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Background: Nutritional status is paramount in Cystic Fibrosis (CF) and is directly correlated with
morbidity and mortality. The first ESPEN-ESPGHAN-ECFS guidelines on nutrition care for infants, chil-
dren, and adults with CF were published in 2016. An update to these guidelines is presented.
Methods: The study was developed by an international multidisciplinary working group in accordance
with officially accepted standards. Literature since 2016 was reviewed, PICO questions were discussed
and the GRADE system was utilized. Statements were discussed and submitted for on-line voting by the
Working Group and by all ESPEN members.
Results: The Working Group updated the nutritional guidelines including assessment and management
at all ages. Supplementation of vitamins and pancreatic enzymes remains largely the same. There are
expanded chapters on pregnancy, CF-related liver disease, and CF-related diabetes, bone disease,
nutritional and mineral supplements, and probiotics. There are new chapters on nutrition with highly
effective modulator therapies and nutrition after organ transplantation.

© 2023 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Cystic fibrosis (CF) is a life-threatening genetic disorder that
occurs in all ethnic groups [1,2]. The incidence of CF is about one in
3,500white births in Europe [3]. Themean prevalence in the United
ilschanski).

for Clinical Nutrition and Metabo
States (US) and the European Union (EU) is similar, 0.74 and 0.80 in
10,000 persons, respectively [4].

The CF phenotype results from mutations in the gene encoding
the cystic fibrosis transmembrane conductance regulator (CFTR)
protein, which results in CFTR deficiency or dysfunction, changes
that disable the transport of sodium and chloride ions across
epithelial and other cell membranes [5,6]. As a result, fluid trans-
port is abnormal, and mucous secretions become thickened, ulti-
mately impairing function of organs such as the lungs and pancreas,
lism. All rights reserved.
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Abbreviations

BIA bioelectrical impedance analysis
BMD bone mineral density
CF cystic fibrosis
CFA coefficient of fat absorption
CFLD Cystic fibrosis associated liver disease
CFRD cystic fibrosis related diabetes
CFTR cystic fibrosis transmembrane conductance regulator
CFTRm cystic fibrosis transmembrane conductance regulator

modulator
DXA dual-energy X-ray absorptiometry
EFA essential fatty acid(s)
EN enteral nutrition
ETI elexacaftor-tezacaftor-ivacaftor
FENa fractional excretion of sodium
FEV1 forced expiratory volume in 1s
FFM fat-free mass
FFMI fat-free mass index
FM fat mass
FVC forced vital capacity
HFA height-for-age
LCT long-chain triglycerides
MCT medium-chain triglycerides
MI meconium ileus

NWO normal weight obesity
OGTT oral glucose tolerance test
ONS oral nutritional supplements
PEG percutaneous endoscopic gastrostomy
PERT pancreatic enzyme replacement therapy
PI pancreatic insufficiency, pancreatic insufficient
PN parenteral nutrition
PPI proton pump inhibitors
PS pancreatic sufficiency, pancreatic sufficient
RCT randomized controlled trial(s)
TH target height
WFL weight-for-length

Societies/institutions mentioned in the guideline
CDC Center for Disease Control and Prevention
CFF Cystic Fibrosis Foundation
ECFS European Cystic Fibrosis Society
ESPEN European Society for Clinical Nutrition and

Metabolism
ESPGHAN European Society for Paediatric Gastroenterology

Hepatology and Nutrition
IOTF International Obesity Task Force
LT lung transplantation
SIGN Scottish Intercollegiate Guidelines Network
WHO World Health Organization
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as well as the liver, gallbladder and intestines [1,6]. In the lungs,
thickened mucus adheres to airway surfaces, which leads to
decreased mucociliary clearance, and increased risk for inflamma-
tion and infection. In the pancreas, thickened secretions obstruct
intra-pancreatic ducts, reducing delivery of digestive enzymes into
the duodenum and impairing absorption of key nutrients [6].

The ESPEN-ESPGHAN-ECFS guidelines on nutrition care for in-
fants, children and adults with Cystic Fibrosis was published in
2016. ESPEN with the agreement of ESPGHAN and ECFS launched
an update of these guidelines in 2021 The group included physi-
cians, dieticians and patient representatives as well as the update
guidelines coordinator (MC). All are authors of this guideline.

There is a lack of randomized controlled trials (RCT) in the field
of nutrition in CF. Many of our recommendations and statements
are based on consensus expert opinion.

There have been significant changes in the nutrition fields since
2016which are reflected in this update. The paper is divided into 16
subsections of CF nutritionwith expanded updates on malnutrition
including underweight and obesity, adulthood, bone disease, CF
related diabetes, CF related liver disease and probiotics. There are
new sections including one following the introduction of highly
effective CFTR modulators. This has resulted in a paradigm shift
towards treating the basic defect rather than the complications of
the underlying disease with exciting consequences in nutrition.
Indeed, these drugs have proved to be so effective that the classical
high fat diet in CF has changed to healthy eating There are further
new sections on transplantation and pancreatic sufficiency.

Several zoommeetings were held with one Face to face meeting
in Rotterdam in 2022 at the ECFS annual meeting. The update was
based on the GRADE method with literatures search conducted
from 2014 to 2022.

A list of all statements and recommendations was sent to all
ESPEN members with an option to provide justification if not
approved. The initiative followed the rules for ESPEN guidelines,
while for ESPGHAN and ECFS it qualifies as a position paper. The
ESPGHAN Council and ECFS Board have approved the final version.
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2. Methods

The present guideline was developed according to the standard
operating procedure for ESPEN guidelines [7]. The guideline is an
updated version of the “ESPEN-ESPGHAN-ECFS guidelines on
nutrition care for infants, children, and adults with cystic fibrosis”
that was developed in 2016 by Turck et al. [8]. The guideline was
developed by an expert group including physicians, dieticians and
patient representatives.

Following the standard operating procedures for ESPEN guide-
lines and consensus papers, the first development step of this
guideline was to check the 2016 PICO questions check for further
applicability and extension. PICO questions are designed to address
specific patient groups (or problems), interventions, compare
different therapies, and be outcome-related [7]. The 2023 guideline
update is divided into 16 main chapters entitled “nutritional
assessment and monitoring”, “malnutrition: undernutrition and
overweight”, “pancreas enzyme replacement therapy”, “fat-soluble
vitamins”, “pancreatic sufficiency” “nutrition and pulmonary
function”, “feeding infants, toddlers, and children”, “nutrition in
adults”, “cystic fibrosis nutritional supplements”, “supplementa-
tion of trace elements”, “bone disease”, “cystic fibrosis related
diabetes”, “cystic fibrosis associated liver disease”, “probiotics”,
“nutrition and cystic fibrosis transmembrane conductance regu-
lator modulator therapy”, and “transplantation”. To answer the
PICO questions, a literature search that covered the period since the
last guideline was performed to identify suitable meta-analyses,
systematic reviews, and primary studies (for details see below,
“search strategy”). Each PICO question was allocated to subgroups/
experts for the different topics and, initially, 86 recommendations
and eleven statements answering the PICO questions were
formulated. The grading system of the Scottish Intercollegiate
Guidelines Network (SIGN) [9] was used to grade the literature. The
allocation of studies to the different levels of evidence is shown in
Table 1. Supporting the recommendations, the working group
added commentaries to explain their basis.



Table 1
Definition of levels of evidence.

1þþ High-quality meta-analyses, systematic reviews of RCT, 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

According to the Scottish Intercollegiate Guidelines Network (SIGN) grading system [9]. RCT, randomized controlled trial.

Table 2
Definition of grades of recommendation [7].

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
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

M. Wilschanski, A. Munck, E. Carrion et al. Clinical Nutrition 43 (2024) 413e445
The grades of recommendation were decided according to the
levels of evidence assigned (Table 2). In some cases, a down-
grading from the generated grades of recommendation was
necessary based on the levels of evidence according to Tables 1
and 2, e. g. due to a lack of quality of primary studies included
in a meta-analysis. Such cases are described in the commentaries
accompanying the respective recommendations. The wording of
the recommendations reflects the grades of recommendations
since level A is indicated by the use of the word “shall”, level B by
the word “should” and level 0 by the word “can” or “may”. The
good practice points (GPP) are based on experts’ opinions due to
the lack of studies, for which the choice of wording was not
restricted.

Between 19th June and 18th July 2023, an online voting (Delphi
round) on the recommendations was performed using the
guideline-services.com platform. All ESPEN members were invited
to agree or disagree with the recommendations and to provide
comments. A first draft of the guideline was also made available to
the participants on that occasion. All 86 recommendations and
eleven statements reached an agreement >90 % (indicating a strong
consensus, see Table 3), making a subsequent Consensus Confer-
ence unnecessary. To support the recommendations and the
assigned grades of recommendation, the ESPEN guideline office
created evidence tables of relevant meta-analyses, systematic re-
views, (randomized) controlled trials, and cohort studies. These
evidence tables are available online as supplemental material to
this guideline.
2.1. Search strategy

The literature search was conducted by the working group
members between October and December 2021. Literature search
Table 3
Classification of the strength of consensus.

Strong consensus Agreement of >90 % of the participants
Consensus Agreement of >75e90 % of the participants
Majority agreement Agreement of >50e75 % of the participants
No consensus Agreement of <50 % of the participants

According to the AWMF methodology [10].
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was conducted using the following terms: cystic fibrosis AND
(nutrition* OR diet* OR nourishment OR nutrient OR nutriment OR
malnutrition OR malnourishment OR undernourishment OR calo-
rie* OR lipid* OR trace OR vitamin* OR protein* OR taurine OR
pancreatic enzyme replacement therapy OR PERT OR fatty OR
micronutrient* OR antioxidant* OR probiotic* OR supplement* OR
insulin OR enteral OR parenteral OR EN OR TPN OR PN). The search
period began with the end of the search for the previous guideline,
in 2014. After the end of the literature search, relevant papers
published in the meantime were added in an expert-driven
manner.
3. Nutritional assessment and monitoring

3.1. General

Recommendation 1
Standard assessment and monitoring of nutritional status

in people with CF (pwCF) should be accurately performed
regularly and should include as minimum the following
parameters which need to be interpreted together and
longitudinally:

� Infants: z-scores for weight-for-age, length-for-age and
weight-for-length (WFL) as well as head circumference-for-
age every one to two weeks until evidence of adequate
nutrition and ideal nutritional status is established, then
monthly through the first year of life.

� Children >1 and ≤ 2 years: z-scores for weight-for-age,
length-for-age and WFL as well as head circumference for
age every two to three months.

� Children >2 years: z-scores for weight-for-age, height -for-
age and BMI-for-age at least every three months.

� Adults: BMI at least once every three to six months.

Patients with poor nutritional status and/or growth should
have more frequent monitoring than patients with adequate
nutritional status.

Grade of recommendation GPP e Strong consensus 100 %
agreement

http://guideline-services-com-s.stat.lib.xjtu.edu.cn:443
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Recommendation 2
Incorporation of a correction for target height (TH) based on

parental heights, can be considered when assessing height-for-
age (HFA) z-scores in children with CF.

Grade of recommendation 0 - Strong consensus 100 %
agreement

Recommendation 3
When assessing growth and nutritional status in children

with CF or comparing between centers or countries, careful
interpretation should be considered when using different ref-
erences (e.g., country specific charts, WHO, and CDC).

Grade of recommendation B - Strong consensus 100 %
agreement

Recommendation 4
Longitudinal assessment of body composition to obtain es-

timates of fat mass (FM) and fat-free mass (FFM), rather than
sole reliance on BMI, should be performed in pwCF because
their association with (respiratory) outcomes is stronger than
for BMI alone and because a low or normal BMI can mask high
FM or low FFM. The choice in body composition method should
be guided based on availability, resources, technical factors and
clinical factors such as age and hydration status.

Grade of recommendation B - Strong consensus 92 % agree-
ment

Commentary

The accurate assessment and regular monitoring of growth and
nutritional status is a cornerstone of the management of pwCF to
improve outcomes. In infants and children, assessment of nutri-
tional status must be comprehensive, using multiple data points
over time and preferably multiple different parameters. For infants
who are diagnosed by newborn screening, attention to nutrition is
key to maintain normal growthdeven before signs of the CF
phenotype become evident [8]. Monitoring of growth should be
more frequent at a younger age or if the patient has a poor nutri-
tional status at any age [8].

Adequate nutrition in infants and childrenwith CF is considered
when growth is similar to that of an age-matched healthy popu-
lation with an additional focus on body composition. The goal of
WFL >50th percentile in children <2 years and BMI �50th
percentile in those over two to 18 years old should continue to be
used [11]. For CF adults over 18 years of age, the target is a BMI at or
above 22 kg/m2 for females and 23 kg/m2 for males [8]. It should be
noted that WFL or BMI might be falsely normal or high in stunted
patients [12].

TH can be included to evaluate if a child is growing within
genetic potential [13,14]. Height evaluation based on HFA alone
may result in underestimation or overestimation of growth,
which may induce inappropriate nutrition interventions. Using
HFA adjusted for TH (HFA/TH) which means HFA-z-score minus
TH for age z-score, can indicate how the current HFA z-score
relates to the TH z-score. Generally, a difference of more than ±2
SD z-score is considered abnormal and indicates growth outside
the genetic potential which could be related to nutritional
deficits.

Pediatric growth charts should be chosen according to the
regular practice in the country or center [11,15e17]. CDC, WHO,
and IOTF charts provide comparable associations between BMI
z-scores and pulmonary function [18]. Despite this, some studies
have emphasized that there are differences that should be noted
when interpreting the growth charts [11,15e17]. CDC and WHO
charts show some discrepancies when determining underweight
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in infants, toddlers, and school-aged children [18e20]. CDC
charts more frequently classify children aged zero to two years
and those at school age as underweight while WHO charts
would not, while adolescents show comparable estimations of
thinness between the CDC and WHO charts [19,20]. This in-
dicates that WHO charts are adequate to diagnose both under
and overnutrition [21] but may provide a “false sense of secu-
rity” when applied for CF, especially in younger children [22].
Additionally, children who reached the 50th percentile WFL at
two years of age by both WHO and CDC charts had better
clinical outcomes [11,15]. IOTF has been widely employed in
epidemiology but may not be appropriate in the clinical setting
[23,24].

Since the development of the previous guideline, there is
growing evidence that body composition is a fundamental
component of a comprehensive nutritional status assessment in
pwCF and a target of care as BMI does not represent body
composition and can mask a low FFM and/or high FM
[23,25e36]. There is a stronger association between various
outcome parameters (such as lung function) to FFM than BMI,
and a low FFM is associated with decreased inspiratory muscle
strength [22,23,25e37].

Additionally, adults with CF that have normal weight obesity
(NWO, normal BMI <25 kg/m2, body fat percentage >30 % in
women and 23 % inmen) had even lower fat-freemass index (FFMI)
and forced expiratory volume in 1s (FEV1) in percent when
compared to overweight and obese pwCF. This indicates that
increased adiposity along with low FFM may be even more detri-
mental to pulmonary function in pwCF and that using a BMI >0 SD
as the goal to maximize overall health status including lung func-
tion can actually mask low FFM [12].

PwCF have less FFM, and bone mineral density (BMD) when
compared with controls [37]. This translates into a higher risk of
sarcopenia and osteopenia. Therefore, the assessment of body
composition may allow timely interventions to increase FFM such
as exercise and/or anabolic therapies (i.e., growth hormone after
endocrinology assessment), to reduce the risk of metabolic and
respiratory complications [27,37].

3.2. Methods of body composition assessment

Recommendation 5
Readily available body composition data (FFM, FM and body

fat distribution) obtained through routine dual-energy X-ray
absorptiometry (DXA) scan for assessment of bone health can be
used for monitoring of nutritional status of pwCF.

Grade of recommendation 0 - Strong consensus 92 % agree-
ment

Recommendation 6
Bio-electrical impedance (BIA), which is a non-invasive,

bedside and simple technique, can be considered to assess
body composition in pwCF; the use of specific prediction
equations or use of raw values for resistance and reactance are
preferred.

Grade of recommendation 0 - Strong consensus 100 %
agreement

Recommendation 7
Serial hand grip strength measurements may be considered

in adults and children ≥ 6 years with CF as it may help detect
early changes in muscle function and therefore can function as
an indicator of nutritional status.

Grade of recommendation 0 - Strong consensus 100 %
agreement
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Recommendation 8
Arm anthropometry including mid-upper arm circumfer-

ence and skinfold measurements may be considered as method
of body composition assessment, especially in case DXA or BIA
are not available.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

There are several methods to assess body composition which
have been studied in pwCF. These include arm anthropometry
(mid-upper arm circumference, triceps skinfold thickness, arm
muscle area), DXA, BIA, air displacement plethysmography,
double-labelled water measurement, hand grip strength, and ul-
trasound technology [8,22]. There is an ongoing debate on which
method is the best for this assessment, and factors such as avail-
ability in the clinical setting, and costs should be considered when
selecting the method. The most frequently used methods to assess
body composition in pwCF were DXA followed by BIA. Neverthe-
less, there is large variability in the methods to determine body
composition in CF and comparison between methods is chal-
lenging [36]. Moreover, studies on changes in body composition
over time and the ability of the various methods to detect changes
are lacking.

DXA has been the most used method of body composition
assessment because of its high accuracy, and the detailed infor-
mation it provides on total and segmental FFM and FM, as well as
being commonly used for research [36]. The nomenclature for
body composition assessment varies depending on the method
used and distinguishes between the two-compartment model,
which categorizes body composition using techniques such as BIA,
arm Anthropometry, and air displacement plethysmography,
which categorizes body composition into FM and FFM, and the
three-compartment model, which further subdivides body
composition into fat mass FM, bone mass, and lean body mass
using DXA. Throughout this document, we use the term fat-free
mass (FFM) when referring to non-fat mass components. In CF
care, DXA has been used routinely for assessment of BMD in
children aged > 8e10 years; since DXA also provides information
on body composition, additional tests to monitor body composi-
tion may not be needed in this age group. However, DXA can be
expensive and is not readily available in all clinical settings
[22,35]. Studies using DXA for body composition determination in
CF have shown that FEV1 has a positive associationwith FFM and a
negative associationwith FM for various age groups. Furthermore,
BMI had a significant but weaker correlation to pulmonary func-
tion than FFM [26,31,34].

BIA calculates the parameters related to body composition with
prediction equations using direct measurements of the impedance
of the human body [36]. BIA is an adequate method to determine
body composition in CF. Also, decreased FFM determined by BIA
correlates to lower pulmonary function [23,27,28]. Since the pub-
lication of the last guideline a CF-specific equation has been vali-
dated for children, adolescents, and young adults [27]. Although
BIA is more widely available than other methods, its main limita-
tions in CF are the potential electrolyte imbalances and lack of a CF-
specific equation for the adult population. To address these con-
cerns some authors have used raw data or the vectors of resistance
and reactance rather than the equations [22,25,27,28].

Air displacement plethysmography is another adequate
method to assess body composition in CF, but mainly available in
research settings [22]. Using this method to assess body compo-
sition in CF a positive correlation has been found between FEV1%
and FFM, FFMI.
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An additional method to assess body composition is arm
anthropometry, which can be easily performed in the clinical
setting, but there is conflicting evidence on the accuracy of arm
anthropometry in assessing body composition in CF [25,33]. Mid-
upper arm circumference is relevant to determine malnutrition,
but it may not correlate to pulmonary function as well as other
body composition methods [17,38].

Ultrasound can be used to evaluate muscle thickness and
subcutaneous fat. Although not extensively studied in CF there
are some promising results showing that a reduction in subcu-
taneous fat content and quadriceps muscle thickness correlated
with the forced vital capacity (FVC) and nutritional parameters
[15,22,24,25].

Hand grip strength assessment is an adequate method to
detect changes in muscle function and muscle loss for pwCF older
than six years of age [18e22]. PwCF tend to be weaker than age
and gender-matched peers [20]. Hand grip strength may be
particularly helpful to monitor body composition in youth with a
BMI <50th percentile because lower hand grip strength regardless
of BMI may indicate less FFM which negatively impacts their
pulmonary function shown by more exacerbations, lower FEV1%
and FVC% [20,21].

3.3. Other tools

Recommendation 9
The use of CF-specific nutrition screening tools, may be used

as an initial step next to anthropometric assessment to early
identify children with CF at risk for undernutrition and in need
for further assessment and management by a dietitian, espe-
cially in case of limited availability or resources.

Grade of recommendation GPP - Strong consensus 92 %
agreement

Recommendation 10
Regular dietary review including assessment of adherence to

dietary advice may be performed every three to six months in
children with CF and every six to twelve months in adults with
CF.

Grade of recommendation 0 - Strong consensus 100 %
agreement

Commentary

In general, nutritional screening tools can be helpful for iden-
tifying children at nutritional risk, even those with normal
anthropometric parameters, who need further assessment and
management by a dietitian [35]. The use of a screening tool can be
especially helpful in case of limited availability of dietitians or
limited resources, as it can help in directing the highest risk pa-
tients to be evaluated by a dietitian.

Studies using CF-specific nutritional screening tools are limited,
but two instruments [39,40] have been described. McDonald [39]
developed the first tool in 2008 incorporating BMI and longitudinal
data of weight gain and growth to stratify patients 2e20 years as
low, moderate or high nutritional risk. This tool has been validated
for pwCF in small studies [22,28,41,42] and should be a supplement
to traditional nutritional assessment with anthropometry. The
second tool developed for use in pwCF aged 6e18 years by Souza
dos Santos Simon et al. [40] incorporates ten clinical parameters
believed to be risk factors of malnutrition in CF including BMI,
weight gain and height gain but also the presence of PI, suboptimal
dietary intake and cystic fibrosis related diabetes (CFRD) among
others. In adults with CF, the nutritional risk screening instrument
2002 (NRS 2002) [43] has been used [18]. This validated screening
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tool gives scores of different levels of nutritional status to patients,
based on weight loss, BMI in combination with general condition,
disease severity, age and food intake.

A relevant practice in the nutritional assessment of pwCF is
regular dietary assessment, including the assessment of adher-
ence to dietary advice. CF. A 24-h diet recall is helpful, but a longer
3-5-day diet record is frequently necessary for a quantitative
evaluation of energy, macro- and micronutrient intake to fully
assess patients at nutritional risk, or in childrenwhen not meeting
recommended weight gain [8]. However, it should be stressed that
increasing caloric and fat intake might not target potential
micronutrient deficiencies and may also lead to unhealthy eating
habits i.e., a lower Healthy Eating Index-2015 (HEI-2015) [31]
which has been associated with higher visceral adipose tissue.
This highlights the importance of not only focusing on quantity
but also diet quality and supplementations could be provided
timely [44e48].

Biochemical markers of nutrition status in pwCF may include
blood count, serum albumin, iron status, plasma fat-soluble
vitamin levels, and electrolyte measurements. However, there is
not a single marker to accurately estimate nutritional status. The
assessment of nutritional status should be based on a combination
of clinical, anthropometric, body composition and biochemical
parameters.

4. Malnutrition: undernutrition and overweight

4.1. Statement of the problem: cystic fibrosis and malnutrition

Since the publication of the previous guidelines, the nutri-
tional landscape of pwCF has dramatically changed. Especially in
the developed countries, the number of undernourished patients
has decreased over time [49e51] whereas simultaneously an
observed increase in overweight and obesity was observed over
the past two decades with a varying reported frequency of
6e33 % [12,50e59]. An important discrepancy became apparent
between developed countries reporting a malnutrition rate of
4e19 % of children and adults with CF and the developing
countries struggling with malnutrition in 25e50 % of their pa-
tients [18,53e57,59e66].

There is a classical mismatch between energy needs and actual
food intake. Although avoiding undernutrition using high-calorie,
high-fat diet with pancreatic enzyme replacement therapy (PERT)
and fat-soluble vitamin supplementation was the standard of
nutritional care for CF for decades [67], a healthier diet is becoming
standard practice to avoid obesity.

4.1.1. Description of nutritional status in studies
Recommendation 11
Future studies describing underweight should use standard

cut-offs to increase comparability between studies:

� for adults BMI <18.5 kg/m2

� for children
◦ Underweight: weight for age < -2 SD or BMI <5th percen-
tile, <-2 SD (¼ 2nd percentile) of the median reference
value for age and sex.

◦ Stunting: height for age < -2 SD of the mean reference
value for age and sex.

Grade of recommendation GPP - Strong consensus 100 %
agreement
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Recommendation 12
Future studies describing overweight and obesity in pwCF

should use standard cut-offs to increase comparability between
studies.

� for adults
◦ BMI 25e29.9 kg/m2 for overweight
◦ BMI ≥30 kg/m2 for obesity

� for children two years and older
◦ BMI between 85th-94.9th percentile OR BMI >1 SD (~84th
percentile) above the WHO Growth reference median for
sex and age) for overweight

◦ BMI ≥95th percentile obesity OR BMI z-score >2 SD (~98th
percentile) above the WHO Growth Reference median for
sex and age for obesity

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

Due to the large variety of definitions and cut-off criteria used in
studies to describe undernutrition, overweight and obesity it is
difficult to obtain a clear view on actual prevalence rates and to
compare these between centers and countries. It is important to
realize the difference between the definition of nutritional states in
health [68] and the nutritional targets in pwCF. When describing a
population, standard definitions should be used to improve
comparability between studies [62].

4.1.2. Nutritional targets for pwCF
Recommendation 13
Targets for optimal nutritional status in pwCF remain higher

than in the general population e.g., according to the CDC/WHO
definition. PwCF with stagnant weight or growth expressed as a
downward trend in percentiles or z-scores, should undergo
further nutritional assessment.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

As there remains an association between undernutrition and
clinical outcomes such as pulmonary function, quality of life, and
mortality risk the target BMI in CF is higher than just avoiding
malnutrition [53e55,59,63,64,69e75]. In the Cystic Fibrosis foun-
dation report of 2021, there is an optimal plateau in FEV1% if the
BMI percentile is around P50 in children and around BMI 22 kg/m2

for female and 23 for male adults. Ashkenazi et al. describe an
increased transplantation risk if the BMI is below �0.75 SD [69]. In
the study of Bodnar et al., a BMI < P25 was associated with a
significantly lower FEV1 [62].

For infants with CF, nutrition is considered adequate if they
achieve normal weight and height percentiles similar to the non-
CF population by two years of age. In children with CF, nutrition is
considered adequate when growth is similar to that of an age-
matched non-CF population aiming at a BMI around the P50
[47]. Current registry reports still identify a height deficit in
childrenwith CF despite the improved weight and BMI percentiles
(CFF registry report 2021). As final height is an independent
predictor of longevity; it deserves to be studied more intensively
[76,77].
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For CF adults, the threshold is a specific BMI goal for women and
men [47].

BMI as sole indicator of nutritional status is not very sensitive, as
NWO has been described in up to 30 % of pwCF [12]. NWO indicates
a normal BMI with low FFM. The strong association between pul-
monary function and lean BMI (stronger than between pulmonary
function and BMI), FFM and FFMI indicates that patients might
need an additional evaluation of their body composition and
adapted strategies have to be studied to avoid normal weight
obesity [12,73].

4.2. Undernutrition

Statement 1
Undernutrition in CF remains associated with poorer pul-

monary outcome, increased Pseudomonas aeroginosa coloni-
zation, decreased quality of life, and risk of death.

Strong consensus 100 % agreement

Statement 2
Frequency of undernutrition in CF might be negatively

influenced by absence of neonatal screening, unavailability of
certain treatments (DNase treatment, pancreatic enzymes),
exocrine pancreatic insufficiency (PI), food insecurity, Pseudo-
monas aeruginosa colonization and age at diagnosis.

Strong consensus 100 % agreement

Statement 3
Early growth recovery in CF is critical, as undernutrition

during infancy tends to persist and catch-up growth after age
two years is difficult. The longer adequate growth is maintained
after early growth recovery, the better the pulmonary outcomes
at age six to seven years and twelve years.

Strong consensus 100 % agreement

Commentary

The most recent European Cystic Fibrosis patient registry
reports a median BMI of 21.9 kg/m2 for adults and a median
BMI z-score of �0.2 in children. Meanwhile there still exist
important differences in the percentage of undernourished
pwCF between countries [66]. The frequency of undernutrition
might be negatively influenced by PI, absence of neonatal
screening, unavailability of certain treatments (DNase treat-
ment, pancreatic enzymes), food insecurity, P. aeruginosa colo-
nization and age at diagnosis [60,63,64,78]. Undernutrition
remains associated with poorer pulmonary outcome, decreased
quality of life, increased risk for transplantation and increased
risk of death [53e55,59,63,64,69e75].

4.3. Overweight and obesity

Statement 4
Patient specific factors currently associated with overweight

or obesity in CF are later age at diagnosis, older age, pancreatic
sufficiency (PS), lung function, at least one allele with class IV or
V, prescribed ivacaftor, low social economic status, andmale sex.

Strong consensus 100 % agreement

Statement 5
Studies reporting on pulmonary function (FEV1) and asso-

ciation with being overweight are contradictory in pwCF with
some studies describing an association of improved FEV1 while
others not observing an additional FEV1 advantage. Being obese
419
is associated with higher frequency of hypertension, hyper-
cholesterolemia, and liver steatosis.

Strong consensus 100 % agreement

Recommendation 14
Obesity should be avoided as associated problems such as

hypertension, hypercholesterolemia and diabetes do occur in
pwCF and obesity.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

Several studies report an increased frequency of obesity in
pwCF with varying frequency from 6 to 33 %. The prevalence
seems to increase steadily over the past two decades in the
developed countries [12,50,52e59,66]. Overweight and obesity in
pwCF are associated with PS, older age at diagnosis, age above 46
years, lower income area and male gender [54,57,58,79]. Con-
flicting results are reported concerning the association between
FEV1 and overweight/obesity in CF. Some studies describe an
improved FEV1 while others do not observe any additional FEV1
advantage. Interpretation of the analyses is difficult as limited
data exist that assess the role of overweight/obesity in FEV1. Being
overweight or obese is however, associated with higher frequency
of hypertension, hypercholesterolemia and liver steatosis
[12,50,52,54,55,57,58,70,80,81]. Despite the absence of long-term
data on the impact of overweight and obesity in pwCF, in analogy
to the general population, it seems good clinical practice trying to
avoid it.

5. Pancreatic enzyme replacement therapy

Recommendation 15
Pancreatic enzymes shall be started in all patients who have

evidence of exocrine PI. The intake of pancreatic enzymes re-
sults in improved anthropometric outcomes and maldigestion
related gastro-intestinal complications.

Grade of recommendation A - Strong consensus 100 %
agreement

Recommendation 16
The pH in the small intestine determines the release of

pancreatic enzymes from the enteric coated beads. Evidence is
lacking around routine use of proton pump inhibitors (PPI) to
improve enzyme efficacy.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 17
Evaluation of pancreatic enzyme dose may be done on an

individual basis and using themost appropriate denominator to
prescribe pancreatic enzymes.

Grade of recommendation 0 - Strong consensus 100 %
agreement

Recommendation 18
Pancreatic enzymes can be administered orally at the

start of enteral nutrition (EN) and during the night if the
patient is awake. Enzymes in non-enteric or powder form
can be mixed in with the feed if oral intake of enzymes is
not possible.

Grade of recommendation GPP - Strong consensus 91 %
agreement
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Commentary

PI occurs in more than 85 % of the CF population. Exocrine
pancreatic disease begins in utero. PI results in the inability to
deliver pancreatic enzymes to the duodenum. An impaired
pancreatic bicarbonate secretion (HCO3-) results in a prolonged
acidic environment in the proximal duodenum after gastric
emptying. PI is diagnosed by low levels of measured fecal
elastase �1 (�100 mg/g stool eborderline100-200 mg/g) [6,8,82,83].
PERT is a required therapy to correct nutrient maldigestion and
malabsorption. PERT contains lipase, protease and amylase.
Pancreatic enzymes should be taken with every meal containing
fats, proteins and complex carbohydrates. A variety of pancreatic
enzymes is on the market characterized by variations of strength,
content and forms (enteric coated spheres (varying size) or tablets
or non-enteric coated tablets or powder). All PERT are porcine
based. Non-porcine enzymes have been developed and docu-
mented in clinical trials but at present there is no effective alter-
native available [84]. The enteric-coated capsules release enzymes
at an effective rate when pH in the duodenum reaches a level of
approximately 6.0 [6,82,85e92]. Since 2009, the FDA approved
PERT formulations (based on specifically designed studies) proving
the efficacy of the PERT formulation compared to placebo in pwCF
and PI.

Studying the efficacy of PERT is challenged by factors related to
type of food [92e94], gastro-intestinal transit, inter- and intra-
individual variation in enzyme requirements and level of acidity
in the proximal duodenum [6,82,89,92,95].

As there are limited trials and lack of evidence, agents that
reduce gastric acidity should not be used empirically to improve fat
absorption and reduce gastro-intestinal symptoms [96,97]. If pre-
scribed, the clinical outcomes of patients treated with such medi-
cations should be monitored closely. These agents should be
discontinued unless ongoing monitoring suggests continued
improvement in documented symptoms. Long-term use of PPI in
children should be balanced against potential side effects [98]. A
recent study in adults with CF found that prolonged use of PPI may
increase risk of pulmonary infection, while offering no improve-
ment in nutritional status [99].

Despite the observed improvement in nutritional status, growth
parameters and gastrointestinal symptoms after starting PERT
[85,86,89,90,100,101], no recommendations on optimal dosing can
be made [90,95,101e104]. In addition, in infants with CF, increased
enzyme dose was not associated with improved clinical outcomes
compared to doses at lower recommended range [105]. An over-
view of the current recommendations on PERT is given in Table 4
[8]. PERT recommendations are expressed as lipase units (LU)/
gram dietary fat, LU/kg body weight and per kg body weight per
meal. The variation in denominator results in a variable intake of
pancreatic enzymes per meal.

The MyCyFAPP Project was initiated within the European
Union's Research and Innovation Programme, Horizon 2020 to
develop an innovative method to optimize intake of pancreatic
enzymes and support self-management in pwCF by means of a
mobile application but it is currently unavailable [94,102].
Table 4
Pancreatic enzyme lipase replacement therapy: consensus guideline.

Age Suggested supplementation

Infants (up to 12 months) 2000e4000 U lipase/120 mL formula or estim
Children 1e4 years 2000e4000 U lipase/gram dietary fat, increa
Children >4 years and adults Consider starting at 500 U lipase/kg/meal, tit

- 1000e2500 U lipase/kg per meal, or
- 10,000 U lipase/kg/d, or
- 2000e4000 U lipase/gram dietary fat taken
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Studying an optimal dosage of pancreatic enzymes in pwCF
would be easier if patient- and staff-friendly methods would be
available. PERT efficacy studies use evolution of anthropometric
parameters and coefficient of fat absorption (CFA) as outcome pa-
rameters [82,85,89,100,106,107]. The calculation of CFA is recog-
nized as the reference standard for dietary fat absorption [106]. This
method is cumbersome for patients and staff. Retrospective analysis
of CFA and dietary dairies showed a variability of CFA in response to
PERT [88,108]. Alternatives, such as the use of nutritional bio-
markers ormalabsorption blood test, are suggested to evaluate PERT
[109e111]. However, more research in this field is required.

The role of PERT in CF complications has been studied [112,113].
In an observational study no difference in pancreatic enzyme dose
was observed in the prevalence of distal intestinal obstruction
syndrome [112]. Based on the results of a small RCT, the intake of
pancreatic enzymes might reduce post prandial hyperglycemia by
normalizing incretin secretion and reducing gastric emptying [113].
Independently of dosage, PERTcompliance is a challenging issue for
healthcare providers, families and pwCF. Compliance likely be-
comes more challenging in older children due to a combination of
increased independence and reduced parental reliance. In the
presence of parents who report high rates of depressive symptoms,
adherence to PERT was also at a lower rate. Adherence was
significantly associated with weight gain. Over a 3-month period
average weight gainwas 0.5 (0.2) z-scores in children that reported
a >50 % adherence compared to �0.1 (6.1) in those who reported
<33 % adherence [114]. Limited evidence found an association be-
tween self-reported adherence to PERT and number of annual ad-
missions to the hospital [240]. The cohort with the highest
adherence also reported the highest BMI [8,115]. In a recent adult
study, lower adherence to PERT for snacks revealed patients to have
an increased frequency of diarrhea. This supports the evidence of
improved gastrointestinal symptoms with adherence to PERT [116].

Practical recommendations on PERT are conflicting due to the
small body of literature [82,91,95,117,118]. The effective timing of
enzyme-intake can vary between individuals. More research in this
field is warranted [91,95,117,118].

Patients receiving overnight tube feeding may face additional
challenges with respect to timing of enzyme dosing. Standard
recommendations are to advise oral intake of pancreatic enzymes,
adjusted for fat intake, at the start of tube feeding and during the
night if the patient is awake. There is some limited evidence that
the use of a new, inline cartridge (available in the US) improves
nutrient (lipid) absorption [119,120]. This cartridge contains lipase.
If used, protease and amylase should be supplemented via PERT to
digest protein and carbohydrates. This in-line cartridge can be
supportive in some pwCF [119]. However, for most pwCF on tube
feeding, PERT alone supports good outcomes. At this time,
consideration of use of the in-line cartridge must be made on an
individual basis, e.g., when patients are not responding to treat-
ment with usual enzyme therapy dosing (at appropriate U lipase
per gram fat dose of enteral formula), and where patients continue
to have gastrointestinal issues interfering with delivery of sup-
portive enteral feeds. However, these supportive enteral feeds are
not available in Europe. Cost of the treatment must also be taken
ated breast milk intake and approximately 2000 U lipase/gram dietary fat in food
sing dose upward as needed (maximum dose 10,000 U lipase/kg/d)
rating upward to a maximal dose of:

with all fat-containing meals, snacks and drinks.
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into account before considering a change in clinical practice,
without supportive evidence. The use of the in-line cartridge
compared to routine enzyme therapy is costlier [119,121,122].

In clinical practice, administration of enzyme microspheres to
infants can be challenging. Enzymes may be offered mixed with
different vehicles for delivery. Enzyme microspheres can be mixed
with a small volume of expressed breast milk or formula, or with an
acidic puree e.g., applesauce and be delivered by spoon. If the infant
still refuses the microspheres the use of non-enteric coated or
unprotected powder enzymes can be considered. Pancreatic en-
zymes should never be added to the infants' oral feed. Regardless of
the form of enzyme used, care should be taken to rinse out the
infant's mouth after enzyme delivery to clear gums of residual
enzymes and prevent irritation. Protecting the buttocks is also
recommended in the first few months of life as enzyme therapy
begins. Covering the buttocks skin with a zinc based cream and
frequent diaper changes can help to prevent skin excoriation.

For those being treated with PERT, we recommend monitoring
at regular intervals to determine the adequacy of treatment. This
includes observation of acute symptoms such as abdominal
distension and steatorrhea and chronic symptoms in the form of
growth and nutritional status. It is recommended to obtain height
and weight measures monthly or more frequently for infants at the
start of enzyme therapy (considering infant's weight, age, response
to treatment-see section on infants, assessment) and every three
months for older children and adolescents, and every six months
for adults.

6. Fat-soluble vitamins

Recommendation 19
Biochemical assessment of vitamins and trace elements

should be interpreted with caution during CF exacerbation.
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 20
For pwCF and exocrine PI, plasma levels of fat-soluble vita-

mins may be evaluated after initiation of enzyme and vitamin
supplementation; three to six months after initiation or change
in vitamin therapy; and annually thereafter.

Grade of recommendation 0 - Strong consensus 100 %
agreement

Recommendation 21
For pwCF and exocrine PS, fat-soluble vitamins may be

assessed annually using plasma levels.
Grade of recommendation 0 - Strong consensus 100 %

agreement

Recommendation 22
25(OH)D should be measured annually. Individuals with

levels of 25(OH)D <20 ng/mL (<50 nmol/L) should be considered
deficient, and levels >30 ng/mL (>75 nmol/L) should be suffi-
cient. The goal 25 (OH) levels should be 30e50 ng/mL
(75e125 nmol/L) and levels should not exceed 100 mg/mL
(250 nmol/L).

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 23
Vitamin supplements in pwCF with exocrine PI should be

taken together with high fat food and pancreatic enzyme sup-
plements to improve absorption. This does not apply if the
formulation is water soluble
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Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 24
When biochemical deficiency is detected despite adequate

vitamin supplementation, poor adherence or poor absorption
of supplements should be ruled out before adjusting the dosage.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 25
Patients should take Vitamin D as Cholecalciferol (D3).
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 26
The type of vehicle used to administer vitamin D can

contribute to insufficient levels. If unable to achieve sufficient
status with an oil-based vehicle, a water or powder-based
vehicle may be used.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 27
If levels are insufficient or deficient, the clinician should rule

out poor adherence to the prescribed regimen as the etiology of
the deficiency. We should consult the endocrinology service if
there is continued difficulty with maintaining levels of vitamin
D above 30 ng/mL (≥75 nmol/L) and there is confirmed adher-
ence to the prescribed regimen.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

The disturbed mechanism of fat absorption resulting from
exocrine PI can cause pwCF to become deficient in fat-soluble vi-
tamins, particularly vitamins A, E, D and K [123,124].

Micronutrient deficiencies caused by exocrine PI due to
impaired absorption of lipid soluble vitamins can lead to ecchy-
moses due to clotting (vitamin K deficiency), ataxia and peripheral
neuropathy (vitamin E deficiency), impaired night vision and
xerophthalmia (vitamin A deficiency), contraction or muscle
spasms, osteomalacia and osteoporosis (vitamin D deficiency).
Even pwCF who are PS have been shown to be at risk for de-
ficiencies of fat-soluble vitamins [125].

Fat-soluble vitamin deficiency is common, occurring in 10e35 %
of childrenwith PI despite supplementation. It is unusual, however,
for pwCF to show clinical signs of overt deficiency [126]. Instead,
the goal of evaluation and treatment is to correct suboptimal levels
and achieve optimal biochemical values of these vitamins [127].
Plasma levels of fat-soluble vitamins should be measured at least
annually in all pwCF.

We recommend evaluating plasma levels of fat-soluble vitamins
in PI patients after initiation of enzyme and vitamin supplemen-
tation; three to six months after initiation or change in vitamin
therapy; and annually thereafter.

Supplementation of fat-soluble vitamins should be taken
together with high-fat food and pancreatic enzyme supplements to
improve absorption. When available, we recommend multivitamin
liquid formulation or pills which will aid in compliance. When
biochemical deficiency is detected, poor adherence or poor ab-
sorption of supplements must be ruled out before adjusting the
dosage. For PS patients, we recommend assessing vitamin suffi-
ciency annually using plasma levels.
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PwCF onmodulator treatment need to have levels checked three
months after initiation of therapy especially in young children and
adolescents who may require a reduction in dosage.

6.1. Vitamin D

Vitamin D insufficiency is still a problem in pwCF, even in those
receiving supplementations. Hypovitaminosis D is often the result
of fat malabsorption, but other contributors include increased
latitude, poor nutritional intake, decreased sun exposure, impaired
hydroxylation of vitamin D, and non-adherence to the prescribed
vitamin D regimen. Vitamin D is critical for calcium homeostasis
and optimal skeletal health, and vitamin D deficiency in CF can lead
to skeletal complications of osteopenia and osteoporosis. Over
time, there are recommendations for higher doses of vitamin D to
achieve target levels of circulating 25 hydroxyvitamin D [128].
Insufficiency is common among young children with CF. Vitamin D
insufficiency is prevalent even in children who are PS [129].

Adults with CF and vitamin D deficiency are at a higher risk of
developing CFRD and are at risk for earlier CFRD onset. The main-
tenance of a serum 25(OH)D concentration above 20 ng/mL may
decrease the risk of progression to CFRD [130].

Without adequate sun exposure, these individuals can also
become vitamin D deficient. Even pwCF who are PS have been
shown to be at risk for deficiencies of fat-soluble vitamins. Fat-
soluble vitamins deficiency is common occurring in 10e35 % of
children with exocrine PI. Plasma levels of fat-soluble vitamins
should be measured at least annually in pwCF. Seasonal differences
with the different hours of sunlight should be taken into account.

Vitamin D is vital for bone health. Supplementation should
reach the optimum serum concentration (Table 5). Pregnant
womenmust take additional supplementation of 600 IU (15 mg) per
day.

6.2. Vitamin A

Low vitamin A levels are associated with worse lung function
and increased pulmonary exacerbations. Vitamin A supplementa-
tion should lead to normalization of the level. High retinol serum
concentration should be avoided and must be ruled out post-
transplant or while on modulator therapy [126,127].
Table 5
Fat-soluble vitamin guidelines for pancreatic insufficient people with cystic fibrosis.

Vitamin Supplementation

Fat-soluble vitamins
Vitamin A Amounts dependent on serum values, and supplement form:

Retinol (preformed):
- Start low
- Adapt rapidly to target normal serum reference range
Beta carotene (provitamin A):
- Prescribe 1 mg/kg/d (maximum 50 mg/d) for 12 weeks
- Follow with maintenance dose (maximum 10 mg/d)

Vitamin D Dependent on serum values, which vary with dietary intake and
- Starting dose of D3 (cholecalciferol)
◦ Infants 400 IU/d (advance to upper limit of 1000 IU/d)
◦ All others 800 IU/d (advance to upper limit of 2000 for childre

4000 IU/d for older)
- Maintenance dose: adapt to annual serum values, preferably me
of dark months

Vitamin E
(tocopherols)

a-tocopherol dosing:
100e400 IU/d
50 IU/d for infants <12 months (1 mg ¼ 1.49 IU)

Vitamin K Vitamin K1

- Infants: 0.3e1.0 mg/d
- Older children and adults: 1e10 mg/d

Abbreviation: 25(OH)D ¼ 25-hydroxyvitamin D.
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6.3. Vitamin E

Vitamin E deficiency has severe clinical consequences including
hemolytic anemia, neuromuscular, retinal and cognitive disorders.
Adequate dosing is vital for lung health and antioxidant status
[126,127].

6.4. Vitamin K

Vitamin K deficiency has effects on clotting and bone health.
There are no clinical biochemical indicators of vitamin K status.
Special attention should be given to neonates and pwCF with cystic
fibrosis associated liver disease (CFLD) [126,127].

7. Pancreatic sufficiency

Recommendation 28
In PS patients, fat-soluble vitamins should be supplemented

as per PI recommendations with individualisation as indicated.
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 29
In PS patients, pancreatic function should be ideally assessed

annually by fecal pancreatic elastase-1 determination, with the
test repeated when inadequate growth and/or nutritional status
occur(s).

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 30
Additional care of weight tracking in PS patients for

increasing BMI over the target should be undertaken due to the
association of PS to risk of over nutrition.

Grade of recommendation B - Strong consensus 100 %
agreement

Recommendation 31
As patients with PS compared to patients with PI may

experience similar health consequences and obesity-related
diseases as those observed in the general population,
Serum reference values and monitoring frequency

Normal reference range provided by the laboratory
processing the sample

Monitor annually and 3e6 months after a dosage change.
Also test when pregnancy is considered.

sun exposure: Serum-25 (OH) D minimum 20 ng/mL (50 nmol/L)

n 1e10 years, and

asured at the end

Monitor annually, and check 3e6 months after a dosage
change

Plasma a-tocopherol:cholesterol ratio >5.4 mg/g
Monitor annually, and check 3e6 months after a dosage
change

Routine biochemical measurement not widely available
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screening for standard cardiovascular risk factors (e.g. dyslipi-
daemia) should be performed.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

PS occurs in approximately 15 % of pwCF. Some who are initially
PS at birth may later become PI due to the progressive nature of the
condition, associations with class I-III mutations and also through
an association with recurrent episodes of pancreatitis [131].

In the new era of CFTR-modulators (CFTRm) the opposite is now
also a possibility with historically PI pediatric patients having re-
ports of improvement or even full recovery of pancreatic function
[132e135]. As the possible flow of pancreatic status is now multi-
directional, assessment and monitoring of pancreatic status is
increasingly important. Fecal pancreatic elastase-1 remains the
standard and should be repeated annually in PS patients or if
concerns arise relating to growth, nutritional status or symptoms
[8,136,137].

Evidence supporting routine supplementation for fat-soluble
vitamins in PS patients remains very limited. Previous guide-
lines have supported the notion that PS patients remain at risk for
fat-soluble vitamin deficiencies [8]. As such, fat-soluble vitamin
status assessed with a multimodal approach including dietary
intake and plasma levels may occur annually as it would with PI
patients [8,126,138,139]. Deficiency and risk of deficiency of
vitamin D is reported to be similar in both PI and PS groups
[136,140]. A study in pediatrics however suggests lower rates of
fat-soluble vitamin deficiency in PS children compared to PI [126].
Data in patients with PS is still emerging and it is too early to draw
conclusions.

Emerging and novel data suggest the relationship between
nutritional status and lung function in CF differs significantly by
pancreatic status [141]. Data suggest patients with PS may have
higher FEV1% [79], are less likely to experience severe lung disease
[142] and have a slower rate of FEV1 decline [141,143] which does
not appear to differ by BMI [141] compared to PI patients.

Furthermore, there may be a smaller positive effect of BMI on
FEV1 among PS and the negative impact of this on FEV1 may be
more pronounced than PI [141]. Registry data suggest an alarming
rise in overweight and obese pwCF [50] and PS patients may have a
lower prevalence of underweight status [141] and higher preva-
lence/incidence of overweight status [50,55,57,79]. Therefore,
additional care of weight tracking in PS patients for increasing BMI
over the target should be undertaken.

There are few studies related to the impact of overweight and
obesity on clinical outcomes in pwCF suggesting similar health
consequences and obesity-related diseases as those observed in
the general population [144]. However, limited data exist in
terms of the role of pancreatic status. A study assessing the as-
sociation of pre-diabetic and pancreatic status on pulmonary and
nutritional status in adults with CF, concluded that normogly-
cemic PS pwCF had significant higher levels of BMI compared to
PI patients who maintained normoglycemia or had diabetes
[145].

While PI is more strongly associated with inflammation, PS
might promote a proatherogenic lipid profile. A cross-sectional
study assessing the metabolic profile of children with CF based
on their pancreatic status concluded that children with PS had
worse lipid profile (i.e., higher levels of total cholesterol, low-
density, and high-density lipoprotein cholesterol) and higher per-
centages of abnormal lipids compared with patients with PI [79].
Researchers showed that the intake of saturated fatty acids was
above the recommended level for the general population (15.8 %,
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>10 %) and that could contribute to the development of cardio-
vascular disease later in life in pwCF. In another cross-sectional
study [146] that obtained an extended set of clinical and
atherosclerosis-related laboratory parameters in pwCF, PS patients
were found to have increased intimaemedia complex thickness
compared to PI which underscored the need of reassessment of
dietary guidance in PS CF [146].

8. Nutrition and pulmonary function

Recommendation 32
In pwCF, a normal BMI and normal body composition (i. e. fat

mass and fat-free mass within normal range for age and sex)
should be achieved and maintained, in order to improve lung
function and longer survival.

Grade of recommendation B - Strong consensus 92 % agree-
ment

Commentary

In children with CF, regaining birth weight z-score by age two
years and maintaining BMI and height z-score throughout child-
hood was associated with the highest FEV1% predicted (pred.) later
in life compared to those who did not in studies referencing CDC
growth charts. Childrenwhomaintained aweight, length,WFL, and
BMI >50th percentile from infancy and early childhood had better
FEV1% pred. values, although there was no added improvement for
those who maintained growth parameters >85th percentile
compared with >50th percentile. Normal growth parameters dur-
ing childhood were associated with increased FEV1% pred. in long-
term follow-up studies (4e16 years) [139].

In adults with CF, data were mixed, but one large retrospective
cohort study suggested that BMI �25 kg/m2 is associated with
decreased decline in FEV1% pred. and BMI <18.5 kg/m2 is associated
with increased decline in FEV1% pred. after a follow-up of up to 13
years. Baseline FEV1% pred. was also associated with change in BMI
over time [49]. It is likely that the relationship between weight
parameters and lung function is bidirectional [139].

BMI has a significant and clinically relevant effect on FEV1%
pred. after adjusting for age. Patients with a lower BMI experience a
six-fold increased odds ratio (95 % CI 5.0e7.3) of having severe lung
disease (FEV1 <40 % pred.) compared to patients with normal BMI
[142].

Weight percentile below 10 % during the first two years of life is
a significant risk factor for lower FEV1 at age six to seven years.
Interventions that improve nutrition in early life may lead to im-
provements in later lung function [74,147].

Measures to improve nutrient intake (diet high in energy and
fat) and digestion (PERT) are essential for patient care and have
contributed to observed increases in pulmonary function and
lifespan.

The appropriate nutritional intervention to pediatric pwCF with
malnutrition decreases the frequency of lung infections, and im-
proves respiratory function [72].

PwCF who are overweight/obese or experience significant
weight gain over time, have better pulmonary function, but also
present adverse cardiometabolic risk factors [54]. Pancreatic status
also seems to play a role in pulmonary function, as presence of PS in
pwCF compared to PI is associated with higher FEV1 levels, better
pulmonary function [79], less severe lung disease [142] and slower
rate of FEV1 decline [141,143] which does not appear to differ by
BMI [141].

Early weight-for-age, specifically at one year of age, and weight-
for-age trajectories across early childhood are associated with the
later course of lung function [148].
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Recommendation 33
Pulmonary function may be performed at least every three

months and is assessed as FEV1 in % predicted; normal ranges of
weight-for-age/length-for age in children below the age of two
years or optimal BMI in older children and adults correlate with
better FEV1.

Grade of recommendation 0 - Strong consensus 100 %
agreement

Commentary

For children and adults with nutritional deficits, the CF Foun-
dation has insufficient evidence to make a recommendation about
the relationship between improved rate of weight gain following
nutritional interventions and improved FEV1 [149].

Undernutrition is associated with lower pulmonary function
and increased early mortality. There is a clear association between
higher BMI and better pulmonary function as assessed by FEV1
[150].

Nutritional intervention for weight gain and growth improve-
ment is expected to improve FEV1 in individuals who are under-
weight or small-for age [151,152].

9. Feeding infants, toddlers, and children

9.1. Feeding infants

Recommendation 34
Regardless of pancreatic status, infants with CF should be

exclusively breast fed until the appropriate introduction of
complementary foods and then alongside complimentary foods
up to two years.

Grade of recommendation B - Strong consensus 100 %
agreement

Recommendation 35
Promotion of breastfeeding may include lactation support as

soon as possible in hospital or community settings.
Grade of recommendation 0 - Strong consensus 100 %

agreement

Recommendation 36
In infants diagnosed with CF, we recommend providing

breast milk fortification or appropriate formula supplemen-
tation as necessary for the first year of life with the aim to
regain birth weight z-score and achieve normal growth for
age.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 37
Complementary foods should be introduced at the same age

as recommended for the general population.
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 38
Good eating behaviors, positive food relationships and

nutritional counselling for families should be part of a multi-
disciplinary team care.

Grade of recommendation GPP - Strong consensus 100 %
agreement
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Commentary

Newborn screening for CF is nowwidely implemented in Europe
and worldwide to facilitate early diagnosis of infants with CF who
are for the majority asymptomatic [153,154]. Newborn screening
has been consistently associated with improvement in nutritional
status [71,78,155,156]. Monitoring at specialized centers according
to the Standards of Care [47] with preventative nutritional
approach and appropriate timely intervention strongly reduces the
risk of malnutrition [8].

Dietitians specializing in CF care are invaluable resources sup-
porting infant care and feeding in the first few months of life [157].
Growth measured and assessed by a dietitian will help to identify
any feeding challenges early on and provide nutritional guidance
(exclusive breast feeding or formula fortification) as needed.

Currently, there is still a lack of high-quality evidence (i.e., RCT)
to support recommendations for infants newly diagnosed with CF.
Two prospective observational studies failed to find an association
between modalities of feeding (breastmilk, formula feeding or
combined) and anthropometric outcomes at one year [155] and
two years of age [71]. Even if breast feeding was associated with
more constipation in infancy [158], the authors continue to advo-
cate for breast milk in all infants with CF.

Modalities of feeding were not associated with an increased risk
of gastrointestinal [159] or respiratory related hospitalization in the
first three years of life [160].

A small study suggests that any breast milk exposure compared
to exclusively formula feeding increased microbiome diversity in
the gut and the respiratory tract and delay the time to first pul-
monary exacerbation [161]. Breast milk may provide some pro-
tection against P. aeruginosa with a trend toward delayed time to
first P. aeruginosa acquisition in two studies [71,161].

In a review on breast feeding in infants with CF [162], of nine
controlled studies which were mainly retrospective, the data was
controversial, but the author's conclusion was that breast feeding
can be considered as standard for infants with CF.

Nutritional guidelines across Europe [8], the US [139] and
Australia and New Zealand [136] recommend providing breast milk
for as long as possible.

Promotion of breastfeeding should include lactation support as
soon as possible in hospital or community settings [139] as it im-
proves the duration of breast feeding [163].

An increasing number of studies performed in the general
population reported many health benefits of breast milk on im-
munity, neurocognitive development and long-term protection
against chronic diseases that may also be beneficial in the pwCF
[164] whose survival has improved significantly [165]. When breast
feeding is not possible, a standard infant formula is recommended
[8,136]. Evidence-based recommendations remain limited on the
assessment, monitoring and supplementation of sodium; however,
the period of infancy is recognized to be of particular importance
[166]. Additional care should be taken with those who are breast
fed, have ostomies or have acute vomiting or diarrhea [136,166].

Energy intake should be increased only as necessary for the first
year of life by providing breast milk fortification or formula sup-
plementation with the aim to regain birth weight z-score and
achieve normal growth for age [8,71,75,139,155]. The critical
importance of achieving optimal nutritional status in infancy due to
its likely influence on later CF health continues to be re enforced
[148].

Complementary foods, defined as solids and liquids other than
breast milk of infant formula [167] should be introduced at the
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same age as recommended for the general population. Specifically,
they should not be introduced before four months but should not
be delayed beyond six months with advancement of textures by
nine months. Methods of weaning [168e170] and their impact on
outcomes (i.e. food preferences, growth) have not been studied in
children with CF.

Good eating behaviors, positive food relationship and nutri-
tional counselling for families should be part of multidisciplinary
education and care [8].

9.2. Feeding infants with meconium ileus (MI)

Recommendation 39
Patients who present with MI should be considered at high

nutritional risk in respect to short and long-term outcomes.
They should be supported by a wider CF multidisciplinary team
including specialists in pediatric surgery, neonatology, gastro-
enterology and dietetics.

Grade of recommendation B - Strong consensus 100 %
agreement

Recommendation 40
Infants with MI requiring surgical intervention (approx.

70 %) should initially be supported by parenteral nutrition (PN)
to support their growth (GPP). Formulation choice of total PN
may favor a lipid anti-inflammatory profile including medium-
chain triglycerides (MCT) and fish oil to minimize the risk of
cholestasis (0).

Grade of recommendation GPP/0 - Strong consensus 100 %
agreement

Recommendation 41
As soon as deemed appropriate following resolution of oc-

clusion of MI, EN should be started and advanced readily as
tolerated. The choice of feeding forMImay be diverse (including
breast milk, standard formula or specialized formula (e.g.
amino acid, protein hydrolysate and MCT)) according to clinical
practice. Regardless of feed choice and even in presence of en-
terostomies an appropriate pancreatic enzyme dose should be
provided.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

Infants with CF presenting with MI should be considered at
higher nutritional risk for short and long-term outcomes compared
to non-MI cases with CF [16,75,155,171]. It has been shown that
early growth recovery and longer adequate growth are critical for
pulmonary outcomes later in life [75,171].

Increased awareness and vigilance of CF health care providers
should be supported by the multidisciplinary team in charge of CF
and specialists in pediatric surgery, neonatology, gastroenterology
and diet [171,172].

Infants with MI requiring surgical intervention (approximately
70 %) should initially be supported by total PN [172,173]. Formu-
lating the choice of total PN should favor a lipid anti-inflammatory
profile includingMCTand fish oil tominimize the risk of cholestasis
[172,174]. As soon as possible after resolution of occlusion the
gastrointestinal tract should be used for EN and advanced readily as
tolerated [172]. The choice of EN can be diverse including breast
milk, specialized formula (i.e., amino acids, protein hydrolysate and
MCT) [172] according to clinical practice. As the infant continues to
recover and gastrointestinal tolerance improves, breast milk or
standard formula can be introduced. Breast milk may be protective
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on both infant growth and P. aeruginosa (PA) colonization in one
retrospective study [173].

Long et al. [175] showed that time to full EN is shorter in cases
with successful non-operative management compared to those
who required surgery. Of note, regardless of feed choice and even
in presence of enterostomies, an appropriate pancreatic enzyme
dose should be provided, as well as sodium and volume sup-
plementation which should be adapted to the daily ileostomy
output.

9.3. Feeding toddlers

As toddlers are introduced to table foods, it is important that the
diet must be balanced. and diverse, with moderately increased fat
and protein content. Parents need to be in control and the child
should limit “grazing”. Mealtime should not turn into a battle-
ground and the CF dietician and the psychologist should help
promote positive interactions and behaviors around meals. This is
important to build the foundations to lifelong positive attitudes to
foods [176].

9.4. Feeding children

School age is the stage at which the child should be encouraged
to obtain a basic knowledge of the physiological processes, leading
to taking increasing responsibility for nutritional and pancreatic
enzyme management [177].

10. Nutrition in adults

Recommendation 42
In women with CF who plan to get pregnant and during

pregnancy, a nutritional assessment and an individual approach
to achieve an acceptable BMI and appropriate weight gain, as
well as supplements with adequate amounts of vitamins and
micronutrients should be performed. Nutritional assessment
should be performed more frequently in pregnancy.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 43
In the aging CF population, an appropriate nutritional

intervention, adequate hydration and physical activity should
be advised to improve FFM or prevent its loss.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

With the evolution of the disease and the increase in life
expectancy in the CF population an increasing rate of compli-
cations has been observed. With introduction of highly potent
CFTR-modulators an increase in overweight or obesity, including
enhanced cardiometabolic risk factors are reported. Further-
more, CFRD, osteopenia and osteoporosis, malignancies, as well
as kidney disease, are frequent in adult pwCF [8,31,54,153,
178e180].

We recommend to make a distinction between pwCF who are PI
and PS with regard to nutritional therapy. Adults with PI and
impaired pulmonary function are at increased risk for undernu-
trition. PS adults with milder pulmonary symptoms are at risk for
over nutrition [54,180]. However, overweight and obese CF adults
with PI are also reported [54,181]. The differences in nutritional
status require an individualized nutritional therapy. Some in-
dividuals prefer to be overweight as they associate losing weight
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with a worsening clinical status [181]. If adults are diagnosed with
co-morbidities, we recommend to refer them for a complete
nutritional assessment and to adjust nutritional therapy to improve
the nutritional status. In overweight pwCF, an improvement in
weight can be associated with an improvement in pulmonary
function but also with an increase in insulin resistance and elevated
triglycerides [31,54]. Due to the evolution of the disease, pulmonary
function in adults with CF can worsen, which is associated with a
further deteriorating nutritional status [178,182]. Adults can also be
referred for transplantation (see chapter 18). This argues for more
intensive follow-up and measurement of body composition.

Adults with CF can have higher caloric needs compared to
healthy controls and the level of increased nutrient intake is related
to the clinical status [8,18,31,54,179]. Increase in body weight is
suggested to be related to an improvement in body composition.
However, adults with CF with a high FM and low FFM appear to
have a worse pulmonary function compared to those with a better
FFM. This imbalance in body composition can also increase meta-
bolic complications [8,18,31]. Presently, we cannot give evidence-
based recommendations for daily macronutrient intake and the
balance between fats, carbohydrates and proteins. Therefore, we
recommend to use the national recommendation concerning bal-
ance for macronutrient intake, to adjust the macronutrients ac-
cording to the requirements of the individual and to assure
adequate intake of pancreatic enzymes. In patients with good ab-
sorption, it is fair to limit intake of saturated fatty acids and trans-
fatty acids [8,183,184]. Further studies are required.

10.1. Pregnancy

As a consequence of improvements in therapy and care, life
expectancy increases and adult women with CF can make the
choice to have families. Pregnancy and breast feeding increase
nutritional demands for the mother. Accordingly, a thorough pre-
conceptional nutritional assessment is warranted, as far as
possible. We recommend increasing the frequency of monitoring
in patients planning a pregnancy and in pregnant pwCF
[8,185,186]. A low pre-pregnancy BMI is associated with a lower
birth weight [187]. It is recommended to have a BMI of �22 kg/m2

before the pregnancy. If this is not achieved, guidelines on the rate
of weight gain during pregnancy have been published [185]. For
instance, women with a pre-pregnancy BMI <18.5 kg/m2 a weight
gain during pregnancy of 12.5e18.0 kg is recommended. To reach
this goal nutritional interventions can be intensified starting from
dietary modification to adding oral nutrition supplements to
initiate tube feeding or considering PN [8,185]. When starting tube
feeding an increased risk for gastroesophageal reflux should be
considered [186]. Digestion should be optimized as much as
possible by adapting pancreatic enzyme intake according to
nutrient intake. Dosing of vitamin A � 10000 IU/d is not recom-
mended due to the association with increased risk for miscarriage
and congenital birth defects, and vitamin levels in serum should
be controlled, accordingly. A review of food intake is warranted so
that foods with a high content of retinol can be identified
[8,185,186]. As in the non-CF population supplementation of other
vitamins and minerals should be considered if there is a possi-
bility for deficiency or in the prevention of fetal complications. It is
recommended to start prenatal folic acid at a dosage of 400 mg [8].
As in the non-CF population pregnant women with CF should be
screened for gestational diabetes. During pregnancy and breast
feeding it is important to have a sufficient fluid-intake. The thirst-
drive can be disturbed in pwCF [166]. Lactating mothers in general
require a mean supplement of 500 kcal/d [8,185]. When not
achieving the nutritional requirements a rapid decline in body
weight can occur [185].
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10.2. Aging

In the non-CF population aging is associated with alterations in
body composition [188]. This might also be expected in the CF pop-
ulation. This transition can be accelerated or more pronounced due
to the course of the disease [31,54,178]. We encourage to perform a
thorough nutritional assessment before the nutritional status de-
teriorates. In the absence of specific evidence on nutritional therapy
in elderly with CF, nutritional interventions in this cohort should be
based on guidelines specific for this age-group. Interventions can be
adapted according to specific CF related nutritional needs.

11. Cystic fibrosis nutritional supplements

Recommendation 44
Clinicians may consider the use of oral nutritional supple-

ments (ONS) for children and adults who fail to achieve optimal
growth rates and nutritional status with oral dietary intake and
PERT alone.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 45
Clinicians should regularly review and re-evaluate patients

who are taking ONS to determine the impact and consideration
of continued use.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 46
If optimization of oral feeding fails to maintain nutritional

status, EN can be considered to increase nutrient intake in pwCF.
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 47
The initiation of EN should be considered before periods of

accelerated growth.
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 48
We recommend clinicians should discuss use of EN in a

timely manner with the patient and family when patients do
not grow according to their genetic potential.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 49
The use of PNmay be reserved for exceptional cases when EN

is not possible or failed.
Grade of evidence 0 - Strong consensus 100 % agreement

Commentary

Requirements for energy and nutrients are not constant across
the life span of pwCF. During periods of rapid growth and devel-
opment, nutritional requirements increase. As a consequence,
several nutritional interventions can be used in CF to improve
growth and to achieve the desired BMI [8,189e191].

11.1. Oral nutritional supplements

ONS may be beneficial for patients whose nutritional status
remains poor despite dietary modifications, optimizing PERT and
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the absence of health-related factors or behavioral concerns that
could contribute to undernutrition [8].

A review of three randomized clinical trials (total of 131 pa-
tients) found ONS do not promote additional weight gain in
moderately malnourished children with CF compared to dietary
advice and monitoring alone. The use of ONS in adults with CF has
not been adequately studied [192]. One small cross-sectional study
reported despite a higher caloric intake compared to CF adults not
using ONS a worse pulmonary function and lower BMI [193].

Given the limited evidence, results of the Cochrane review
should be interpreted with caution and do not mean that these
supplements are not beneficial to all patients. In clinical practice,
short term use of individually prescribed supplements has been
shown to increase energy intake and weight in undernourished
patients [8].

Furthermore, supplements may also be used to improve the
status of specific nutrients such as EFA, minerals and vitamins
[193].

To ensure ONS provide additional nutrition and does not replace
meals, attention to quantity and timing of supplement intake is
important. The wide variety of forms and flavors now available
improves the likelihood of finding a product that appeals to per-
sonal preferences and minimizes taste fatigue often reported with
long-term supplement use [8].

11.2. Enteral nutrition

When a fortified diet and ONS fail to achieve adequate nutri-
tional status, EN is used in several CF centers. The number of pa-
tients on EN varieswidely between centers, aswell as the prescribed
formula [194e196]. Despite the widespread use of tube feeding for
pwCF, the efficacy of this feeding method on clinical outcomes has
not been assessed by randomized control trials [8]. Most evidence is
derived from observational studies [194e198]. Despite a deterio-
rating nutritional status and pulmonary function, the start of EN
varies [196,199]. A registry study found that up to six years before
the start of EN, patients had already a worse BMI and FEV1
compared to controls. BMI and FEV1 further declined towards the
starting point of EN [196]. Another small caseecontrol study found a
negative association between the age of starting EN and growth
velocity [197]. A decrease in further rapid decline or preservation of
pulmonary function is observed after starting EN [196e198,200].

The route, formula, and timing for EN are determined by the
patient's preference and clinical status. Enteral formula can vary
from polymeric, to elemental or hydrolyzed feeds [8,195,196]. EN is
started with the intention to improve nutritional status, however,
often results in preventing further decline [195,196,198]. There is
insufficient evidence to make a statement on the effect of tube
feeding on pulmonary function. We recommend to screen for ab-
normalities in the glucose metabolism when EN is started [196].

Gastrostomy feeding is usually preferred to nasogastric tubes for
long-term nutritional support. It is vital to thoroughly explain
feeding needs and choices to the patient in order to increase the
likelihood of success. Feeds are usually introduced gradually as
tolerated and administered as continuous infusions overnight,
bolus feeds (gravity or pump assisted) during the day, or a combi-
nation of both [201].

With nocturnal feeds, it is possible to encourage patients to eat a
high-energy diet during the day. Most patients tolerate a high en-
ergy polymeric feed (1.5e2 kcal/mL). If this is not well tolerated, an
elemental or semi-elemental feed may be beneficial [8,194,201].

EN requires pancreatic enzyme therapy; dose, strength and
route of administration varies [194]. Dose and strength of PERT
should be individualized based on symptoms of maldigestion
[8,201].
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11.3. Parenteral nutrition

PN is not routinely recommended as a method of nutritional
support for pwCF due to the benefits of EN, risk of complications,
difficulty of administration and high cost.

PN may be essential as short-term nutritional support following
intestinal resection in infants presenting with MI and children and
adults following major gastrointestinal surgery where EN is not
possible [202].

It may also be beneficial for severely compromised patients
awaiting transplantation [203].

12. Supplementation of trace elements

12.1. Calcium

Recommendation 50
Daily calcium intakes should achieve the recommendations

by the European Food Safety Authority for same age healthy
children and adults.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 51
Calcium intake should be assessed at least annually.
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 52
Individuals with suboptimal calcium intakes should increase

dietary intake of calcium-rich foods and should be advised to
take calcium supplements if dietary intake remains low.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

Calcium plays several key roles in bodily functions. The pre-
dominant attention of its role is its involvement in bone health as it
is well established that pwCF have a high prevalence of low bone
mineralization. Several factors influence calcium status and ab-
sorption including dietary intake, PERT usage, and vitamin D status.
With no simple biochemical indicator of calcium status, clinical
practice assessment will be dependent on a multimodal dietary
assessment.

Historical data suggested that pwCF are at increased risk of
negative calcium balance that may adversely affect bone health
[204]. This is despite evidence that dietary intake was generally
sufficient [205,206]. Since 2014 several pediatric publications have
reported dietary intakes compared to recommendations for healthy
populations. Reports have ranged from 78 % of children achieving
calcium requirements or exceeding [207] to 78 % who had a low
calcium intake [30,208]. In an Australian study 9.8 % of children
were not meeting calcium requirements [44]. Furthermore, this
study stratified by age and calcium intake was seen to significantly
reduce with increasing age groups. Importantly, 29.2 % of high
school CF children were shown not to meet their RDIs and given
that most bone mass is developed during adolescence this is a key
finding for clinical practice.

There is no new evidence of a specific additional requirement
for pwCF or that supplementation above the RDI confers any
additional benefit [136,209,210]. However, identification and
addressing suboptimal intake should be a priority. Calcium intake
should be assessed at least annually by a dietitian to ensure
maximize skeletal accretion and optimize bone health in CF.
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Current data supports the target of national or international
age-appropriate guidelines [136] and daily calcium intakes should
at least achieve the recommendations by the European Food Safety
Authority for same age healthy children and adults.

0e6 months: 200 mg; 7e11 months: 280 mg; 1e3 years:
450 mg; 4e10 years: 800 mg; 11e17 years: 1150 mg; 18e25 yearse
1000 mg; >25 years 950 mg

Individuals with suboptimal calcium intakes should increase
dietary intake of calcium-rich foods and should be advised to take
calcium supplements if dietary intake remains low. There is
insufficient data to conclude that routine supplementation with
calcium has any additional benefits on bone health.

12.2. Zinc

Recommendation 53
Zinc supplementation for pwCF who have proven zinc defi-

ciency or who are at risk of concerns of zinc insufficiency (e.g.
sub optimal growth, assessed low dietary intake, increased
susceptibility to infections, delayed sexual maturation, and
acrodermatitis) may be considered. Routine additional zinc
supplementation for pwCF may not confer any clinical benefit.

Grade of recommendation 0 - Strong consensus 100 %
agreement

Recommendation 54
Assessment of zinc status should include biochemical

markers (interpreted with caution) in combinationwith clinical
examination and assessment of dietary intake

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

Assessment of zinc status should be performed with caution.
The level of evidence to guide assessment of zinc status in pwCF in
clinical practice is insufficient [136] Plasma zinc levels may not be
reliable and may not reflect deficiency [138,211]. This biochemical
marker is recognized to be fragile and susceptible to awide range of
situations such as inflammation which may influence the result
[138]. In the absence of reliable markers and specific clinical
symptoms, marginal zinc deficiency can be implied with a positive
response in growth with zinc supplementation [136]. A study in
infants identified 32 % who had biochemical intermittent zinc
insufficiency [212], a study of both pediatric and adults patients
showed 41 % of cases were considered to be at elevated risk of zinc
deficiency [211] and an adult study showed 22 % found to have low
plasma zinc [213].

Characteristics that may increase risk of zinc deficiency include
vegetarians/vegan diets, high intake of phytates and fiber, lactation
and pregnancy, breast fed infants beyond six months and those
with ileostomies [136,214].

Dietary intake of zinc is important and increased focus is re-
flected in recent literature. A study from Australia [44] identified
2.4 % of pediatric pwCF not meeting the RDI although this was
lower than the control group (6.1 %). A European study from Greece
however reported dietary zinc intake was not met in 31 % boys and
20.5 % of girls [207].

An adult study reports lower lung function and an increased
prevalence of bone disease and impaired glycemic status in pwCF
who have sub-optimal zinc levels [213]. A systematic review
highlighted a single zinc supplementation study in pediatrics
that was associated with less exacerbations [215]. In a recent
Cochrane review, zinc supplementation in children probably
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made no difference to the number of pulmonary exacerbations
[216]. Zinc supplementation probably does not improve FEV1
[216]. The relationship of zinc to growth also remains inconclu-
sive [212,217].

The considerations of empiric supplementation in the presence
of normal biochemical markers have been proposed in certain cir-
cumstances. These include persistent sub optimal growth, assessed
low dietary intake, increased susceptibility to infections, delayed
sexual maturation, eye problems, and poor appetite. There is
insufficient evidence to support the routine supplementation of
zinc with regards both nutritional and respiratory outcomes
[136,217,218].

In clinical practice the treatment of proven or suspected zinc
deficiency supplementation can be considered as follows: Infants
1 mg/kg/d (max 15 mg/d) or children 15 mg/d and adults 25 mg/
d for a period of six months [136].
12.3. Selenium

Statement 6
There is insufficient data/evidence to conclude any benefit of

additional selenium on nutritional or respiratory outcomes.
Grade of recommendation 0

Commentary

Selenium is an essential micronutrient with a proposed role in
stimulating antioxidant action [219]. The most efficient way to
obtain it systemically is through awell-balanced diet [220]. Data on
the selenium content in diet and status in pwCF is very limited.
Studies and reports of dietary intake of micronutrients have
increased in recent years, however, these have not specifically re-
ported selenium.

Seleniumwas included in both an updated CF specific Cochrane
review [219] and CF specific systematic review [215] to assess
impact on clinical outcomes. Studies included however, were
limited to oral antioxidant combinations which included selenium
but not in isolation [221,222]. Evidence ranged from very low to
moderate quality and the Cochrane review concluded selenium
does not seem to improve clinical outcomes [219].

If required, treatment is generally effective and can be given
either orally (including dietary manipulation) or parenterally [220].
The benefit of antioxidants like selenium in pwCFwho receive CFTR
modulators therapies may need attention in the future.
12.4. Iron

Recommendation 55
Supplementation:
In cases of iron deficiency, underlying inflammation should

be resolved and supplementation with iron should only occur if
deficiency persists.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 56
In children, adolescent and adult patients, serum iron should

be monitored annually, differentiating between iron deficiency
anaemia and anaemia of chronic inflammation; if iron defi-
ciency is suspected the frequency of monitoring should be
increased.

Grade of recommendation GPP - Strong consensus 100 %
agreement
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Commentary

Iron deficiency is common in pwCF, with wide prevalence rates
reported across different age ranges and disease severities. In
children with CF, iron deficiency and iron deficiency anemia has
been shown to be present in 17 % and 11 %, respectively [223]. In an
adult CF population, the prevalence of iron deficiency was 41.8 %
and iron deficiency anemia 33.3 %with iron deficiency rising to 58 %
in those with severe lung disease [224].

Many factors can contribute to iron deficiency including chronic
infection and inflammation, insufficient dietary iron intake and
chronic blood loss [224e226]. Malabsorption may play a role in
iron metabolism although some studies have demonstrated no
significant relationship between PI and iron deficiency
[223,224,227]. It is suggested that the risk of anemia is associated
with markers of severe CF disease including low BMI, diabetes,
bone disease and vitamin A deficiency [224]. However, iron defi-
ciency anemia also occurs in healthy children and adults with CF
[223,224].

Monitoring iron level in pwCF, can be challenging due to the
effects of inflammation. Therefore, where possible, aim to assess
iron status when patients are clinically stable [136]. Serum ferritin
is increased and transferrin saturation is often decreased by
inflammation, this can lead to an under or over-estimation of total
body iron store [224,228]. Serum soluble transferrin receptor is
not affected by acute phase response of pulmonary exacerbations
in CF [229] but it is not widely available [230]. In cases of iron
deficiency, underlying inflammation should be resolved and
supplementation with iron should only occur if deficiency
persists.

In pwCF, serum iron should be monitored annually, if low
further measures will be required to differentiating between
iron deficiency anemia and anemia of chronic inflammation.
Serum ferritin, total iron binding capacity, or transferrin satu-
ration can facilitate differentiation between anemia due to iron
deficiency versus anemia resulting from chronic inflammation
Table 6 [225,231]. When iron deficiency anemia and anemia of
chronic disease are both present, serum ferritin and total iron
binding capacity may be increased, decreased, or within the
normal range, due to offsetting influences of the two
conditions.
Table 6
Use an additional measure of iron deficiency to differentiate between forms of anemia.

Use normal reference rangeb for Iron deficiency anemia

Serum iron Below normal
Serum ferritin Below normal
Total iron binding capacity Above normal
Transferrin saturation, percent Below normal

a Use normal reference range provided by the Laboratory processing the sample.
b Ether below the normal reference range or within the normal reference range.

Table 7
Sodium supplementation.

Age Sodium supplementationa Detail

Breastfed infants 0e6 months 1e2 mmol per kg/d For infants at risk
water or fruit juic

For infants with special
considerations (see detail, right

Up to 4 mmol per kg/d Increase intake fo
due to vomiting,

Older children until adulthood Salty foods, sodium chloride
capsules/vials

Supplement in str
weather).

a To convert mol to mg of sodium, chloride, or sodium chloride, multiply mmol by
respectively.
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12.5. Sodium

Recommendation 57
In infants, children and adults with CF, specific levels of salt

supplementationmay be required depending on age and clinical
condition, physical activity and climate situation (see Table 7).

Grade of recommendation GPP - Strong consensus 100 %
agreement

Approximately ¼ teaspoon salt contains about 25 mmol or
575 mg of sodium.

Recommendation 58
The need for salt/sodium supplementation can be assessed by

measuring fractional excretion of sodium (FENa) and main-
taining a FENa level between 0.5 % and 1.5 %. For routine prac-
tice, a urinary sodium:creatinine ratio is easier to measure and
correlates with FENa.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

As a result of CFTR dysfunction, pwCF have two to four times
higher concentrations of sodium and chloride in their sweat
compared to healthy controls [232]. PwCF are therefore at
increased risk of electrolyte disturbances. The risks for sodium loss
is greater in hot environments, during respiratory infections and
where there are increased losses due to vomiting, diarrhea or raised
body temperatures [233]. The clinical consequence of sodium
deficiency includes faltering growth, which is particularly a prob-
lem in infants [233e235]. In infants and young children sodium
status is further influenced by increased required associated with
rapid growth and by the relatively low sodium content in breast
milk, infant formula and many initial weaning foods [8].

12.5.1. Monitoring
For all pwCF, sodium status needs to be monitored and

replacement varied according to individual needs. We suggest the
need for sodium supplementation can be assessed by measuring
FENa;maintaining a FENa level between 0.5 % and 1.5 %, however in
routine clinical practice it can be more difficult to do as it requires
Anemia of chronic inflammation Both forms of anemia

Below normal Below normal
Above normal Varies
Below or normala,b Varies
Below normal Below normal

of sodium deficiency give salt in small portions throughout the day, diluted in
e
r infants living in hot ambient temperatures; or for those with increased fluid loss
fever, diarrhea, or tachypnea; or infants with ostomies.
ess situations when excessive sweating is expected (i.e., fever, exercise/sports, hot

23, 35, or 58 (the molecular weights of sodium, chloride, and sodium chloride),
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paired blood and urine samples. For routine practice, a urinary
sodium: creatinine ratio is easier to measure and correlates with
FENa (corresponding range 17e52 mmol/L) [234], however as
muscle mass increases with age specific cut-offs for older patients
are required [236].

12.5.2. Infants
Guidelines for the management of infants with CF recommend

routine sodium supplementation for all infants with CF, to a
maximum of 4 mmol/kg body weight/d [237,238]. Sodium sup-
plementation should be assessed on an individual basis taking
into account sodium losses and climate [237,239]. For the majority
of infants, supplementation with 1e2 mmol/kg should correct
deficiency [237,239] although more may be needed [166]. For
infants, sodium supplements can be given as sodium chloride
solution and it can be added to infant formula, expressed breast
milk or infant juices and taken in small quantities throughout the
day [239].

12.5.3. Older children and adults
CF children, of all ages, have been shown to consume signifi-

cantly more sodium than controls [44]. There is very limited data
concerning dietary sodium intakes in adults with CF, with current
dietary practices seeming to provide adequate sodium for most
older children and adults. However, sodium requirements need to
be assessed on an individual basis taking into account dietary
intake, climate, clinical status, exercise and bodily losses. The need
for sodium supplementation can be assessed by measuring frac-
tional excretion. If supplementation is necessary, sodium chloride
capsules (or sodium chloride doses distributed in vials) can be
administered several times a day.

12.6. Glutathione

Statement 7
There are no data supporting the use of glutathione therapy

in pwCF.
Strong consensus 100 % agreement

Commentary

Oral glutathione supplementation did not impact growth or
change serum or fecal inflammatory markers in PI children with CF
when compared with placebo.

12.7. Essential fatty acids

Statement 8
Further studies are required before EFAcan be

recommended.
Strong consensus 91 % agreement

Commentary

Two fatty acids are known to be essential for humans: alpha
linolenic acid (an omega-3 fatty acid) and linoleic acid (an omega-
6 fatty acid). Some other fatty acids are classified as conditionally
essential, meaning that they become essential under some
developmental or disease conditions, i.e. docosahexaenoic acid
(an omega-3 fatty acid) and arachidonic acid (an omega-6 fatty
acid).

Altered fatty acid profiles have been reported in infants and
children with CF [240]. The mechanisms underlying these
abnormal fatty acid profiles remain incompletely understood. A
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connecting link between abnormal fatty acid levels and CFTR
membrane protein deficiency is not known [241]. In infants and
childrenwith CF, low EFA levels are not necessarily accompanied by
usual clinical signs, e.g., dermatitis and learning disabilities. How-
ever, low linoleic acid was reported to correlate with poor pulmo-
nary status and impaired growth in infants and children, while low
docosahexaenoic acid with high arachidonic acid (i.e., high arach-
idonic acid to docosahexaenoic acid ratio) was associated with
impaired BMD in both children and young adults with CF. Re-
searchers have advocated omega-3 fatty acids as part of the routine
treatment for CF [242].

However, because evidence is still not sufficient, we are not able
to make specific practice recommendations regarding dietary
supplementation of fatty acids for improved lung function or anti-
inflammatory effects in children or adults with CF. Well-designed
prospective studies are necessary to confirm and extend these
preliminary findings [240].

12.8. Appetite stimulants

Statement 9
We are not able to offer an evidence-based guideline on use

of appetite stimulants for pwCF.
Strong consensus 100 % agreement

Commentary

PwCF and their families are concerned about poor appetite.
Appetite stimulants have been used to help pwCF increase the
amounts they eat so they gain weight and improve overall health.
While appetite stimulants offer potential benefits, there are con-
cerns that they may have side effects [243,244].

The Cochrane review included four trials (70 participants)
comparing appetite stimulants (cyproheptadine hydrochloride
and megestrol acetate) to placebo [245]. At six months in
adults and children, appetite stimulants improved only two of
the outcomes of this review: weight (or weight z-score) and
subjectively reported appetite. Insufficient reporting of side
effects prevented a full determination of their impact. Whilst
the data may suggest the potential use of appetite stimulants in
treating anorexia in adults and children with CF, this is based
upon low-certainty evidence from a small number of trials,
therefore firm conclusions cannot be drawn. Clinicians need to
be aware of the potential adverse effects of appetite stimulants
and actively monitor any individuals prescribed these medica-
tions accordingly. Research is required to determine meaningful
surrogate measures for appetite and to define what constitutes
quality weight gain. As a result, we are not able to offer an
evidence-based guideline on use of appetite stimulants for
pwCF.

13. Bone disease

Osteopenia and osteoporosis are common among adolescents
and adults with CF [246,247], though one study suggests that
rates appear to be declining over ten years (2000e2012) [248].
In fact, one study using a new technique evaluating bone
infrastructure suggested that CF children and teenagers (in good
nutritional status) when compared to controls had only mildly
lower bone infrastructure [249]. Though declining rates of low
BMD have been reported in adults with CF [250], reduced BMD
with increased fracture risk remains of concern in this popula-
tion [47,251e254]. Low BMD can also occur in children
[255,256].



Table 9
Risk factors for poor bone health.

General Adults

Poor nutritional status (BMI z-score < -2) Smoking
Low pulmonary function (FEV1 z-score < -2) Alcohol
Frequent hospitalization Caffeine intake
Decreased muscle mass
Delayed puberty
Lack of weight-bearing exercise
Glucocorticoid treatment
Hypogonadism
Vitamin D deficiency
Low calcium intake
Vitamin K deficiency
Celiac disease
Liver Disease
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13.1. Prevention

Recommendation 59
PwCF may routinely engage in weight-bearing exercise (see

Table 8).
Grade of recommendation 0 - Strong consensus 100 %

agreement

Commentary

We suggest pwCF to routinely engage in weight-bearing exer-
cise [257], as physical activity is strongly correlated with increased
BMD [257,258] (see Table 8). Children and adolescents should be
encouraged to exercise (high impact weight bearing physical ac-
tivities) for 20 to 30 min three times a week in addition to their
usual activities. In one study, exercise supported overall well-being,
and improvement in physical health, though no positive association
in BMD was observed in this study in children [259]. Adults should
be encouraged to perform regular weight bearing and resistance
activities.
13.2. Assessment

Recommendation 60
An annual assessment of risk factors (see Table 9) should be

completed as well as obtaining fracture history in all pwCF.
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 61
An assessment of bone health can be completed by

measuring BMDwith DXA for all pwCF ≥ 8 years old and express
BMD as z-scores (using height adjusted Z-scores in children).

Grade of recommendation 0 - Strong consensus 100 %
agreement

Recommendation 62
A BMD assessment (using height adjusted z-scores in chil-

dren) should be done every one to five years, depending on the
age of the pwCF, the presence of risk factors and the value of the
previous scan:

� Annually if BMD was severely reduced: BMD z-score < -2 in
children, t-score < -2.5 in adults

� Every two years if BMD was moderately reduced: BMD z-
score between -1 and -2 in children, t-score between -1 and
-2.5 in adults

� Every five years if BMD was normal: BMD z-score > -1 SD in
children, t-score > -1 in adults

Grade of recommendation GPP - Strong consensus 100 %
agreement
Table 8
Exercise recommendations for people with CF for preserving bone health (adapted from

For young child/children/adolescent: at least 60 min of moderate-to-vigorous physic
For adults: resistance training
� Frequency: 2e3 times per week
� Intensity: at least 70 % of 1-repetition maximum
� Volume: 1e3 sets of 8e15 repetitions
� Type: a program that includes upper body, lower body, and trunk muscles is recom

performed before small or single-joint motions. Resistance can include body weight
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Recommendation 63
PwCF with diagnosed osteopenia or osteoporosis should be

screened for other underlying conditions that may be detri-
mental to bone health such as: celiac disease, primary and
secondary hyperparathyroidism, and endocrinopathies such
as delayed puberty, hypogonadism, and growth hormone
deficiency/resistance; other risk factors may be considered as
reported outside of CF and include organ transplantation,
major depression, frequent use of PPI, and chronic liver
disease.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

Multiple risk factors have been associated with poor bone
health in pwCF, both children and adults (see Table 9)
[246,248,258,260e264]. Low BMD has been associated with low
FFM in children and adults [26,30,251,265e267]. Glucocorticoid
treatment is a risk factor for decreased bone mass [251,268]. Past
history of MI is also a risk factor for low BMD [265]. The main
indicators of nutritional risk are poor nutritional status; delayed
puberty; and deficiencies of vitamin D, calcium and vitamin K
[208,256,261,269].

We emphasize routine monitoring of bone health using DXA
for all pwCF �8 years, with a frequency depending on results
and clinical status (see Fig. 1) [251,256,260,265,270e273]. For
patients younger than 20 years of age whose height is more
than one standard deviation below age- and sex-matched
healthy controls, BMD z-score should be adjusted for height or
statural age to avoid over estimating deficits in BMD in people
with short stature [274,275]. If available, we recommend the use
of high-resolution peripheral quantitative computed tomogra-
phy (HR-pQCT) for assessment of bone quality and micro-
architecture associated with fracture risk [249,250,252,253,
276e278].
Swisher [257]).

al activity daily.

mended. Multi-joint motions using large muscle groups should be
, resistance bands, or weight equipment.



Fig. 1. Frequency of BMD assessment (Adapted from Atlas [260]).
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13.3. Treatment

Recommendation 64
PwCF with osteopenia or osteoporosis should have nutri-

tional intervention to achieve normal weight gain and growth
in children and an optimal body weight in adults, including
adequate intake of calcium-rich foods and a balanced fatty acid
diet. Provision of supplemental calcium, vitamin D, and vitamin
K may be necessary.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

We recommend treatment by provision of adequate calcium,
vitamin D, and vitamin K [269,273,279]. Interestingly, emerging
studies in the non-CF population suggest a window of improved
benefit of calcium supplementation. In a systemic reviewandmeta-
analysis by Liu et al., 2022 evidence suggests that supplemental
calcium can support bone health, in those <35 years, and specif-
ically in ages 20e35 and ‘that the improvement of bone at femoral
neck was more pronounced in the peri peak bone mass population
(20e35 years) than the pre peak bone mass population (<20 years)
[280]. Supplemental treatments for calcium and vitamins D and K
have been discussed previously in the individual sections.

13.4. Anti-osteoporotic agents

Recommendation 65
Clinicians should carefully weigh benefits (improved BMD)

versus risks (bone pain, associated malaise) when making de-
cisions about use of bisphosphonates in pwCF for prevention or
treatment of low bone mineral density. In children with low
432
BMD, bisphosphonates can support improvement in BMD z-
scores and may be a consideration to support BMD health in
later years.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

While we do not make absolute recommendations of
bisphosphonate treatment for pwCF with or at risk of low BMD,
we recognize that some patients will benefit. An endocrinology
consultation could be useful in the decision making. In children,
oral bisphosphonates did not confirm a benefit for fracture risk,
but did improve lumbar spine BMD, with no adverse events
related to muscle pain or gastrointestinal symptoms in a 12-
month study [281]. Longer term studies in children are
required (considering preventative possibility) to assess outcome
measures on bone health later in life, when lower BMD may be
more prevalent. In adults, several intervention studies with both
IV and oral bisphosphonates supported improved BMD with
some studies also reported some and others no change in frac-
ture risk, after 12e24 months of treatment. In lung transplant
patients, bisphosphonates have been shown to improve BMD
after 12e24 months of treatment, with one study showing some
improvement while another no change in fracture risk [281,282].
Assessment of bone health before and after transplant would be
suggested in this more vulnerable population, given the potential
impact on bone health by required medications post-transplant.
Bone pain has been reported with use of IV bisphosphonates,
and less often with oral bisphosphonates, and may affect toler-
ance of treatment and quality of life [281,283]. Newer therapies
to support bone health (monoclonal antibodies, anabolic one
therapies) require further investigation before they can be rec-
ommended [279].

Finally, low-dose estrogen supplementation in premenopausal
women with CF was associated with lower BMD although a caus-
ative effect of the intake of contraceptive pills cannot be ascer-
tained. One recent study did report an improvement in BMD in
adult women with CF < 21 years who were on low-dose estrogen
therapy, but no benefit after this age was found [284]. Future
studies are required on the benefit (if any) of low-dose estrogen
supplementation in CF, including the optimal formulation, route of
administration, timing and dose to accrue and preserve bone mass
in premenopausal women with CF [285].

14. Cystic fibrosis related diabetes

Recommendation 66
All pwCF should have annual screening for CFRD from the

age of ten years.
Grade of recommendation GPP - Strong consensus 100 %

agreement

Recommendation 67
In case of unexplained clinical decline or development of

liver disease before the age of 10, screening for abnormal
glucose tolerance should be performed.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 68
Patients with CFRD or abnormal glucose tolerance should be

assessed on an individual basis and given appropriate dietary
advice, education and medical treatment based upon clinical
and nutritional status.
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Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 69
Patients should be educated about the relationship between

carbohydrates and insulin. Information about the use of car-
bohydrate counting, glycemic index and glycemic load of meals
should be individualized.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 70
Patients with CFRD should regularly be seen by a specialized

teamwith expertise in diabetes and CF. Healthcare professionals
should support patients with CFRD or abnormal glucose toler-
ance to meet their nutritional requirements and optimise their
glycaemic control.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 71
PwCF with impaired glucose tolerance or CFRD should have

an annual diabetes review to screen for diabetes related
complications.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

CFRD is an established complication in CF in parallel with the
increasing life expectancy [286e289]. CFRD is linked to an
increased morbidity and mortality [287,290]. Research has shown
associations between CFRD or abnormalities in glucose metabolism
and a worse pulmonary function and nutritional status
[287,291e294]. Higher blood glucose levels promote bacterial
colonization in the lungs [295]. However, this negative association
is not always confirmed by other studies [145,296e298].

The pathogenesis of CFRD is complex and eventually the end
stage of progressive damage of the b-cells [299]. Other factors such
as insulin resistance, genetic propensity for diabetes type 2, PI and
CFTR-defect play a role in the pathogenesis [290,299e301]. Some
suggest also glucose abnormalities in PS patients [302]. Before the
diagnosis of diabetes several stages of abnormal glucose tolerance
are present [303]. A few studies have already shown aworsening of
the clinical status before the actual diagnosis of diabetes [287,304].
This resulted in recommending screening for glucose abnormalities
in CF by the use of an oral glucose tolerance test (OGTT). Other
methods, such as HbA1c and continuous glucose monitoring, have
been studied as an alternative for an OGTT [305e311]. Patients
report abnormal continuous glucose monitoring profiles despite a
normal OGTT on 2-h. Therefore, it is suggested to measure glucose
peak at 1 h during an OGTT. Indeterminate glycemia is associated to
a worse pulmonary function and nutritional status [291,292,
294,312]. An OGTT is often reported as cumbersome for patient and
staff [313]. However, screening for glucose abnormalities is of
relevance for patients’ outcome [314]. Therefore, we can suggest
that different screening methods can be used in parallel. For
instance, after an OGTT a continuous glucose monitoring can be
used to screen for glucose abnormalities in real life.

Several possible risk factors are discussed in the literature
[286,290,293,297,303,312,315e317]. It is suggested that height is a
more sensitive nutritional parameter than the use of BMI in pre-
dicting the presence of abnormal glucose tolerance [297].
Measuring body composition can also be more sensitive compared
to BMI as there is a link between insulin secretion and FFM [318].
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Nutritional status between five to ten years can be predictive for
CFRD in adolescence [293].

Due to the different stages of abnormal glucose tolerance several
therapies are suggested [319e323]. Based on the current evidence,
insulin may not always be the preferred therapy [322] to manage
the different stages of glucose abnormalities seen in pwCF and
consideration should be given to dietary modification and other
available anti-diabetic agents. However, in the presence of clearly
insufficient insulin secretion, insulin is the recommended therapy.

Medical nutrition therapy is one of the corner stones in the
management of diabetes. To reduce postprandial glucose excursion
and glucose exposure, counting carbohydrates is advised. In CF, the
methodology of fixed insulin doses versus flexible insulin doses is
inconclusive. The awareness of carbohydrates in the food, is of
importance. The used method can differ from center to center
[324,325]. There is no evidence concerning the balance between
different macronutrients [326]. We suggest to advise a well-
balanced diet according to the nutritional needs of the patient
with a low glycemic load and glycemic index meals to reduce
glucose fluctuations [327].

As part of the nutritional management therapy, we suggest that
attention is paid to the intake of pancreatic enzymes replacement
therapy. An optimal digestion of macronutrients can play a role in
the incretin hormone response and thus postprandial glycemia
[113]. Insulin therapy and nutritional therapy differs between CFRD
and diabetes type 1. Patients with CFRD have a higher carbohydrate
intake and lower insulin need compared to patients with diabetes
type 1. Both groups are more aware of carbohydrates in foods and
can show avoiding behavior [328].

Physical activity is the second corner-stone of the diabetes
management. We suggest to increase physical activity to improve
insulin sensitivity. This can improve glycemic control and reduce
the amount of required insulin [329]. PwCF with an abnormal
glucose tolerance have an increased risk for hypoglycemia. This risk
is not only increased when on insulin therapy. A reactive hypo-
glycemia is also reported after OGTT and can occur on specific
moments. We suggest to discuss strategies to prevent or manage
hypoglycemia [330].

15. CF-associated liver disease

Recommendation 72
PwCF with cirrhosis and/or portal hypertension are at risk of

malnutrition and should receive a thorough nutritional
assessment every six months by a dietician experienced in CF in
order to identify and/or prevent specific nutritional deficiencies
and plan appropriate personalized interventions.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 73
Enteral nasogastric feeding should be considered in pwCF

with established malnutrition and in those with anorexia to
ensure adequate caloric intakewhen awaiting a liver transplant.
MCT supplementation may result in better intestinal
absorption.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Recommendation 74
Percutaneous endoscopic gastrostomy insertion should be

avoided in patients with oesophageal varices and/or portal
gastropathy for the risk of gastric hemorrhage.

Grade of recommendation GPP - Strong consensus 100 %
agreement
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Recommendation 75
The use of potentially hepatotoxic drugs should be avoided/

limited in pwCF with advanced liver disease, including CFTR
modulators. In addition, all pwCF should be screened for alcohol
use (followed by educational intervention), and referred for
treatment in cases of excessive use particularly for those with
liver dysfunction of any severity.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

Optimal nutrition is crucial for pwCF with cirrhosis and/or
portal hypertension, which should be considered highly catabolic
conditions. The pathogenesis of malnutrition is multifactorial in
these patients with potential of multiple nutritional deficiencies.
Fat malabsorption in cirrhotic patients may be aggravated by
cholestasis, in addition to underlying PI that should be corrected by
adequate doses of pancreatic enzymes to allow optimal absorption
of long-chain fatty acids and EFA. Regardless of the presence of
cholestasis, fat-soluble vitamins need to be monitored, replaced,
and supplemented at large doses as needed [331].

Accordingly, pwCF and advanced liver disease should receive a
comprehensive nutritional assessment every six months by a die-
tician experienced in CF in order to identify and/or prevent specific
nutritional deficiencies and plan appropriate personalized
interventions.

Increasing energy intakemay be required (up to 150 % estimated
average requirement), by increasing the proportion of fat (40e50 %
of the energy intake), with special attention to PUFA and supple-
mentationwith MCT. The optimal proportion of total lipids as MCTs
for nutritional management is estimated between 30 and 50 %.
Much higher MCT content in the diet (i.e. >80 %) without adequate
supplementation of PUFA should be avoided, since this may lead to
a deficiency in EFA. Although MCT (C-8 to C-12 fatty acids) have a
lower energy content (about 16 % lower than long-chain tri-
glycerides (LCT)), they are used as a lipid supplement (MCT-
enriched formula) as their shorter chains allow their passive
spreading through the gastrointestinal tract bound to albumin and
their direct absorption into the portal circulation. In fact, unlike
LCTs, MCTs do not require micellar solubilization and re-
esterification, because they completely bypass the lymphatic sys-
tem, with approximately 95 % bioavailability, even in cases with
severe cholestasis. Unless the levels of MCT exceed the metabolic
capacity of the liver, they undergo liver metabolism, with energy
release. However, MCTs may reduce appetite, probably due to
interactionwith the peptides YYand cholecystokinin, with possible
interference with the metabolism of adipose tissue [332].

Protein intake should be adequate in relation to age and limited
only in cases of liver failure to avoid encephalopathy. In case of
severe liver disease, limitation of salt supplementation is also rec-
ommended to reduce its possible effects on ascites.

Enteral nasogastric feeding should be considered in pwCF with
established malnutrition and in those with anorexia to ensure
adequate caloric intake when awaiting a liver transplant. MCT
supplementation may result in better intestinal absorption.

Rarely, PNmay be necessary in cases of severemalnutrition, oral
aversion, or anorexia secondary to organomegaly.

As insulin deficiency and diabetes is common in pwCF, supple-
mental EN via nasogastric or gastrostomy tube feeding may favor
the uptake of calories from fat rather than from carbohydrates.

The decision to use gastrostomy or nasogastric feeds, usually
given overnight, should not be delayed once it is seriously pro-
posed, because clinical experience has indicated that patients who
benefit most are those whose nutritional deficits are relatively
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mild, while the results are usually disappointing when wasting is
advanced. The technique of choice is percutaneous endoscopic
gastrostomy (PEG), and overnight feeding up to a maximum vol-
ume of 1000 mL in adults is generally well tolerated. The aim is to
provide about 50 % of the daily calorie requirements [123].

However, PEG insertion is rarely performed in patients with
esophageal varices and/or portal gastropathy for the risk of gastric
hemorrhage. PEG constitutes a de novo portosystemic shunt and
severe peristomal varices can develop. In addition to the potential
of causing severe and intractable bleeding, these could become a
major obstacle for future liver transplantation (LvT) [333]. Although
reports on this issue in current literature are scarce, the use of
abdominal ultrasound has been suggested to provide an adjuvant
tool for percutaneous endoscopic gastrostomy insertion [334].

Finally, the issue of avoiding or at least limiting the use of
potentially hepatotoxic drugs or substances in pwCF with advanced
liver disease (including CFTR modulators) should include also
screening for alcohol use in all pwCF.

Although the specific risks related to alcohol consumption on
the liver of pwCF are poorly defined, a recent survey on alcohol
consumption patterns in 952 pwCF in the US gave alarming results
[335]. Of the respondents, 77 % (n ¼ 729) of included pwCF
currently consumed alcohol, and excessive alcohol use occurred at
amuch higher proportion of 54 % (n¼ 391), compared to 31 % in the
general population. Of the pwCF excessively consuming alcohol
30 % reported to have experienced symptoms of harmful alcohol
use. Remarkably, a substantial percentage of pwCF who met the
criteria for excessive alcohol use also had medical co-morbidities,
including diabetes (32 %) and CFLD (10 %) despite the well-known
alcohol hepatotoxicity.

Consequently, screening for alcohol use and for its excessive use
is recommended in thewhole CF population. In addition, there is an
essential need for educational interventions, and referral for
treatment in cases of excessive use, particularly for those pwCF
with liver dysfunction of any severity.

16. Probiotics

Statement 10
There is no evidence to support the long-term use (i.e., four

to six months) of probiotics to improve FEV1% or anthropo-
metrics in pwCF

Strong consensus 100 % agreement

Statement 11
There is no evidence to support the chronic use of synbiotics

to improve QoL, FEV1% and anthropometrics in pwCF.
Strong consensus 100 % agreement

Recommendation 76
Probiotics may not be used to improve FEV1 or nutritional

status.
Grade of recommendation 0 - Strong consensus 100 %

agreement

Commentary

CF is associated with an early state of chronic dysbiosis which
might accentuate gastrointestinal problems observed in pwCF
[336,337]. Many treatments such as recurrent or chronic antibiotics
use and the high-fat high-energy poor-quality diet further accen-
tuate the dysbiosis [338]. Patients often take probiotics/synbiotics
on their own account [339,340] without a medical advice.

Since the previous published guidelines [8], the seven studies
[341e347] looking at clinical improvements from the use of
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probiotics or symbiotic on respiratory or nutritional outcomes in
pwCF were not able to confirm previously reported trends. No ef-
fects of probiotics/synbiotics were observed on nutritional status
[342e344,347] and pulmonary function [341,342,344,347] as well
as on quality of life [346]. The results on gastrointestinal com-
plaints/health were conflicting but none of the studies [342,347]
used the recently developed CFAbd-score to capture more specif-
ically the gastrointestinal problems encountered in CF [348]. There
was no impact on days of antibiotic treatment or hospitalizations
from the use of probiotics [341,347] as well as in pulmonary exac-
erbations. Although the Di Nardo study [341] showed an
improvement in pulmonary exacerbations between the interven-
tion and the placebo group, the two groups did not differ statisti-
cally in the mean number and duration of hospitalizations per
pulmonary exacerbation at the end of the study. Two studies
[341,347] did not demonstrate a significant change in fecal cal-
protectin levels after the use of probiotics compared to the placebo
groups in two studies, in contrast of the studies of Bruzzeze et al.
and Del Campo et al. [342,345]. The study of Bruzzeze et al. [345]
demonstrated a significant decrease in calprotectin levels in the
probiotic group whereas the placebo group had a non-significant
decrease. In the Delcampo et al. study [342] also a significant
reduction in calprotectin levels was shown in patients using pro-
biotics, however the median calprotectin was normal in both
groups and no patient had a calprotectin above 100 mg/g.

In conclusion, the quality of the evidence remains low. It is
currently not possible to advise probiotic or symbiotic use with the
purpose of improving clinical CF outcomes despite the fact that
many pwCF take them without a medical advice. Furthermore,
caution must be taken to avoid problems with adherence when
increasing therapy burden with treatments that didn't prove a
beneficial effect [349].

17. Nutrition and CFTR modulator therapy

Recommendation 77
Appropriate dietary counselling should be provided for pwCF

starting on CFTR modulator therapy, this should include advice
about limiting and managing weight gain

Grade of recommendation B - Strong consensus 100 %
agreement

Recommendation 78
The nutritional status and dietary intake of pwCF on CFTR

modulator therapy including salt intake and fat-soluble vitamin
status should continue to be regularly reviewed and modifica-
tions recommended according to changes observed

Grade of recommendation B - Strong consensus 100 %
agreement

Commentary

CFTR modulator therapy has caused a paradigm shift in CF.
Treatment is now directed to the basic defect of CF and there has
been a major improvement in the nutritional status of pwCF.
Improved pulmonary function, demonstrated by increase in the
percentage predicted FEV1 has been observed in pwCF taking Iva-
caftor [350], lumacaftor-ivacaftor [351] tezacaftor-ivacaftor [351]
and elexacaftor-tezacaftor-ivacaftor (ETI) [352e356].

The effect of CFTR modulators upon body weight and BMI varies
according to the genetic mutation of the pwCF and the type of CFTR
modulator [357]. Improvedweight gain and BMI has been observed
in pwCF treated with Ivacaftor [350,358e360], lumacaftor-ivacaftor
[351], tezacaftor-ivacaftor [351] and ETI [352e354]. The most sig-
nificant increases in body weight and BMI have been observed in
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individuals on ETI compared to those receiving a dual combination
therapy or placebo [352,354]. Appropriate dietary counselling
should be provided prior to starting CFTR modulators, this should
include discussions about possible weight gain and exploration of
any potential concerns regarding body image. Healthcare profes-
sional need to be aware of patient's own perception of their weight
and interventions should focus on improving health and lifestyle
rather than just weight. Individualized advice should be provided
and regular nutritional reviews should continue as part of standard
CF care.

Significant increases in the prevalence of overweight and
obesity have recently been observed in patients on ETI, changes
from baseline to follow-up showed increase in overweight from
19.4 % to 31.3 % and obesity from 7.5 % to 9.7 % [361].

The mechanisms for changes in body weight on CFTR
modulator treatment has not been fully established. A reduction
in resting energy expenditure has been reported in patients on
Ivacaftor [362]. Improvements in pulmonary function and fewer
pulmonary exacerbations may reduce catabolic impact which in
turn could reduce energy requirements [360]. In addition, CFTR
modulation has been shown to improve the proximal small in-
testinal pH profile in patients with the G551D CFTR mutation
and this improvement was associated with a clinically relevant,
contemporaneous weight gain [363]. Further research within
this area is required to help inform nutritional management
decisions.

CFTR modulator therapy has been shown to alter plasma fat-
soluble vitamin levels, therefore routine monitoring of fat-soluble
vitamin following the introduction of CFTR modulator therapy is
required [364,365]. CFTRm have been suggested to lower the risk of
fat-soluble vitamin deficiency in pwCF and reports have emerged of
hypervitaminosis [364,366,367]. Of particular concern is the case
report of hypervitaminosis Awith fulminant secondary intracranial
hypertension following Elexacaftor/Tezacaftor/Ivacaftor initiation
in a preadolescent with cystic fibrosis [366].

There is limited data with regard to the effects of CFTR modu-
lators upon body composition. Stallings et al., 2018 demonstrated
increases in FM and FFM after three months of Ivacaftor treatment.
King et al. (2020) showed small increases in weight and FFM in the
first month of ivacaftor treatment, however by six months the
weight gain observed was mainly associated with increases in FM
and these changes were then found to plateau by 2.5 years [360].
The effects of ETI upon body composition are yet to be determined.
Further studies are therefore required to establish the effects of the
different CFTR modulators upon body composition and the signif-
icance of this in the long-term.

Recommendation 79
Gastrointestinal symptoms should be closely monitored

following the initiation of CFTR modulator therapy and this
should continue as part of routine CF care

Grade of recommendation B - Strong consensus 100 %
agreement

Commentary

Improvements in gastrointestinal symptoms have been shown
after commencing ETI [368]. Intestinal inflammation may be
reduced by the effects of CFTR modulator therapy upon the
abnormal pathophysiology and microbiota in the CF gastrointes-
tinal tract [369]. Changes in intestinal inflammation have been
observed after commencing Lumacaftor-ivacaftor, this may evolve
independently of respiratory function [370]. Consideration should
be given to the use of fecal calprotectin levels in evaluating the
effects of CFTR modulator therapy [370].
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In young childrenwith CF, aged 12e24months, a mean absolute
change in fecal elastase of þ164 mg/g was observed after 24 weeks
of ivacaftor therapy, with six of the nine subjects who had a low FE
at baseline (<50 mg/g) showing improvements to >200 mg/g at
week 24 [133]. No change in FE was observed in pwCF, aged from 5
to 61year, between baseline and three months of ivacaftor treat-
ment [362]. However, the study did demonstrate a significant
change in the co-efficient of fat absorption which positively
correlated with change in FEV1 in PI patients [362]. The impact of
CFTR modulator therapy on pancreatic function is likely to be
influenced by the age they are started.

Recommendation 80
In view of the fact that CFTR modulators may improve beta

cell function and insulin secretion, blood glucose levels should
be monitored regularly to avoid hypoglycemia when assuming
the same insulin dose prescribed before starting modulators.

Grade of recommendation B - Strong consensus 100 %
agreement

Recommendation 81
PwCF on CFTR modulator therapy should have their blood

pressure routinely monitored three months after commencing
therapy and at least annually and appropriate medical man-
agement started if clinically indicated.

Grade of recommendation B - Strong consensus 92 % agree-
ment

Recommendation 82
PwCF on CFTR modulator therapy may have their lipid pro-

files checked annually and appropriate dietary advice and
medical management should be given if required.

Grade of recommendation GPP - Strong consensus 92 %
agreement

Commentary

Variable effects of CFTR modulators on cardiometabolic pa-
rameters, including changes in blood pressure and in glycemic and
plasma lipid profiles, have been reported and deserve
consideration.

The effects on blood pressure were consistently observed and
ranged from mild elevation to clinically significant hypertensive
emergency described almost exclusively for lumacaftor-ivacaftor
[371].

Information on the cardiometabolic effects of ETI were recently
explored in a single-center, observational, retrospective analysis
of 134 adults with CF after one year of treatment [361]. A few of
these changes were conventionally considered favorable to car-
diometabolic health, such as the decrease in random blood
glucose and hemoglobin A1c (in patients without CFRD) and the
increase in HDL-cholesterol (in patients with CFRD). However,
unfavorable effects were also documented including modest in-
crease in systolic and diastolic blood pressure (in the full cohort),
and an increase in total cholesterol and LDL-cholesterol (in pa-
tients with CFRD). Although the increases in blood pressure may
be partially related to increases in body weight (which was
consistently observed even in this real-world setting), it is also
possible that reduced salt losses in the setting of CFTR modulator
therapy contribute to the modest increase in blood pressure
observed. The legacy CF diet encourages salt, closer attention to
sodium intakes may therefore be warranted in the context of
emerging hypertension. These data indicate that pwCF on ETI may
be at risk of developing hyperlipidemia and hypertension and
should be appropriately monitored.
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There is preliminary evidence that highly efficacy CFTR modu-
lators may have not only direct benefits on pulmonary function and
nutritional status, but also indirect benefits by improving glycemia
[372] and by reducing diabetes-related complications and
morbidity with time. Although the consistency and the patho-
physiological mechanism of this improvement require further
investigation, these findings support the hypothesis that CFTR may
have a direct role in b-cell function. It is also possible that the
observed effects may relate to reduced systemic inflammation
induced by ETI.

In addition, data from CF Registries suggest favorable trends in
the prevalence of CFRD in pwCF on Ivacaftor monotherapy for over
5 years as compared to an untreated comparator cohort [373].
Further studies are needed to investigate the mechanism and the
long-term impact of ETI on dysglycemia and progression to CFRD.

18. Transplantation

18.1. Lung transplantation

Recommendation 83
Prior to lung transplantation (LT) nutritional status should

be optimized for all patients with particular care for severely
malnourished patients.

Grade of recommendation B - Strong consensus 100 %
agreement

Recommendation 84
Prior to lung transplantation special attention should be

given to optimize bone health using available treatments on a
case-by-case evaluation.

Grade of recommendation B - Strong consensus 100 %
agreement

Recommendation 85
Post transplant, nutritional support should aim at early BMI

recovery (i.e., BMI to ≥18.5 kg/m2).
Grade of recommendation B - Strong consensus 100 %

agreement

Commentary

Despite improved treatments and survival in CF, LT remains the
cornerstone therapy for patients with end-stage lung disease. The
lung allocation score (LAS) has been used to prioritize access to
transplantation in pwCF [374]. Although several updates to LAS
system have beenmade [375], specific patients’ characteristics such
as underweight or severe malnutrition have been considered as
relative contraindications for LT. Indeed, listing for LT seems to be
less likely for severe malnourished patients (BMI �17 kg/m2)
leading to a higher death risk without listing [376]. It is therefore
important to improve their nutritional status with all means
available to assure their listing.

Poor final height has been associated with higher mortality risk
in transplant candidates waiting for LT ([377]. This stresses further
the importance of height assessment and interventions aiming at
an improved growth during childhood. Moreover, in the Swiss LT
centers (validation cohort 2008e2017) for CF adults listed for LT,
deterioration on the waiting list was associated with the frailty
index, which included BMI as one of the 66 extra-pulmonary-age-
associated deficits for increasing adverse event vulnerability [378].

Seeking or maintaining an adequate nutritional status before
transplantation is considered good clinical practice. Of note, a pre-
transplant BMI below 18.5 kg/m2 was more prevalent in patients
who died on the waiting list [195], while their risk of dying within



M. Wilschanski, A. Munck, E. Carrion et al. Clinical Nutrition 43 (2024) 413e445
90 days post-transplant was increased [379]. In addition, in adults
with CF listed for LT in the Toronto LT Program (development
cohort 2005e2015), frailty index was positively associated with
post-transplant mortality [378]. However, several studies have
failed to reveal a significant negative effect of underweight (i.e.,
BMI<18.5 kg/m2) in patients’ post LT survival [380e383]. As a low
BMI is associated with increased mortality risk [384], current LT
guidelines include a low BMI (<18 kg/m2 in adults and <5th
percentile in children) as additional factor for referral to a trans-
plant center [385].

During the last decade, the prevalence of overweight and
obesity in pwCF is increasing as a result of the adherence to the
high-fat diet, reduced exercise tolerance, therapeutic advances, and
general population trend [386]. Although an increased BMI may be
favorable in pwCF in terms of better pulmonary function and sur-
vival, pre-transplant overweight (i.e., BMI >25 kg/m2) has been
associated with a lower survival post-LT [380]. This observation is
not completely confirmed, as registry CF data in pediatrics do not
support a significant negative effect of overweight on survival in CF
children after LT [382].

LT has a positive impact on the BMI and FFMI [195,387e389],
probably as a result of decreased resting energy expenditure
[388e390]. Furthermore, BMI recovery (i.e., BMI to� 18.5 kg/m2) or
BMI increase (i.e., þ1.9 kg/m2) 1-year post-LT might be associated
with better survival, especially in severely malnourished patients
[380,383]. Nutritional support should therefore aim at maximal
BMI recovery post LT.

Special attention should be given to bone health in LT recipients.
The majority of patients have reduced bone mineral density and
suboptimal vitamin K and calcium levels status pre and post-
transplantation [269]. Moreover, rates of vitamin D deficiency
reach 33 % and 71 % using cut-off values for serum 25-OH-Vitamin
D of <50 nmol/L and <75 nmol/L, respectively [391]. 30 % have
already osteopenia and hypovitaminosis D [269,391,392]. Available
treatments (adequate nutrition, weight-bearing exercise, supple-
mentation of calcium, vitamin D, vitamin K, bisphosphonates)
should be offered on a case-by-case evaluation. However, no
improvement in bone health is expected after transplantation with
a risk of further deterioration [391,392].

18.2. Liver-transplantation

Recommendation 86
Prior to LvT nutritional status should be optimized for all

patients with particular care for severely malnourished
patients.

Grade of recommendation GPP - Strong consensus 100 %
agreement

Commentary

CFLD is considered as the third largest cause of mortality in
pwCF [393]. LvT can be a life-saving procedure for patients with
CFLD especially to those with complications such as portal hyper-
tension or cirrhosis [394].

Nutritional status has an impact in patients waiting for LvT.
Indeed, growth failure has been linked with higher mortality risk
on the LvT waiting list [395], while it could also have a negative
effect on post-LvT survival [395]. This highlights the fundamental
role of nutritional support in children and adults with CFLD, wait-
ing for or undergoing LvT.

LvT does probably not improve the nutritional status in pwCF
[394,396,397]. In adults the BMI was preserved at one and five
years post LvT, [396]. Whereas in children, case series described
conflicting results [394,396,397].
437
CF-related low BMD has been well-documented in both adults
and children with CF [398]. The etiology is multifactorial but pri-
marily it is related to imbalanced bone deposition and resorption.
LvT might have a positive impact on BMD after LvT compared to
non-transplanted patients [394], as a result of restoration of bile
flow allowing better absorption of nutrients, improvement of pro-
tein anabolism, and increase in physical activity because of better
quality of life [246,247].

18.3. Multiple organ transplant

Since literature of combined organ transplants (liver-pancreas,
liver-lung) is limited to case reports or small case series, it is
impossible to make evidence-based recommendations.

19. Conclusion

Nutrition remains a vital part of the lives of pwCF. Good nutri-
tional management of pwCF has been one of themajor causes of the
increased survival. Nutritional advances in CF care including the
effects of modulator therapies on nutrition are outlined in this
updated guideline.
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