255e9.

[51] Ichihara N, Namba K, Ishikawa-Takata K, Sekine K, Takase M, Kamada Y,
et al. Energy requirement assessed by doubly-labeled water method in
patients with advanced amyotrophic lateral sclerosis managed by trache-
otomy positive pressure ventilation. Amyotroph Lateral Scler 2012 Oct
13;13(6):544e9.

R. Burgos et al. / Clinical Nutrition 37 (2018) 354e396 387

https://doi.org/10.1016/j.clnu.2017.09.003
https://doi.org/10.1007/s00455-016-9746-2
https://doi.org/10.1007/s00455-016-9746-2
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref2
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref2
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref2
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref2
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref3
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref3
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref3
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref3
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref4
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref4
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref4
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref4
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref5
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref5
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref5
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref5
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref6
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref6
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref6
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref6
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref7
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref7
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref7
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref7
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref8
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref8
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref8
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref8
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref9
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref9
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref9
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref10
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref10
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref10
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref10
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref11
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref11
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref11
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref11
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref12
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref12
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref12
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref12
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref12
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref13
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref13
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref13
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref14
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref14
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref14
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref14
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref15
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref15
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref15
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref16
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref16
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref16
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref17
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref17
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref17
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref17
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref17
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref17
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref17
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref18
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref18
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref18
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref18
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref19
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref19
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref19
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref19
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref20
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref20
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref20
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref20
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref20
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref21
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref21
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref21
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref22
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref22
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref23
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref23
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref23
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref23
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref24
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref24
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref24
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref24
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref25
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref25
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref25
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref25
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref25
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref26
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref26
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref26
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref26
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref26
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref27
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref27
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref27
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref27
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref28
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref28
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref28
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref28
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref28
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref29
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref29
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref29
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref29
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref29
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref30
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref30
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref30
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref30
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref31
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref31
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref31
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref31
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref31
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref31
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref32
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref32
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref32
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref32
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref33
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref33
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref33
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref33
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref33
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref33
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref34
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref34
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref34
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref34
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref35
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref35
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref35
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref35
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref36
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref36
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref36
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref36
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref37
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref37
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref37
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref37
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref38
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref38
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref38
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref38
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref38
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref39
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref39
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref39
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref39
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref40
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref40
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref40
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref40
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref40
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref41
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref41
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref41
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref41
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref41
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref42
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref42
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref42
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref43
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref43
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref43
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref43
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref44
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref44
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref44
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref44
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref44
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref45
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref45
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref45
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref46
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref46
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref46
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref46
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref46
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref47
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref47
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref47
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref47
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref48
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref48
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref48
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref48
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref49
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref49
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref49
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref49
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref50
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref50
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref50
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref50
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref51
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref51
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref51
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref51
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref51
http://refhub.elsevier.com/S0261-5614(17)30318-7/sref51


[52] Clavelou P, Blanquet M, Peyrol F, Ouchchane L, Gerbaud L. Rates of pro-
gression of weight and forced vital capacity as relevant measurement to
adapt amyotrophic lateral sclerosis management for patient Result of a
French multicentre cohort survey. J Neurol Sci 2013 Aug 15;331(1e2):
126e31.

[53] Chi�o A, Finocchiaro E, Meineri P, Bottacchi E, Schiffer D. Safety and factors
related to survival after percutaneous endoscopic gastrostomy in ALS. ALS
Percutaneous Endoscopic Gastrostomy Study Group. Neurology 1999 Sep
22;53(5):1123e5.

[54] H�eritier AC, Janssens JP, Adler D, Ferfoglia RI, Genton L. Should patients with
ALS gain weight during their follow-up? Nutrition 2015;31(11e12):
1368e71.

[55] Miller RG, Jackson CE, Kasarskis EJ, England JD, Forshew D, Johnston W, et al.
Practice Parameter update: the care of the patient with amyotrophic lateral
sclerosis: drug, nutritional, and respiratory therapies (an evidence-based
review) Report of the Quality Standards Subcommittee of the American
Academy of Neurology. Neurology 2009 Oct 13;73(15):1218e26.

[56] Dorst J, Cypionka J, Ludolph AC. High-caloric food supplements in the
treatment of amyotrophic lateral sclerosis: a prospective interventional
study. Amyotroph Lateral Scler Front Degener 2013 Dec 14;14(7e8):
533e6.

[57] Andersen PM, Abrahams S, Borasio GD, de Carvalho M, Chio A, Van Damme P,
et al. EFNS guidelines on the Clinical Management of Amyotrophic Lateral
Sclerosis (MALS) - revised report of an EFNS task force. Eur J Neurol 2012
Mar;19(3):360e75.

[58] Ruoppolo G, Schettino I, Frasca V, Giacomelli E, Prosperini L, Cambieri C, et al.
Dysphagia in amyotrophic lateral sclerosis: prevalence and clinical findings.
Acta Neurol Scand 2013 Dec;128(6):397e401.

[59] Hillel AD, Miller R. Bulbar amyotrophic lateral sclerosis: patterns of pro-
gression and clinical management. Head Neck 1989;11(1):51e9.

[60] Mitsumoto H, Chad DA, Pioro EP. Amyotrophic lateral sclerosis. F.A. Davis;
1998. p. 480.

[61] Greenwood DI. Nutrition management of amyotrophic lateral sclerosis. Nutr
Clin Pract 2013 Jun 1;28(March):392e9.

[62] D'Ottaviano FG, Linhares Filho TA, Andrade HM, Alves PC, Rocha MS .
Fiberoptic endoscopy evaluation of swallowing in patients with amyotrophic
lateral sclerosis. Braz J Otorhinolaryngol 2013 May;79(3):349e53.

[63] Paris G, Martinaud O, Petit A, Cuvelier A, Hannequin D, Roppeneck P, et al.
Oropharyngeal dysphagia in amyotrophic lateral sclerosis alters quality of
life. J Oral Rehabil 2013 Mar;40(3):199e204.

[64] Erdem NS, Karaali K, Ünal A, Kızılay F, €O�güş C, Uysal H. The interaction be-
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s u m m a r y

Background: Trace elements and vitamins, named together micronutrients (MNs), are essential for hu-
man metabolism. The importance of MNs in common pathologies is recognized by recent research, with
deficiencies significantly impacting the outcome.
Objective: This short version of the guideline aims to provide practical recommendations for clinical
practice.
Methods: An extensive search of the literature was conducted in the databases Medline, PubMed,
Cochrane, Google Scholar, and CINAHL for the initial guideline. The search focused on physiological data,
historical evidence (for papers published before PubMed release in 1996), and observational and/or
randomized trials. For each MN, the main functions, optimal analytical methods, impact of inflammation,
potential toxicity, and provision during enteral or parenteral nutrition were addressed. The SOP wording
was applied for strength of recommendations.
Results: The limited number of interventional trials prevented meta-analysis and led to a low level of
evidence for most recommendations. The recommendations underwent a consensus process, which
resulted in a percentage of agreement (%): strong consensus required of >90 % of votes. Altogether the
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guideline proposes 3 general recommendations and specific recommendations for the 26 MNs. Moni-
toring and management strategies are proposed.
Conclusion: This short version of the MN guideline should facilitate handling of the MNs in at-risk
diseases, whilst offering practical advice on MN provision and monitoring during nutritional support.

© 2024 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Micronutrients, a generic term for trace elements and vitamins,
are essential components of nutrition in health and disease. For the
general population, international recommendations are available in
the form of recommended dietary allowances (RDA), or more
recently, as DRI (Dietary Reference Intakes). However, there are yet
no standardized procedures for the determination of requirements
or recommendations for intake for patients with acute and chronic
diseases. To assist clinicians, the recent ESPEN guideline [1] pro-
vides practical recommendations for the assessment of the
micronutrient (MN) status in adult patients and information about
basic or increased amounts, covering the fields of enteral and
parenteral nutrition.

Status assessment is based on the patient's history, clinical
assessment, and laboratory investigations. The guideline empha-
sizes the difficult interpretation of low micronutrient levels in the
presence of inflammation, with the necessity to assess the magni-
tude of a concomitant inflammatory response [2,3].

The original document is very long since it includes extensive
biochemistry physiology and advice on each of the MN. Therefore,
the present abbreviated guideline is a summary focusing on the
recommendations and clinical practice applications. The iteration
of the guideline is of even higher importance after the publication
by the World Health Assembly (WHA) of their resolution to accel-
erate efforts regarding micronutrient provision with safe
supplementation.

2. Methods

The ESPEN micronutrient-working group attempted to apply
the 2015 standard operating procedures for ESPEN guidelines and
consensus papers with PICO questions (patient, intervention,
comparator, outcome) [4], but failed due to a lack of intervention
trials, resulting in structured reports for each MN based on sys-
tematic review. The literature was searched for evidence regarding

1) different diseases (see x 3), 2) therapeutic interventions (enteral
nutrition, parenteral nutrition, renal replacement therapy), and 3)
special periods of life (pregnancy, elderly).

The SIGN evaluation system (Scottish Intercollegiate Guidelines
Network) [4] was applied to the available interventional trials. The
recommendations were created and graded into the four listed
classes (A/B/0/GPP). When solid evidence coming from biochem-
istry and physiology was extrapolated to clinical settings, it allowed
the upgrading of recommendations to an A or B level, enabling the
use of “shall” or “should” in the recommendation formulation. Dose
recommendations based on existing RDA are attributed a level A as
they are based on internationally validated evidence, whereas
those based on DRI are given a level B.

As many recommendations are supported by limited evidence,
they underwent a consensus process, which resulted in a per-
centage of agreement (%). The “strong consensus “qualification
required >90 % of agreement, and “consensus” was defined as an
agreement of 75e90 % of the experts and participants [5]. There
were two rounds of votes. In case of agreement <90 % during the
first Delphi vote, the recommendations were thoroughly reviewed
and -if necessary-reformulated. All recommendations with sub-
stantial changes were voted on again. Recommendations with less
than 75 % agreement were discarded.

For further details on methodology of the original guideline
development, see the full version of the ESPEN guideline [1] and the
ESPEN standard operating procedures (SOP) [4].

When transforming the original guideline to the practical
version, the texts were reduced to the basic principles, and infor-
mation on toxicity. The analytical aspects detailed in the main
document were deleted, with focusmainly on the clinical aspects of
deficiency and eventual toxicities. Please refer to the initial guide-
line for more detailed information.

The meaning of the recommendations has not been changed.
In a few cases, it was necessary to adapt the wording because
feedback from users since the publication of the original version
showed that some of the recommendations were worded

Abbreviation list

25(OH)D 25-hydroxyvitamin-D
AA ascorbic acid
AI adequate intake
AKI acute kidney injury
CoQ10 Coenzyme Q10
CRP C-reactive protein
DFE dietary Folate Equivalents
DHAA dehydroascorbic acid
DRI dietary reference intake
EAR estimated average requirement
EN enteral nutrition
FAD flavin adenine dinucleotide
FSMP foods for special medical purposes
GPX-3 plasma glutathione peroxidase

ICU intensive care unit
IM intramuscular
IV intravenous
MADD multiple acyl-Coenzyme A dehydrogenase deficiency
MN micronutrient
NAD nicotinamid adenine dinucleotide
PLP pyridoxal phosphate
PN parenteral nutrition
RBC red blood cells
RCT randomized controlled trial
RDA recommended dietary allowances
ROS reactive oxygen species
ThDP thiamine diphosphate
TPP thiamine pyrophosphate
UL tolerable Upper Intake Level
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ambiguously. The wording of these recommendations has been
made more precise. The recommendations concerned are 2, 4.1,
4.6, 5.3, 7.4, 7.7, 12.6, 15.5, 16.1, 18.1, 20.2, 21.3, 23.3. The trans-
formation to a practical version includes a graphical presentation
as flow charts (Figs. 1 and 2). In these flow charts, the recom-
mendations are rearranged according to the topic diagnostics
(Figs. 3 and 4), monitoring (Figs. 5 and 6), standard doses for
enteral and parenteral nutrition (Figs. 7e9), depletion, deficiency,
and toxicity (Figs. 10e12), as well as special situations (Figs. 13
and 14) for which some additions were made for completeness.
The respective position in the flow charts is indicated for each
recommendation in brackets. The literature recommendations
with grade A, B, or 0 are based on is cited directly below the
respective recommendations.

3. Micronutrients status

Defining precisely suboptimal or deficient status is the basis for
therapeutic intervention. The term “deficiency” has been used too
broadly, being often used as soon as the laboratory returns blood
values below the local or international reference range. The new
Table 1 provides the definitions that are proposed to qualify the
status and the therapeutic interventions. Particular attention is
drawn to the definitions of ‘deficiency’ and ‘depletion’.

3.1. Requirements, dosage and treatment considerations

The DRIs are fundamental to inform national nutrition policies
and regulations. We have therefore used the definitions of the Food

Fig. 1. Structure of the practical Guideline of Micronutrients; Carnitine, Choline and Co-10 have no defined DRIs (they are covered in full version of MN guideline). Abbreviation:
MN, micronutrients.

Fig. 2. General strategy for micronutrient handling in clinical practice. Abbreviation: CRP, C-reactive protein; EN, enteral nutrition; MN, micronutrients; IV, intravenous.
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and Nutrition Board and the values that are available in clinical
settings (Table 1). Whether treating out- or inpatients, there comes
a point where MNs need to be prescribed, and a precise wording
should be used to characterize it (repletion, complementation,
supplementation).

In enteral nutrition (EN), all MN are included in the specific
feeding mixtures in a fixed combination, although different com-
mercial preparations may contain different amounts. By choosing a
specific enteral product, clinicians can change to some extent the
amount of MN provided. The enteral feeding solutions generally
deliver all MNs. The ESPEN recommendations are formulated for
1500 kcal/day because this is the most common energy target. But
international surveys show that feed delivery is generally below the
prescribed target, resulting in lower amounts being frequently
delivered [6]. In patients receiving less than 1500 kcal, an additional
enteral or intravenous provision of MNs at the start of feeding may

be considered, especially if there is a recent history of poor intake
[7,8] (Figs. 7e9).

Parenteral nutrition (PN) is different, as the intestine is
bypassed, thereby increasing the risk of both insufficiency (absence
of MN) and toxicity, if high doses are delivered by the intravenous
(IV) route. Follow-up of patients on long-term PN generated
knowledge about the minimal doses to deliver to stable patients
[9]. The parenteral nutrition patient population is heterogeneous
and fixed doses may not fit individual requirements. In numerous
non-European countries, many pre-mixed multi-trace element
combinations are incomplete, providing only 4 or 6 trace elements,
and still contain doses that are not in keeping with the current
knowledge, potentially providing inadequate or excessive quanti-
ties of different MNs [10]. This report summarizes our recom-
mendations for input during PN and situations where different
amounts may be required (Figs. 7e9).

Fig. 3. Diagnostics of vitamins deficiencies. Abbreviations: AA, ascorbic acid; DHA, dehydroascorbic acid; holo-TC, holo-transcobalamin; MMA, methyl malonic acid; NAD, nic-
otinamid adenine dinucleotide; PLP, pyridoxal phosphate; RBC, red blood cell; ThDP, thiamine diphosphate.

Fig. 4. Diagnosis of trace element disorders. Abbreviations: CRP, C-reactive protein; GPX-3, glutathione peroxidase; PVP-I, povidone iodine; RBC, red blood cell.
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3.2. General comments on provision of micronutrients

Some patients will benefit from “oral nutrition supplements” to
complete insufficient oral food intake, whilst not receiving either
enteral or parenteral nutrition. Such supplements contain a blend
of trace element and/or vitamin preparations, contributing to
covering DRI.

An important concept for thewater-soluble vitamins is that they
have low toxicity and hence most of the recommendations are for a
minimal level of supply but increased amounts of all of themwould

be safe and effective, although possibly wasteful. As summarized in
the ASPEN position paper onMN requirements already in 2012 [10],
the rationale for providing higher doses than the minimum calcu-
lated to be required IV is that many patients have higher vitamin
requirements due to malnutrition, baseline deficiencies, and
metabolic changes secondary to illness. Moreover, there is likely to
be increased excretion of water-soluble vitamins when provided IV.
These considerations remain valid a decade later. Hence for some
vitamins, the parenteral recommendation is higher than the enteral
as shown in Table 2 [1].

Fig. 5. Monitoring of vitamins. Abbreviations: NAD, nicotinamid adenine dinucleotide; RBC, red blood cell.

Fig. 6. Monitoring of trace elements. Abbreviations: CRP, C-reactive protein; PVP-I, povidone iodine.
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3.3. Pathologies at risk

The present guidelines deliver MN specific recommenda-
tions. Nevertheless, for background, the below Table 3 presents
a non-exhaustive list of diseases for which specific MNs de-
ficiencies have been demonstrated. This table aims at raising
awareness about some often-overlooked aspects of the
different diseases, and at considering a combination of MN
determinations.

Finally for certain clinical situations the guideline recommends
laboratory measuring of blood MN or biomarker concentrations
(Figs. 3 and 4). However, this may not be available promptly in all

centers which may delay clinical decisions. In such cases, whilst
awaiting laboratory results, increasing MN intake, or using a multi-
MN preparation, with enhanced clinical monitoring for deficiency
symptoms and their resolution upon treatment could be the best
option.

Independent of MN specificities, the 3 first general recommen-
dations apply to all MN (Fig. 2).

Recommendation 1 (Flowchart N�1)
Adequate amounts of all essential trace elements and vitamins

should be supplied to all patients receiving medical nutrition from
the beginning of the period of nutritional support.

Fig. 7. Standard water-soluble vitamin doses in enteral and parenteral nutrition (for 1500 kcal standard EN and PN). Abbreviation: DFE, dietary folate equivalent.

Fig. 8. Standard fat-soluble vitamin doses in enteral and parenteral nutrition (for 1500 kcal standard EN and PN). Abbreviation:RE, retinyl ester.
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Grade of recommendation A e Strong consensus 100 %
Grade A awarded based on DRI/RDA, not clinical trials.

Recommendation 2 (Flowchart N�2)
Micronutrient complements should be provided orally or

enterally if this can be done safely and effectively.

Grade of recommendation A e Strong consensus 100 %
Grade A awarded based on physiology/biochemistry, not clinical
trials.

3.4. Impact of inflammation

The presence of inflammation in the context of surgery, trauma,
infection or other acute or chronic diseases, complicates the
assessment of the status based on blood levels. Using the surrogate
biomarker C-reactive protein (CRP) as an indicator of its intensity, it
has been clearly shown that inflammation induces a redistribution
of many MNs from the circulating compartment to other organs,
resulting in low levels for most MNs [2]. Low blood levels therefore
do not necessarily indicate deficiency or even depletion. Within

Fig. 9. Standard trace element doses in enteral and parenteral nutrition (for 1500 kcal standard EN and PN). Abbreviation: IV, intravenous.

Fig. 10. Treatment guidance of insufficient status of water-soluble vitamins. Abbreviations: IM, intramuscular; IV, intravenous; MADD, multiple acyl-Coenzyme A dehydrogenase
deficiency.
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24 h of elective surgery in otherwise healthy individuals, plasma
concentrations of many trace elements and vitamins have fallen
markedly, without any change in whole body MN status [11]. The
effects of inflammation in response to acute trauma or infection is
usually rapid but may also be prolonged in chronic illness. There are
some variations across diseases, and these are discussed with each
MN.

Recommendation 3 (Flowchart N� 3)
C-reactive protein should be determined at the same time as any

micronutrient analysis.

Grade of recommendation B e Consensus 87 %
Grade A awarded based on physiology, not clinical trials [2,12]

Comment: Single MNs are rarely determined alone. The
impact of inflammation usually appears with CRP levels >20 mg/l
[3]: therefore high-sensitivity CRP (hs-CRP), which aims at
detecting mild inflammation, is not appropriate. Interleukin-6
may be used but is not widely available in clinical settings.
Albumin is a carrier protein for many MNs. Its level may be
influenced by dilution, and by inflammation, being a negative
acute phase protein [11]. Therefore, albumin determination is

also desirable whenever MNs are assessed, as it is the carrier of
most MNs.

The availability of optimal analytical methods is essential for
diagnosis. The recommended methods are provided in the below
Table 4 for trace elements, and in Fig. 3 of the flowchart for
vitamins.

4. Chromium

Chromium (Cr) exists in several valence states. While Cr IV,
V and VI are carcinogenic, the trivalent chromium is the bio-
logically active, stable form. Insufficient intakes are frequent in
industrial countries, and are associated with alterations of
glucose metabolism, especially in older adults [13]. Also, at risk of
deficiency are patients with acute illness due to metabolic stress
(burns, trauma, infection), or patients with decreased absorption/
intake (short bowel syndrome and PN without chromium sup-
plementation). Chromium deficiency has been reported in adults
with chronic intestinal failure after massive bowel resection
receiving long-term PN without chromium [14e17]. The clinical
manifestations were glucose intolerance, weight loss, elevated
plasma free fatty acids and neuropathy that were reversed by

Fig. 11. Treatment of insufficient status of fat-soluble vitamins.

Fig. 12. Treatment guidance including route for insufficient and excess status of trace elements. Abbreviations: CRP, C-reactive protein; IM, intramuscular; IV, intravenous.
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daily chromium supplementation in the PN solution [18,19].
Chromium insufficiency has been hypothesized to contribute to
the development of type 2 diabetes and some studies have
revealed a negative relationship between serum chromium and
HbA1C levels.

Toxicity depends on the valency: Cr (VI) is carcinogenic, neph-
rotoxic and causes dermatitis [20]. Both Cr (VI) and Cr (III) are
capable of producing ROS (reactive oxygen species) [20]. Ingested
trivalent chromium has a low level of toxicity due partially to its
poor absorption [14]. Parenteral Cr (III) may have a higher potential

toxicity. Data points to a need to lower the recommended amount
of parenteral chromium. It has been suggested that it is not
necessary to give extra chromium in patients on PN, due to the
widespread contamination in PN components [10,14].

4.1. When and what to measure

Recommendation 4.1: Regular monitoring of chromium status
should not be performed; however, it can be requiredwhen there is
clinical suspicion of deficiency or toxicity.

Fig. 13. Measurement and/or treatment guidance for micronutrients in risk groups and in special clinical situations. Recommendations in white boxes have not been formally
agreed upon: for further explanation see text). Abbreviations: IV, intravenous; MADD, multiple acyl-Coenzyme A dehydrogenase deficiency.

Fig. 14. Measurement and treatment guidance for micronutrients in risk groups and in special clinical situations (recommendations in white boxes have not been formally agreed
upon, for further explanation see text).
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Grade or recommendation GPPe Strong consensus 94 % (No. 45)

Comment: Insufficient intakes are frequent in industrial coun-
tries, and are associated with alterations of glucose metabolism,
especially in older adults [13].

Recommendation 4.2: In the case of suspected chromium defi-
ciency, response of glucose tolerance test to chromium supple-
mentation can be performed.

Grade of recommendation 0 e Strong consensus 100 % (No. 18,
No. 154)
References [13,19]

Recommendation 4.3: Serum chromium can be determined but is
rarely required.

Grade of recommendation 0 e Strong consensus 100 % (No. 19)

References [13,21e23]

Table 1
Some important definitions and terminology related to assessment, requirements, and prescription of MN.

ESPEN Definition Comments

Definition of the words related to assessment of status
Depletion Presence of an objective loss of a MN in body fluids, or

intake below standard recommendation with blood/plasma
concentrations below reference range (see below).

Clinical signs or symptoms are not present at this stage

Deficiency Evidence of objective loss of a MN in body fluids, or intake
below standard recommendation
AND EITHER:
Presence of clinical signs or symptoms, compatible with a
micronutrient deficiency
OR Blood/plasma concentrations below reference range
together with metabolic effects of inadequacy

Intake is not meeting losses
Depending on the body stores, which vary for each MN, clinical
signs of deficiency generally may require many weeks to
become visible. Therefore, they are absent in acute conditions,
such as intensive care. For example: B1 deficiency can occur in a
very short period, whereas B12 deficiency can take months or
years to appear

Established terms used to describe micronutrient requirements
DRI ¼ Dietary reference intake Set of reference values including EAR, AI, RDA, UL, that,

when adhered to, predict a low probability of nutrient
inadequacy or excessive intake

DRIs are intended for the general population and will be used to
indicate proportions of MNs used particularly in enteral
nutrition

PN-DR ¼ PN Daily recommended doses The doses used in PN are extrapolated from RDAs,
bioavailability studies and long-term follow up of patients
on home PN. They aim at covering basal needs in most
patients.
Individual patients may have increased or decreased needs.

The commercially available preparations contain variable
amounts of MNs. Growing data indicates that many are
outdated providing either too much or too little of particular
MNs.

Wording used to describe the type of prescription
Complement Complementation will be used to indicate the delivery of

micronutrients to cover basal needs (e.g. to complete
enteral feeds [8] or PN).

This action is likely to be needed to cover basal needs in case of
progressive or insufficient EN

Repletion Doses aiming to restore a normal status, and where the
deficit is known. Sometimes called supplementation but
term to be avoided as confusing

The term “Repletion”will be used when deficiency or losses are
identified or presumed: the administration aims at restoring a
normal status.

Supplementation Term used when the aim is to deliver higher than standard
doses (i.e. superior to DRI or parenteral nutrition
recommendation) [122].
The term does not include pharmaco-nutrition but
designates doses higher than basal requirements delivered
in an attempt to correct depletion or deficiency.

This term is often applied without differentiation of amount
whenever a MN is prescribed, which leads to confusion

Abbreviations: AI, adequate intake; EAR, estimated average requirement; EN, enteral nutrition; MN, micronutrient; PN, parenteral nutrition; RDA, recommended dietary
allowance; UL, tolerable upper intake levels.

Table 2
Disease-specific risks of depletion or deficiency in trace elements and vitamins.

Disease Deficiency favouring
disease development

Inadequacy or deficit
worsening the condition

Deficiency as a result of disease

Alcoholism B1, Fe A, D, E, K, B1, B2, B6, B7, B9, B12, C, Zn
Alcoholic hepatitis B6, Zn Fe, Zn
Anaemia B1, B6, B9, B12, Fe, Cu, Co
Cancer cachexia D, Zn
Cardiomyopathies/Heart failure B1, B6, D, Se, Fe Se
Chronic obstructive pulmonary disease D, Cu, Se, Mn, Zn
Chronic intestinal failure B2, B7, B9, B12, A, D, E, K, Cu, Fe, Zn
Atrophic gastritis B9, B12, C, D, Fe
Diabetes mellitus B9, Cr
Inflammatory bowel diseases Zn B1, B6, B12, A, D, E, K, Fe, Se, Zn
Non-alcoholic fatty liver disease Cu
Liver diseases Zn B12, A, D, E, Se, Zn
Multiple sclerosis B7
Obesity b-carotene, E, Se, Zn B1, B9, D, Fe, Se, Zn
Obesity Post Bariatric surgery A, D, E, K, B1, B9, B12, C, Cu, Zn, Fe
Osteoporosis B12, D, K, Cu, Fe, Zn, Mn, F, Bo
Renal failure (chronic) B1, B6, B9, K, D, Cu, Se, Zn
Sarcopenia B1, B12, D, Zn, carnitine D, Se, Zn
Critical illness B1, C, D, Cu, Fe, Se, Zn B1, B12, Cr, D, Fe, Se, Zn

Note: the below list of diseases associated with known alterations of MNs is non-exhaustive (alphabetic order) and may in some cases be less fully supported by the evidence.
These and other diseases may have further or still unknown associations with various MN inadequacies. For detailed references see original MN guideline [1].
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4.2. How much to provide in typical EN and PN

Recommendation 4.4: Enteral nutrition should provide at least
35 mg/day chromium with 1500 kcal/day.

Grade of recommendation B e Strong consensus 94 % (No.
85)
Grade B awarded based on DRI/RDA, not clinical trials

Recommendation 4.5 Parenteral nutrition can provide at least
10 mg per day

Grade of recommendation 0 e Strong consensus 100 % (No. 86)
References [16,17,24e26]

Comment: the requirement in PN is still debated, especially
since absorption of chromium is low, and no trials have been

Table 3
ESPEN Recommendations for daily trace element and vitamin intakes e 2022 (all values are per day).

PN Home & long-term A PN high requirementsa B EN in 1500 kcalb C EN high requirements
in 1500 kcalc

DRI per day Age
31->70 years

EC directived: Min-max
per 1500 kcal

Trace elements
Chromium 10e15 mg 15 mg 35e150 mg 200 mg 20e35 mg 18.75e225 mg
Copper 0.3e0.5 mg 0.5e1.0 mg 1e3 mg Same as C 0.9 mg 0.9e7.5 mg
Fluoride 0e1 mg Same as A 0e3 mg 3e4 mg 3e5 mg (AI) 0e3 mg
Iodine 130 mg Same as A 150e300 mg Same as C 150 mg 97.5e525 mg
Iron 1.0 mg Same as A 18e30 mg 30 mg 8 mg (18 mg F

19e50 yrs)
7.5e30 mg

Manganese 55 mg Same as A 2e3 mg Same as C 1.8e2.3 mg 0.75e7.5 mg
Molybdenum 19e25 mg Same as A 50e250 mg 250 mg 45 mg 52.5e270 mg
Selenium 60e100 mg 150e200 mg 50e150 mg 200 mg 55 mg 37.5e150 mg
Zinc 3e5 mg 6e12 mg 10e20 mg 20 mg 8e11 mg 7.5e22.5 mg
Lipo-soluble vitamins
A Retinole 800e1100 mg 1100 mg 900e1500 mg 1500 mg 700e900 mg 525e2700 mg
D3 Cholecalciferol 200 IU/5 mg 800e1000 IU/20e25 mg 25 mg 30 mg 15e20 mg 7,5e37,5 mg
E a-tocopherol �9 mg 20e25 mg 15 mg 40 mg 15 mg 7.5e45 mg
K2 menaquinone 150 mgf 1e10 mgg 120 mg Same as C 90e120 mg 52.5e300 mg

Water-soluble vitamins Provide at leasth Provide at leasth

B1 Thiamine 2.5 mg 100e200 mg 1.5 mg 100 mg 1.1e1.2 mg 0.9e7.5 mg
B2 Riboflavin 3.6 mg 10 mg 1.2 mg 10 mg 1.1e1.3 mg 1.2e7.5 mg
B3 Niacin 40 mg Same as A 18 mg 40 mg 11e16 mg 13.5e45 mg
B5 Pantothenic acid 15 mg Same as A 5 mg 7.5 mg 5 mg 2.25e22.5 mg
B6 Pyridoxine 4 mg 6 mg 1.5 mg 7.5 mg 1.5e1.7 mg 1.2e7.5 mg
B7 Biotin 60 mg Same as A 30 mg 75 mg 30 mg (AI) 11.25e112.5 mg
B9 Folic acid 400 mg 600e1000 mg 330e400 mg DFE 500 mg 400 mg DFE 150e750 mg
B12 Cyancobalamin 5 mg Same as A >2.5 mg 7.5 mg 2.4 mg 1.05e10.5 mg
C Ascorbic acid 100e200 mg 200e500 mg 100 mg 200 mg 75e90 mg 33.75e330 mg

Abbreviations: EN ¼ enteral nutrition, FSMP ¼ Foods for Special Medical Purposes, PN ¼ parenteral nutrition, AI ¼ Adequate Intake, DFE ¼ dietary folate equivalent.
a : Increased requirements may occur in patients with on-going increased losses such as gastrointestinal losses, continuous renal replacement therapy, those who are

hypermetabolic or who are depleted before commencing PN, and in pregnancy.
b : The 1500 kcal value has been chosen based on numerous studies confirming that this value seems to be a very common objective. In case of higher nutrient delivery (e.g.

2000 kcal per day or more), exceeding this recommendation is not exposing the patient to any risk considering upper tolerable levels.
c : increased requirements during critical illness and in patients with acute admission with malnutrition (NRS�5): intended for max 15 days as repletion, to avoid requiring

IV supply.
d : The EC directive.
e : Retinol includes retinol and retinyl ester.
f : During PN, vitamin K requirements are usually provided by the lipid emulsions.
g : High dose administered in case of coagulopathy (not nutrition-related).
h : For water-soluble vitamins, amounts recommended are minimum amounts, and more can usually be safely delivered.

Table 4
Recommended analytical methods.

Chromium Chromium status assessment is based on determination of serum and urine levels using ICP-MS. Serum chromium can be determined but is rarely
required.

Copper Several methods are available: the most precise and applicable to biological fluids is ICP-MS, although atomic absorption spectroscopy is also frequently
used

Fluoride Analytical methods use a fluoride-specific electrode (urine), flow injection analysis coupled with a fluoride-specific electrode (serum and urine) (FIA-FE),
or by ion chromatography with conductivity detection (IC-CD)

Iodine Iodine status is best determined by 24 h urine collections. Classically, deficiency diagnosis is based on urinary excretion of iodine <100 mg/24 h.
Analytical methods consist in selective electrode (iodide), a chemical method (total iodine) or more recently on ICP-MS. Iodine may also be determined
in serum by ICP-MS

Iron Iron status assessment requires the simultaneous determination of hemoglobin, ferritin (storage form of iron), transferrin saturation and total Iron-
binding capacity, and occasionally bone marrow iron staining. The most recent methods include the determinations of hepcidin, zinc protoporphyrin,
and soluble transferrin receptor

Manganese Manganese status is best assessed by whole blood or RBC concentration measured by ICP-MS or atomic absorption spectroscopy. Plasma or serum
concentration can also be measured

Molybdenum Molybdenum can be determined in blood, urine or hair by ICP-MS, and also by neutron activation analysis
Selenium Selenium status is most commonly obtained from plasma or whole blood selenium measurement by CFAAS or ICP-MS. Selenoprotein P and plasma

glutathione peroxidase (GPX3) are more accurate measures of whole-body status
Zinc Total zinc can be measured in whole blood, plasma, serum, urine, or hair preferably by ICP-MS, or by atomic absorption spectroscopy

Abbreviations: CFAAS, carbon furnace atomic absorption spectrometry; FIA-FE, flow injection analysis coupled with a fluoride-specific electrode; GPX3, glutathione perox-
idase; IC-CD, ion chromatography with conductivity detection; ICP-MS, inductively coupled plasma mass spectrometry; RBC, red blood cell.
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performed with lower doses. The above doses have been used
safely and effectively in adults for many years. More research on
chromium is required.

4.3. When and how to provide additional amounts

Recommendation 4.6: In cases of proven or suspected clinical
deficiency, additional doses of chromium can be provided orally or
IV as available.

Grade of recommendation GPP e Strong consensus 94 % (No.
129)

Recommendation 4.7: Chromium supplementation should not be
used to improve glycemia and dyslipidemia control in patients with
type 2 diabetes, obesity, and non-diabetic patients.

Grade of recommendation B e Strong consensus 100 % (No. 130)
References [18,27e31]

Recommendation 4.8: In case of severe insulin resistance and
hyperglycemia in critically ill patients, a therapeutic trial with IV
chromium can also be used to reduce insulin requirements.

Grade of recommendation 0 e Strong consensus 100 % (No. 155)
References [21e23]

Comment: A low plasma chromium level is associated with
hyperglycemia, insulin resistance, high inflammatory status and
increased cardiovascular risk in humans [18,19]. These recom-
mendations are not applicable to general diabetic patients, but only
for critically ill patients, in case of increasing insulin doses (30e50
U/hour of insulin required to maintain blood glucose <10 mmol/l).
Such a trial is limited to 4 days [21e23].

Recommendation 4.9: Chromium (200e250 mg/day for 2 weeks)
can be given parenterally in patients on parenteral nutrition sus-
pected to be deficient in chromium based on insulin-resistance:
reassess insulin-resistance after 2 weeks.

Grade of recommendation 0 e Strong consensus 91 % (No. 152)
References [21e23].

Recommendation 4.10: In insulin-resistant critically ill patients,
chromiumwith doses ranging from 3 to 20 mg/h IV for 10 h and up
to 4 days may be required.

Grade of recommendation 0 e Strong consensus 100 % (No. 153)
References [21e23].

5. Cobalt

Cobalt is a rare element with properties like iron and nickel. It is
essential for the formation of vitamin B12 [32]. All the essential
functions of cobalt are covered in the chapter about vitamin B12.

5.1. When and what to measure

Recommendation 5.1: Determination of cobalt may be required
in case of suspicion of toxicity in the context of cardiomyopathy.

Grade or recommendation GPPe Strong consensus 92 % (No. 46)

Recommendation 5.2: Serum and blood determinations may be
done in the context of suspected toxicity.

Grade of recommendation 0 e Strong consensus 94 % (No. 47)
Grade 0 awarded based on biochemistry, not clinical trials
[32]

Comment: Human beings may be exposed to cobalt through
occupational contact (glass, inks, and paints), in processing plants,
hard-metal industry, diamond polishing, and the manufacture of
ceramics. In cases of suspected cobalt toxicity, the assessment of
the status is based on determination of serum [33] and urine levels
[34,35] using inductively coupled plasma mass spectrometry (ICP-
MS).

5.2. How much to provide in typical EN and PN

Recommendation 5.3: Enteral nutrition should provide cobalt
within vitamin B12.

Grade of recommendation Be Strong consensus 95 % (No. 87)
Grade B awarded based on physiology/biochemistry (no DRI),
not clinical trials [36,37],

Recommendation 5.4: Parenteral nutrition does not need to
provide additional cobalt, as long as vitamin B12 is administered.

Grade of recommendation GPPe Strong consensus 92 % (No. 88)

6. Copper

Copper exists in two different redox states: the oxidized
cupric (Cu2þ) and reduced cuprous (Cuþ) forms. It serves as an
essential catalytic cofactor in redox chemistry for proteins
involved in growth and development [38], and as an essential
cofactor for oxidationereduction reactions involving copper-
containing oxidases. Absorption occurs in the stomach and
small intestine, primarily in the duodenum [39], and is highly
regulated.

Copper depletion is observed in some acute conditions such as
major burns, after gastric and bariatric surgery, and in patients
requiring continuous renal replacement therapy, or in prolonged
PN or EN without adequate copper [40e46]. Symptoms of defi-
ciency require some weeks to develop and are not readily recog-
nized. The acute symptoms include cardiac arrhythmias,
myeloneuropathy, and delayed wound healing [45,47]. The chronic
symptoms include microcytic anemia, neutropenia, osteoporosis,
ataxia, and hair de-pigmentation [47].

Supra-normal blood levels are observed in inflammatory con-
ditions, reflecting the increase in ceruloplasmin. Elevated copper
levels exist in Alzheimer's disease [48], and are observed in pa-
thologies such as infections, hemopathies, haemochromatosis, hy-
perthyroidism, liver cirrhosis and hepatitis, and physiologically, in
pregnancy.

Intoxication is rare but may occur in an industrial context.
Cholestasis can also affect the liver's ability to excrete copper,
resulting in chronic copper toxicity [49]. It is also increased in ge-
netic disorders such as Wilson's disease, and in Menke's syndrome
[49]. Toxicity symptoms include hematemesis, hypotension,
melena (black “tarry” feces), coma, headaches, behavioral changes,
fever, diarrhea, abdominal cramps, brown ring-shaped markings in
eyes (Kayser-Fleischer rings), and jaundice. Not included as a
recommendation in the 2022 guideline, but considering its
importance we include in Fig. 13 for completeness the first line
therapy of Wilson's disease with hepatic neurological and symp-
toms, which is penicillamine and zinc salts [50]:
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tetrathiomolybdate (R11.5) is a strong decoppering agent but re-
mains an experimental therapy, as clinical experience is limited.

6.1. When and what to measure

Recommendation 6.1: Copper levels should be measured:

� In patients coming for post-bariatric surgery follow up or after
other abdominal surgeries that exclude the duodenum.

� In patients admitted for neuropathy of unclear etiology.
� In major burn patients whether receiving, or not, complements
of copper.

� In the context of continuous renal replacement for more than 2
weeks.

� In patients on home enteral nutrition fed by jejunostomy tubes.
� In patients on long term parenteral nutrition, regularly every
6e12 months.

Grade of recommendation B e Strong consensus 94 % (No.
48)
References [41,46,51e54]

Comment: If ataxia occurs in patients at risk (see R6.1), copper
deficiency should be considered with determination of blood levels,
followed by repletion if confirmed. The increasing number of reports
of neurological symptoms after bariatric surgery made it important
to insert it among MN related neurological disorders (Fig. 13).

Recommendation 6.2: Copper status shall be determined by
measurement of plasma copper simultaneously with CRP
determination.

Grade of recommendation A e Consensus 89 % (No. 20)
Grade A awarded based on biochemistry, not clinical trials.

Comment: Copper, a long-ignored trace element, is an essential
catalytic cofactor in redox chemistry for proteins involved in
growth and development [55], and as an essential cofactor for
oxidationereduction reactions involving copper-containing oxi-
dases. Copper concentrations in plasma increase in the context of
an inflammatory response since ceruloplasmin is a positive acute
phase reactant [2]. A normal serum copper in the presence of an
elevated CRP would suggest copper depletion or deficiency. In case
of uncertainty, ceruloplasmin concentrations will assist diagnosis,
as low values of the latter provide confirmation of deficiency.

6.2. How much to provide in typical EN and PN

Recommendation 6.3: Enteral nutrition shall provide 1e3 mg
copper per day with 1500 kcal.

Grade of recommendation A e Strong consensus 97 % (No. 89)
Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 6.4: Parenteral nutrition should provide
0.3e0.5 mg copper per day.

Grade of recommendation B e Strong consensus 94 % respec-
tively (No. 90)
Recommendations [42,43,56]

6.3. When and how to provide additional amounts

Recommendation 6.5: With plasma concentrations <12 mmol/l
and high CRP >20 mg/l, a deficiency is likely and copper adminis-
tration can be considered.

Grade of recommendation GPP e Consensus 89 % (No. 131)

Recommendation 6.6: With plasma copper values < 8 mmol/l
with or without elevated CRP, repletion measures should be taken.

Grade of recommendation GPP e Strong consensus 97 % (No.
132)

Recommendation 6.7: In chronic conditions, oral administration
may be considered first.

Grade of recommendation GPP e Strong consensus 94 % (No.
133)

Recommendation 6.8: With severe copper deficiency, the IV
route should be preferred with administration of doses of 4e8 mg/
day as slow infusion.

Grade of recommendation GPP e Strong consensus 92 % (No.
134)

7. Fluoride

Fluoride is an abundant element [57], occurring in soils, rocks,
and water: it is therefore naturally present in the food and drink we
consume. Its status as “essential” is debated. Reported unequivocal
signs of fluoride deficiency are almost non-existent. Pharmaco-
logical doses prevent caries.

Chronic toxicity is most frequent, and may present as gastric
complaints, anemia, osteomalacia, teeth problems, and neuro-
muscular and gastrointestinal symptoms. Chronic toxicity has been
observed along with excessive water supplies and industrial ex-
posures (excess of 2 mg/day) resulting in dental fluorosis and
mottled enamel. Skeletal fluorosis is a rare toxic osteopathy char-
acterized by massive bone fluoride fixation that occurs with doses
10e25 mg/day for many years. The disease is an endemic problem
in some parts of the world [58,59]. In patients on home PN for
chronic intestinal failure, high blood fluoride values due to high
fluoride intakes from drinking water have been reported [60].

7.1. When and what to measure

Recommendation 7.1: In case of suspicion of fluorosis blood
determination should be performed.

Grade of recommendation GPP e Consensus 88 % (No. 49)

Recommendation 7.2: The fluoride status shall be determined by
blood measurements.

Grade of recommendation A e Strong consensus 91 % (No. 21)
Grade A awarded based on biochemistry, not clinical trials.

7.2. How much to provide in typical EN and PN

Recommendations 7.3: Enteral nutrition may provide up to 3 mg
fluoride per day with 1500 kcal.

Grade of recommendation 0e Strong consensus 100 % (No. 91)
Grade 0 awarded based on DRI/RDA, not clinical trials (absence
of DRI).

Recommendations 7.4: There is no equivalent recommendation
for standard dosing of fluoride in parenteral nutrition.
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Grade of recommendation GPP e Strong consensus 100 % (No.
92)

Comment: There is no DRI. Fluoride is not essential in children
nor in adults. Adults typically consume <0.5 mg of fluoride daily in
food [61]. Nutritional intakes in adults are safe up to 4 mg/day in
men and 3 mg/day in women. Although not essential in adult PN,
0.95 mg per day has been provided without any complication and
may be continued. It is not provided in North America.

7.3. When and how to treat

Recommendation 7.5: In case of fluoride poisoning, symptomatic
treatment should be applied.

Grade of recommendation GPP e Strong consensus 91 % (No.
135)

Recommendation 7.6: In case of acute poisoning, support of vital
function and electrolyte management should be applied.

Grade of recommendation GPP e Strong consensus 97 % (No.
136)

Recommendation 7.7: There is not a specific treatment of skeletal
fluorosis, except to control the source of the excess of fluoride
exposure.

Grade of recommendation GPP Strong consensus 94 % (No. 137)

8. Iodine

Iodine plays a central role in thyroid physiology, being both a
major constituent of thyroid hormones and a regulator of thyroid
gland function. Importantly, healthy thyroid function depends also
on an adequate provision of selenium (liver deiodination) and iron
(metabolism) at any age.

Iodine deficiency disorders represent a global health threat to
individuals and societies, including affluent countries in Europe,
and impose a significant burden on public healthcare systems. Se-
vere iodine deficiency causes goiter and hypothyroidism [62].
Iodine deficiency increases the risk of developing autonomous
thyroid nodules that are unresponsive to TSH control [63].

Moreover, iodine deficiency during pregnancy and breastfeeding
adversely affects the development of the child [64,65]. Even mild or
moderate iodine deficiency in the mother affects the synthesis of
thyroid hormones and may impair brain development. During
pregnancy, women have a sharply increased need for iodine, which
is frequently not covered by food sources and iodine supplements.
Patients on long-term PN may be at risk of deficiency [66].

8.1. When and what to measure

Recommendation 8.1: In populations with high prevalence of
thyroid disorders, iodine status should be assessed.

Grade of recommendation B e Strong consensus 94 % (No. 50)
Reference [67]

Recommendation 8.2: In patients presenting with thyroid disor-
ders in countries with high incidence of iodine deficiency, iodine
status shall be assessed.

Grade of recommendation A e Strong consensus 97 % (No. 51)
References [67e70]

Recommendation 8.3: In patients exposed to prolonged povidone
iodine (PVPeI) disinfection or topical application as cream, thyroid
function and, if available, urinary iodine excretion measurement
should be considered.

Grade of recommendation GPP - Consensus 88 % (No. 52, No.
160)

Recommendation 8.4: Iodine status shall be assessed by urinary
24-h excretion, combined with assessment of thyroid function and
size.

Grade of recommendation A e Strong consensus 94 % (No. 22)
Grade A awarded based on biochemistry, not clinical trials.

Comment: Iodine deficiency is a persistent public health
problem in Europe [71] and in the World. Classically, deficiency
diagnosis is based on urinary excretion of iodine <100mg/24 h:
the measurement is not usually available in hospitals. Iodine
status evaluation can be considered in patients with hyperthy-
roidism or hypothyroidism and prolonged topical iodine expo-
sure after having excluded other etiological factors. Serum
thyroid stimulating hormone (TSH) is not a sensitive indicator of
iodine status whether in children or adults, as concentrations are
usually maintained within a normal range despite frank iodine
deficiency [63].

8.2. How much to provide in typical EN and PN

Recommendation 8.5: Enteral nutrition shall provide at least
150 mg iodine per day, with an upper level of 300 mg, in
1500 kcal.

Grade of recommendation A e Strong consensus 91 % (No. 92)
Grade A awarded based on DRI/RDA, not clinical trials.

Recommendation 8.6: Parenteral nutrition should provide the
standard dose of 130 mg/day.

Grade of recommendation B e Strong consensus 91 % (No. 93)
References [52,66e68,72]

8.3. How to provide additional amounts

Recommendation 8.7: In case of deficiency, iodine should be
delivered by oral or enteral route as it is well absorbed (about
300e600 mg/day), or alternatively by IM injection.

Grade of recommendation B e Strong consensus 94 % (No. 138)
Reference [73]

Recommendation 8.8: In acute severe deficiency, iodide can be
given IV by sodium iodide solution, that is available for parenteral
nutrition in some countries (distinct frommulti-trace element vials
which usually contain 130 mg per dose).

Grade of recommendation GPP e Consensus 79 % (No. 139)

9. Iron

Iron (Fe) is themost abundant trace element in the human body.
The two most common iron states are the divalent ferrous (Fe2þ)
and the trivalent ferric (Fe3þ). It is required for most, if not all,
pathways for energy and substrate metabolism [74]. The main
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function of iron is as a functional component of heme, participating
in oxygen binding and transport (hemoglobin, myoglobin), oxygen
metabolism (catalases, peroxidases), cellular respiration and elec-
tron transport (cytochromes) [74e76].

Worldwide, iron deficiency is the most common nutritional
deficiency, affecting hundreds of millions of people [77,78]. It has
economic consequences as it reduces working capacity, increasing
sick leave, and being often incorrectly treated [79].

Iron depletion and deficiency progresses through several stages
[80,81]. Storage depletion is characterized by decreasing serum
ferritin concentrations and levels of iron in bone marrow. In Mar-
ginal deficiency, iron stores are depleted, iron supply to erythro-
poietic cells and transferrin saturation are reduced, but hemoglobin
parameters remain within the normal range. When iron deficiency
anemia develops, the stores are exhausted; hematocrit and levels of
hemoglobin decline; and the resulting microcytic, hypochromic
anemia is characterized by small RBC [79].

Iron overload: The most common causes are hereditary he-
mochromatosis (HFE-associated), and other rare genetic disorders,
but it may develop secondary to transfusion (Thalassemia, etc). The
signs and symptoms of overload are non-specific [82], and include
chronic fatigue, joint pain, and diabetes: the disorder evolves to-
wards end-organ failure, involving particularly the pancreas and
liver [83].

9.1. When and what to measure

Recommendation 9.1: Full investigation of iron status shall be
performed in case of anemia, and in case of persistent major
fatigue.

Grade of recommendation A e Strong consensus 94 % (No. 53)
References [78e81]

Recommendation 9.2: Investigation of both suspected deficiency
and overload shall include a combination of tests: plasma iron,
transferrin, transferrin saturation, ferritin, CRP, transferrin soluble
receptor, hepcidin, and evaluation of red blood cell (RBC)
morphology.

Grade of recommendation A e Strong consensus 97 % (No. 23)
Grade A awarded based on biochemistry, not clinical trials.

9.2. How much to provide in typical EN and PN

Recommendation 9.3: Enteral nutrition shall provide 18e30 mg
iron per day with 1500 kcal.

Grade of recommendation A e Strong consensus 94 % (No. 95)
Grade A awarded based on DRI/RDA, not clinical trials.

Recommendation 9.4: Parenteral nutrition shall provide at least
1 mg/day of elemental iron, or an equivalent amount at periodic
intervals by separate infusion.

Grade of recommendation Ae Strong consensus 92 % (No. 96)
References [84e86].

Comment: This recommendation is high for men and post-
menopausal women, but the modestly higher doses provided are
likely to be beneficial and not harmful considering the high prev-
alence of iron deficiency. While nutritional doses shall be provided
to any patients whatever the inflammatory status, additional iron

high-dose supplementation to correct deficiency during infections
and hemato-oncologic disease has been associated with a 1.16 RR of
infection [87]: this risk shall be balanced against the consequences
of deficiency. If countries do not have iron containing multi-trace
element products the above alternative should apply. In patients
with low body weight (<40 kg), the 1 mg per day dose should be
adapted.

9.3. When and how to provide additional amounts

Recommendation 9.5: If more than basic amounts are required to
correct iron deficiency, a single IV dose of whole-body iron
replacement should be given as 1 g of iron provided as a large single
dose over 15 min using one of the recent carbohydrate products.

Grade of recommendation B e Strong consensus 100 % (No. 140)
References [88,89]

Comment: When IV iron is required, risk minimization should
be addressed: anaphylactoid reactions during iron infusions are
rare (<1:250,000 administrations with recent formulation) but
may be life threatening [90,91]. There are many forms of iron
suitable for IV use. Iron sucrose and ferric gluconate arewidely used
but may require multiple administration. As iron is strongly bound
to carbohydrates (carboxymaltose, ferumoxytol, isomaltoside, glu-
conate, sucrose, lowmolecular weight iron dextran), the amount of
labile iron is low, allowing the rapid administration of large single
doses [89,91e94]. The risk is highest with high molecular weight
iron dextran. The best studied example is ferric carboxymaltose,
infused over 15 min [88,95].

Recommendation 9.6: In anemic critically ill patients, with iron
deficiency confirmed by low hepcidin levels, 1 g of iron provided as
one of the recent carbohydrate products should be delivered.

Grade of recommendation B e Strong consensus 100 % (No. 150)
References [92e94,96]

Comment: considering the above-mentioned relative risk of
infection, such repletion should be undertakenwhen inflammation
abates, and patient is close to discharge.

9.4. When to provide reduced amounts

Recommendation 9.7: In hemochromatosis, and in iron overload
conditions, iron stores should be reduced by repeated venesection.

Grade of recommendation B e Strong consensus 94 % (No. 156)
References [97,98]

10. Manganese

Manganese (Mn) is one of the most common metals in the
human body, mainly present in the bone, liver, kidney, pancreas,
and adrenal and pituitary glands [99]. Manganese is important for
many physiological processes such as regulation of blood sugar and
cellular energy, reproduction, digestion, bone growth, blood coag-
ulation, and hemostasis, antioxidant defense, and proper immune
function [100].

Toxicity is a greater concern than deficiency. The most com-
mon somatic effects are hypertension, increased heart rate due to
blocking of calcium channels by manganese, and elevated
cholesterol levels because of the reduced conversion of choles-
terol to bile acids. Other symptoms are decreased fertility in men
as well as increased fetal abnormalities [101]. Nevertheless, the
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brain is the main target organ of manganese toxicity. Manganese
overexposure results in compromised mitochondrial function,
oxidative stress, protein misfolding and trafficking, and neuro-
inflammation [102]. Neurological damage might be irreversible.
In patients exposed to manganese, elevated whole-blood man-
ganese has been shown to correlate with MRI signal intensity in
globus pallidus. Manganese overload initially induces non-
specific symptoms such as headache, asthenia, irritability, fa-
tigue, and muscular pains, but later, a neurodegenerative syn-
drome with psychiatric symptoms, known as manganism. This
condition is like the cognitive, motor, and emotional defects seen
in Parkinson's disease. Considering the importance of checking
undue Mn delivery, this problem has been included in Fig. 14,
despite not being a formal recommendation.

10.1. When and what to measure

Recommendation 10.1: Measurements should be made when
manganese excess or toxicity is suspected, especially in long term
parenteral nutrition (>30 days, manganese intake>55 mg/day) with
impairment of liver function or iron deficiency.

Grade of recommendation B e Strong consensus 94 % (No. 54)
References [103,104]

Recommendation 10.2: Monitoring should not be more frequent
than at 40 day-intervals (biological half-life).

Grade of recommendation GPP e Consensus 88 % (No. 55)

Recommendation 10.3: In patients at-risk of manganese toxicity,
whole blood, or RBC concentrations should be measured.

Grade of recommendation B e Strong consensus 94 % (No. 24)
Grade B awarded based on biochemistry, not clinical trials
[103e105]

Recommendation 10.4: Brain magnetic resonance imaging (MRI)
may contribute to confirming the diagnosis, showing high intensity
signals in globus pallidus being correlated with elevated manga-
nese levels.

Grade of recommendation 0 e Strong consensus 97 % (No. 25)
References [103,106]

10.2. How much to provide in typical EN and PN

Recommendation 10.5: Enteral nutrition should provide 2e3 mg
manganese per day but doses up to 6 mg/day have been safely
provided in 1500 kcal.

Grade of recommendation B - Strong consensus 91 % (No. 97)
Reference [7]

Recommendation 10.6: Parenteral nutrition shall provide 55 mg
manganese per day.

Grade of recommendation A - Strong consensus 91 % (No. 98)
Reference [104]

Comment: The above recommended dose of Mn in adults
treated with PN, are still frequently exceeded by the current multi-
trace element products [107]

10.3. When and how to treat?

Recommendation 10.7:Whole blood or serummanganese values
greater than twice the upper limit of normal laboratory reference
ranges should be treated.

Grade of recommendation GPP - Consensus 88 % (No. 141)

Comments: Dietary intake does not lead to toxicity, because
absorption is tightly regulated in the gut [99]. Toxicity has been
observed in adults receiving IV > 500 mg/day and in pediatric pa-
tients receiving>40 mg/kg/day [102], but even as little as 110 mg/day
to adults causes an elevation in whole blood manganese concen-
tration [104]. Patients suffering from cholestasis, liver failure or
hepatic encephalopathy can develop manganese toxicity, as man-
ganese is excreted in the bile [103,108]. Due to neuronal cell death
in basal ganglia structures, functional recovery, and effective
treatment for manganism is currently limited [108].

Recommendation 10.8: Manganese toxicity can be treated by
exclusion of manganese from PN admixture, chelation therapies
(EDTA, PAS) or iron supplementation in case of iron deficiency.

Grade of recommendation GPP e Strong consensus 94 % (No.
142, No. 162)

11. Molybdenum

Molybdenum (Mo) is an essential trace element for enzymes of
microorganisms, plants and animals. It is used in plants and
mammals in amino acid and purine metabolism [109,110]

Clinically apparent nutritional deficiency induced by low dietary
molybdenum has not been reported in humans [109]. Molybdenum
deficiencymay occur in long-term PNwithout addedmolybdenum.
Deficiency leads to biochemically detectable high plasma methio-
nine, low serum uric acid, and high urinary thiosulfate, xanthine
and hypoxanthine [110].

There are no reports of acute toxicity of dietary molybdenum in
humans. A controlled study in healthy young men found that mo-
lybdenum intakes, ranging from 22 mg/day to 1490 mg/day (almost
1.5 mg/day), elicited no serious adverse effects when molybdenum
was given for 24 days [111]. A high concentration of molybdenum
may act as an inhibitor in purine catabolism [112], and has been
shown to cause copper deficiency in animals.

11.1. When and what to measure

Recommendation 11.1: Molybdenum measurement is rarely
required, and it should only be assessed in case of suspected mo-
lybdenum deficiency.

Grade of recommendation GPPe Strong consensus 91 % (No. 56)

Recommendation 11.2: In a case of suspected molybdenum
deficiency, urine concentration of sulphite, hypoxanthine, xanthine
and plasma uric acid, in addition to blood molybdenum should be
measured.

Grade of recommendation B e Strong consensus 97 % (No. 26)
Grade A awarded based on biochemistry, not clinical trials

11.2. How much to provide in typical EN and PN

Recommendation 11.3: Enteral nutrition should provide
50e250 mg Molybdenum per day in 1500 kcal.
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Grade of recommendation B e Strong consensus 100 % (No. 99)
Grade B awarded based on DRI/RDA, not clinical trials

Recommendation 11.4: Parenteral nutrition should provide
19e25 mg molybdenum per day.

Grade of recommendation B e Strong consensus 100 % (No. 100)
Reference [113]

11.3. When to provide additional amounts

Recommendation 11.5:Molybdenummay be used to treat copper
overload in Wilson's disease as tetrathiomolybdate.

Grade of recommendation GPP e Strong consensus 94 % (No.
157)

12. Selenium

Selenium (Se) is essential in mammals, being required for the
synthesis of the amino acid selenocysteine, an essential component
of at least 25 selenoproteins in human tissues [114]. The
biochemical functions include antioxidant and redox activity,
control of thyroid hormone metabolism, together with several
proteins of uncertain function [115]. Selenium is well absorbed
(56e81 %).

Deficiency is most often caused by insufficient intake, and is
largely geography dependent (soil content is highly variable), and
may lead to population deficiency and specific chronic pathologies
such as the Keshan cardiomyopathy, and Kashin-Beck osteo-
chondropathy in China [116]. Selenium deficiency is associated
with increased incidence and virulence of viral infections [117,118].
Milder selenium depletion will cause effects on metabolism and
tissue function [115].

Severe deficiency has been recognized during PN as cardiac and
skeletal muscle myopathy, and as skin and nail effects [119]. A value
of plasma selenium <0.4 mmol/l (<32 mg/l), should always trigger
supplements provision, and other actions should be tailored to the
combined data from plasma selenium and CRP [119], as inflam-
mation causes a proportional decrease in plasma levels due to
redistribution [2,120].

Upper limits for plasma selenium before toxicity symptoms
occur are not clear, and range from y6 mmol/l [121] to y12 mmol/l
[122]. Selenium toxicity outbreaks have occurred due to mis-
formulation of dietary supplements resulting in clinical signs of
selenosis [123]. The concern comes from recent awareness that
selenium overexposure is positively associatedwith type 2 diabetes
and high-grade prostate cancer.

12.1. When and what to measure

Recommendation 12.1: All patients likely to receive PN for more
than two weeks or about to commence home PN should have
plasma selenium and CRP measured on commencing PN. Tests
should be repeated as required depending on the results, and at
least once every 3e6 months.

Grade of recommendation B e Strong consensus 92 % (No. 57)
Reference [124]

Recommendation 12.2: Blood selenium is required to determine
status, but ideally the plasma glutathione peroxidase (GPX-3) shall

be determined to reflect functional status. Simultaneous determi-
nation of CRP and albumin is required for interpretation.

Grade of recommendation A e Strong consensus 91 % (No. 27)
Reference [125].

Comment: In many patients there is an element of inflamma-
tion. This leads to a reduction in plasma selenium [2], related to
redistribution out of the circulating compartment since plasma
selenium returns to normal in many cases without supplementa-
tion [120]. Selenoprotein P has been shown to be a more selective
indicator of status [126].

12.2. How much to provide in typical EN and PN

Recommendation 12.3: Enteral nutrition should provide
50e150 mg selenium per day in 1500 kcal.

Grade of recommendation B e Strong consensus 94 % (No. 101)
Grade B awarded based on DRI/RDA, not clinical trials.

Recommendation 12.4: Parenteral nutrition should provide
60e100 mg selenium per day.

Grade of recommendation B e Strong consensus 91 % r (No. 102)
References [24,127,128]

12.3. When and how to provide additional amounts

Recommendation 12.5: A value of plasma selenium <0.4 mmol/l
(<32 mg/l) should prompt selenium administration, starting with
100 mg/day (enteral or IV): the duration of administration will
depend on response.

Grade of recommendation GPP e Strong consensus 100 % (No.
143)

Recommendation 12.6: In a patient without an inflammatory
response (e.g., CRP <20 mg/l), a plasma selenium concentration of
<0.75 mmol/l should trigger selenium administration (repletion).

Grade of recommendation GPP e Strong consensus 100 % (No.
144)

Comment: Patients who are depleted because of a recent
reduced intake may require twice the normal daily amount (up to
200 mg/day), with monitoring of plasma selenium level. If the
gastrointestinal tract is available, this can be given orally. Burn
patients who have high losses of selenium, benefit from large IV
supplies of around 375 mg/day, with more rapid healing and fewer
infections [40]. Patients with other major trauma, and cardiac
surgery may similarly benefit from a supplement of 275 mg/day
[129]. Patients receiving renal replacement therapy have increased
losses and oxidative stress and will require increased amounts [44].

Recommendation 12.7: Considering the good enteral absorption,
and in absence of contraindication, the enteral route can be used
with doses starting at 100 mg/day. In case of plasma selenium
<0.4 mmol/l (30 mg/l) the IV route may be used for rapid correction:
up to 400 mg/day may be required for at least 7e10 days, and status
then be rechecked.

Grade of recommendation 0 e Strong consensus 100 % (No. 145)
References [125,130e132]
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13. Zinc

More than 300 zincmetalloenzymes are present in biology, with
essential roles in virtually all metabolic pathways [133e135]. Some
examples in man include carbonic anhydrase, alkaline phospha-
tase, RNA and DNA polymerases and alcohol dehydrogenase. Zinc-
finger proteins are central to the control of transcription of DNA
into RNA. The key roles of zinc in protein and nucleic acid synthesis
explain the failure of growth and impairedwound healing observed
in individuals with zinc deficiency. Zinc is also part of several as-
pects of the antioxidant defense system.

Deficiency is caused by inadequate intake, increased re-
quirements, malabsorption, increased losses and impaired utiliza-
tion. Children, pregnant and lactating women have increased
requirements and thus are at increased risk of depletion [136]. The
clinical features of severe deficiency include alopecia, skin rash,
growth retardation, delayed sexual development and bone matu-
ration, impaired wound healing and immune function, diarrhea,
and blunting of taste and smell [135,137].

Zinc deficiency affects both innate and adaptive immunity [138].
All immune cells are affected. T cell functions and the balance be-
tween the different T helper cell subsets are particularly susceptible
to changes in zinc status. While acute zinc deficiency alters innate
and adaptive immunity, chronic deficiency increases inflammation
[138].

The clinical feature of zinc toxicity relates to the route and the
dose of exposure and differs between acute and chronic exposure.
Symptoms appear when ingestion exceeds 1 to 2 g of zinc. Toxic
exposures can occur through gastrointestinal, dermal, respiratory,
and parenteral routes through erroneously prepared parenteral
nutrition [139].

13.1. When and what to measure

Recommendation 13.1: Zinc measurement should be done:

� In patients with increased gastrointestinal and/or skin losses
� on commencing long term PN and repeated as required
depending on the presence of conditions associated with risk of
deficiency.

� in patients on long-term PN, every 6e12 months
Grade of recommendation GPP e Consensus 88 % (No. 58)

Recommendation 13.2: Plasma zinc shall be used to confirm
clinical zinc deficiency and to monitor adequacy of provision.
Simultaneous determination of CRP and albumin is required for
interpretation.

Grade of recommendation A e Strong consensus 91 % (No. 28)
Grade A awarded based on biochemistry, not clinical trials

13.2. How much to provide in typical EN and PN

Recommendation 13.3: Enteral nutrition shall provide at least
10 mg per day in 1500 kcal.

Grade of recommendation A e Strong consensus 97 % (No. 103)
Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 13.4: Parenteral nutrition should provide
3e5 mg zinc IV per day in patients without abnormal losses.

Grade of recommendation B e Strong consensus 88 % (No. 104)
References [24,140]

13.3. When and how to provide additional amounts

Recommendation 13.5: In patients on parenteral nutrition who
have gastrointestinal losses (fistulae, stomas, and diarrhea), while
nil per mouth, IV doses up to 12 mg per day can be used and are
usually sufficient to maintain the status: this addition will be
required for as long as gastrointestinal losses persist.

Grade of recommendation 0 e Strong consensus 100 % (No. 166)
Reference [140]

Recommendation 13.6: Patients with major burns >20 % body
surface area have increased requirements due to exudative losses:
30e35 mg/day IV for 2e3 weeks should be provided.

Grade of recommendation B e Strong consensus 91 % (No. 151)
References [40,141]

Recommendation 13.7: In acquired zinc deficiency, 0.5e1 mg/kg
per day of elemental zinc (Zn2þ), can be given orally for 3e4
months. Organic compounds such as zinc histidinate, zinc gluco-
nate and zinc orotate show a comparatively better tolerability than
inorganic zinc sulfate and zinc chloride.

Grade of recommendation: GPP e Consensus 82 % (No. 146)

Recommendation 13.8: In acrodermatitis enteropathica, a life-
long oral intake of 3 mg/kg per day of elemental zinc (Zn2þ) may
be provided, with the dosage adjusted accordingly to plasma or
serum zinc levels.

Grade of recommendation 0 e Strong consensus 94 % (No. 158)
Reference [142]

Recommendation 13.9: Oral, enteral and parenteral routes of
administration can be used, route depending on gastrointestinal
function. Supplementation can be combined with nutritional sup-
port or provided separately.

Grade of recommendation GPP e Strong consensus 97 % (No.
147)

14. Thiamine (vitamin B1)

Thiamine is a water-soluble vitamin essential for carbohydrate
metabolism and energy metabolism [143], being a cofactor of en-
zymes involved in the production of ATP and the synthesis of
essential cellular molecules, synthesis of various neurotransmitters
and nucleic acids, and control of oxidative stress. In humans, body
stores are limited, resulting in dietary intake dependency.

Thiamine deficiency is a major public health concern in several
countries [143]. Clinical thiamine deficiency may present with
signs and symptoms involving the neurological, and cardiovascular
systems [143,144]. The neurological symptoms range from mental
changes such as apathy, decrease in short-termmemory, confusion,
and irritability to cognitive deficits and the Wernicke-Korsakoff
encephalopathy, optic neuropathy, and central pontine myelinol-
ysis [145]. The involvement of other organs manifests as in beriberi,
congestive heart failure, or unexplained metabolic lactic acidosis
[146]. Among the thiamine disorders, the refeeding syndrome is of
particular concern in inpatients and is associated with increased
mortality [147e150].

Thiamine is among the MNs at highest risk for deficiency
[151,152]. Patients at risk are numerous and include malnutrition,
poor oral intake and chronic alcohol consumption, malignancies,
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and increased metabolic requirements (pregnancy) [146]. Reduced
gastrointestinal absorption due to disease or intestinal resections,
increased gastrointestinal or renal losses [153], obesity pre- and
post-bariatric surgery [154], should also be considered. Critical
illness is a risk condition with its multiple metabolic challenges:
deficiency or depletion may be found in over 90 % of patients
[155,156].

No toxicity. The only effect of high doses is increased urinary
excretion [157,158].

14.1. When and what to measure

Recommendation 14.1: RBC or whole blood thiamine should be
determined in

a) patients suspected of deficiency in the context of cardiomy-
opathy and prolonged diuretic treatment

b) patients undergoing a nutritional assessment in the
context of prolonged medical nutrition, and post-bariatric
surgery

c) refeeding syndrome
d) encephalopathy

Grade of recommendation 0 e Consensus 90 % (No. 29)
References [147e149,156,159,160]

Recommendation 14.2: Thiamine status shall be determined by
measuring RBC or whole blood thiamine diphosphate (ThDP).

Grade of recommendation A e Consensus 90 % (No. 4)
Grade A awarded based on biochemistry, not clinical trials.

Comment: Thiamine is found under five forms: the active
form is called thiamine diphosphate (ThDP or thiamine pyro-
phosphate (TPP) [1]. If RBC or whole blood ThDP determination is
not available, measurement of red cell transketolase and its
activation by thiamine may be considered. Thiamine status
determination in erythrocytes may be more reliable in the
presence of inflammation [161]. In patients on diuretic therapy,
low TPP levels are present in 18 % on intensive care unit (ICU)
admission [162].

14.2. How much to provide in typical EN and PN

Recommendation 14.3: Enteral nutrition shall provide 1.5 to 3 mg
per day of vitamin B1 in patients receiving 1500 kcal per day.

Grade of recommendation A e Strong consensus 92 % (No. 59)
Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 14.4: Parenteral nutrition should provide at
least 2.5 mg per day.

Grade of recommendation B e Strong consensus 92 % (No. 59)
References [72,163]

Comment: in “mild deficiency” or depletion, identified by low
dietary intakes and low blood ThDP, but no clinical symptoms, an
intake of 10 mg per day for one week should be prescribed [164].

14.3. When and how to provide additional amounts

Recommendation 14.5: In patients admitted to emergency or
intensive care, the administration of thiamine (100e300 mg/day
IV) should be prescribedwithout hesitation from admission for 3e4
days.

Grade of recommendation Be Consensus 80 % (No.105, No.148)
References [163,165e167]

Recommendation 14.6: In patients admitted on the ward with
any suspicion of reduced food intake during the previous days or
high alcohol consumption, thiamine 100e300 mg/day should be
administered by either oral or IV route.

Grade of recommendation B e Strong consensus 92 % (No. 106)
Reference [168]

Recommendation 14.7: As thiamine is well absorbed (except in
alcohol related gastritis), thiamine can be administered orally,
enterally, or IV. Nevertheless, considering the severity of acute
deficiency symptoms, using the IV route is the most efficient,
providing 3 � 100e300 mg per day.

Grade of recommendation 0 e Consensus 88 % (No. 107)
Reference [149,168]

15. Riboflavin (vitamin B2)

Riboflavin (vitamin B2) is involved in redox reactions and anti-
oxidant functions, metabolism of other B vitamins (niacin, B6, B12,
and folate), immunity (antibody production and immunomodula-
tion) [33] and energy production. Intracellular metabolism involves
phosphorylation of riboflavin to form the cofactors flavin mono-
nucleotide (FMN) and flavin adenine dinucleotide (FAD), which
account for most of riboflavin in plasma and tissues.

Deficiency is manifested with oral-buccal lesions, seborrheic
dermatitis. Other manifestations are ocular and normochromic,
normocytic anemia and marrow aplasia [169]. There is evidence
that poor riboflavin status interferes with iron handling and con-
tributes to the etiology of anemia when iron intakes are low [169].
Riboflavin deficiency is frequently associated with pyridoxine,
folate, and niacin deficiencies [10,169].

Patients at risk of deficiency are those with, thyroid dysfunction,
diabetes, renal disease, alcoholism, and in pregnancy, lactation, and
in the elderly. Also, patients with surgery, trauma, burns, or frac-
tures, and patients on psychotropic drugs, tricyclic antidepressants,
or barbiturates [10]. Patients with anorexia nervosa who avoid
dairy products area can be at risk for deficiency [10]. In old adult
patients, low levels, and at-risk levels of riboflavin have been
described probably due to decreased intake of dairy products and
alteration in absorption and metabolism.

Toxicity: Riboflavin consumed orally from the diet or from most
multivitamin supplements rarely causes side effects (eventually
yellow-colored urine).

15.1. When and what to measure

Recommendation 15.1: Assessment of riboflavin status can be
required when there is clinical suspicion of deficiency.

Grade of recommendation GPPe Strong consensus 96 % (No. 30)

Recommendation 15.2: The riboflavin status can be assessed by
the glutathione reductase activity in RBC.

Grade or recommendation 0 e Strong consensus 96 % (No. 5)
Grade 0 awarded based on biochemistry, not clinical trials

Comment: Red blood cell flavin adenine dinucleotide (FAD) is
another validated method of assessment, especially in the context
of inflammation. Regular monitoring of riboflavin status is not
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required. Deficiency is manifested with oral-buccal lesions and
seborrheic dermatitis of the face, trunk, and scrotum. Other man-
ifestations are ocular lesions and anemia and marrow aplasia.

15.2. How much to provide in typical EN and PN

Recommendation 15.3 Enteral nutrition shall provide at least
1.2 mg per day of riboflavin in 1500 kcal.

Grade of recommendation A e Strong consensus 98 % (No. 61)
Grade A awarded based on DRI/RDA, not clinical trials.

Recommendation 15.4: Parenteral nutrition should provide
3.6e5 mg riboflavin per day.

Grade of recommendation B e Strong consensus 96 % (No. 62)
Reference [170]

15.3. When and how to provide additional amounts

Recommendation 15.5: Additional amounts of riboflavin can be
provided as multivitamin pills in the following cases:

� Suspected or proven clinical deficiency
� Patients at risk of deficiency
� In patients with deficiencies of other group-B vitamins
� In patients with multiple acyl-Coenzyme A dehydrogenase
deficiency (MADD) as some of them are sensitive to this cofactor

Grade of recommendation GPP e Strong consensus 100 %
(No. 108, No. 149)

Recommendation 15.6: Riboflavin 5e10 mg/day can be used
orally in case of deficiency.

Grade of recommendation GPP e Strong consensus 96 % (No.
109)

Recommendation 15.7: In cases of clinical riboflavin deficiency, IV
administration of 160 mg of riboflavin for four days may be
necessary.

Grade of recommendation GPP e Strong consensus 94 % (No.
110)

Recommendation 15.8: In MADD patients, riboflavin can be given
at doses of 50e200 mg/day.

Grade of recommendation GPP e Consensus 87 % (No. 111)

16. Niacin (vitamin B3)

Niacin is a collective term for nicotinic acid and nicotinamide.
All tissues convert absorbed niacin into its main metabolically
active form, the coenzyme NAD. More than 400 enzymes require
NAD to catalyze reactions in the body. Niacin helps to convert nu-
trients into energy, create cholesterol and fats, create and repair
DNA, and exert antioxidant effects [171,172].

Causes of niacin deficiency include inadequate oral intake, poor
bioavailability from grains, defective tryptophan absorption, carci-
noid tumors, metabolic disorders, and the long-term use of
chemotherapeutic treatments [173]. Some secondary causes
include chronic alcoholism and general malabsorptive states such
as prolonged diarrhea [174].

Severe niacin and/or tryptophan deficiency leads to a variety of
clinical symptoms, including diarrhea, dermatitis and dementia,

collectively known as “pellagra” or “the three D disease and even
death (four D) if not recognized and treated promptly [175,176].

Toxicity: The well-known side effect of niacin is flushing (face,
arms, and chest), which typically occurs within 30 min of ingestion
and abates after 60 min [177]. Niacin can also cause serious hepa-
totoxicity that may evolve into multiple organ failure. Niacin
associated hepatotoxicity is generally related to ingestion of around
3 g per day. In contrast, the more common symptom of flushing can
occur at doses as low as 30 mg per day [178].

16.1. When and what to measure

Recommendation 16.1: Blood or tissue NAD levels may be
measured in case of clinical symptoms, including diarrhoea,
dermatitis, and dementia (Pellagra disease).

Grade of recommendation GPP e Consensus 89 % (No. 31)

Recommendation 16.2: Blood or tissue NAD shall be used as a
measure of niacin status.

Grade of recommendation A e Strong consensus 91 % (No. 6)
Grade A awarded based on biochemistry, not clinical trials.

Comment: Since measurement may be difficult to organize,
storing a blood sample and awaiting the effects of niacin supple-
ments on symptoms may be a pragmatic alternative.

16.2. How much to provide in typical EN and PN

Recommendation 16.3: Enteral nutrition shall provide 18 to
40 mg per day of niacin in 1500 kcal.

Grade of recommendation A e Strong consensus 98 % (No. 63)
Grade A awarded based on DRI/RDA, not clinical trials.

Recommendation 16.4: Parenteral nutrition should provide at
least 40 mg of niacin per day.

Grade of recommendation B e Strong consensus 95 % (No. 64)
Reference [170]

16.3. When and how to provide additional amounts

Recommendation 16.5: When there is suspicion of niacin defi-
ciency from at risk clinical history and/or presence of signs or
symptoms, higher doses may be required.

Grade of recommendation GPP e Strong consensus 95 % (No.
112)

Recommendation 16.6: The oral/enteral route should be used
whenever the gastrointestinal tract is functional. In malabsorption
and short bowel, the parenteral route can be used.

Grade of recommendation GPP e Strong consensus 93 % (No.
113)

Comment: recent evidence points to a relation between
impaired NAD þ biosynthesis and acute kidney injury (AKI) after
major vascular and cardiac surgeries [179,180]. Tryptophan (pre-
cursor of NAD) or nicotinamide supplementation have been shown
to diminish renal injury in ischemia-induced AKI, opening sup-
plementation perspectives.
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17. Pantothenic acid (vitamin B5)

Pantothenic acid is a constituent of the coenzyme A (CoA) and
acyl carrier protein (ACP) and therefore is involved in numerous
biochemical processes in oxidative respiration, lipid metabolism,
synthesis of steroids, acetylated molecules (amino acids, carbohy-
drates) as well as prostaglandins [181].

Naturally occurring pantothenic acid deficiency is very rare and
observed only in conditions of severe malnutrition. Severe defi-
ciency can cause numbness and burning of the hands and feet,
headache, extreme tiredness, irritability, restlessness, sleeping
problems, stomach pain, heartburn, diarrhea, nausea, vomiting, and
loss of appetite.

Toxicity of pantothenic acid is rare, and noTolerable Upper-Level
Intake (UL) has been established.

17.1. When and what to measure

Recommendation 17.1: Pantothenic acid blood determination
should be performed in the context of neurological symptom
investigations.

Grade of recommendation GPP e Consensus 86 % (No. 32)

Comment: Severe deficiency can cause numbness and burning
of the hands and feet, headache, extreme tiredness, and multiple
non-specific symptoms.

Recommendation 17.2: Pantothenic acid shall be determined in
blood.

Grade of recommendation A e Strong consensus 93 % (No. 7)
Grade A awarded based on biochemistry, not clinical trials.

17.2. How much to provide in typical EN and PN

Recommendation 17.3: Enteral nutrition should deliver at least
5 mg pantothenic acid per day when providing 1500 kcal.

Grade of recommendation B e Strong consensus 95 % (No. 65)
Grade B awarded based on DRI/RDA, not clinical trials

Recommendation 17.4: Parenteral nutrition should deliver at
least 15 mg pantothenic acid per day.

Grade of recommendation B e Strong consensus 98 % (No. 66)
Reference [182]

17.3. When and how to provide additional amounts

Recommendation 17.5: In the context of atypical neurological
symptoms additional pantothenic acidmay be delivered along with
other B vitamins.

Grade of recommendation GPP e Strong consensus 91 % (No.
114, No. 163)

18. Pyridoxine (vitamin B6)

The name Vitamin B6 refers to a group of six water-soluble
pyridine compounds (B6 vitamers) [183]. The biologically active
form is pyridoxal phosphate (PLP), which serves as coenzyme for
more than 160 enzymatic reactions. These reactions include
transaminations, racemizations, decarboxylations and aldol

cleavage [183], affecting carbohydrate, protein, and lipid meta-
bolism. The most important function of active, phosphorylated PLP
in the cell is related to the biosynthesis as well as the degradation of
amino acids, which is central to transamination reactions [184].

Deficiency can cause a variety of diseases [185], including seb-
orrheic dermatitis with cheilosis and glossitis, microcytic anemia,
epileptiform convulsions, confusion, and/or depression, and
angular stomatitis.

Populations with the greatest risk for deficiency include alco-
holics, renal dialysis patients [186,187], the elderly, post-operative,
infections, critical illness [188], pregnancy, and people receiving
medical therapies that inhibit vitamin activity (i.e., isoniazid,
penicillamine, anti-cancer, corticosteroids, anticonvulsants). Defi-
ciency has been observed during isoniazid therapy [189], HIV
infection [190], severe alcoholic hepatitis [191], postoperative
delirium, migraine attacks, and thymoglobulin immunosuppres-
sion [1].

Toxicity: No adverse effects due to high food intakes of pyri-
doxine have been reported. Clinical signs observed in case of excess
pyridoxine are sensory neuropathy with ataxia or areflexia,
impaired cutaneous and deep sensations, and dermatologic lesions.

18.1. When and what to measure

Recommendation 18.1: Measurement of pyridoxine should be
done in presence of signs of pyridoxine deficiency (such as glossitis,
sensory ataxia, seizures).

Grade of recommendation GPPe Strong consensus 95 % (No. 33)

Recommendation 18.2: Pyridoxine (B6) status shall be deter-
mined by measuring plasma pyridoxal phosphate (PLP) levels.

In seriously ill patients or in presence of inflammation, red cell
PLP shall be measured.

Grade of recommendation A e Strong consensus 95 % (No. 8)
Grade A awarded based on biochemistry, not clinical trials.

18.2. How much to provide in typical EN and PN

Recommendation 18.3: Enteral nutrition shall deliver at least
1.5 mg pyridoxine per day in 1500 kcal.

Grade of recommendation A e Strong consensus 98 % (No. 67)
Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 18.4: Parenteral nutrition should deliver 4 to
6 mg pyridoxine per day.

Grade of recommendation B e Strong consensus 98 % (No. 68)
Reference [170]

18.3. When and how to provide additional amounts

Recommendation 18.5: In the context of isoniazide overdose or
glycol poisoning, a high dose of pyridoxine should be part of the
therapy.

Grade of recommendation GPP e Strong consensus 95 % (No.
115, No. 161)
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19. Biotin (vitamin B7)

Biotin can be found in all cells of the human body. It plays an
important role in the metabolism of fatty acids, glucose, and amino
acids as it is a cofactor for five carboxylases that are critical for their
metabolism [192]. Biotin sufficiency is essential for normal fetal
development.

Biotin deficiency is rare in the general population due to its wide
availability. Biotin deficiency leads to dermal (i.e. dermatitis, alo-
pecia) as well as neurological complications such as ataxia
[193,194]. Conditions at risk of developing deficiency include
chronic alcohol consumption, malabsorption in the context of
Crohn's disease and colitis, short bowel syndrome, celiac disease,
severe malnutrition, smoking, and pregnancy. Long-term antibiotic
use may destroy bacteria that produce biotin.

Toxicity of biotin is unlikely, and no UL has been established.

19.1. When and what to measure

Recommendation 19.1: Biotin status may be assessed in presence
of clinical symptoms suggesting biotin deficiency (i.e. dermatitis,
alopecia, or neurological symptoms) and a history suggestive of
inadequate intake.

Grade of recommendation GPPe Strong consensus 95 % (No. 34)

Comment: Conditions at risk of developing deficiency include
chronic alcohol consumption, malabsorption in the context of
Crohn's disease and colitis, short bowel syndrome, celiac disease,
severe malnutrition, smoking, and pregnancy. Long-term antibiotic
use may destroy bacteria that produce biotin.

Recommendation 19.2: Biotin status shall be determined by the
direct measure of blood and urine biotin and should be completed
by the determination of biotinidinase activity.

Grade of recommendation A e Strong consensus 95 % (No. 9)
Grade A awarded based on biochemistry, not clinical trials.

19.2. How much to provide in typical EN and PN

Recommendation 19.3: In enteral nutrition at least 30 mg of biotin
per day should be provided in 1500 kcal.

Grade of recommendation B e Strong consensus 100 % (No. 69)
Grade A awarded based on biochemistry, not clinical trials

Recommendation 19.4: In parenteral nutrition, vitamin additives
should provide 60 mg biotin per day.

Grade of recommendation B e Strong consensus 98 % (No. 70)
Reference [195]

19.3. When and how to provide additional amounts

Recommendation 19.5: Breast-feedingmothers should receive an
intake of at least 35 mg biotin per day orally.

Additional amounts may also be needed in patients on renal
replacement therapy.

Grade of recommendation GPP/0 e Strong consensus 100 % (No.
116, No. 167)
Reference [194]

Recommendation 19.6: Additional amounts of biotin can be
administered either orally, enterally or IV depending on the intes-
tinal function.

Grade of recommendation GPP e Strong consensus 95 % (No.
117)

20. Folate and folic acid (vitamin B9)

Folate is a generic term referring to a family of molecules [196],
which include both the naturally occurring MN folates and syn-
thetic forms (folic acid). Biologically active folate forms include
folinic acid and 5-methyltetrahydrofolate (5-MTHF) [196].

Most symptoms of folate deficiency overlap with cobalamin
deficiency, i.e. megaloblastic anemia, and pancytopenia, glossitis,
angular stomatitis, oral ulcers, neuropsychiatric manifestations,
including depression, irritability, insomnia, cognitive impairment,
psychosis, anorexia, and fatigue [197]. Deficiency in one or both
vitamins cause megaloblastic anemia [198].

Cases of isolated clinical folate deficiency are extremely rare. In
patients with chronic kidney disease and/or on hemodialysis, folic
acid and vitamin B12metabolism are impaired, and it has long been
known that their requirements are significantly higher than stan-
dard DRI [199]. Some patients, especially diabetics, may require as
much as 15 mg per day [22]. Hyper-homocysteinemia is common,
and folic acid together with vitamin B12 is critical for the conver-
sion of homocysteine to methionine [200]. Folic acid has also been
shown to improve endothelial function in chronic kidney disease
[201].

Toxicity: Oral administration of folic acid in recommended
dosage is considered non-toxic. Due to the proliferative effects, folic
acid might increase cancer risk and progression. Moreover, it is said
to cause insulin resistance in children, interact with epilepsy
medication, mask a vitamin B12 deficiency, and be hepatotoxic
[202]. Excess folic acid is excreted in the urine.

20.1. When and what to measure

Recommendation 20.1: In patients with macrocytic anemia or at
risk of malnutrition, folic acid status should be measured at least
once at first assessment and repeated within 3 months after sup-
plementation to verify normalization.

Grade of recommendation GPPe Strong consensus 97 % (No. 35)

Recommendation 20.2: In diseases known to increase the needs
for folate, folate status should be measured every 3 months until
stabilization, and then once a year.

Grade of recommendation GPPe Strong consensus 96 % (No. 36)

Recommendation 20.3: Folate status shall be assessed in plasma
or serum (short-term status), or RBC (long-term status) using a
method validated against the microbiological assay.

Grade of recommendation A e Strong consensus 96 % (No. 10)
Grade A awarded based on biochemistry, not clinical trials.

Comment: The gold standard method of measuring folate is
microbiological assay with Lactobacillus rhamnosus. Analysis of
homocysteine at the same time improves the interpretation of
laboratory measurements.
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20.2. How much to provide in typical EN and PN

Recommendation 20.4: Enteral nutrition shall provide
330e400 mg Dietary Folate Equivalents (DFE) per day in 1500 kcal.

Grade of recommendation A e Strong consensus 98 % (No. 71)
Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 20.5: Parenteral nutrition should provide
400e600 mg per day folic acid.

Grade of recommendation B e Strong consensus 100 % (No. 72)
Grade B awarded based on DRI/RDA, not clinical trials

20.3. When and how to provide additional amounts

Recommendation 20.6: In case of dietary deficiency or chronic
hemodialysis, 1e5 mg folic acid per day may be given orally.

Grade of recommendation 0 e Strong consensus 100 % (No. 118)
Reference [199]

Comment: In case of deficiency, the oral administration should
last four months, or until the reason for the deficiency is corrected.
In patients on chronic hemodialysis with hyperhomocysteinemia,
increased amounts may be required for prolonged periods.

Recommendation 20.7: For the prevention of neural tube defects,
women who desire to have children or women not taking oral
contraceptives and living in countries without folic acid fortifica-
tion of staple foods shall take folic acid supplements (400 mg/day)
periconceptionally/whilst of childbearing age.

Grade of recommendation A e Strong consensus 98 % (No. 119,
No. 168)
References [203,204]

Recommendation 20.8: Additional amounts of folic acid should
be administered orally. In case of ineffective oral treatment or
intolerance, folic acid can be given (0.1mg/day), subcutaneously, IV,
or intramuscular (IM).

Grade of recommendation GPP e Strong consensus 95 % (No.
120)

21. Cobalamin (vitamin B12)

Vitamin B12 (cobalamin) is an essential water-soluble MN
synthesized by fungi and microorganisms, and in the stomach of
ruminant animals. Humans are totally dependent upon animal
sources or fortification [205,206]. Cobalamin absorption is com-
plex, and depends on the gastric intrinsic factor and receptor-
mediated endocytosis [207].

Cobalamin is a cofactor for two enzymes in humans: methionine
synthase and methyl malonyl-CoA mutase [205]. These pathways
are essential for mitochondrial metabolism, immune response,
DNA integrity, neuronal myelin sheath integrity, and synthesis of
neurotransmitters.

The prevalence of cobalamin deficiency is estimated to be
around 10e26 % in the general population in Western countries,
with old adults being at highest risk [208]. Deficiency is largely
underdiagnosed and might reach 75 %e90 % of vegetarian or vegan
diet communities [209,210].

Inadequate intake is the main cause of low status worldwide
[208]. Absorption of cobalamin from food requires normal stomach,
pancreas, and small intestine function [211]. The most prevalent

causes of deficiency are an autoimmune condition known as per-
nicious anaemia, resulting from a lack of intrinsic factor and, and
food-bound cobalamin malabsorption. Both conditions are also
common with chronic atrophic gastritis, which affects around
10e30 % of people over 60 years [209]. Long-term diabetic met-
formin treatment exposes to risk of deficiency [212,213]. Post-
bariatric surgery patients are at high risk: symptoms manifest af-
ter a few months without adequate complementation: the re-
quirements are far superior to DRI.

Themanifestations of deficiency are primarily haematological or
neuropsychiatric [209], with a variety of non-specific symptoms.

Toxicity: There is no upper toxicity limit for cobalamin and no
reports of acute toxicity in oral or parenteral cobalamin supple-
mentation or treatment.

21.1. When and how to measure or monitor

Recommendation 21.1: Cobalamin deficiency should be excluded
in all patients who present with anaemia, or isolated macrocytosis,
established diagnosis of polyneuropathies, neurodegenerative dis-
eases or psychosis.

Grade of recommendation GPPe Strong consensus 98 % (No. 37)

Recommendation 21.2: In all patients at risk, or on treatment
with cobalamin, replenishment adequacy should be assessed at
least annually by resolution of clinical symptoms and available
laboratory markers.

Grade of recommendation GPPe Strong consensus 98 % (No. 38)

Recommendation 21.3: Adult patients at risk or suspected of
cobalamin deficiency should be screened with the combination of
at least two biomarkers (holo-TC, methyl malonic acid (MMA)),
with serum cobalamin as an alternative.

Grade of recommendation B e Strong consensus 92 % (No. 11)
Grade B awarded based on DRI/RDA, not clinical trials.

Recommendation 21.4: Patients with autoimmune diseases or
with glossitis, anaemia and neuropathy should be screened for
pernicious anaemia with the presence of anti-intrinsic factor anti-
bodies regardless of cobalamin levels.

Grade of recommendation GPP e Strong consensus 100 % (No.
12)

21.2. How much to provide in typical EN and PN

Recommendation 21.5: Enteral nutrition shall provide at least
2.5 mg cyanocobalamin per day in 1500 kcal.

Grade of recommendation Ae Strong consensus 97 % (No. 73)

Recommendation 21.6: Parenteral nutrition should provide at
least 5 mg cyanocobalamin per day.

Grade of recommendation GPPe Strong consensus 97 % (No. 74)

21.3. When and how to provide additional amounts

Recommendation 21.7: Breast-feeding mothers shall receive an
intake of at least 2.8 mg cyanocobalamin per day orally.

Grade of recommendation A e Strong consensus 100 % (No. 121)
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Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 21.8: Patients with compromised cobalamin
absorption should receive life-long supplements either as a daily
dose of 350 mg cobalamin, or IM injections of 1000e2000 mg of
cobalamin every 1 to 3 months.

Grade of recommendation GPP e Strong consensus 100 % (No.
122, No. 164)

Recommendation 21.9: In presence of acute clinical symptoms of
deficiency, anti-intrinsic factor antibodies, a history of total gas-
trectomy or continuous malabsorptive diseases, the IM route
should be used. Starting with high doses of 1000 mg cobalamin
every second day for 2 weeks (or daily for 5 days).

Grade of recommendation GPP e Strong consensus 100 % (No.
123)

Comment: Intranasal and sublingual administration are alter-
native routes [54]. The conditions include, but are not limited to,
short bowel syndrome, bariatric surgery, Crohn's diseases, gas-
trectomy, atrophic gastritis, and ileal resection. Treatment should
be continued at least twice monthly until resolution of all clinical
signs and/or etiopathogenetic factors (including resolution of
macrocytosis). Monitoring blood potassium should be part of
repletion therapy.

22. Vitamin A (retinol)

This liposoluble vitamin is a prohormone. The precursor Retinol
is transformed into the active Retinoic acid and retinal. Retinol and
retinal are responsible for vision and reproductive function. Reti-
noic acid controls cellular growth and differentiation [214]. The
active metabolites, activate gene expression in more than 500
target genes [214]. Vitamin A plays an important role in the im-
mune system [215]. Retinol binding protein (RBP) is a negative
acute phase protein, which leads to a fall in serum retinol [216].

Vitamin A deficiency is a public health problem in most devel-
oping countries due to malnutrition, especially in children and
pregnant women [217]. Before the well-known ophthalmic signs of
deficiency (including night blindness, xerophthalmia), there is an
increased susceptibility to infections, especially of the respiratory
tract as the main symptom [218,219]. The intestinal immune and
barrier function are also impaired [220].

Deficiency should be sought in liver diseases, chronic alcohol
consumption, chronic kidney diseases, short bowel syndrome, and
obesity.

Toxicity: Acute toxicity develops when quantities of natural
vitamin A above 300,000 IU (adults) or > 60,000 IU (children) are
ingested within a few hours or days [221]. Symptoms include
increased intracranial pressure, nausea, headaches, pain in joints
and bones. Chronic toxicity results from the ingestion of daily
amounts of >25,000 IU for more than 6 years or >100,000 IU for
more than 6 months, with a high inter-individual variability [222].
Above 14,000 mg/d for longer time periods may cause hepatotoxic
effects.

22.1. When and what to measure

Recommendation 22.1: Serum retinol and retinyl esters (if
available) measurements should be considered in patients being
investigated for malabsorption.

Grade of recommendation B e Strong consensus 96 % (No. 41,
No. 165)
Grade A awarded based on physiology, not clinical trials

Comment: Malabsorption/reduced binding protein/reduced
storage may occur in the context of several diseases including
persistent critical illness

Recommendation 22.2: Vitamin A status shall be determined by
measuring serum retinol.

Grade of recommendation A e Strong consensus 95 % (No. 14)
Grade A awarded based on biochemistry, not clinical trials.

Comment: interpretation can be improved by also measuring
CRP and retinol binding protein

22.2. How much to provide in typical EN and PN

Recommendation 22.3: Enteral nutrition shall provide
900e1500 mg retinyl esters (RE) per day, when providing 1500 kcal
per day.

Grade of recommendation A - Strong consensus 97 % (No. 77)
Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 22.4: Parenteral nutrition should provide 800
to 1100 mg RE per day.

Grade of recommendation Be Strong consensus 97 % (No. 78)
Reference [85]

22.3. When and how to provide additional amounts

Recommendation 22.5: In conditions causing fat malabsorption,
prevention of deficiency with oral supplements may be considered.

Grade of recommendation GPP e Strong consensus 97 % (No.
126)

23. Vitamin C (ascorbic acid)

Vitamin C has numerous functions, which are all based on
electron donation [223e225]. It is the most potent water-soluble
antioxidant, which directly scavenges radicals, mitigates the pro-
duction of oxygen radicals, and recycles other antioxidants.
Furthermore, vitamin C is an important cofactor/cosubstrate for the
biosynthesis of neurotransmitters, cortisol, peptide hormones, and
collagen. It promotes endothelial collagen synthesis, and maintains
endothelial vasodilation and barrier function [226]. It limits the
inflammatory response and ischemia-reperfusion injury, and im-
proves immunity [227] and wound healing [1].

Clinical conditions with increased inflammation and oxidative
stress, such as sepsis, trauma, cardiac arrest, major surgery, and
burns are associated with a high risk of depletion. Very low plasma
levels are observed in a substantial proportion of patients within
hours of acute disease/injury [1,228e232]. In critically ill patients,
low plasma concentrations are associated with severity of oxidative
stress [233], organ failure, and mortality [230].

Chronic depletion is encountered in patients after bariatric
surgery [234], alcohol abuse [235], chronic dialysis, smoking [236],
chronic inflammation and oxidative stress, smoking, heart failure
[237], severe chronic obstructive pulmonary disease (COPD),
chronic dialysis, and malabsorption [1].
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Symptoms of classical scurvy (such as anemia, poor wound
healing, myalgia and bone pain, spongy and purplish gums that are
prone to bleeding, loose teeth) are rarely seen in hospital settings,
where deficiency easily goes unnoticed.

Toxicity: Supplements are contraindicated in blood disorders
like thalassemia, G6PD deficiency, sickle cell disease, and hemo-
chromatosis [238]. Adverse events include urinary calcium oxalate
crystallization, renal stone formation and nephropathy due to
increased oxalate excretion in susceptible patients receiving higher
than repletion doses for longer periods of time.

23.1. When and what to measure

Recommendation 23.1: Plasma vitamin C concentrations may be
measured in all patients with clinical suspicion of scurvy or chronic
low intake.

Grade of recommendation GPP e Consensus 87 % (No. 39)

Recommendation 23.2: Measurement of plasma vitamin C is not
recommended in critical illness or severe inflammation, due to the
difficulty in interpretation of results.

Grade of recommendation GPPe Strong consensus 92 % (No. 40)

Recommendation 23.3: Vitamin C status should be assessed by a
measure of L-ascorbic acid (AA) or total plasma vitamin C (sum of
AA and dehydroascorbic acid (DHAA).

Grade of recommendation B e Strong consensus 100 % (No. 13)
Grade B awarded based on biochemistry, not clinical trials

Comment: The determination of plasma ascorbic acid necessi-
tates considerable logistical and analytical efforts [239]. The high
susceptibility of vitamin C to degradation related to temperature,
light, pH, dissolved oxygen, and the presence of oxidizing/reducing
agents, requires specific pre-analytical precautions. But deficiency
is widespread [1]. A clinical trial of vitamin C of about 1g/day for at
least one week, should not be delayed in the presence of clinical
symptoms.

23.2. How much to provide in typical EN and PN

Recommendation 23.4: Enteral nutrition shall provide at least
100 mg of vitamin C per day in 1500 kcal.

Grade of recommendation Ae Strong consensus 97 % (No. 75)

Reference [240], additionally, grade A is awarded based on DRI/
RDA, not clinical trials

Recommendation 23.5: Parenteral nutrition should provide 100
to 200 mg vitamin C per day.

Grade of recommendation GPPe Strong consensus 97 % (No. 76)

23.3. When and how to provide additional amounts

Recommendation 23.6: In patients with chronic oxidative stress
(diabetes mellitus, smoking, heart failure, alcoholism, severe
chronic obstructive pulmonary disease, and chronic dialysis) or
malabsorption, a dose of 200e500 mg/day may be provided.

Grade of recommendation GPP - Strong consensus 92 % (No.124)

Recommendation 23.7: During critical illness, a higher vitamin C
repletion dose of 2e3 g per day may be given IV during the acute
phase of inflammation.

Grade of recommendation 0 e Consensus 84 % (No. 125)
References [129,241e247]

Comment: The above 2e3 g/day dose is a metabolic concept
distinct from the pharmacological doses used in sepsis trials. The
recent large LOVIT-randomized controlled trial (RCT) in ICU septic
patients receiving vasopressor therapy [248], showed that the high
dose patients had a higher risk of death or persistent organ
dysfunction at 28 days compared to placebo (44.5 vs 38.5 %;
p ¼ 0.01). Intriguing data pointing to the importance of the
chemical form of vitamin C show that while sodium ascorbate (a
base) seems effective in reducing shock symptoms and signs in
ovine gram-negative sepsis model, ascorbic acid might not be due
to its intense promotion of acidosis [249,250]. The chemical
formulation of the vitamin C administered in the different ascorbic
acid RCTs is under investigations and may provide helpful expla-
nations for some of the outcomes [251].

24. Vitamin D (25-hydroxyvitamin D)

Vitamin D is not a classic vitamin but a steroid hormone pre-
cursor. Cutaneous endogenous production is possible from
cholesterol with UV-B exposure, explaining the strong seasonal
variation in vitamin D levels. Supply depends on food intake, but
usually does not cover the needs. The vitamin D receptor is
expressed in many body tissues including muscle (skeletal and
cardiac), bone, immune system, skin, and endocrine organs, which
is a major difference compared to other vitamins.

The only disease caused by vitamin D deficiency is rickets
(osteomalacia in adults), which was first described in the 17th
century. The definition and relevance of vitamin D deficiency,
particularly in acute illness, remains debated, as the definition of
deficiency is based on blood levels from studies on osteoporosis, a
condition with no (or very limited) inflammation.

A level below 50e75 nmol/l (or 20e30 ng/ml) of serum/plasma
25(OH)D concentration is considered to define deficiency by the
endocrine societies [1,252,253]. A cut-off <25 or <30 nmol/l (or 10/
12 ng/ml) increases the risk for osteomalacia, and nutritional
rickets dramatically and therefore is considered to determine se-
vere vitamin D deficiency [253]. The risk of deficiency is elevated in
patients with severe kidney or liver dysfunction, bed ridden and
chronically ill patients [254]. Importantly, benefit from vitamin D
supplementation can only be expected in deficiency, not in the
general population [255].

Toxicity: Intoxication is rare, but has been described with 1) true
overdoses, deliberate or accidental (typically single doses of mil-
lions IU or daily doses of >10,000 or even 100,000 IU), 2)
manufacturing errors and 3) increased vitamin D sensitivity (i.e.
CYP24A1 loss of function mutations, or idiopathic infantile hyper-
calcemia) [256]. Vitamin D toxicity symptoms are mediated by high
calcium levels (hypercalcemia, hypercalciuria, dizziness, renal
failure) [257].

24.1. When and what to measure

Recommendation 24.1: Vitamin D status may be determined in
all patients considered at risk of vitamin D depletion or deficiency.

Grade of recommendation 0 e Strong consensus 92 % (No. 42)
Reference [254]
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Recommendation 24.2: Status shall be determined by serum 25-
hydroxyvitamin D (25(OH)D).

Grade of recommendation A e Strong consensus 95 % (No. 15)
Grade A awarded based on biochemistry, not clinical trials.

24.2. How much to provide in typical EN and PN

Recommendation 24.3: Enteral nutrition shall provide at least
1000 IU (25 mg) per day of vitamin D in 1500 kcal.

Grade of recommendation A e Strong consensus 95 % (No. 79)
Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 24.4: Parenteral nutrition should provide at
least 200 IU (5 mg) of vitamin D per day.

Grade of recommendation B e Strong consensus 95 % (No. 80)
References [258,259]

Comment: Patients on EN frequently receive 400e800 IU/day.
Although this may be adequate in some patients, the above dose is
higher because patients receiving EN are likely to have higher re-
quirements as a result of poor status due to prior illness. Some
patients will have higher requirements, which should be checked
by a blood determination.

24.3. When and how to provide additional amounts

Recommendation 24.5: Vitamin D in doses 4000e5000 IU
(100e125 mg) per day should be administered for 2 months in pa-
tients with recurrent deficiency to achieve blood levels of 25(OH)D
between 40 and 60 ng/ml. Substantially higher doses might be
required.

Grade of recommendation B - Strong consensus 100 % (No. 127)
References [260,261]

Comment: Studies have suggested that these higher doses are
required in patients who have recurrent deficiency with extremely
low 25(OH)D levels [262]. Populations at risk include inflammatory
bowel disease, obese adults, bariatric surgery, chronic liver disease,
pancreatic insufficiency, chronic intestinal failure, pregnant
women, and older adults. Patients with advanced and chronic
kidney disease are a group requiring specialized care. Single ultra-
high bolus doses are unphysiological: they upregulate catabolic
processes and have been shown to be inefficient or even harmful
and are therefore not recommended: Such doses may be needed
upfront when time is critical (i.e. before initiation of potent oste-
oporosis treatment): such high bolus doses should be followed by
maintenance doses (daily, weekly) to prevent vitamin D inactiva-
tion [263].

25. Vitamin E (a-tocopherol)

Vitamin E is a fat-soluble antioxidant. Alpha-tocopherol, the
natural vitamin E with the highest biological activity, is a compo-
nent of all biological membranes and is the most important lipid-
soluble antioxidant. Its most important function is to protect
membrane lipids, lipoproteins and depot fats from lipid peroxida-
tion [264]. The activity of vitamin E is limited to the naturally
occurring form, a-tocopherol, and the synthetic forms. As they are
not converted to a-tocopherol by humans, the other naturally
occurring forms of vitamin E (b, g and d-tocopherol and

tocotrienols) do not contribute toward meeting requirements
[122,264].

Deficiency is rare and may appear in context of severe malnu-
trition. Patients with fat malabsorption are at risk of inadequate
supply of fat-soluble MNs [265]. Genetic causes are rare but should
be sought in case of resistant deficiency [266].

In adults with fat malabsorption, early vitamin E inadequacy is
generally asymptomatic [267]. Neurological symptoms are associ-
ated with balance and coordination disorders, peripheral neurop-
athy, and muscle weakness. Instructions to reduce fat intake as part
of weight management results in a 50 % reduction in vitamin E
intake [268,269].

Toxicity: There are no reports regarding parenteral vitamin E
toxicity. Toxic effects from high doses of vitamin E are rare even
after a high intake for several years [270]. From numerous studies
on the prophylactic and therapeutic use of vitamin E, even in large
supplemental oral doses (3200 IU) per day, have shown no
consistent adverse effects.

25.1. When and what to measure

Recommendation 25.1: Vitamin E should be determined when
there is clinical suspicion of Vitamin E deficiency. These would
include cystic fibrosis, a-beta lipoproteinaemia, and thrombotic
thrombocytopenic purpura. In the absence of clinical signs of
deficiency, there is no indication to measure vitamin E status dur-
ing PN.

Grade of recommendation B e Consensus 89 % (No. 43, No. 169)
References [265e268]

Comment: In adults with fat malabsorption, early vitamin E
inadequacy is generally asymptomatic [267]. Neurological symp-
toms are associated with balance and coordination disorders, pe-
ripheral neuropathy, and muscle weakness.

Recommendation 25.2: To detect vitamin E deficiency, plasma a-
tocopherol should be measured.

Grade of recommendation B e Strong consensus 95 % (No. 16)
Grade B awarded based on biochemistry, not clinical trials

25.2. How much to provide in typical EN and PN

Recommendation 25.3: Enteral nutrition shall provide at least
15 mg a-tocopherol per day with 1500 kcal.

Grade of recommendation A e Strong consensus 100 % (No. 81)
Grade A awarded based on DRI/RDA, not clinical trials

Recommendation 25.4: Parenteral nutrition should provide at
least 9 mg a-tocopherol per day.

Grade of recommendation B e Strong consensus 97 % (No, 82)
Reference [271]

25.3. When and how to provide additional amounts

Recommendation 25.5: Vitamin E should be supplemented if
plasma a-tocopherol levels are below <12 mmol/l, starting with
100 mg per day depending on the cause of depletion/deficiency.

Grade of recommendation GPP e Strong consensus 92 % (No.
128)
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26. Vitamin K (phylloquinone)

Vitamin K includes a group of lipid-soluble molecules that
possess carboxylase enzyme cofactor activity necessary for the
activation of vitamin K dependent-proteins [272]. These include the
coagulation factor proteins C, S, M, Z, factors VII, IX, X and pro-
thrombin. Vitamin K includes vitamers known as vitamin K1
(phylloquinone) and vitamin K2 (menaquinones). While phyllo-
quinone is produced by plants, menaquinones are synthetized by
human intestinal microbiota. Vitamin K3 (menadione) is a syn-
thetic provitamin K that requires conversion to menaquinone-4
(MK-4) to be active [273].

The most common causes of vitamin K deficiency are conditions
with fat malabsorption (celiac disease, cystic fibrosis, short bowel,
etc.), malnutrition, antibiotic and anticoagulant (warfarin)
treatments.

Vitamin K deficiency may contribute to significant bleeding,
poor bone development, osteoporosis, and increased cardiovascu-
lar disease. In normal healthy adults, 8e31 % have vitamin K defi-
ciency. Classically, deficiency results in the prolongation of
prothrombin time with impaired clotting or bleeding [1].

Toxicity: Vitamin K1 and vitamin K2 are not associated with
toxicity. Rare anaphylactoid reactions with bronchospasm and
cardiac arrest after IV vitamin K1 (phytonadione) administration

26.1. When and what to measure

Recommendation 26.1: The vitamin K status may be measured in
at risk patients, including pathologies causing steatorrhea, pro-
longed use of broad-spectrum antibiotics, and chronic kidney
disease.

Grade of recommendation GPP e Consensus 89 % (No. 43, No.
170)

Recommendation 26.2: Vitamin K status shall be determined by a
combination of biomarkers in combination with dietary intake, as
there is no agreed standard.

Grade of recommendation A e Strong consensus 95 % (No. 17)
Grade A awarded based on biochemistry, not clinical trials.

Comment: The quantification of circulating phylloquinone
(vitamin K1) in blood plasma or serum remains the most used
marker of vitamin K status, although being mainly a biomarker of
short term phylloquinone intake.

26.2. How much to provide in typical enteral and parenteral
nutrition regimen

Recommendation 26.3: Enteral nutrition in adults should provide
at least 120 mg vitamin K per day with 1500 kcal.

Grade of recommendation B e Strong consensus 97 % (No. 83)
Grade B awarded based on DRI/RDA, not clinical trials

Recommendation 26.4: Parenteral nutrition may provide 150 mg
of vitamin K1 per day.

Grade of recommendation 0 e Strong consensus 95 % (No. 84)
References [274e276]

27. A. Non-DRI qualified: L-carnitine, choline, and CoQ10

These three micronutrients do not qualify as essential vitamins,
despite insufficient or deficiency status having been shown under
special clinical situations. There are no DRI for these nutrients, and
they will not appear in the flowcharts.

28. B. L-carnitine

28.1. When and what to measure

Recommendation 27.1: Carnitine determination is not a routine
requirement. In critically ill patients, carnitine status should be
explored in presence of an unexpected loss of lean body mass, with
the concomitant presence of hypertriglyceridemia and hyper-
lactatemia, particularly in case of prolonged parenteral nutrition or
continuous renal replacement therapy.

Grade of recommendation GPP e Strong consensus 91 %

Recommendation 27.2: The simultaneous concentrations of total
carnitine, free carnitine, carnitine esters and the carnitine pre-
cursors should be measured, to enable the calculation of the acyl-
to-free carnitine ratio. This should only be used to confirm a clin-
ical diagnosis and should not delay commencing supplements.

Grade of recommendation GPP e Strong consensus 91 %

28.2. How much to provide in typical enteral or parenteral nutrition
regimens

Recommendation 27.3: Carnitine is not an essential nutrient:
currently there is insufficient evidence to support its routine
addition in enteral nutrition or parenteral nutrition.

Grade of recommendation 0 e Strong consensus 100 %
Reference [277]

28.3. When and how to provide additional amounts

Recommendation 27.4: In proven deficiency situations, the
administration of L-carnitine supplementation of 2 to 5 mg/kg/day
has been suggested via the route used for administration of mac-
ronutrients, until carnitine and acyl-to-free ratio revert to normal
values.

Grade of recommendation GPP e Strong consensus 91 %

Comment: Availability of suitable supplements may be limited.
Recommendation 27.5: In case of antiretroviral drug toxicity,

pharmacologic doses (50e100 mg/kg/day) may be administered.

Grade of recommendation 0 e Strong consensus 100 %
References [278,279]

29. C. Choline

29.1. When and what to measure

Recommendation 28.1: Plasma free choline may be determined
in patients on home parenteral nutrition who develop unexplained
liver steatosis/steatohepatitis or subclinical muscle damage with
high creatine kinase levels.
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Grade of recommendation GPP e Strong consensus 100 %

Recommendation 28.2: Plasma free choline can be integrated in
long-term follow-up of cystic fibrosis patients.

Grade of recommendation GPP e Strong consensus 91 %

Recommendation 28.3: There is no routinely accessible
biomarker in blood, although choline and its metabolites can be
measured.

Grade of recommendation GPP e Strong consensus 100 %

29.2. How much to provide in typical enteral or parenteral nutrition
regimens

Recommendation 28.4: Choline is not an essential nutrient.
Although there is limited evidence, a dose of 400e550 mg per day
has been suggested to support lipid metabolism.

Grade of recommendation 0 e Strong consensus 100 %
Reference [171]

29.3. When and how to provide additional amounts

Recommendation 28.5: In patients on home parenteral nutrition
and patients presenting with unexplained liver steatosis or stea-
tohepatitis with suspected or proven deficiency, the administration
of 550 mg to 2 g/day may be considered.

Grade of recommendation 0 e Strong consensus 100 %
Reference [280]

Recommendation 28.6: In the treatment of patients with prob-
able choline deficiency, and tolerating enteral nutrition, choline
rich feeds or enteral choline preparations can be safely provided in
equivalents of 500 mge1500 mg per day for adults.

Grade of recommendation GPP e Consensus 90 %

30. D. Coenzyme Q10

30.1. When and what to measure

Recommendation 29.1: There is no clinical indication to measure
plasma coenzyme Q10 (CoQ10) levels. Measurements are largely
for research studies.

Grade of recommendation GPP - Strong consensus 100 %

Comment: CoQ10 is a vitamin-like compound, which is pre-
dominantly synthesized de novo in the human body at an estimated
rate of 500 mg/day.

Recommendation 29.2: For the assessment of CoQ10 status for
research purposes, the plasma CoQ10 concentration may be
measured.

Grade of recommendation GPP e Strong consensus 100 %

31. Conclusion

Some MN deficiencies or inadequacies may lead to, or worsen
diseases, whereas other status alterations may be the consequence

of disease or their treatment. Clinicians should be aware of these
combinations, and suitable consideration given to the assessment,
provision, and monitoring of a group of MNs. The practical version
of the 2022 guideline, focuses again separately on all essential MNs,
emphasizing their individual specificities and potential importance
in acute and chronic disease. This should not result in the wrong
perception that MNs can be addressed separately. Micronutrients
work as a web, each being responsible, often in combination, for
various steps of metabolic, antioxidant, endocrine and immune
responses. This is particularly well shown for immunity: Gombart
et al. [281] managed to detail how the different vitamins and trace
elements interact at different levels to ensure barrier, innate, and
acquired immunity. The same is true for virtually all functions.
Addressing theMNs globally is essential clinically and in researche

the investigation of isolated MNs, ignoring the interactions will not
provide real life answers.

The clinical MN data remain limited, but with progression of
knowledge, their importance becomesmore andmore obvious. The
MN products that are available on the market only allow a “one size
fits all” prescription with fixed multi-micronutrient combinations.
Providing the complete range of MNs is vital [282,283], but
addressing specific depletion or deficiency with isolated products,
is equally essential but not yet possible in most countries. The
development of isolated single MN products is required which is
particularly true for trace elements.

At a time where the WHO and related agencies insist on the
concept that “Food is Medicine”, clinical nutrition is on the top of
the pyramid of required actions [284]. This guideline should
encourage research on MNs in medical nutrition therapy to make it
become true.
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