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Abstract

:

Although many Clinical Practice Guidelines (CPGs) have been published for the care of patients with Cystic Fibrosis (CF), including a variety of nutrition recommendations, the quality of these CPGs has never been evaluated. The aim of this study was to compare, review, and critically appraise CPGs for the nutritional management of CF, throughout the lifespan. We searched PubMed, Guidelines International Network (GIN), ECRI Institute, and Guidelines Central for CPGs, with information on the nutritional management of CF. Retrieved CPGs were appraised by three independent reviewers, using the Appraisal of Guidelines, Research and Evaluation II (AGREE II) instrument and checklist. A total of 22 CPGs (seven solely nutrition oriented), by 14 different publishers, were retrieved. The Thoracic Society of Australia and New Zealand CPGs scored the highest overall quality (94.4%), while the Paediatric Gastroenterology Society/Dietitians Association of Australia CPGs had the lowest score (27.8%). Great variation in AGREE II domain-specific scores was observed in all CPGs, suggesting the existence of different strengths and weaknesses. Despite the availability of several CPGs, many appear outdated, lacking rigor, transparency, applicability, and efficiency, while incorporating bias. Considering that CPGs adherence is associated with better outcomes and the need for improving life expectancy in patients with CF, the development of CPGs of better quality is deemed necessary.
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1. Introduction


Cystic fibrosis (CF) is an autosomal recessive disease that is caused by mutations in the gene for the CF trans-membrane conductance regulator (CFTR), which encodes an ion channel protein, with more than 2000 mutations identified to date [1,2,3]. CF affects appetite, nutritional status, and pulmonary function in a progressive manner, with all synergistically resulting in poor health outcomes [4]. Malabsorption, gastrointestinal dysfunction, genetic modifiers, and chronic and progressive pulmonary infection compromise nutritional status, resulting in growth failure [5,6,7]. As far as nutritional status and pulmonary function are concerned, a two-way relationship exists, with each one affecting the other [8]. As a result, optimizing nutrition is pivotal, with medical nutrition therapy (MNT) being front and foremost in CF management. Recent advances in medicine and supplements [9], multidisciplinary care, the use of more holistic treatment approaches, and adherence to specific dietary protocols have all levelled up the delivery of nutrition intervention among CF patients, reducing growth failure [10,11].



CF-MNT adherence has been associated with ameliorated nutritional status, improved lung function, and better prognosis [12,13]; however, according to the literature, sub-optimal treatment adherence is observed in the majority of patients [14]. On the flipside, CF-specific training opportunities for physicians are limited, especially for adult patients [15], and, as far as clinical practice guidelines (CPGs) are concerned, they exhibit several controversies [16], limiting their adherence and delivery from the physician point of view.



Clear, precise, unbiased, and evidence-based CPGs are needed to promote physician adherence and improve patient prognosis. As such, during the last decade, the quest to compare and appraise CPGs has become a focus. Given that CF-specific CPGs have never been evaluated, the present study aimed to compared, review, and critically appraise CPGs for the nutritional management of CF, throughout the lifespan.



The aim of the present study was (1) to systematically review all CPGs on the nutritional recommendations and CF-MNT for patients with CF, and (2) to critically appraise them. The research question was: What is the quality of CPGs regarding MNT in CF?




2. Materials and Methods


2.1. PICAR, Search Strategy, Inclusion, and Exclusion Criteria


The PICAR framework, a modification of the PICO(T/S) [17], developed by the University of Ottawa Heart Institute, was applied to shape the research question and define the CPG eligibility criteria [18]. The PICAR strategy applied in the present review is detailed in Table 1.



A systematic search was conducted in PubMed, Guidelines International Network (GIN), ECRI Institute, Guidelines Central, and gray literature, until 2019, aiming to retrieve CPGs and Consensus Statements with information on the nutritional management of CF. The keywords used for the search process included (cystic fibrosis), (nutrition), (clinical practice guidelines), (consensus statements), (nutritional management), (nutritional therapy), (diet therapy), and (pulmonary care).




2.2. Inclusion and Exclusion Criteria


Inclusion criteria involved CPGs (1) published in the English language, (2) available in full-text electronic format, (3) for the care of patients with CF, (4) including nutrition recommendations, and (5) intended for healthcare professionals. Exclusion criteria involved CPGs (1) published in languages other than English, (2) for the diagnosis of CF, (3) intended for CF patients, caretakers or family members, (4) lacking nutrition recommendations.




2.3. Appraisal of CPGs


Retrieved CPGs were appraised by three independent reviewers using the Appraisal of Guidelines, Research and Evaluation II (AGREE II) instrument [19] and the AGREE II checklist [20]. The AGREE II is a validated tool assessing the transparency and methodological rigor of published CPGs, used in medical and nutrition practice guidelines [21]. Scores were applied in each AGREE domain concerning the scope and purpose of the retrieved CPGs, completeness of stakeholder involvement, scientific rigor, presentation clarity, applicability of the recommendations, and editorial independence. When differences were observed in individual reviewer scores, a fourth reviewer solved the issue after conversation with the review panel. Overall quality scores were calculated for each individual domain and CPG while, additionally, each reviewer advocated for or against the use of specific CPGs for the nutritional management of CF.




2.4. CPGs Review and MNT Information


Individual nutrition recommendations were reviewed, categorized, and entered in an excel file by each reviewer independently, to produce an overview of the CF-MNT recommendations.





3. Results


3.1. Retrieved CPGs and Their Characteristics


A total of 22 CPGs fulfilled the predefined criteria. They were published by the Thoracic Society of Australia and New Zealand (TSANZ) [22]; by a joint committee of the European Society for Clinical Nutrition and Metabolism (ESPEN), the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN), and the European Cystic Fibrosis Society (ECFS) [23]; the ECFS alone [24,25,26,27,28,29]; the Cystic Fibrosis Foundation (CFF) [30,31,32,33,34,35,36]; a united effort by the American Diabetes Association (ADA), the CFF and the Pediatric Endocrine Society (PES) [37], a joint committee by the CFF and the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHN) [38]; the Cystic Fibrosis Trust (CFT) [39]; the UK National Institute for Health and Care Excellence (NICE) [40]; the International Society for Pediatric and Adolescent Diabetes (ISPAD) [41]; a joint committee by the Pediatric Gastroenterology Society (PGS) and the Dietitians Association of Australia (DAA) [42]; and the Sociedade Brasileira de Pneumologia e Tisiologia (SBPT) [43]. Table 2 details the main characteristics of the eligible CPGs.



The majority of CPGs were issued by professional organizations and only one was developed by a government authority [40]. They included recommendations for patients of all age groups, including infants, children, and adolescents, as well as adults. Total page numbers ranged from 4 [34] to 768 [40]. Guidelines were published between the year 1995 [34] to 2018 [25].




3.2. AGREE Scoring of Included Guidelines


Of the 22 CPGs retrieved in total, the TSANZ [22] guidelines obtained the highest score in four out of six main domains of the AGREE II instrument. Subsequently, the TSANZ [22] CPG was suggested by all reviewers for adherence in clinical practice without needing modifications and achieved the highest score in the overall CPGs’ quality assessment. On the other hand, the ECFS [24] CPGs yielded low scores in all domains and the overall assessment, while it was not recommended by one of the experts. Detailed scores received for each domain and subdomain, as well as expert recommendations, are presented in Figure 1.




3.3. Nutrition Recommendations in the Included Guidelines


Figure 2 and Figure 3 present a summary of nutrition recommendations for the management of CF and CF-related complications. Among the 14 advising bodies, the TSANZ [22], CFT [39], and the joint guidelines published by the ESPEN/ESPGHAN/ECFS [23] incorporated the majority of MNT recommendations. On the other hand, the joint committee by PSG/DAA [42] included the least amount of nutrition recommendations.



3.3.1. General Features of the Delivery MNT in Patients with CF


With respect to the involvement of dietitians in the delivery of MNT in patients with CF, several but not all CPGs advocate for the involvement of dietitians. Nutritional screening is an important component mentioned by the majority of CPGs, with the need for routine screening highlighted by some. The need for nutrition education of patients was mentioned by six CPGs only, whereas assessment of patient nutritional status, with sex- and age-specific cutoffs, was provided as a recommendation by the ECFS [25,28].




3.3.2. Energy and Nutrient Intake


As for the adequate provision of energy, most CPGs recommended 110–200% of the respective energy intake of the general population, although different ranges were also suggested (120–150% of the general population goal), mainly for patients with CFRD [25,28,37,41].



With respect to the protein intake, great diversity was presented, with the ISPAD [41] suggesting a consumption equal to 200% of the recommended nutrient intake (RNI), the TSANZ [22] proposing an intake ranging between 15% and 20% of the energy intake (EI), and the CFF [31] suggesting different intakes per distinct age tiers of minor patients.



On the other hand, ideal fat intake appears to be universally more liberal, ranging between 35% and 40% of the EI, irrespective of CFRD diagnosis [37,38,41,43].



As for carbohydrate, recommendations were only provided for patients with CFRD, suggesting an individualized (45–50% of the EI) but monitored consumption, aiming to achieve glycemic control, while avoiding non-nutritive substances and sugary beverages [37,41].



Recommendations for fiber advocated for the encouragement of intake among the well-nourished patients, although, among the poorly nourished, it may reduce energy intake [41]. On the other hand, the TSANZ [22] suggested the intake of 14–30 g on a daily basis. Finally, with respect to patients scheduled for LTX, care should be provided for the adequate intake of fluid and fiber post-surgery, in order to activate bowel movements within 48–72 h [26].



Distinct recommendations were made for different micronutrients, including fat-soluble vitamins (A, D, E, and K), Zinc, and Sodium intake. The intake of Zn is recommended for infants with inadequate growth only [32], whereas adequate Na or salt intake is highlighted by most CPGs, due to increased losses, especially during warm weather conditions and exercise.



With regard to the oral nutrient supplementation (ONS), multi-vitamin (MV) supplements can be prescribed on an individual basis according to the condition, body weight (BW) gain, and personalized needs [29], or when per os intake does not appear to promote growth adequately [40]. However, patients should be monitored frequently, especially with regard to the fat-soluble vitamin levels.




3.3.3. Pancreatic Enzyme Replacement Therapy (PERT)


Most of the CPGs provided recommendations regarding PERT, the upper level (UL), formulas, and the ideal dosage in lipase units (LU) and delivery. The UL appears to be estimated at 10,000 LU/kg/day by most CPGs’ panels, although higher doses might be required in accelerated growth phases [43].




3.3.4. Oral Feeding and Formula Type


Breast-feeding should be the initial feed received by the infant [32]. If a milk formula is selected, a high-energy-density formula should be preferred. However, even regular formula can be supplemented with additional carbohydrates (10–12 g/0.1 L) and fats (5 g/0.1 L), until reaching an energy density of 1 kcal/mL of prepared formula [25,28].




3.3.5. Other Issues of Nutritional Concern


According to the NICE [40], appetite stimulants should only be used among adult patients, for a short period of time (<3 months). The intake of alcohol should be reduced, and the high prevalence of liver disease in patients with a CF diagnosis must be highlighted from health care professionals [37].




3.3.6. Provision of EN and PN


Figure 4 outlines the recommendations regarding the enteral and parenteral nutrition (EN and PN, respectively) included in the CPGs, according to the condition of patients targeted in each CPG. Indications for the use of PN include a short-term provision [24], in severely ill patients or after major gastro-intestinal surgery [24], when the digestive track cannot be used [43] or when EN fails [25].






4. Discussion


The present study revealed that many CF-CPGs incorporate MNT information, while seven have CF-MNT as their main aim. Despite the plethora of CPGs, their quality was suboptimal with many methodological limitations identified based on the AGREE, resulting in several CPGs not being suggested for use by the review panel. On the other hand, specific AGREE domains were substantially fulfilled by few CPGs, and few guidelines were recommended without modifications. The highest quality was demonstrated by the TSANZ [22] CPGs, whereas the lowest score was received by the PGS/DAA [42] CPGs, based on the AGREE II scoring system.



The aim of CF-MNT is to maintain growth, well-being, and overall health, limiting symptoms of the disease, while being constantly adapted to either preserve or ameliorate nutritional state [44]. It has been suggested that the aim and purpose of CPGs must be clear and precise, declared early on at the beginning of the document. As such, objectives were clearer in the SBPT [43] and TSANZ [22] CPGs, specific research questions were stressed by the majority of appraised guidelines [22,23,30,31,32,43,45], and target population was defined by many [22,23,30,32,38,39].



On the other hand, stakeholder involvement was adequately reported only by the CFF [30], including the multidisciplinary formation of group membership and the inclusion of target populations’ preferences and views, as well as the inclusion of target users’ (i.e., patients’) involvement. As per patient involvement in particular, with studies indicating a low CPG adherence rate globally [14,46], the need for more patient-centered and patient-involved CF care, becomes evident. Additionally, with dietitians playing an important role in preventing and treating malnutrition, and subsequently disease progression in patients with CF [47], the involvement of dietitians in CF guidelines should not be neglected.



Methodological rigor of development is of great importance in CPGs, as it ensures that recommendations are reliable for decision making [48]. As such, the methodology behind each recommendation suggested should be clearly defined to minimize bias and increase rigor [49]. In the rigor domain, once again the TSANZ [22] CPG received the highest score, accounting for adequate search methods’ definition, grading of evidence criteria, formulation of each recommendation based on the available evidence, and consideration of benefits and harms, while using an external review panel for the evidence analysis and setting a specific update date for the CPGs. The rigor domain revealed several inadequacies in the majority of CF-specific CPGs, with many lacking an external review panel [24,25,42], some underreporting the search methods [24,25,34,38], and few lacking a grading evidence protocol [24,34,39].



Recommendations need to be clear, precise, and unambiguous, as in the case of the CFF [31] and SBPT [43]. Key recommendations, in particular, must be identifiable in the text and management options must be suggested for improved implementation. Furthermore, recommendations must be applicable, with their applicability being facilitated by several tools and audit criteria. It has been suggested that healthcare professionals make better clinical decisions when sound clinical or health policy decisions are facilitated by tools to monitor and implement progress and outcomes. For example, according to healthcare professionals from Spain [50], computer-integrated CPGs might increase physician adherence, whereas in Taiwan [51], positive attitudes were recorded towards computerized CPGs. Overall, more attention is needed on integrating CPGs into everyday practice [52]; however, in the CPGs appraised herein, many were lacking the implementation of tools to facilitate physician adherence [24,30,31,38].



Finally, as far as editorial independence is concerned, the majority of CPGs reported a funding body, with only two lacking relevant information [25,42]. Additionally, competing interests were declared from experts included in the majority of the reviewed CPGs, except from the CFT [39], the ECFS [24], and the PGS/DAA [42]. According to Mozaffarian and Forouhi [53], vested interests tend to influence research priorities and, thus, affect results’ interpretation and relevant recommendations. This is why editorial independence, including conflicts of interest disclosure and declaration of funding, is pivotal in CPGs’ development.



Among all included CPGs, the TSANZ [22] demonstrated the highest overall quality, being followed by the CFF [32] and the ESPEN/ESPGHAN/ECFS [23] ones. Additionally, five CPGs were suggested for implementation by healthcare professionals without modifications [22,23,32,39,43], and one was not recommended at all [34], probably due to outdated methodology and lack of rigor.



Figure 2, Figure 3 and Figure 4 detail individual recommendations for the MNT of patients with CF. According to recent research [44], CF-MNT must be redefined according to age, pancreatic function, and disease stage. As observed by reading the overview tables, the majority of recommendations are age specific, with distinct recommendations being suggested for patients with pancreatic insufficiency. Overall, differences were observed regarding the need for oral nutrient supplementation (ONS), with few nutrients being suggested by some authorities for ONS, while other advising bodies consider the existing evidence as insufficient. Surprisingly, a dietitian is not deemed necessary for CF care in many CPGs, while the need for nutritional assessment and routine screening is also lacking greatly. As Hollander noted [54], with nutrient needs changing dramatically during the disease progress, nutritional care should be personalized and provided by a specialized CF dietitian. Moreover, research has shown that pediatric patients with CF, in particular, are prone to malnutrition [55], often under-consuming several nutrients [56].



As far as energy is concerned, given the reported malnutrition among patients with CF, a more liberal energy consumption is recommended by the majority of CPGs, whereas others suggest enteral nutrition and ONS as a means to manipulate energy intake in cases of inadequate growth. With weight gain being strongly associated with energy and fat intake [57] and many parents relying on energy-dense, nutrient-poor foods to meet the caloric needs of their children [58], more emphasis should be given on the nutrient density of the consumed foods.



Overall, studies indicate that adult patients tend to demonstrate adequate nutrition literacy and confidence in attaining nutrition goals, whereas, as far as children and adolescents are concerned, they exhibit low knowledge scores [59]. In addition, home-based nutrition education programs have shown to be successful in ameliorating nutrition literacy, fat intake, and disease management [60,61]. However, nutrition education does not appear to be of pivotal importance for the majority of advising bodies associated with CF care.



One possible limitation of the present study stems from the exclusion of CPGs published in languages other than the English language. The review and appraisal of CF CPGs, however, is unique, while the focus on nutrition therapy is in accordance with the modern therapeutic approaches for adjuvant CF care.



Today, CPGs’ adherence is considered a quality of care indicator, harmonizing disease outcomes, while minimizing treatment differences between patients of distinct geographic regions and of different socioeconomic status. According to recent research [62], a more uniform care of patients with CF is achieved when implementing clinical pathways for nutrition and lower airway inflammation issues. Based on a nationwide survey, adherence to the guidelines by Australian health professionals has resulted in ameliorated nutritional status among children with CF [63]. In parallel, interventions to increase the degree of adherence to the CF guidelines by patients have resulted in significant improvements regarding nutritional outcomes [64]. Additionally, studies have shown that healthcare professionals are often unaware of the existence of CF-specific CPGs [65]. CPGs’ non-adherence leads to the application of fragmented and inconsistent practices, non-evidence-based clinical decisions, and health discrepancies, impacting the clinical and economic burden of the disease [14]. On the other hand, implementation of CF-related clinical pathways for nutrition and lower airway inflammation issues improves the quality of care, leading to a more uniform management of patients with CF [62].




5. Conclusions


In essence, the present study reviewed all existing CPGs on CF care, with a focus on MNT. Despite the existence of several CPGs, many appear outdated, lacking rigor, transparency, applicability, and efficiency, while incorporating systematic bias. Considering that CPGs’ adherence is associated with better outcomes and the need for improving life expectancy in patients with CF, the development of CPGs of better quality is deemed necessary.
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Figure 1. Detailed AGREE II scores of CPGs for the nutritional management of patients with CF (% of maximum scoring for each domain and subcategory). Highest scoring in each category is presented in bold font. ADA, American Diabetes Association; AGREE, Appraisal of Guidelines, Research and Evaluation; CFF, Cystic Fibrosis Foundation; CFT, Cystic Foundation Trust; CPGs, Clinical Practice Guidelines; DAA, Dietitians Association of Australia; ECFS, European Cystic Fibrosis Society; ESPEN, European Society of Clinical nutrition and Metabolism; ESPGHAN, European Society for Pediatric, Gastroenterology Hepatology and Nutrition; ISPAD, International Society for Pediatric and Adolescent Diabetes; NASPGHAN, North America Society for Pediatric, Gastroenterology Hepatology and Nutrition; NICE, National Institute for Health and Care Excellence; PES, Pediatric Endocrine Society; PGS, Paediatric Gastroenterology Society; SBPT, Sociedade Brasileira de Pneumologia e Tisiologia; TSANZ, Thoracic Society of Australia and New Zealand. 
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Figure 2. Overview of nutrition recommendations for CF management (part a). BW, Body weight; CF, Cystic Fibrosis; CFA, coefficient of fat absorption; CFF, Cystic Fibrosis Foundation; CFT, Cystic Fibrosis Trust; CFTR, Cystic fibrosis transmembrane conductance regulator; DHA, docosahexaenoic acid; eq, equivalent; EI, Energy Intake; F, Fluorine; LU, Lipase Units; MV, Multivitamin; NASPGHAN, North America Society for Pediatric Gastroenterology Hepatology and Nutrition; ONS, Oral Nutrient Supplements; PI, Pancreatic Insufficiency; PERT, Pancreatic Enzyme Replacement Therapy; ts, teaspoon; UL, Upper Level; 25(OH)D, 25-hydroxy vitamin D; ↑, increase/high. 
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Figure 3. Overview of nutrition recommendations for CF management (part b). ADA, American Diabetes Association; BMI, Body Mass Index; BW, body weight; Ca, Calcium; CHO, Carbohydrate; CF, Cystic Fibrosis; CFF, Cystic Fibrosis Foundation; DAA, Dietitians Association of Australia; DHA, docosahexaenoic acid; DRI, Dietary Reference Intake; ECFS, European Cystic Fibrosis Society; EI, Energy Intake; ESPEN, European Society for Clinical Nutrition and Metabolism; ESPGHAN, European Society for Pediatric Gastroenterology, Hepatology and Nutrition; FA, folic acid; GI, Gastrointestinal; IGT, Impaired glucose tolerance; ISPAD, International Society for Pediatric and Adolescent Diabetes; IU, International Units; LTX, lung transplantation; LU, Lipase units; ΜΝΤ, medical nutrition therapy; MV, multi-vitamin; NaCl, Sodium chloride; NASPGHAN, North America Society for Pediatric Gastroenterology, Hepatology and Nutrition; NNS, non-nutritive sweeteners; NICE, National Institute for Health and Care Excellence; ONS, Oral Nutrient Supplements; PC, Percentiles; PI, Pancreatic Insufficiency; PERT, Pancreatic Enzyme Replacement Therapy; PES, Pediatric Endocrine Society; PGS, Pediatric Gastroenterology Society; POD, post-operative day; RDA, Recommended daily intake; RNI, Recommended nutrient intake; SBPT, Sociedade Brasileira de Pneumologia e Tisiologia; TC, Total cholesterol; TSANZ, Thoracic Society of Australia and New Zealand; UL, Upper level; 25(OH)D, 25-hydroxy vitamin D; ↑, increased/high; ↓, reduced/low; * similar to non-CF. 
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Figure 4. Enteral (EN) and parenteral nutrition (PN) recommendations among included CPGs. BMI, body mass index; BW, body weight; CF, Cystic Fibrosis; CFF, Cystic Fibrosis Foundation; CFT, Cystic Fibrosis Trust; CPGs, Clinical practice guidelines; EI, Energy intake; EN, Enteral nutrition; ESPEN European Society for Clinical Nutrition and Metabolism; ESPGHAN, European Society for Pediatric Gastroenterology, Hepatology and Nutrition; ECFS, European Cystic Fibrosis Society; GI, gastrointestinal; GT, gastrostomy; LTX, Lung transplantation; LU, lipase units; MCT, medium-chain triglycerides; NG, nasogastric; NASPGHAN, North American Society for Pediatric Gastroenterology, Hepatology and Nutrition; NICE, National Institute for Health and Care Excellence; PERT, Pancreatic Enzyme Replacement Therapy; ONS, Oral nutrient supplement; PERT, Pancreatic enzyme replacement therapy; PN, parenteral nutrition; POD, post-operative day; SBS, short-bowel syndrome; SBPT, Sociedade Brasileira de Pneumologia e Tisiologia; ↑, increased/high. 
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Table 1. Description of the PICAR strategy.
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	PICAR Acronym Criteria
	PICAR Items Relevant to Screening CPGs for Inclusion





	(P) Population
	Patients with Cystic fibrosis, throughout the lifespan.



	(I) Intervention
	Any dietary intervention or MNT for patients with cystic fibrosis (i.e., micronutrient supplementation, provision of energy or macronutrient intake, management of lung transplantation, management of CFRD, etc.).



	(C) Comparators, Comparison, and ‘key’ content
	Any comparator or comparison. No ‘key’ CPG content is of interest.



	(A) Attributes of the CPGs
	Eligible CPGs were: (1) CPGs, Practice, or Consensus Papers, (2) published in the English language, (3) in full-text format, (4) until August 2018, (5) from professional or governmental organizations, with (6) nutrition-related recommendations, (7) intended for health professionals, (8) without any limitation in their quality based on the AGREE II.



	(R) Recommendation characteristics and other considerations
	Not applicable.







AGREE: Appraisal of Guidelines, Research and Evaluation [19]; CFRD: Cystic Fibrosis-Related Diabetes; CPG: Clinical Practice Guideline; MNT: Medical Nutrition Therapy; PICAR: Population, Intervention, Comparator, Attributes, Recommendations [18].
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Table 2. General description of the included guidelines and their scope.
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Advising Body

	
Year

	
Origin

	
Aim

	
Age Group

	
Organization

	
Total Pages




	
CF Care with Nutritional Advice

	
CF

MNT

	
Management of CF Issues, Including Nutritional Care

	
Infants

	
Children/Adolescents

	
Adults

	
Professional

	
State






	
ADA/CFF/PES [37]

	
2010

	
US

	

	

	
CFRD

	

	
√

	
√

	
√

	

	
12




	
CFF [34]

	
1995

	
US

	
√

	

	
PERT

	
√

	
√

	
√

	
√

	

	
4




	
CFF [30]

	
2008

	
US

	

	
√

	

	

	
√

	
√

	
√

	

	
8




	
CFF [32]

	
2009

	
US

	
√

	

	

	
√

	

	

	
√

	

	
21




	
CFF [36]

	
2009

	
US

	

	

	
CFTR-Related MS

	
√

	
√

	
√

	
√

	

	
22




	
CFF [33]

	
2012

	
US

	

	

	
Vitamin D deficiency

	
√

	
√

	
√

	
√

	

	
12




	
CFF [31]

	
2016

	
US

	
√

	

	

	
√

	
√

	

	

	

	
28




	
CFF [35]

	
2016

	
US

	

	
√

	
EN feeding

	

	
√

	
√

	
√

	

	
12




	
CFF/NASPGHAN [38]

	
2002

	
US

	

	
√

	

	

	
√

	

	
√

	

	
14




	
CFT [39]

	
2016

	
UK

	

	
√

	

	
√

	
√

	
√

	
√

	

	
60




	
ECFS [24]

	
2002

	
EU

	

	
√

	

	
√

	
√

	
√

	
√

	

	
25




	
ECFS [29]

	
2008

	
EU

	
√

	

	
Pregnancy

	

	

	
√

	
√

	

	
31




	
ECFS [28]

	
2010

	
EU

	
√

	

	

	
√

	

	

	
√

	

	
7




	
ECFS [27]

	
2011

	
EU

	

	

	
DIOS

	

	
√

	
√

	
√

	

	
5




	
ECFS [26]

	
2014

	
EU

	
√

	

	
LTX

	

	
√

	
√

	
√

	

	
22




	
ECFS [25]

	
2018

	
EU

	
√

	

	

	
√

	
√

	
√

	
√

	

	
26




	
ESPEN/ESPGHAN/ECFS [23]

	
2016

	
EU

	

	
√

	

	
√

	
√

	
√

	
√

	

	
21




	
ISPAD [41]

	
2018

	
International

	
√

	

	
CFRD

	

	
√

	

	
√

	

	
11




	
NICE [40]

	
2017

	
UK

	
√

	

	

	
√

	
√

	
√

	

	
√

	
768




	
PGS/DAA [42]

	
1999

	
AU

	

	
√

	

	
√

	
√

	
√

	
√

	

	
5




	
SBPT [43]

	
2017

	
BR

	
√

	

	

	
√

	
√

	
√

	
√

	

	
27




	
TSANZ [22]

	
2017

	
AU & NZ

	

	
√

	

	
√

	
√

	
√

	
√

	

	
284








ADA, American Diabetes Association; CF, Cystic Fibrosis; CFF, Cystic Fibrosis Foundation; CFRD, Cystic Fibrosis-Related Diabetes; CFT, Cystic Fibrosis Trust; CFTR-Related MS, Cystic Fibrosis transmembrane conductance regulator-related Metabolic Syndrome; DAA, Dietitians Association of Australia; DIOS, distal intestinal obstruction syndrome; EN, Enteral nutrition; ESPEN European Society for Clinical Nutrition and Metabolism; ESPGHAN, European Society for Pediatric Gastroenterology, Hepatology and Nutrition; ECFS, European Cystic Fibrosis Society; ISPAD, International Society for Pediatric and Adolescent Diabetes; LTX, lung transplantation; MNT, Medical Nutrition Therapy; NASPGHAN, North American Society for Pediatric Gastroenterology, Hepatology and Nutrition; NICE, National Institute for Health and Care Excellence; PERT, Pancreatic Enzyme Replacement Therapy; PES, Pediatric Endocrine Society; PGS, Paediatric Gastroenterology Society; SBPT, Sociedade Brasileira de Pneumologia e Tisiologia; TSANZ, Thoracic Society of Australia and New Zealand.
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ONS to maintain 25(OH)D >30 ng/mL
Vitamin D Prescription: ONS post-diagnosis Vit Ds prescription (additional to other ONS) on a
once/day dose, or weekly eq, to maintain 25(OH)D
>30 ng/m
Vitamin E (IU/d): ONS post-diagnosis <1 yr: 480
1-3 yr: 50-150
4-7 yr: 150-300
8-18 yr: 150-500
Adults: 150-500
Vitamin K (mg/d): ONS post-diagnosis <2 yr: 0.3/kg rounded
to nearest mg
2-7yr:5
>7 yr: 5-10
Sodium (Na): <2 yrs: 1/8 ts table salt/d at <1 yr: 1-2 mmol/kg, or
diagnosis, T to Y% ts of table <500 mg
salt/d at 6 mo old >1 yr:<4 g in equal
doses
Adolescents/adults: <6
g in divided doses
Zinc (Zn) (mg/kg/d): <2 yr: 1 in divided doses 1 (<25 mg/kg/d)
for a 6 mo period, for in-
fants not adequately grow-
ing despite EI and PERT
PERT (LU/kg/meal): <4 yrs: 1000 500-2500 In infants initiate when:
>4 yrs: 500 * 2 CFTR mutations asso-
Doses 2500-6000: unclear ciated with PI
safety, use with caution, only if * Faecal elastase <200
effective by 3-d-fecal fat assay mg/g or CFA < 85% (when
with improved absorption coef- <6 mo old), or other Pl evi-
ficient dence
* Signs/symptoms of mal-
absorption (while awaiting
other test results)
Start at 2000-5000 LU/feed
PERT UL: Doses >6000 LU/kg/meal asso- <10,000 LU/kg/d, up to <2500 LU/kg/feed- <10,000 LU/kg/d <10,000 LU/kg/d
ciated with colonic strictures in or <4000 LU/g  ing to 10,000 LU/kg/d
children <12 yr old, irrespective  dietary fat/d
of enzyme strength
PERT formula: Generic, non-proprietary
Oral Feeding: <2 yr: human milk as the
initial feed
Use T energy feeds in BW
loss or inadequate gain
Milk formula type: Non-hydrolyzed protein
ONS: <2yr: MV
Linoleic acid: Lack of evidence
DHA: Lack of evidence
Fluoride (F): Supplement water with F
(0.25 mg/dL), if concentra-

tion <0.3 ppm
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e CF e-  CF treat-
g Pediatric CFcare ~ Nutrition in CF EN for CF Nutritonin CF BEPIS  Gogionincp Nuttionin e ment & di- LTX
scope: tice for CF CF ; -
nosis agnosis
EN: If ONS fails to TBW  Indeteriorating  Early introduction as a treatment Insevere Maybeusedto Whenoralin- If attemptsto Forsevere Supplementary
nutritional status option allows patient and family malnutri- improve weight terventions TElarenotef- casesand  EN must start
post routine care  to become comfortable. Previous tion gain and nutri- fail to achieve fective short dura- when oral intake
and ONS poor adherence is not an absolute tional status. If  growth and tions is insufficient or
contraindication to EN tube place- required prior nutritional sta- if patient is una-
ment. Consider financial burden. to conception it tus ble to initiate an
Supplemental EN for pregnant/ may prove dif- oral diet by POD
lactating women with CF who ficult to achieve 3-4, or if longer-
cannot meet calories/protein goals the T pregnancy term ventilation
requirements is required
Feeding NG tube/GT, based on NG tube or GT NG avoids the risk of surgery and NG tube/GT, NG tube/ GTfor  GT might reduce
Tube: patient’s preference is easily reversible. May be suita-  based on pa- GT long-term  the use of EN
ble for short-term rehabilitation  tient’s prefer- therapy  feed, as oral in-
during acute illness or as a trial of ence take increases
feeding tolerance prior to GT and nutritional
placement. Suitable for short-term status amelio-
(< 3 mo) feeding but may not be rates
suitable for those requiring an in-
definite period of supplemental
feed. Screen for contraindications
for GT placement. Percutaneous or
surgical EN feeding tube is not
recommended in acute illness.
EN mode: In those intolerant to gastric feed-
ing, jejunal feeding is suggested.
Nocturnal infusion for those on
supplemental EN
Delivery Overnight continuous feeds for
regimen: daytime oral intake. Intermittent
bolus feeds to replace meals.
Bolus feeds after meals, when oral
intake is inadequate
EN For- Standard, polymeric age-appropri- Normally, Ten-
mula(s): ate formula. Energy-dense (1.5-2.0 ergy, non-ele-
kcal/mL) when >1 yr old. Semi-ele- mental. Indi-
mental, age-appropriate formula. vidual patients
Home-prepared or blenderized  may benefit by
formula. elemental/MCT
EN cessa- only when a BMI
tion: >19 kg/m? has
been achieved
and maintained
for 3-6 mo with-
out supplemen-
tary nutrition
PERT: -Orally before bolus/continuous
EN
-Orally after continuous EN
-Orally mid-continuous EN
Inline cartridge delivery system
use for EN
Dose: 10004000 LU/g fat (mean
1800 LU/g fat)
Meal dose: 500-2500 LU/kg/meal
PN: Total PN only Only if EN When di-
for short-term, is not pos- gestive tract
post major (GI)  sible or cannot be
surgery and in fails used, or in
the severely ill SBS
Monitor: Growth/BMI, EN tolerance, devel-
opment of disordered eating, oral
aversion or other behavioral con-
cerns during EN feeding
Monitoring At least annually

mueng[.






media/file6.png
ADA/CFF/PES ECFS (for LTX) ESPEN/ESPGHAN/

_l!mmdlliﬂnl: 1371 ECFS [25,28] 1261 ECFS [23] ISPAD [41] NICE [40] TSANZ [22]
Dietitian involvement: v J ¥
Nutritional Screening: v v W v A

Routine Screening: v v v A
Nutrition Education: v v
Nutritional Status: <2 yrs: BW & height PC*
>2 yrs: achieve 50* PC for BMI
Growth targets must reflect ge-
netic potential, sibling height
and local demographics®
Adult: BMI =20 kg/m?,
7 - 22 kgim? 7 23 kgfm?
Energy Intake (Elk: 120-150r% of DRI; indi- 120-150% of EL Based on the recommendations for T-energy density. Optimize en- 110-200% of the general popu- =120-150% of normal T El by portion size and 110-200% of recom- 110-200% of general pop-
vidualized based on BW If poor BW gain persists despite other surgical/ transplant patients, ergy in adolescent/multiple ges- lation target El El for age/gender. Re-  T-energy foods, if con- ulation EI
and growth, Nore-  optimal PERT, other causes of ~ Correct low BMI and promote  tation. If nutritional status/ BMI striction only for cerned for BW loss
striction in gestation/ IGT poor growth/malabsorption healthy BW before LTX older, overweight
must be evaluated with mild mutations
Protein Intake: Based on advice for general sur- 200% of RNI in non- 15-20% of EI
gery and transplant patients
Fat Intake: 35-40% of EL; no re- 407% of EI 100 g/d if =5 yrs
striction on type of fat
Carbohydrate Intake:  Individualized but moni- 45-50% EI; avoid:
tored to achieve glycemic sugary beverages
control. Avoid NNS
Fiber Intake: Provide adequate fluid and fiber Encouraged in the 14-30 g/d
intake and bowel movements well-nourished. In
should occur within 48-72 h post- poorly nourished it
surgery, or use laxatives/enemas may reduce EI
Vitamin A: Monitor intake and status, ONSMonitor possible hypervitaminosis Achieve normal serum retinel ONS for all
at <10,000 IU/d range
b-carotene: In CF with PL: 0.5-1 mg/kg/d
Vitamin D: Monitor levels and use ONS i Provide adequate Ca and vitamin OMS to maintain 25(0H)D =20 Inconsistent evidence for
low and in pancreatic sufficient D intake to avoid osteoporosis ng/mL. Safe sun exposure.
women not taking ONS Pregnancy: +600 IU/d
Vitamin E: Maonitor pessible hypervitaminosis ONS to maintain a-tocoph- ONS in CF with PI
erol/TC >54 mg/g
Vitamin K: Infants: 0.3-1 mg/'d Routinely ONS in CF
Children/Adults: 1-10 mg/d with P!
Sodium: t-salt intake especially in  Families of breast-fed infants 0-6 mo: 1-2 mmol/kg/d T requirement: Infant: 0.5-1 g
warm conditions and ex- must be advised on salt intake Children/adults: Salty foods or  unrestricted intake Child: 14 g
ercise and ONS. Consider NaCl ONS NaCl caps/vials Adolescent/ adult:6 g
(2 mmeol/kg/d) for all CF in-
fants, increase in periods of hot
weather or T salt loss
PERT: Infants with Pl should be com- Provide adequate PERT <1 yr: 20004000 LU/120 mL Offer PERT in exocrine  Infant: 5300-1000 LU/g of dietary fat. Start with
menced on PERT. Start at 2000 formula/breast milk and 2000 PL. Adjust dose as min dose (e.g. 2500 LU/ breast-feed or 120 mL
LU/100 mL standard formula LU/g fat in food needed to < signs and
and increase in malabsorption, 1-4 yrs: 20004000 LU/g dietary symptoms of malabsorp- Children/Adult: 5004000 LU/g fat
or inadeguate BW gain. fat, T as needed (until 10,000 tion Distribute dose in day based on fat intake
* doses (10,000 LU/kg/d) must LU/kg/d)
be monitored by an experi- >4 yrs & adult: Start at 300
enced CF dietician and/or a pe- LU/kg/meal, titrating until max
diatric gastroenterologist. dose
PERT UL: 1000-2500 LU/ kg/meal, or
10,000 LU/kg/d, or 2000-4000
LU/g diet fat
Oral Feeding: 0-1 yr: Breast feeding Oral diet can usually resume on
2-5 yr: T-fat diet, based on POD
growth and nutritional status
=5 yr: Typical adult ONS
Milk Formula Type: Preferably, T-energy density.
Regular formula can be supple-
mented with CHO (10-12 g/0.1
L) and fat {3 g/0.1 L) until en-
ergy density of 1 kcal/mL. En-
courage breast-feeding. No evi-
dence for i fhyd
lyzed formula, but may be used
- in non-CF malat i
ONS: CF-specific vitamins or ~ For extra El in a short-term Prescribed based on condition, If T portion size and -
MV trial, or as meal when ill. No ev- BW and needs. Alternating fla- energy foods not effec-
idence supporting ONS of trace tive, consider ONS
elements beyond the age-ap- pg/d precon-ceptionally and 1
propriate RDA.
Fat-soluble Vitamins: ONS Use routinely in infants with PL Monitor levels Better absorbed with
No consensus on dose and
mode of Vit K ONS
Appetite Stimulants: Only short-term, for
adults (<3 mo)
Alcohol: Beware of T prevalence

of liver disease






